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Cover Caption

Using the Okayama 188 cm telescope and multi-band camera MuSCAT (bottom of the back cover),
researchers succeeded in observing the extrasolar planet K2-3d (top of the back cover, artistic
visualization), which is about the same size and temperature as the Earth, pass in front of its host star
(top of the cover, artistic visualization) blocking some of the stellar light (bottom of the cover).
Credit: NAOJ
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PREFACE

Masahiko HAYASHI
Director General of NAOJ

It is my pleasure to present the Annual Report of the
National Astronomical Observatory of Japan.

In February of 2016, it was announced that LIGO had
directly detected gravitational waves. Currently in Japan, the
Large-scale Cryogenic Gravitational Wave Telescope KAGRA
is being constructed in Kamioka, led by the University of
Tokyo Institute for Cosmic Ray Research (ICRR) together
with the National Astronomical Observatory of Japan (NAOJ)
and the High Energy Accelerator Research Organization
(KEK). Attempts in Japan to directly detect gravitational
waves began in the 1970’s with the creation of a resonant-
mass detector by Dr. Hiromasa Hirakawa at the University of
Tokyo. Laser interferometer type detectors started at NAOJ
from the 1980’s; and in the 1990’s TAMA300 with 300 m
arm-lengths was completed and succeeded in continuous
operation. At NAOJ, making the best use of experiences like
these, the Advanced Technology Center has been developing
key components for KAGRA such as the end mirror vibration

isolation systems, utilizing 14 m high multistage pendulums,

and the main interferometer, which creates laser light
interference patters with orthogonal 3 km arms. With KAGRA
added to the LIGO and VIRGO gravitational wave detector
network, the locations of gravitational wave sources will be
able to be determined with a precision of a couple of degrees.
Follow-up observations by electromagnetic telescopes will
further advance this research, giving us detailed insight into
the nature of black holes and neutron stars. Multi-messenger
astronomy has already begun.

ALMA started Cycle 4 observations from October 2016.
The number of observational proposals submitted from
around the world reached 1600, surpassing the Hubble Space
Telescope. In June of every year, 150 leading astronomers
from the various countries assemble and spend days cooped
up in a hotel, holding meetings to examine these proposals
and adopt about 400 of them. In Japan, more than half of the
proposals were written by young researchers such as graduate
students and post-docs.

Almost 1/4 of ALMA’s observations are occupied with



planetary system formation observations. When I was an
undergraduate student, more than 35 years ago, I read a
review paper of the “Kyoto Model.” I remember thinking, “It
is a beautiful model. But to actually observe planets forming
in the Universe, high resolution better than 1 arcsecond
would be needed. I don’t think I’ll see planetary system
formation observations within my lifetime.” Now, multiple
ring structures, like those seen in the HL Tauri protoplanetary
disk, are being discovered around one young star after
another. I expect that by observing the disks of many young
stars, we will be able to see the structural evolution of the
protoplanetary disks generated as a result of planetary system
formation.

Thanks to ALMA’s extremely high sensitivity, it detected
the redshifted 88 pm wavelength emission line of ionized
oxygen coming from a galaxy more than 13.1 billion light-
years away discovered by the Subaru Telescope. This emission
line is a good indicator of star formation activity. But because
it is in the far infrared, it can’t be observed from the ground,
so previously it had only been observed by using flying
instruments. But when the redshift exceeds 3 (i.e. the distance
exceeds 12 billion light-years) the observed wavelength of
this emission line shifts to submillimeter waves, making it
visible to ALMA. This is an excellent observational method to
understand the details of star formation in the early Universe
and the history of element production.

At the Subaru Telescope, the strategic program using the
ultra-wide-field prime-focus camera (Hyper Suprime-Cam) is
proceeding smoothly. This camera’s survey speed (= limiting
magnitude x field of view area) is more than 10 times that
of previous surveys. Equipped with this camera, the Subaru
Telescope will without a doubt be on the world’s leading edge
of observations until the U.S.A.’s Large Synoptic Survey
Telescope starts operation in the mid-2020’s.

In February 2017, roughly 60 nights of data taken as part
of this strategic program were made available in Public Data
Release 1. The largest data set covers 108 square degrees
on the sky. The data was taken in 9 colors. The limiting
magnitude is 26.4 mag with the red filter. The stellar image
size is 0.6 to 0.8 arcsecond. There is no comparable data set in
the world. By the way the volume of the data set is equivalent
to 10 million pictures taken with a normal digital camera.
Ultimately, the survey will be 10 times this size, acquiring
data across 1400 square degrees on the sky. Observations with
Hyper Suprime-Cam will elucidate the distribution of dark
matter across wide regions (and in terms of distance, about

90 % of the way out to the edge of the Universe). Hopefully

we will be able to pursue the evolution of the large-scale
structure of the Universe and get closer to understanding the
true nature of dark matter and dark energy.

Regarding the open question of TMT, in FY 2016 the
Hawai'i State Board of Land and Natural Resources held
public hearings with area residents about reissuing the
Maunakea Science Reserve Use Permit, resulting in a new
permit being issued in September 2017. Thanks to continuing
dialog between TMT International Observatory and the local
residents, in Hilo Hawai'i the number of people supporting
the construction of TMT is now higher than ever.

From the experience with the Subaru Telescope, the
resistance in the Japanese astronomy community to building
telescopes overseas disappeared. For ALMA it was a natural
assumption that the telescopes would be arrayed overseas; the
construction and operation also proceeded as an international
project. For NAQOJ, that was a new challenge. Fortunately,
with the incorporation of NAOJ in 2004 the personnel system
for academic faculty was reconsidered and the project system
was established, changing the organizational structure to give
it the flexibility needed for large international projects. It also
became possible to have people with exceptional, specialized
skills participate in large international projects as contract
employees. Moreover by representing Japan in this kind of
large international project, NAOJ’s duty as an inter-university
research institute became better defined; this role has
become making great contributions to strengthening research
throughout all of Japan in the field of astronomy. Based on
considerations like these, from here forward we would like
to continue efforts towards realizing large-scale international

collaboration projects.

Masahiko HAYASHI
Director General of NAOJ
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Oxygen Abundance Determination of B-type Stars
with O17771-5 A Lines

TAKEDA, Yoichi
(NAOJ)

It is known that anomalous abundances are observed
in specific light elements (e.g., C or N) in B-type main-
sequence stars, which are interpreted as due to mixing
caused by rotation-induced meridional circulation.
However, the appreciable He enrichment in B-type stars
once reported by [1] can not be explained within the
framework of the canonical theory of stellar evolution.
If this is real, it would require a special non-canonical
deep mixing extending to the core where transformation
of H—He takes place. Yet, given that He abundance
determination from strong He lines is difficult (which
critically depends on a choice of microturbulent velocity)
and the conclusion of [1] may not necessarily be reliable.
In this context, oxygen abundances play a key role,
since an appreciable He-enrichment should accompany
a significant O-deficit due to dredge-up of ON-cycle
product from the deep core region. So, the necessity/
existence of non-canonical mixing may be judged by
examining the surface oxygen abundances of B stars,
where the standard calculation predicts negligibly small
O-anomaly ([2]).

Motivated by this consideration, we decided to
conduct an O-abundance analysis for a well-defined
sample of B-type stars, while employing the O17771-5 A
triplet lines. The observations for selected 34 targets
(where Be stars and B supergiants are not included)
in a wide range of vesini (~0-250km s!) as well as
Tetr (~ 10000-28000 K) were carried out mostly in
2015 September by using the MALLS spectrograph
attached to the 2m NAYUTA telescope at Nishi-Harima
Astronomical Observatory of Hyogo University. The
resolving power and typical signal-to-noise ratio of the
spectra are R ~ 12000 and S/N ~ 200-300, respectively.
By using the atmospheric parameters determined from
uvbyp colors, we derived the oxygen abundances by
applying the spectrum-fitting technique to the OTI triplet
lines while taking into account the non-LTE effect. The
following conclusions were obtained:

— The strength of O17771-5 A lines decreases with an
increase in T, while the non-LTE effect is considerably
large for both late-B as well as early-B stars (non-LTE
abundance correcton is on the order of ~—1 dex) and thus
has to be taken into account by all means.

— The resulting oxygen abundances of our sample stars
distribute around the solar abundance and do not show
any systematic dependence upon vesini as well as Tegr,
which means that any meaningful oxygen abundance
anomaly is not observed.

— Since this doe not contradict the prediction from

HONDA, Satoshi
(University of Hyogo)

the standard stellar evolution calculations (e.g., [2]),
the appreciable enrichment of surface He abundance
suggested by [1] may be questionable and worth
reinvestigation.

See [3] for more details of this study.
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IRIS, Hinode, SDO, and RHESSI Observations of a White Light
are Produced Directly by Non-thermal Electrons

LEE, Kyoung-Sun', IMADA, Shisuke?, WATANABE, Kyoko?, BAMBA, Yumi*, BROOKS, David H.?

1: NAOJ, 2: Nagoya University, 3: National Defense Academy of Japan, 4: Institute of Space and Astronautical Science, 5: George Mason

University

Sometimes strong solar flares produce continuum
enhancements as a photospheric response, which is
termed a white light flare (WLF). Previous observations
showed that the continuum enhancement in WLFs is well
correlated with hard X-ray emission both spatially and
temporally [1,2]. From the correlation, it has been thought
that WLFs are produced by the transported energy from
accelerated particles such as non-thermal electrons [3].
With recent high spatial resolution observations, WL
emission has been reported even in weak flares [4]. The
electron flux from these low energy events is not enough
to penetrate and heat the photosphere directly. Therefore,
other heating mechanisms have also been considered. For
example, WL emission is produced by electrons that heat
the chromosphere directly and the photosphere indirectly
[5]. However, the true heating mechanism in the lower
atmosphere remains unclear.

Figure 1: Context images for the X1.6 class flare. (a-c): AIA
211 A, (e-g): AIA 1700 A, (i-k): RIS C11 1330 A slit
jaw images with EIS 195 A intensity contours (gray
line) before the flare, at the first HXR peak, and at the
flare peak. (d, h): SDO/HMI continuum and a running
difference image at HXR peak, respectively. (1): the
polarity inversion line from the HMI magnetogram. The
bright kernel we analyzed is marked with an arrow.

We have investigated An X1.6 flare occurred in
AR 12192 on 2014 October 22 at 14:02 UT which was
observed by several spectrometer in multi-wavelengths,
Hinode, IRIS, SDO, and RHESSI (Figure 1). We analyze
a bright kernel which produces a WLF with continuum

004 | 1 Scientific Highlights

enhancement and a HXR peak. Taking advantage of the
spectroscopic observations of /RIS and Hinode/EIS, we
measure the temporal variation of the plasma properties
and dynamics in the bright kernel through chromosphere
and corona. We found that explosive evaporation was
observed when the WL emission occurred, even though
the intensity enhancement in hotter lines is quite weak.
The temporal correlation of the WL emission, HXR peak,
and evaporation flows indicate that the WL emission was
produced by accelerated electrons.

To understand the WL emission process, we calculated
the energy flux deposited by non-thermal electrons
observed by RHESSI and compared it to the dissipated
energy estimated from a chromospheric line (MgII triplet)
observed by IRIS. The deposited energy flux from the
non-thermal electrons is about 3 ~ 7.7 x 1010ergem 257!
for a given low energy cut-off of 30 ~ 40 keV, assuming
the thick target model. The energy flux estimated from
the temperature changes in the chromosphere measured
using the MgII subordinate line is about 4.6—6.7 x
10%ergem™2s71: ~ 6-22 % of the deposited energy. This
comparison of estimated energy fluxes implies that the
continuum enhancement was directly produced by the
non-thermal electrons.

This research has been published to the Astrophysical
Journal in 2017 [6].
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Impact of New Gamow-Teller Strengths
on Explosive Type Ia Supernova Nucleosynthesis

MORI, Kanji FAMIANO, Michael KAIJINO, Toshitaka
(University of Tokyo) (NAOJ/Western Michigan University) (NAOJ/University of Tokyo/Beihang University)
SUZUKI, Toshio HIDAKA, Jun HONMA, Michio
(NAOIJ/Nihon University) (Meisei University) (Aizu University)
IWAMOTO, Koichi NOMOTO, Ken’ichi, OTSUKA, Takaharu
(Nihon University) (University of Tokyo)

Type Ia supernovae (SNe Ia) are thought to be a 102
thermonuclear explosion on accreting white dwarfs. SNe .
Ia produce a large amount of iron group elements and S 10!
play an important role on galactic chemical evolution. = Fo i
However, it is known that some of neutron-excess nuclei EL 109 ,\Nl”,
are overproduced compared with solar abundance in >§'_’ S Ao Ca )
conventional network calculations [1]. = S'X \ K T TC& Ca

Electron capture heavily affects nucleosynthesis 10 . (L Voo
because density at the center of SNe Ia reaches higher >_-U—)’ 0.2 /’ I \C' \/ ,
than 10° g/cm3. Recently the Gamow-Teller (GT) ;—102 " \ fv |
transition strength of an unstable nucleus 3°Ni was = /LNE Tou

measured [2] and it was shown that a conventional theory
did not reproduce the experimental data qualitatively.
In this study, we used a new shell model GXPF1J [3],
which reproduces the experimental value better, in order
to calculate electron capture rates of unstable nuclei
and calculated nucleosynthesis. Then we calculated
nucleosynthesis using the conventional shell model
KBF [4] and compared the results. In addition to that,
we compared a deflagration model W7 and a delayed-
detonation model WDD?2 bacause the explosion dynamics
of SNe Ia is not understood well.

As a result, it is shown that the difference in
abundances of each nucleus is a few percent between
the two shell models. This is because the density and
the chemical potential of electrons decrease so rapidly
that the difference between GT strengths becomes
small. The upper figure in Figure 1 shows the result of
nucleosynthesis with W7 and GXPF1J. It can be seen
that *Fe and 38Ni are still overproduced. On the other
hand, the lower figure shows the result with WDD2 and
GXPF1J. This figure shows that the overproduction of the
neutron-excess nuclei is improved. Moreover, we point
out that the production of 3*Cr depends on the burning
regime and observations of that nuclei can distinguish the
explosion dynamics [5].
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Figure 1: (Upper) Comparison to solar for the deflagration
model W7. The abundance is normalized by the solar
abundance and the *°Fe abundance. (Lower) Comparison
to solar for the delayed-detonation model WDD2.
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Compact Dense Molecular Gas Emission at the Putative AGN
Location in NGC 1068

IMANISHI, Masatoshi, NAKANISHI, Kouichiro

(NAOJ)

According to the widely accepted unified model
of active galactic nucleus (AGN), a mass accreting
supermassive blackhole is surrounded by a toroidally-
distributed dust and gas, the so-called torus. Various
observational properties of AGNs can naturally be
explained by different viewing angle toward the torus.
However, since the torus is very compact in size (<10 pc
or <0.15" at distance ~15 Mpc), its observational
understanding is still highly incomplete. ALMA is
expected to play an important role for its observational
understanding, thanks to its very high angular resolution.

We have observed the nearby well-studied AGN,
NGC 1068 (z=0.0037, distance is ~14 Mpc) using ALMA
at the HCN J=3-2 (265.89 GHz) and HCO* J=3-2
(267.56 GHz) lines. The achieved angular resolution is
0.1" x 0.2". Molecular gas observations of NGC 1068
have previously been conducted with >0.5" angular
resolution, but molecular gas emission at the location of
the putative AGN torus has not been clearly revealed,
because it is overwhelmed by the nearby, very bright
molecular gas emission at the eastern side of the host
galaxy. Thanks to our new very high angular resolution
ALMA data, we successfully detected molecular gas
emission at the putative AGN torus location (C-peak in
Figure 1), by clearly separating from the nearby bright
molecular gas emission in the host galaxy [1]. The
estimated dense molecular gas mass and size are several
x 10° Mg and ~10 pc, respectively, both of which are
roughly comparable to theoretically predicted values.

We have also detected the possible sign of molecular
gas emission which bridges between the eastern bright
molecular gas emission knot and the AGN position
(Figure 1). We may be witnessing the theoretically argued
molecular gas supply from the host galaxy to the torus.
Additionally, we found that the HCN-to-HCO* flux
ratios at J=3-2 in the central several arcsec regions of
NGC 1068 are high, as seen in AGN-important regions
(Figure 2). This supports the previously argued scenario
that physical conditions at the NGC 1068 nuclear regions
are dominated by AGN activity. However, thanks to the
very high sensitivity of ALMA, we have also detected
continuum emission at several off-nuclear regions,
suggesting the presence of weak (~10 % of AGN
luminosity), but a detactable amount of star-formation
activity in the central several arcsec of NGC 1068.

Reference
[1] Imanishi, M., et al.: 2016, Ap.JL, 822, L10.
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Figure 1: Integrated intensity maps and velocity profiles, at
selected positions, of HCN J=3-2 (Upper) and HCO™"
J=3-2 (Lower) in the NGC 1068 nucleus.
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ALMA Molecular Line Observations of Luminous Infrared Galaxies
as a Tool to Detect Extremely Deeply Buried AGNs

IMANISHI, Masatoshi, NAKANISHI, Kouichiro

(NAOJ)

When gas-rich galaxies collide and merge,
star-formation and AGN (= mass accretion onto a
supermassive blackhole) are activated and generate
energy at dust-obscured regions, and become luminous
infrared galaxies (LIRGs). Since these energy sources are
obscured by dust, observations at the wavelengths of low
dust extinction effects are necessary. An AGN has two
distinguished properties, when compared to a starburst
(= active star-formation). First, an AGN can produce a
larger amount of hot (> 100 K) dust, originating in the
high radiative energy generation efficiency (6-42 % of
Mc?) by a mass-accreting supermassive blackhole, than
a starburst. Second, the X-ray to UV luminosity ratio is
much higher in an AGN than a starburst. Due to these
different properties, an AGN and a starburst can input
different physical/chemical effects to the surrounding
molecular gas, and so can produce different molecular
line flux ratios. Since there are rotational J-transition lines
of many molecules at the almost dust-extinction-free (sub)
millimeter wavelength, these molecular line flux ratios
can be a powerful tool to scrutinize dust-obscured energy
sources in LIRGs. High dipole moment molecules, such
as HCN and HCO", can be particularly effective to probe
how dense molecular gas at LIRG’s nuclei are affected by
dust-obscured energy sources.

Using ALMA, we have conducted HCN and HCO*
J=3-2 observations, at the submillimeter 250 GHz range,
of starbursts, optically-identified AGNs, and LIRGs
whose energy sources were diagnosed based on previous
infrared spectroscopy. We have confirmed that AGN-
important galaxies identified through previous optical/
infrared/X-ray spectroscopy tend to display higher HCN-
to-HCO™ flux ratios at J=3-2 than starburst-dominated
regions (Figure 1) [1]. More importantly, our ALMA
observations have discovered extremely deeply buried
AGN candidates which do not show AGN signatures
in the optical/infrared/X-rays, but do show in the (sub)
millimeter. These LIRGs display elevated HCN-to-
HCO™* J=3-2 flux ratios and signatures of vibrationally
excited (vo=1f) HCN emission lines. Detection of
the vibrationally excited (vo=1f) HCN emission lines
(T>1000K) requires the presence of strong infrared 14
4m continuum emission, most likely originating in AGN-
heated hot dust. We argue that (sub)millimeter molecular
line observations can be the most powerful way to
elucidate deeply buried AGNs in LIRGs, thanks to much
lower dust extinction effects than other methods (infrared
or hard X-rays). Further systematic ALMA molecular
line observations are important to better understand the

1ZUMI, Takuma
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energetic role of elusive deeply buried AGNs in LIRGs.
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Figure 1: The observed HCN-to-HCO™ flux ratios at J=3-2
(modified from [1]). “SB”, “Syl1”, “Sy2”, “LIRG (IR-
AGN)”, and “IR elusive AGN(?)” mean starburst-
dominated regions, optically identified Seyfert 1 type
AGNs, optically identified Seyfert 2 type AGNs,
luminous infrared galaxies with optically-elusive,
but infrared-detectable buried AGN signatures, and
candidates of infrared-elusive, but (sub)millimeter-
detectable extremely deeply buried AGNs, respectively.
Sources with AGN signatures tend to show elevated
HCN-to-HCO* J=3-2 flux ratios, compared to starbursts
[1].
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Figure 2: Zoom-in spectra of two LIRGs which show the
signatures of vibrationally excited (vp,=1f) HCN
emission lines. The extended tails at the lower frequency
side of the bright HCO" J=3-2 emission lines at the
vibrational ground level (v=0) are usually interpreted as
the contribution from the HCN v,=1f J=3-2 emission
lines. Both of these sources show high HCN-to-HCO™
J=3-2 flux ratios (second and third objects from the
right in Figure 1).
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Dense Molecular Gas Emission and Infrared Radiative Pumping
in the Ultraluminous Infrared Galaxy IRAS 205514250

IMANISHI, Masatoshi, NAKANISHI, Kouichiro

(NAOJ)

Ultraluminous infrared galaxies (ULIRGs) which emit
huge infrared luminosity with Lig > 1012 L, are usually
produced by gas-rich galaxy mergers and are shining
brightly due to dust thermal radiation heated by starburst
and/or AGN activity hidden behind dust. Distinguishing
the hidden energy sources of the ULIRG population is
closely related to understand how stars are formed and
supermassive blackholes grow in mass during gas-rich
galaxy mergers in the universe. Since the compact AGN
can easily be embedded in dust, we need to observe at the
wavelengths where dust extinction effects are small. (Sub)
millimeter is one such wavelength and molecular line
flux ratios in this wavelength can be a good tool to probe
the highly embedded energy sources in ULIRGs, because
the ratios are expected to be different between AGNs and
starbursts, due to different physical/chemical effects to
the surrounding molecular gas, coming from different
amount of hot dust and X-ray radiation. Molecular gas
observations, such as HCN, HCO™*, and HNC have
been conducted for nearby ULIRGs, and it has been
argued that elevated HCN emission can be a good AGN
indicator.

Possible explanations for the enhanced HCN emission
in AGNs include (1) higher HCN abundance in molecular
gas largely influenced by AGN radiation, and (2) higher
HCN excitation in AGNs. Additionally, it was proposed
that an infrared radiative pumping can contribute. Namely,
HCN is vibrationally excited by absorbing infrared 14 um
photons, and through the decay back to the vibrational
ground level, HCN rotational J-transition line fluxes can
be higher. Since an AGN can emit the infrared 14 um
photons more strongly than a starburst, due to AGN-
heated hot dust emission, this mechanism is expected
to work more efficiently in an AGN. However, HCO*
and HNC can also be vibrationally excited by absorbing
infrared 12 um and 22 um photons, respectively. We
need to investigate the strengths of vibrationally excited
emission lines for all of HCN, HCO*, and HNC, if we
are to confirm if this mechanism is indeed responsible for
elevated HCN emission in AGNSs.

We have observed the ULIRG, IRAS 20551-4250,
using ALMA (Figure 1), and detected vibrationally
excited (vp=1f) J=3-2 emission lines for HCN and
HNC, but did not for HCO" (Figure 2). We calculated
an infrared radiative pumping rate for HCN, HCO*,
and HNC, by using the available Spitzer IRS 5-35 um
infrared spectrum, and found that observational results
can be explained if HCN abundance is higher than
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HCO™ and HNC by a factor of at least a few. Based on
the vibrational excitation temperature and Einstein A
coefficients for vibrational and rotational transitions, we
estimated that the infrared radiative pumping plays a
role for rotational level population at least for HCN and
HNC [1]. It is demonstrated that including the infrared
radiative pumping, in addition to the widely assumed
collisional excitation, is needed to understand molecular
gas emission in AGNS.
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Figure 1: Spectrum of IRAS 205514250 obtained with ALMA
[1]. Although the HCN-to-HCO™ J=3-2 flux ratio is
slightly less than unity, it is still higher than starburst

galaxies.
T r T T r T - - r T
IR/ 20561-4250 (2=0.043) IRAS 20551-4250 (2=0.043) IRAS 20551-4250 (z=0.043)
L ] L + ]
5 HCN 3-2 v,=1f 5 CO™ 3-2 vp=11 = HNC 3-2 v,=1f
£ £ g
2 2 > F 1
T o~ % o~ 2 4 2
: ; ¢ JIJLH : JV%%
2 HMH-HHPU LN Y LT gl ] & omuﬁﬂ il 1 f
) T BTl U“U” [ kil 1
! . L . . .
1.25x10% 1.3x10* 1.35x10% 1.25x10% 1.3x10* 1.35x10* 1.25x10* 1.3x10% 1.35x10%
Vopt (km 57" Vopt (km 57" Vopt, (km ™)
Gipommiom o] i/ i fa]

'I'mszussuzw B,

Ol eor sz v
A

_m=Tm

000 Dechinetion

a0 0 M
42000 Fight hacension

Figure 2: Spectra and integrated intensity maps of vibrationally
excited (vp=1f) J=3-2 emission lines of HCN (Left),
HCO* (Middle), and HNC (Right) [1].
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New Electron Orbits in Collisionless Magnetic Reconnection

ZENITANI, Seiji
(NAOY)

Magnetic reconnection, an explosive energy-release
process in space plasmas, is mediated by complex particle
motion of plasmas. The electron motion is one of the
smallest elements in reconnection systems, and has long
been studied by using particle-in-cell (PIC) simulations.
However, as PIC data have become larger and larger in
size, it has become more and more difficult to diagnose
particle orbits in simulations. The theories on particle
orbits in the reconnection system were established in
1980’s.

In this work, we extensively analyzed electron
dynamics in magnetic reconnection by using a 2D PIC
simulation. We surveyed twenty million trajectories, so as
not to overlook any interesting trajectories. As a result, we
discovered various electron orbits that have never been
discussed before. Figure 1 show example electron orbits.
One can see that the red and blue orbits do not cross the
midplane (the horizontal dotted line), while the traditional
theories assume that all orbits cross the midplane. We
examined and classified various electron orbits, as
schematically illustrated in Figure 2. The new orbits are

NAGALI, Tsugunobu
(Tokyo Tech)

indicated by the double frames. Surprisingly, it was found
that a majority of electrons follow the new orbits. These
results raise a serious question to previous discussions
for the kinetic physics of magnetic reconnection. Since
the particle orbits are fundamental elements, our findings
could lead to the revision of theoretical models.

Our results were published in the Physics of Plasmas
journal [1]. Owning to fundamental results in this
research field, our paper was highlighted by American
Institute of Physics (AIP) [2] and by Physics of Plasmas.

We note that NASA’s Magnetospheric Multiscale
(MMYS) spacecraft will start detail observation in
the nightside reconnection regions in the Earth
magnetosphere in May, 2017. Our findings will provide
a clue to interpret MMS data and to understand the
fundamental physics of magnetic reconnection.

References
[1] Zenitani, S., Nagai, T.: 2016, Phys. Plasmas, 23, 102102.
[2] https://publishing.aip.org/publishing/journal-highlights/
japanese-researchers-find-new-classes-electron-orbits
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Figure 1: Typical electron orbits in our PIC simulation. Magnetic field lines are
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Kilonova Emission from Compact Binary Mergers

TANAKA, Masaomi
(NAOJ)

Mergers of compact stars, i.e., neutron star (NS)
and black hole (BH), are promising candidates for
direct detection of gravitational waves (GWs). On 2015
September 14, Advanced LIGO has detected the first ever
direct GW signals from a BH-BH merger (GW150914)
[1]. This discovery marked the dawn of GW astronomy.
NS-NS mergers and BH-NS mergers are also important
and leading candidates for the GW detection. When
the designed sensitivity is realized, Advanced LIGO,
Advanced Virgo, and KAGRA can detect the GWs from
these events up to ~200 Mpc (for NS-NS mergers) and
~800 Mpc (for BH-NS mergers). Although the event rates
are still uncertain, more than one GW events per year are
expected.

Since localization only by the GW detectors is not
accurate, e.g., more than a few 10 deg?, identification of
electromagnetic counterparts is essentially important to
study the astrophysical nature of the GW sources. NS-NS
mergers and BH-NS mergers are expected to emit EM
emission in various forms. Among variety of emission
mechanisms, optical and infrared emission powered by
radioactive decay of r-process nuclei is of great interest.
This emission is called “kilonova”. Observations of
kilonova will also have important implications for the
origin of r-process elements in the Universe.

In this paper, we reviewed the current understanding
of kilonova emission by performing radiative transfer
simulations of the dynamical ejecta from NS-NS mergers
and BH-NS mergers [2]. Kilonova emission from the
dynamical ejecta of 0.01 M, has a typical luminosity
is an order of 10%0-104! erg s~! with the characteristic
timescale of about 1 week (Figure 1). Because of the
high opacity and the low temperature, the spectral peak
is located at red optical or near-IR wavelengths (Figure
2). In addition to the emission from the dynamical ejecta,
a subsequent disk wind can cause an additional emission
which may peak earlier with a bluer color if the emission
is not absorbed by the precedent ejecta.

At 200 Mpc distance, a typical peak brightness of
kilonova emission is about 22 mag in the red optical
wavelengths (i or z bands, Figure 1). The emission quickly
fades to >24 mag within ~10 days. To distinguish GW
sources from SNe, observations with multiple visits in a
timescale of <10 days are important to select the objects
with rapid temporal evolution. The use of multiple filters
are also helpful to select red objects. Since the extremely
high expansion velocities (v ~ 0.1-0.2¢) are unique
features of dynamical mass ejection from compact binary
mergers, detection of extremely smooth spectrum will be
the smoking gun to conclusively identify the GW sources.
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Figure 1: Expected observed magnitudes of kilonova models at
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wind model, respectively.
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Chemodynamical Evolution of Dwarf Galaxies Deduced
from r-process Elements

HIRALI, Yutaka
(University of Tokyo/NAQOJ)

FUJIIL, Michiko S.
(University of Tokyo)

Abundances of r-process elements (such as Eu and
Ba) could help us clarify early evolutionary histories of
galaxies. The r-process abundances in the Local Group
galaxies tend to be lower than those of the Milky Way
halo. The r-process abundances would reflect the star
formation rates and mixing of metals in the early stages
of galaxy formation.

One of the most promising astrophysical sites of
r-process elements are neutron star mergers. Previous
studies show that it is possible to explain the observed
abundances of r-process elements by neutron star mergers
[1]. However, the relation among r-process abundances,
star formation rates, and efficiency of metal mixing is not
yet understood.

In this study, we perform a series of chemodynamical
simulations of dwarf galaxies with different star
formation rates and efficiencies of metal mixing to
clarify how the star formation rates and efficiency of
metal mixing affect the r-process abundances. We use
the N-body/hydrodynamic simulation code, Asura [4]. In
this study, we implement the r-process element ejection
models by neutron star mergers [1] and metal mixing
model [5] to asura. We adopt the isolated dwarf galaxy
models with different central densities and total masses
of halos.

Figure 1 shows r-process abundance ratios in dwarf
galaxy models with different star formation histories
[2]. According to Figure 1, stars with r-process elements
appear at higher metallicity in higher star formation
rates due to their faster chemical evolution. This result
suggests that early star formation rates should be less
than 1073 M, yr™! to explain the abundances of r-process
elements in extremely metal-poor stars.

Figure 2 shows r-process abundance ratios with
different efficiencies of metal mixing [3]. Figure 2 (a)
and (b) do not have stars with high r-process abundance
ratios ([Ba/Fe] >1). On the other hand, Figure?2 (c), (d),
and (e) have these stars. We assume an efficiency of
metal mixing estimated from turbulence theory in Figure
2 (a) and (b). This result suggests that it is possible to
explain observed abundances of r-process elements in
dwarf galaxies if the metals are mixed with the efficiency
consistent with estimation from turbulence theory. We
find that the timescale of metal mixing is less than 40 Myr
in Figure2 (a) and (b). This timescale is significantly
shorter than the dynamical times (~100 Myr) of dwarf
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galaxies. Our results demonstrate that future observations
will be able to more precisely estimate star formation
rates and efficiency of metal mixing through r-process
abundances.
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Figure 1: r-process abundance ratios in galaxies with different star
formation rates. Grey scales show model prediction. Small
and large dots represent observational results with the
Milky Way and the Local Group dwarfs (SAGA database
[6]). Star formation rates increase from (A) to (D).
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Figure 2: r-process abundances in galaxies with different
efficiencies of metal mixing. Color contours show the
model prediction. Small, large, and red dots represent
observational results of the Milky Way, the Local Group
dwarfs, and the Reticulum II ultrafaint dwarf (SAGA
database [6]). Efficiencies of metal mixing decrease from
(a) to (d). (e) represents the model without metal mixing.
(f) shows observations. The red shaded region shows
that the area with no stars in dwarfs. We correct the Ba
abundances to only reflect contributions from r-process.
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Magnetic Properties of Solar Active Regions
That Govern Large Solar Flares and Eruptions

TORIUMI, Shin
(NAOJ)

HUDSON, Hugh
(University of Glasgow)

It is known that solar flares and coronal mass
ejections (CMEs), especially the larger ones, emanate
from active regions (ARs) holding sunspots. In order to
understand the statistical properties of ARs that produce
such strong flare events, we surveyed all flare events with
GOES levels > M5 within 45° from the Sun’s disk center
for 6 years from May 2010 [1]. Figure 1 shows a sample
flare event that occurred in NOAA AR 12192, which
exhibited the largest sunspots in about 24 years. From
these observational data, we measured various parameters
such as sunspot area, magnetic flux, field strength, area of
flare ribbons (elongated intensity enhancements observed
in the chromosphere), and flare duration, and conducted
statistical analysis.

As a result, we found that more than 80 % of the
29 ARs that produced a total of 51 flare events exhibit
“0-sunspots,” the most complex magnetic configuration in
the sunspot classification. It is suggested that the J-spots,
in which positive and negative magnetic polarities are
closely packed, store a high magnetic energy, which
could be released in the form of solar flares. The above
trend is consistent with previous observations [2].

We also found that the flare duration is linearly related
with the size scales of flare ribbons (ribbon distance,
ribbon area, and total flux inside the ribbon). These
relations can be explained by the standard flare model
based on the magnetic reconnection theory [3].

It has been known that some flares do not accompany
any CME eruptions. Our statistical results show that the
ratio of the ribbon area to the sunspot area is significantly
smaller for the CME-less events compared to the CME-
eruptive ones. This result may indicate that in the non-
eruptive ARs, large over-lying arcade fields may inhibit
the CME eruptions, which is well in line with preceding
event studies [4].

Figure 2 displays the observation of perhaps the
largest-ever-imaged sunspot-related flare ribbons. This
great sunspot appeared in July 1946 and ranks 4th in
size since the late 19th century. Comparison with the
SDO statistics suggests that this AR might contain a total
magnetic flux of 1.5 x 1023 Mx and that the magnetic
energy contributing to the flare eruption (not the released
energy) could amount to 8 x 1033 erg. If we suppose that
the largest sunspot group in history (April 1947: total
flux ~ 2 x 1023 Mx) causes a strong flare eruption, the
estimated magnetic energy reaches 1034 erg, which is
already in the category of “superflares.”
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Figure 1: Sample flare data. (a) Continuum image showing the
entire AR. (b) Magnetogram showing the magnetic
fields (white: positive, black: negative), on which the
flare ribbons observed by near UV band image are
overplotted.

1946-07-25 Great flare RGO 14585

Figure 2: Great flare event in July 25, 1946, in RGO 14585.
(Left) Sunspots observed in Call Klv. (Right) flare
ribbons observed in H-alpha. Images courtesy of Paris
Observatory.
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Various Local Heating Events
in the Earliest Phase of Flux Emergence

TORIUMI, Shin, KATSUKAWA, Yukio

(NAOJ)

Solar active regions (ARs) are formed through the
emergence of magnetic flux from the convection zone,
and when it emerges to the surface, various sporadic local
heating events are observed in the lower atmosphere
(chromosphere and transition region). With the aim of
understanding the mechanisms of such heating events,
we analyzed the coordinated observation data of flux
emergence by Hinode and IRIS. As the emergence is
hard to predict, there are not many observations of this
kind so far, and thus the data set we show here, which is
composed of optical and near-UV observations by the
two instruments, is particularly rare.

The target emerging region appeared within NOAA
AR 12401 on August 19, 2015 (Fig. 1). We first analyzed
the Hinode Call H images and picked up 151 heating
events. Out of the 29 events that are also covered by the
Hinode’s photospheric magnetic measurement, we found
that 7 events occur in the locations where positive and
negative polarities are closely nearby (mixed-polarity
events), while another 10 are located in unipolar regions
(unipolar events).

IRIS UV spectra of the mixed-polarity events show
enhanced and broadened profiles with tails reaching +
150 km s™!, which are suggestive of the strong heatings
and bi-directional jets. Each event leaves flare-like light
curves with fast rise and extended decay. Moreover,
Hinode revealed that most of this group have U-shaped
photospheric magnetic fields. From these observational
results, we concluded that the mixed-polarity events are
caused by magnetic reconnection [2,3].

For the unipolar events, we did not find strong intensity
enhancements in the IRIS UV spectra, but they showed
systematic red shifts. The Doppler velocities measured
from the peaks of the spectra were up to 40 kms™!, which
indicates the strong downflow that exceeds the local
sound speed. These results suggest that the unipolar
heating events are due to shocks or strong compressions
caused by fast downflows along the overlying arch
filament system [4].

As shown above, the combination of the photospheric
vector magnetogram by Hinode and the UV spectroscopic
data by IRIS allows us to discuss the mechanisms of
a variety of local heating events in the emerging flux
regions. Future missions that provide the the detailed field
information not only in the photosphere but also in the
upper atmosphere may further reveal the relation between
the dynamics of magnetic fields and the chromospheric
and coronal heating.
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Figure 1: Flux emergence event in NOAA AR 12401. Top row
shows Hinode/SOT photospheric magnetogram (left)
and Call H intensity (right: also red contours in the
left image). Sample heating event with yellow arrow is
shown in the rows below: The second row shows the
near UV and Call H intensity images and photospheric
magnetogram (yellow and turquoise dots represent
where the fields have U- and Q-shaped configurations,
respectively). Bottom two rows are the IRIS UV spectra
and photospheric circular polarization (colors correspond
to the + signs in the second row).
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HOLiCOW - Lens Mass Model of HE 0435-1223
and Blind Measurement of Its Time-delay Distance for Cosmology
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Gravitational lens time delays provide a one-step
method to determine the Hubble Constant, Hy. This
method is independent of the cosmic distance ladder [1]
and serves as a test of systematic effects in individual
Hy probes. This method rests on the fact that light rays
from the source take different paths through space-time
to each of the image positions. These paths have different
lengths and traverse different gravitational potentials
before reaching the observer, leading to an offset in
arrival times. If the source is variable, the delays can be
measured by monitoring the images. The measured time
delays can be used to calculate the time-delay distance,
Dpy, a combination of angular diameter distances among
the observer, lens and source. Dy, is primarily sensitive to
Hy with weaker dependence on other parameters.

The Hy Lenses in COSMOGRAIL’s Wellspring
(HOLiCOW) [2] project is modeling five lensed quasars
with measured time delays to obtain a robust constraint
on Hj to < 3.5 % precision. The first two lenses have been
analyzed [3,4], and analysis of the third lens, HE 0435-
1223 (hereafter HE0435), has now been completed [5].

HEO0435 is a quad-image lens for which accurate
time delays have been measured [6]. We have wide-
field imaging and spectroscopy to characterize mass
projected along the line of sight [7,8], which can bias
the inferred Dy, if unaccounted for. We have deep HST/
WFC3 observations in the F160W filter, along with
archival HST/ACS imaging in F555W and F814W, for
modeling the lens system. This deep, high-resolution
imaging is crucial in order to use the full surface
brightness distribution of the extended quasar host galaxy
as constraints. We have also measured the lens galaxy’s
velocity dispersion with Keck/LRIS, which helps to break
degeneracies in the mass model. We try a range of models
with different assumptions such as the parameterization
of the mass profile, the region over which the lensed
images are fit, etc. to test for systematic effects. Our final
result combines the distributions from all of these models.

Throughout our analysis, we blind the Dy, and H
values by subtracting the median from the distributions.
This allows us to evaluate the precision and relative
offsets of these distributions and their correlations with
other parameters without seeing the absolute value. This
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is done to remove confirmation bias and the tendency
of experimenters to stop investigating systematic errors
when they obtain an answer consistent with the “expected”
result. After finalizing our analysis and coming to a
consensus among the coauthors, we unblind the results
and do not make any further changes to the models.

From our analysis, we determine the time-delay
distance to be Dy, = 2612728 Mpc. For a flat ACDM
cosmology, we constrain the Hubble constant to be Hy =
73.1733kms™ Mpc™!. We combine this result with the first
two HOLiCOW lenses to obtain a 3.8 % constraint of H
=71.93¢kms™ I Mpc! for flat ACDM, in good agreement
with the latest distance ladder results [1] and in tension
with Planck (Planck Collaboration 2016).

Figure 1: Multicolor HST image of HE0435.
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Photometric Measurements of H2O Ice Crystallinity on TNOs

TERAI, Tsuyoshi
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Trans-neptunian objects (TNOs), a small body
population beyond Neptune's orbit, were formed at low
temperature of a few 10K in the distant region from
the Sun. H,O ice is the most abundant volatile material
of these bodies and should originally have been in the
amorphous phase. However, crystalline H,O ice has
been detected from almost all TNOs of which the near-
infrared spectra were obtained in high quality, such as
(50000) Quaoar [1]. The transition from amorphous to
crystalline ice requires heating up to ~100 K. Although
several hypotheses for H,O ice crystallization on
the surface of TNOs have been suggested, including
radiogenic heating [2], cryovolcanism [3], and
micrometeorite impact annealing [4], the mechanism
remains unclear. It is important to investigate
homogeneity/diversity of the surface abundance of
crystalline H,O ice among TNOs and its relationships
with the orbital elements and body size for revealing the
crystallization processes.

Crystallinity of H,O ice can be determined by strength
of the diagnostic absorption at 1.65 um. However, most
TNOs are too faint to acquire the near-infrared spectra
with sufficiently high S/N ratio even by large-aperture
telescopes. Therefore, we introduced a photometric
method using Subaru/MOIRCS and the narrow band
NB1657 with the center wavelength of 1.657 um,
allowing us to measure the fraction of crystalline H,O
ice on TNOs precisely and efficiently [5]. We obtained
the imaging data with A and NB1657 filters for six TNOs
which were known to contain H,O ice on the surface.
As a result of comparison between the measured H —
NB1657 indexes and those estimated from the model
spectra, all of the target TNOs except for (38682) Huya
showed more than 50 % crystallinity (see Figure 1).

It is interesting that crystalline H,O ice has
been detected from not only the large-size TNOs
including (136108) Haumea, (50000) Quaoar, and
(90482) Orcus, but also from the relatively small objects,
(315530) 2008 AP29 and (42355) Typhon. It is difficult
to explain the surface crystallization of such small-size
objects by cryovolcanism or radiogenic heating with
long-lived isotopes (e.g., °K), but, the decay of short-
lived isotopes (e.g.,26Al) could induce sufficient heating
[2].

We also found that while H,O ice on Haumea and
Quaoar is highly dominated by the crystalline state,
Orcus has only ~50 % crystallinity. The low bulk density
of Orcus (~1.5 gem™3) could cause suppression of the
surface heating and stagnation in crystallization.
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Figure 1: The solid and dotted horizontal lines show the reflective
colors in H—NB1657 (A(H-NB1657)) of the observed
TNOs and their uncertainties, respectively. The curves
represent the relation between the A(H—NB1657) index
and H,O ice crystallinity estimated from the model
spectra.
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ISM Excitation and Metallicity of Star-forming Galaxies at 7 ~ 3.3
from Near-IR Spectroscopy
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We study the relationship between stellar mass, star
formation rate (SFR), ionization state, and gas-phase
metallicity for a sample of 41 normal star-forming
galaxies at 3 < z < 3.7 [1]. The gas-phase oxygen
abundance, ionization parameter, and electron density
of ionized gas are derived from rest-frame optical
strong emission lines measured on near-infrared spectra
obtained with Keck/Multi-Object Spectrograph for Infra-
Red Exploration (MOSFIRE). We remove the effect of
these strong emission lines in the broadband fluxes to
compute stellar masses via spectral energy distribution
fitting, while the SFR is derived from the dust-corrected
ultraviolet luminosity. The ionization parameter is weakly
correlated with the specific SFR, but otherwise the
ionization parameter and electron density do not correlate
with other global galaxy properties such as stellar mass,
SFR, and metallicity. The mass-metallicity relation (MZR)
at z ~ 3.3 shows lower metallicity by ~ 0.7 dex than that
at z = 0 [2,3] at the same stellar mass (Figure 1). Our
sample shows an offset by ~ 0.3 dex from the locally
defined mass-metallicity-SFR relation [4], indicating that
simply extrapolating such a relation to higher redshift
may predict an incorrect evolution of MZR. Furthermore,
within the uncertainties we find no SFR-metallicity
correlation, suggesting a less important role of SFR in
controlling the metallicity at high redshift. We finally
investigate the redshift evolution of the MZR by using
the model by Lilly et al. [5], finding that the observed
evolution from z = 0 to z ~ 3.3 can be accounted for by
the model assuming a weak redshift evolution of the star
formation efficiency.
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Figure 1: Mass—metallicity relation of our sample, shown with
circles [1]. The filled and open circles are those with and
without Hf detection, respectively. Squares represent the
measurements on the stacked spectra in bins of stellar
mass and SFR. The bins above and below the best-fit
main-sequence are shown with filled and open symbols,
respectively. The best-fit linear relation for our sample
is shown with a dashed line. The solid line is the z =0
relation [4].
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Imaging of Diffuse HI Absorption Structure
in the SSA22 Protocluster Region at z = 3.1
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When and how galaxies formed and evolved are
big questions in the modern astronomy. It is generally
considered that gas composed of hydrogen, helium,
and so on fell into dark matter overdensity region,
the gas was compressed to form stars, and stars were
assembled to form galaxies. Unlike the dark matter
and stellar component of galaxies whose behaviors
are easily predicted theoretically or easily investigated
observationally, behaviors of gaseous matter is still
mysterious. Comparing spatial distribution of galaxies
and gas is important, especially in distant porto-cluster
region because galaxy formation at high-redshift is
considered to preferentially occur in such a high density
environment.

So far, gas in the distant Universe has been
investigated through absorption lines (e.g., HI Lya, Lyp,
C1v, OI) imprinted in the background QSO spectra. In
this work, we used galaxies, not QSOs, as background
light sources to map gas structure traced by the absorption
systems with high spatial resolution. Furthermore, we
developed a new scheme to characterize strength of
HI Lya absorption by the foreground gas using multi-
band photometry including narrow-band data (we call
ANB method) [1]. Continuum flux of background light-
sources and absorption flux by the foreground HI gas,
which are spectroscopically measured in other work
[2], are estimated from the broad-band and narrow-band
photometry, respectively (Figure 1). This ANB method
enables us to investigate the absorption systems in wider
area with shorter observing time than spectroscopy,
while we can investigate only HI gas at a given redshift
corresponding to a used narrow-band filter.

We applied the new scheme to imaging data of z = 3.1
SSA22 proto-supercluster region, which were taken with
the Subaru/S-Cam. We obtained a very wide (~ 50 Mpc)
map of HI gas structure with ~ 3 Mpc spatial resolution
(Figure 1). The HI gas absorption is significantly strong
over the entire SSA22 field, compared with those in the
two control fields (SXDS and GOODS-N fields). On
the other hand, it is also revealed that gas distribution
in the proto-supercluster region does not align with the
galaxies’ distribution perfectly in relatively small scale
(~ 3 Mpc). These suggest that the HI gas not only is
associated with the individual galaxies but also spreads
out diffusely across intergalactic space only within the
proto-supercluster. Such a diffuse gas component may be

an ancestor of Warm Hot Intracluster Medium (WHIM[3])
which is associated with nearby superclusters and
occupies roughly half of baryons in the Universe.

We also investigated the HI absorption strength as
a function of distance from the nearest z = 3.1 galaxy.
We confirmed that the absorption becomes stronger at
the distance less than 100 kpc, which may be due to the
HI gas associated with the individual galaxies. Anti-
Correlation between strengths of absorption by the
circumgalactic HI gas and of Lya emission from the
galaxies themselves is also found, which suggests that
observed properties of distant galaxies are affected by the
circumgalactic gas distribution and neutrality.
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Figure 1. Schematic picture of HI gas mapping by our ANB
method. We conduct imaging observations of galaxies
with multiple filters. Absorption flux by z = 3.1 HI gas is
evaluated from an offset between the observed narrow-
band flux and continuum flux (ANB), where the latter is
estimated from the broad-band fluxes. Right panel shows
spatial distribution of ANB values estimated in the
SSA22 porto-supercluster region. Redder color means
stronger HI Lya absorption. Contours shows number
density of Lya emitters.
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Properties of Interstellar Dust Responsible
for Steep Extinction Curves toward Type Ia Supernovae

NOZAWA, Takaya
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Type Ia supernovae (SNe Ia) show remarkable
homogenity in terms of their absolute magnitude and
spectral energy distribution. As such, they are ideal
objects not only for measuring the cosmic expansion as
standard candles but also for extracting the extinction
properties caused by interstellar dust in their host
galaxies. It has been known, however, that the extinction
curves observed for SNe Ia are very steep with unusually
low total-to-selective extinction ratios of Ry = 1.0-2.5
[1], compared to the average value of Ry = 3.1 in the
Milky Way (MW) [2]. The origin of such highly low Ry
values casts challenging problems in modelling the nature
and evolution of interstellar dust in external galaxies,
which has been invoked as one of the critical issues
for improving the current precision of cosmological
parameters [3].

In order to reveal the properties of interstellar dust
that causes steep extinction laws toward SNe Ia, we
search for physical dust models that lead to good fits to
the extinction curves obtained from the empirical formula
(called the CCM formula) by Cardelli et al. (1989) [2]
with Ry = 2.0, 1.5, and 1.0 [4]. In the fitting calculations,
we apply a two-component dust model composed of
graphite and silicate, and consider the power-law grain
size distribution. For simplicity, we assume that graphite
and silicate grains have the same size distribution, in
which the important quantities to be assigned are the
power-law index ¢, the maximum cut-off radius an.x, and
the graphite-to-silicate mass ratio fgs.

We find that the steep extinction curves with Ry =
2.0, 1.5, and 1.0 can be reasonably explained even by
the simple power-law grain size distribution with a fixed
index of ¢ = —3.5 by taking the maximum cut-off radii
of amax = 0.13 um, 0.094 ym, and 0.057 um, respectively
(Fig. 1). These maximum cut-off radii are smaller than
amax =~ 0.25 um considered valid in the MW [5,6], clearly
demonstrating that the interstellar dust responsible
for steep extinction curves is biased to smaller sizes.
The mass ratios of graphite to silicate grains are in a
narrow range of fg = 0.45-0.60, indicating that the
chemical composition of interstellar dust is not changed
dramatically for different Ry. This is the first study to
quantitatively reveal the properties of interstellar dust that
arises the steep extinction curves.
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Figure 1: Extinction curves calculated from the best-fit values of
@max and fys for a two-component dust model following
the power-law size distribution with an index of ¢ =
—3.5. The filled circles are the data of extinction at
wavelengths of representative photometric bands from
ultraviolet to near-infrared, derived from the CCM
formula [2] for each Ry value. For reference, the average
MW extinction curve (Ry = 3.1) is drawn by the black
line, and the gray thin lines plot the extinction curves
measured along a variety of lines of sight in our Galaxy
[7]. The steep extinction curves with Ry = 1.0 (green),
1.5 (red), and 2.0 (blue) as suggested for SNe Ia can be
nicely fitted by power-law grain size distributions with
the maximum cut-off radii of amax = 0.057 gm, 0.094 pm,
and 0.13 um, respectively, which indicates that the
maximum cut-off radius is an important quantity to
describe the variety of extinction curves.
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Formation of Overheated Regions and Truncated Disks around Black Holes;
Three-dimensional General Relativistic
Radiation-magnetohydrodynamics Simulations
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It is believed that the black hole accretion flows are
the central engine of the luminous compact objects like
active galactic nuclei and black hole binaries (BHBs).
The X-ray spectra of such objects are mainly composed
of the soft component and the power-low component.
The soft component is dominant over the power-low
component in the high-soft state as well as in the slim
disk state. In contrast, the power-low component is quite
prominent in the low-hard state and in the very high state.

The soft component is explained to be multi-color
disk blackbody model, which is emitted from the
relatively cold, optically thick accretion disk. On the
other hand, the power-low component is thought to be
produced due to the Compton upscattering in the hot and
less-dense regions (so-called disk corona). These features
are motivated from observations, but both the structure
and the formation mechanism of the hot, rarefied plasma
around the cold disk are not understood yet.

In this paper, we perform the three-dimensional
General Relativistic Radiation Magnetohydrodynamic
simulations to study the formation of the hot, rarefied
corona. Figure 1 shows global structure of accretion
disk. The radiation pressure dominated accretion flow is
formed around the black holes. Due to the strong radiation
generated in the accretion disks, strong bipolar jets are
formed, which are accelerated by the radiation force. We
found that far from the black hole, the gas temperature
of the disk gas is about a few 107 K. The radiation
temperature coincides with the gas temperature due to the
strong coupling between the gas and radiation through
the absorption and emission processes. Close to the black
hole, however, the gas temperature deviates from the
radiation temperature and it increases with approaching
to the black hole. The maximum gas temperature reaches
101K close to the black hole. This indicates the fact that
the high temperature gas cloud is formed near the black
hole. Then we investigate the reason why such a high
temperature cloud is formed. We compare the cooling
timescale and dynamical timescale that gas falls onto the
black hole. Far from the black hole, the cooling time is
much shorter than the dynamical time, so that the gas and
radiation are in local thermodynamic equilibrium. This
situation is violated close to the black hole since the infall
timescale becomes shorter as approaching to black hole
due to the strong gravity. As a result, high temperature
corona is formed around the black hole. This feature is
more manifest for the low accretion rate case since the

SEKIGUCHI, Yuichiro
(Toho University)

cooling time is reciprocal to the square of the density.
Also we find that the coronal temperature is higher for
the case of rapidly rotating black hole. We do not have a
confidence, but this result would indicate that the black
hole rotation energy is transported to the accretion disk
and it would be responsible for disk heating.

Figure 1: Global structure of radiation dominated accretion disks
near the black hole at # = 0.3 s. The Figure shows the
density (blue-white-red volume rendering), the outflow
velocity (white-red volume data), and the magnetic Field
lines (gray lines).
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Chondrule Formation by Planetesimal Collisions

WAKITA, Shigeru, MATSUMOTO, Yuji, OSHINO, Shoichi
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Chondrules are sub-mm sized spherical materials
found in primitive meteorites, chondrites. Chondrules
had once heated and melted in the solar nebula. Several
theories are proposed for the formation process of
chondrules. Planetesimal collisions are one of candidates
of chondrule formation: impact jetting, which can be
induced by planetesimal-protoplanet collisions, could
produce chondrules, when the impact velocity of the
collisions exceeds 2.5 km/s [1].

We investigate the abundance of chondrules formed
by impact jetting and their formation timing [2]: both of
them are derived from semi-analytical calculations of
planetesimal-protoplanet collisions and the subsequent
formation of protoplanets. We find that the planetesimal-
protoplanet collisions with the impact velocity higher than
2.5km/s would occur around 2 au in the protoplanetary
disk at 3 million years. This timing is consistent with the
isotopic studies of chondrules [3]. We also constraint on
the mass of the disk and planetesimals to trigger impact
jetting [4], using the strength of magnetic fields in the
solar nebula based on the measurements of chondrules [5].

It is need to consider undifferentiated planetesimal-
planetesimal collisions, not potentially differentiated
protoplanet-planetesimal ones. This is because chondrules
is not differentiated, and their precursors also would be
undifferentiated. Thus, we examine whether planetesimal-
planetesimal collisions can produce chondrules or not
[6]. We perform various kind of collisions with the
parameters of the impact velocity and the size of target
planetesimal using iSALE-2D shock physics code
[7,8,9]. Our numerical results show that planetesimal-
planetesimal collisions with 2.5 km/s can also produce
chondrules [Figure 1(a)]. The mass of chondrule would
increase as the impact velocity increases and it would
vary with the size of target planetesimals. We also find
that the original position of chondrules is in a region of
a few hundreds depth from the surface [Figure 1(b)] and
the progenitor of chondrules originates from the impactor
planetesimals than the larger target planetesimals.

We also check the fate of produced chondrules semi-
analytically and find that the half of produced chondrules
accrete on the protoplanet, and the other half would do
on the planetesimals [10]. Those results indicate that
target planetesimals or protoplanet are very important to
consider chondrule formation via impact jetting.
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Figure 1: Results of 10 km sized planetesimals colliding each
other with a impact velocity of 2.5 km/s. Right side of
panels show temperature and left ones show velocity. (a)
2.0 seconds after collision. (b) Tracing back to original
position of materials.
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Revisiting the Completeness and Luminosity Function
in High-redshift Low-luminosity Quasar Surveys
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(Ehime University) (NAOJ) (University of Florence)
KOBAYASHI, Masakazu TOBA, Yoshiki TANIGUCHI, Yoshiaki
(NIT, Kure College) (ASIAA) (Open University)

At the center of most galaxies, there is a supermassive
blackhole (SMBH) whose mass is 10° — 109 M. It is
now recognized that SMBHs already existed at z~7 [1].
However it is totally unclear how those SMBHs have
formed and evolved. To investigate the evolution of
SMBHs, quasars who release the huge radiative energy
powered by the gravitational energy of SMBHs are
useful. The luminosity of quasars correlates with the mass
of SMBHs. Therefore, to examine the mass evolution of
SMBHs, it is important to measure the evolution of the
quasars number densities as a function of the redshift
and luminosity (quasar luminosity functions; QLFs).
However, the number densities of the low-luminosity
quasars at the high redshift derived by the previous
studies have large uncertainty [2,3]. This is due to the
large systematic error in the quasar selection method
based on the imaging data.

To derive the accurate number density of the low-
luminosity quasars at the high redshift, we improve the
method of the quasar selection. We specifically focus
on the luminosity dependence of quasar spectra (the
Baldwin effect [4]) whose effect on the quasar selection
was ignored in the previous studies. We quantify this
luminosity dependence using the Baryon Oscillation
Spectroscopic Survey (BOSS) quasar catalog. Based
on these obtained results and using the latest model of
the inter-galactic medium (IGM) attenuation [5], we
establish the new method for deriving the quasar number
densities. By this method, we calculate the completeness
of quasar survey at z~4-5, using the COSMOS deep
images observed with Subaru/Suprime-Cam. Based on
this result, we revisit the low-luminosity quasar number
densities. In the results, the revisited number densities
are ~24 % lower and ~43 % higher than that estimated
by the conventional method at z~4 and 5, respectively
(Fig. 1). Recent surveys of high-luminosity quasars
have reported that the quasar number densities increase
from the early univers to z~2 and then decrease to now.
Furthermore the higher-luminosity quasars show the peak
of their number densities at higher redshifts than lower-
luminosity quasars. This indicates that more massive
SMBHs grew earlier (i.e., down-sizing). The results of
our study suggest that the low-luminosity quasar number
density decrease from z~2 to z~5. This indicates that
even at high-redshift the evolution of quasar number
densities is consistent with the down-sizing evolutionary

picture. See [6] for more details.
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Figure 1: Redshift evolution of the quasar number density for each
luminosity. Filled squares and open squares show the
results of this study and those of conventional method,
respectively. We also show the results of the previous
studies for high-luminosity or low redshift quasars
as each symbols. The filled squares at z~4 and 5 are
slightly shifted to the right direction to avoid the overlap
with other symbols. Our study makes it possible to
measure the low-luminosity quasar number densities at
z~4, 5 more accurately.
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Near-infrared Spectroscopy of Nearby Seyfert Galaxies
for Examinig the Ionization Mechanism of Narrow-line Regions
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The active galactic nucleus (AGN) feedback, which
is a negative/positive feedback effect on star formation
activity, has been paid a lot more attention recently. A
massive galaxy has a supermassive black hole (SMBH)
at its center, and the inflow of interstellar medium (ISM)
to SMBH invokes its AGN activity, which releases
vast gravitational potential energy to the ISM in the
suppression of star-formation activity in its host galaxy.

However, how the AGN activity transmits its energy
to the ISM remains a serious mystery. We here focus
on a shock ionization of the ISM in narrow-line regions
(NLRs) as another possible physical mechanism of the
AGN feedback, i.e., the AGN activity inputs its energy
to the ISM through a shock heating induced by a jet or
AGN wind. Therefore it is interesting to explore whether
and how the fast shock contributes the NLR ionization in
AGN:S.

Although it is widely accepted that NLRs in AGNs are
mostly photoionized by photons from a central engine,
the possibility of shock ionization induced by a jet or
AGN wind at off-nucleus regions. The discrimination
between the shock-ionization and photoionization of
NLRs in AGNs was extremely difficult. As a reason
for that in previous studies of NLRs, optical line-ratio
diagnostics have failed to discriminate between the two
mechanisms, because optical NLR spectra predicted by
the photoionization and shock ionization models are very
similar in each other [1].

The near-infrared emission-line flux ratio of
[Fe1]1.257 um/[P11]1.188 um is a very powerful indicator
to discriminate the photoionization and shock ionization
[2,3]. The [Fe 11]/[P 11] ratio in fast shock-excited
regions is expected to be high (~20) while that in purely
photoionized regions is low (~2).

We carried out the near-infrared spectroscopic
observations of 26 nearby Seyfert galaxies with a near-
infrared spectrograph (ISLE) boarded on the 188 cm
telescope at Okayama Astrophysical Observatory. As a
result, we measured the [Fe11]/[P11] flux ratio or its lower
limit for 19 objects and 22 Seyfert galaxies from the
literature. Based on the collected data, we found that the
ionization mechanism of the NLR is the photoionization
in most cases ([Fe 11]/[P 11] < 5) but the fast shock
contributes in some Seyfert galaxies ([Fe1]/[P11] > 10).
We found that these is no significant correlation between
the [Fe1]/[P11] and the radio-loudness (Figure 1). We
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checked the effect of the shocks from star-formation
activities using some starburst indicators (far-infrared
luminosity and the mid-infrared PAH emission), and
confirmed that the [Fe 11]/[P11] ratio is independent the
starburst activities. These results suggest that the NLR in
some Seyfert galaxies is affected by fast shocks whose
origin is the radio jet and other mechanisms such as the
powerful AGN wind [4].
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Figure 1: Relation between the [Fe11]/[P11] ratio and the radio-

loudness of nearby Seyfert galaxies. Perpendicular

dashed line shows the threshold dividing the radio-loud
and radio-quiet populations.
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Mergers of Accreting Stellar-mass Black Holes
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Recent observations have revealed the existence
of supermassive black holes (SMBHs) with masses
> 10° M, at redshifts higher than 6 [1]. However, the
formation history of these SMBHs is not still revealed.
There are two major competitive scenarios for the growth
of SMBHs: one is the mass accretion, and the other is the
merger of BHs (or stars). As for the mass accretion, the
constraints from observed SMBHs at high redshifts have
been argued. Possible building blocks of SMBHs are the
remnants of first stars. First stars of several tens M, can
leave black holes (BHs) of few tens M., after supernova
explosion. If recently discovered high-redshift SMBHs
grow via mass accretion from such stellar-mass BHs, the
accretion rate is required to be higher than the Eddington
accretion rate. However, the continuous accretion is
unlikely to be sustained due to feedback, and thus the
average mass accretion rates should be lower than
the Eddington rate [2]. Then, if the BHs grow via BH
mergers by a few orders of magnitude, the high-redshift
SMBHs can be formed from stellar-mass BHs.

Then we focus on the promotion of BH mergers in
abundant gas at high-redshift epochs. Recent radiation
hydrodynamic simulations on the formation of first stars
show that multiple massive stars form in a primordial
gas cloud of ~10%-105 M., with the density of around
107 ¢cm™3 and the extension of ~0.01 pc, where the gas
fraction is 99 %. According to the mass function of first
stars, multiple BHs of several tens M may be born as
remnants of supernovae, in such a primordial could [3].
In this circumstance, high mass-accretion rates onto
BHs are expected. On the other hand, plenty of gas can
exert dynamical friction on moving BHs. Recently, we
have explored the early merger of BHs through the gas
dynamical friction, and have shown that the merger time
of multiple BHs merger in the gas number density of 7,4
> 10%cm™3 is ~107 yr, which is shorter than the Eddington
timescale [4]. However, this study [4] did not consider
the effect of the mass accretion onto BHs. Thus, in the
competition between the mass accretion and the merger,
which mechanism dominates the growth of massive BHs
is not clear. Then, we present post-Newtonian N-body
simulations on mergers of accreting stellar-mass black
holes (BHs), where such general relativistic effects as the
pericenter shift and gravitational wave (GW) emission
are taken into consideration. The attention is concentrated
on the effects of the dynamical friction and the Hoyle-
Lyttleton mass accretion by ambient gas. As a result,
we show that mergers of accreting stellar-mass BHs are
classified into four types: a gas drag-driven, an interplay-
driven, a three body-driven, or an accretion-driven
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merger. Using the simulation results for a wide range of
parameters, we derive a critical accretion rate (7i1.), below
which the BH growth is promoted faster by mergers
(Figure 1). We find that BH mergers proceed before
significant mass accretion, even if the accretion rate is
~10 Eddington accretion rate, and then all BHs can merge
into one heavy BH [5].
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Figure 1: The critical accretion efficiency (€. = rnc/fyL) as a
function of ambient gas density ngas. Red, orange,
blue, and brown plots represent the critical condition
in high-density regions for ryp = 0.1, 0.04, 0.02, and
0.01 pc, respectively. Red, orange, blue, and brown lines
represent the curves fitted by ngasc = ae? for ryp = 0.1,
0.04, 0.02, and 0.01 pc. Pink line represents the critical
condition in low-density regions. The green dashed line
represents the Eddington accretion rate g (7 = 0.1),
where 7 is the radiative energy conversion efficiency.
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The Validation of Made-to-measure Method
for Reconstruction of Phase Space Distribution Functions
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Investigating the dynamical structures of galaxies
is important to infer their formations and evolutions
especially in the era of highly precise Galactic survey
mission, Gaia [1] and JASMINE [2]. To infer the real
phase-space distribution function (DF) of the total of
matters in a galaxy by the comparison of the theoretically
constructed stellar DFs with precise observational data,
accurate theoretical construction of the stellar DFs is very
important.

For that purpose, we investigate how accurately
phase-space DFs in galactic models can be reconstructed
by a made-to-measure (M2M, [3]) method, which
constructs N-particle models of stellar systems from
various observational data, such as photometric and
various kinematic data. The advantage of the M2M
method is that this method can be applied to various
galactic models without assumption of the spatial
symmetries of gravitational potentials adopted in galactic
models, and furthermore, numerical calculations of the
orbits of the stars cannot be severely constrained by the
capacities of computer memories. Therefore, when we
construct DFs using immense data such as Gaia data, the
M2M method is best suitable method among crrently
proposed methods.

Although the M2M method has been applied to
various galactic models, the degree of accuracy for the
recovery of DFs derived by the M2M method in galactic
models has never been investigated carefully. Then
we investigate the degree of accuracy for the recovery
of the DFs for the anisotropic Plummer model and
the axisymmetric Stickel model, which have analytic
solutions of the DFs. Furthermore, this study provides the
dependence of the degree of accuracy for the recovery of
the DFs on various parameters and procedures adopted in
this paper. The parameters which we investigate are the
total number of particles used in the M2M modelling run,
the number of constraints such as the mass or kinematic
observables, the initial phase space distribution of the
particles, configurations of the kinematic observables,
higher order velocity moments, and a temporal
smoothing.

As a result, we derive the dependence on the particle
number and the data number (Figure 1). We find that the
degree of accuracy for the recovery of the DFs derived by
the M2M method using N, observational data is 6.5 x 102
N6 % for the spherical target model, and 24.3 N ;0075 %
for the axisymmetric target model. Therefore, by using
the Gaia data of Ny ~ 10%, the DFs can be constructed
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with the uncertainty of about 5 % [4].
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Figure 1: The upper panel shows the degree of accuracy for the
recovery of the DFs fyir for the axisymmetric three
integral target model as a function of the particle number
N. Red circle, black square, orange triangle, blue
inverted triangle, green diamond, and magenta plus plots
represent the results for the kinematic data number Ny
= 16 and the mass data number as Ny, = 8, 16, 32, 64,
128, and 256, respectively. Cyan cross plot represents
the results for Ny = 64 and Ny, = 128. Each line
represents the curve fitted by fgif=a x N 05 4 Jdif,min
for concolorous plots. The lower panel shows fdif,min
as a function of Ny, for N = 16. The line represents the
curve fitted by fgir=a x Nr[%l.
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Nitrogen Isotopic Ratio of Cometary Ammonia
from High-resolution Optical Spectroscopic Observations
of C/2014 Q2 (Lovejoy)

SHINNAKA, Yoshiharu

(NAOJ/JSPS Research Fellow/University of Liége)

Icy materials present in comets provide clues for
helping us to understand the origin and evolution of our
Solar system and planetary systems. In particular, isotopic
ratios in cometary molecules provide a diagnostic of
the physicochemical conditions, which the molecules
formed and were processed during the evolutionary
stages from the interstellar medium to the solar nebula.
The temperatures at which molecules form control the
fractionation of the heavier isotopes (e.g., in the case of
deuterium-fractionation in water).

We performed high-resolution optical spectroscopic
observations of comet C/2014 Q2 (Lovejoy) on 2015
January 11 (at 1.321 au from the Sun, pre-perihelion) by
using the High Dispersion Spectrograph (HDS) mounted
on the Subaru Telescope on Maunakea, Hawaii. We
derived the 4N/I5N ratio of NH, (126 £ 25), the ortho-
to-para abundance ratios (OPRs) of the H,O" ion (2.77 £
0.24) and NH; (1.19 £ 0.04), which correspond to nuclear
spin temperatures of >24 K (3¢ lower limit) and 27 + 2
K, respectively, and the intensity ratio of the green to red-
doublet of forbidden oxygen lines (0.107 + 0.007) [1].

Ammonia in the comet have to have formed under
low-temperature conditions at ~10K or less to reproduce
the derived 14N/I5N ratio of ammonia if it is assumed that
the 1’N-fractionation of ammonia occurred through ion-
molecule chemical reactions. However, this temperature
is inconsistent with the nuclear spin temperatures of
water and ammonia estimated from the OPRs. Therefore,
the interpretation of the nuclear spin temperature as the
temperature at molecular formation might be incorrect.
An isotope-selective photodissociation of molecular
nitrogen by protosolar ultraviolet radiation may play
an important role in the 1>N-fractionation observed in
cometary volatiles.

KAWAKITA, Hideyo
(Kyoto Sangyo University)

Relative flux
©
T
Relative flux

0 i

. . . . .
571.06 571.08 571.1 571.12571.14
Wavelength (nm)

bt . . . |
570.32 570.34 570.36 570.38 570.4
Wavelength (nm)

o | 20
b 1 16
12
[ | 1
0 |k P e

2b. L L L T
572.34 572.36 572.38 572.4 572.42
Wavelength (nm)

D)

o ©

Relative flux
IS
Relative flux

N
®

Il Il Il Il Il ]
574.12 574.14 574.16 574.18 574.2
Wavelength (nm)

A. 1o0-100 F1 (570.3582 nm)

B. 111-101 2 (571.0959 nm)
H1-101 A (571.1275 nm)

C. to-202 Ft (572.3810 nm)

Relative flux
IS
T

D. to-220 Fi (574.1556 nm)

E 312-422 F1 (576.2995 nm)
312-422 2 (576.3076 nm)

2. . . . . d
576.26 576.28 576.3 576.32 576.34
Wavelength (nm)

Figure 1: Measurements of seven 'SNH, lines (denoted by blue
solid lines and black arrows). The red dotted lines is the
results of ad hoc fitting. Gray dashed lines indicate the
*lo error of the continuum levels.
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Ortho-to-Para Abundance Ratios of NH; in 26 Comets:
Implications for the Real Meaning of OPRs
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Abundance ratios of nuclear-spin isomers for
cometary molecules having identical protons, such as
water and ammonia, have been measured and discussed
from the viewpoint of primordial characters in comet. In
the case of ammonia, its ortho-to-para abundance ratio
(OPR) is usually estimated from OPRs of NH; because of
difficulty in measuring OPR of ammonia directly.

To derive an OPR of NH, in a comet, we use the
fluorescence excitation model of NH; in the optical
wavelength region. The OPR of NH; is a unique free
parameter in the model and is determined from a y2
fitting between the observed high-resolution and
synthesized spectra based on the assumption that NH; is
the fluorescence equilibrium condition in the coma. An
OPR of NH; determined from high-resolution spectra of
NH, was converted to that of NH3 by assuming NH3 as a
sole-parent of NH; and also by assuming the conservation
of total nuclear-spin for the photodissociation reaction of
NHj to NH,. We also assume that photodissociation rates
are the same for both ortho- and para-NHj.

We report our survey for OPRs of NH; in 26 comets
(Fig. 1) [1]. The data were mainly acquired by 8-m
telescopes with high-resolution optical spectrographs,
the Ultraviolet, Visual Echelle Spectrograph (UVES)
mounted on the Very Large Telescope (VLT) and the
High Dispersion Spectrograph (HDS) mounted on the
Subaru Telescope. A weighted mean of ammonia OPRs
for the comets is 1.12 = 0.01 and no significant difference
is found between the Oort Cloud comets and the Jupiter-
family comets. These values correspond to ~30K as
nuclear-spin temperatures.

Moreover, based on comparison of OPRs (and
nuclear-spin temperatures) of NH3; with those of water,
14N/15N ratios in NHs, and D/H ratios in water (Fig. 2),
The OPRs of NHj3 in comets probably reflect the physico-
chemical conditions in cometary coma, rather than the
conditions for the molecular formation or condensation
in the pre-solar molecular cloud and the solar nebula.
Relationship between the OPRs of NHj3 and water is a
clue to understanding the real meaning of the OPRs.
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Figure 1: OPR of NH; estimated from those of NH; in 26 comets.
No clear difference in the OPRs for different dynamical
classes can be seen. The nuclear-spin statistical weights
ratio of NH3 (1.0) is indicated by the horizontal dashed
line.
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Nitrogen Isotopic Ratios of NH; in Comets:
Implication for >'N-Fractionation in Cometary Ammonia

SHINNAKA, Yoshiharu

(NAOJ/JSPS Research Fellow/University of Liége)

JEHIN, Emmanuél, DECOCK, Alice, HUTSEMEKERS, Damien, MANFROID, Jean
(University of Liége)

Comets are remnants of icy planetesimals formed
in the solar nebula 4.6 Gyr ago. In general, the icy
materials in comets are definitely one of the keys for us to
understand the origin and evolution of our Solar system.
The isotopic ratios are diagnostics for the physico-
chemical conditions governing molecular formation. In
comets, !“N/I5N ratios have been measured from HCN
in three comets and from CN in more than 20 comets
[1,2,3]. Those ratios are enriched in N compared to
the elemental abundances of the Sun by a factor of
~3, have a small diversity and do not depend on the
dynamical types of the comets. The origin of this high
I5N-fractionation is still in debate because CN probably
comes not only from HCN, but also from other materials
in the coma. Consequently, an interpretation of the
isotopic ratios in cometary CN is quite complicated due
to the multiple possible parents of CN. In contrast with
CN, the isotopic ratios of nitrogen in NH3 give us a much
clearer interpretation than in CN because NH3 is directly
incorporated in the nuclear ices.

To estimate the “N/!5N ratios in NH3, N/!5N ratios
have been determined from high-resolution spectra of
NH; in the optical wavelength region. NH, is indeed
a dominant photodissociation product of NHj3. These
high-S/N ratio high-resolution spectra were taken by the
High Dispersion Spectrograph (HDS) mounted on the
Subaru Telescope summit of Mauna Kea, Hawaii, USA
and the Ultraviolet and Visible Echelle Spectrograph
(UVES) mounted on the UT2 of the Very Large
Telescopes (VLT) at European Southern Observatory
(ESO)’s Paranal Obsrvatory, Chile.

Those ratios were also found to be enriched in N
compared to the Sun by a factor of ~3 [4]. In this paper,
we present 14N/I5N ratios in NH, for 20 comets as total.
Our sample includes short-period comets as well as
long-period comets. We found that the 4N/!5N ratios in
cometary NH; also show a small dispersion and do not
depend on the dynamical origin of the comets (Fig. 1).

Interpretation of !“N/15N ratio in cometary volatiles
is still in debate. In order to reduce the measurement
uncertainty for each comet, we should develop the
emission model of 'SNH; considering the Swings
effect as well as need more high-S/N spectra by
next-generation large telescopes such as the TMT
and E-ELT. We can truly discuss the variation of
I4N/15N ratios in comets if 1N/I5N ratios with smaller
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Figure 1: '“N/!*N ratio in comets. Three black bars indicate the
range of '“N/'*N ratios in HCN and the weighted means
of N/ N ratios in CN and NH;.

uncertainties will be obtained for each comet.
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Imaging Observations of Entire Hydrogen Coma
of Comet 67P/Churyumov-Gerasimenko in 2015 September
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The water production rate, Ou,o of a comet is one
of the fundamental parameters to understand cometary
activity when a comet approaches the Sun within 2.5 au
because water is the most abundant icy material in the
cometary nucleus (~70 % of icy materials). For instance,
the slopes of the water production rate with respect to
heliocentric distance, ry, of comets seem to depend on
dynamical ages of the comets [1].

Comet 67P/Churyumov-Gerasimenko (hereafter
67P) is a Jupiter-family comet with an orbital period of
~6.5 years. During the 2015 apparition of the comet, the
comet was the target of ESA’s Rosetta mission. On,0
of the comet have been derived by various instruments
on board the Rosetta spacecraft throughout the 2015
apparition. However, measurement of an absolute Op,0
is difficult because the Rosetta spacecraft was located in
the cometary coma. Note that an obtained On,o strongly
depends on the coma models [2,3].

To derive gas production rates based on in situ
measurements by the Rosetta instruments at the close
distances from the comet 67P, entire coma observations
from the ground-based and space observatories can
realize the critical calibration for the gas production rates.
We performed wide-field imaging observations of Lya
emission in comet 67P by the LAICA telescope on board
the micro spacecraft for deep space exploration, the
PROCYON, on UT 2015 September 7, 12, and 13 [4].

To estimate a On,o from a single Lya image, we use
the two-dimensional axi-symmetric Direct Simulation
Monte-Carlo (DSMC) model of atomic hydrogen coma
using the Adaptive Mesh Particle Simulator code [5]
(Fig.1). Because there were bad observing conditions
during the time the comet could be observed from
Earth, our observations were important to test the coma
models for the comet. Combined with Rosetta’s results,
such as water production rates at different ry and
chemical composition, we could accurately estimate the
total ejected mass of the comet in the 2015 apparition.
Moreover, 67P shows that the activity in the 2015
apparition was comparable to those in the past fourth
apparitions at least, and has much icy materials in the
nucleus.

This result is the first scientific achievement by a
micro spacecraft for deep space exploration. Moreover,
this provides an ideal example where observations by a
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low-cost mission support precise observations by a large
mission. We hope this will become one of model cases
for micro spacecraft missions.
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Figure 1: Trimmed reduce Lya (upper) and reproduced (lower)
images of hydrogen coma of comet 67P by 2D axi-
symmetric model in Rayleigh units on UT 2015 Sept 13.
Yellow allow is solar direction.
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Record-breaking Faint Satellite Galaxy of the Milky Way Discovered
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Currently, some 50 satellite galaxies to the Milky
Way have been identified. About 40 of them are faint and
diffuse and belong to the category of so-called “dwarf
spheroidal galaxies”. Many recently discovered dwarf
galaxies, especially those seen in systematic photometric
surveys such as the Sloan Digital Sky Survey (SDSS)
and the Dark Energy Survey (DES) are very faint with
absolute luminosity in the optical waveband below -8
magnitude. However, previous searches made use of
telescopes with a diameter of 2.5 to 4 meters, so only
satellites relatively close to the Sun or those with higher
magnitudes were identified. Those that are more distant
or faint ones in the halo of the Milky Way are yet to be
detected. We therefore carefully examined the early data
of the Subaru Strategic Survey with HSC and searched
for very faint dwarf satellites which were overlooked by
previous surveys.

By identifying an over density of stars in the sky with
characteristic distribution to the old stellar population
in the color-magnitude diagram (Fig. 1 and 2), we
discovered an extremely faint dwarf satellite galaxy of
the Milky Way and named it as Virgo I — the first faint
dwarf satellite galaxy located in the direction of the
constellation Virgo [1]. Though the absolute magnitude
of Virgo I is as faint as —0.8 in the optical waveband, it is
identified as a galaxy because it is spatially extended with
a radius of 124 light years — systematically larger than a
globular cluster with comparable luminosity. The faintest
dwarf satellites identified so far was Segue I, discovered
by SDSS (—1.5 mag) and Cetus II in DES (0.0 mag).
Cetus 1II is yet to be confirmed, as it is too compact as a
galaxy. Virgo I may ultimately turn out to be the faintest
one ever discovered. It lies at a distance of 280,000 light
years from the Sun, and such a remote galaxy with faint
brightness has not been identified in previous surveys.

The Subaru Strategic Survey using HSC will continue
to explore much wider areas of the sky and is expected to
find more satellites like Virgo 1.

1005 100 10014 17504 T4 1735
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Figure 1: The position of Virgo I in the constellation of Virgo (left)
and a density map of Virgo I’s member stars in a 0.1 deg
x 0.1 deg area (right).
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Figure 2: Stars in the color-magnitude diagram. Old stellar
populations show a characteristic distribution along the
curve seen in the diagram. From left to right: Bootes I,
Segue I, Virgo 1, and a general field outside Virgo 1. The
spatial distribution of the stars, which are located inside
the green band for Virgo I, is shown in the right panel of
Figure 1. Note that stars in a general field outside Virgo
I (right panel) show no characteristic feature.
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Large Scale Environment of the Most Massive SMBHs
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It has been recognized that most of the galaxies have
a supermassive black hole (SMBH) with mass in the
range of 105-1019M, at their center. The mechanism to
evolve the BHs up to 1010M, is still an open question.
In order to deliver a large amount of matter to a
compact region inside the BH, it is required to remove
angular momentum efficiently from the matter. Several
mechanisms have been proposed to explain the evolution
of the BHs, such as the internal mechanism which relies
on the secular evolution due to disk and/or bar instability,
the external mechanism which includes the galaxy
merger and the interaction with nearby galaxies, and the
hot halo model in which quiescent gas accretion from the
hot halo and/or recycled gas from evolving stars feeds
the BHs. According to the numerical simulation, the
secular evolution has a difficulty to evolve the BHs up
to the most highest mass ranges (> 10° M), thus large
scale environmental effect may mainly contribute to the
feeding to the most massive BHs. If this is the case, it
could be observed that there is a relation between the BH
mass and the properties of galaxies around them.

To investigate the existence of such a relation, we
explored the dependence of galaxy clustering around
AGNSs on the BH mass, and found that there is a tendency
that galaxies are more clustered around the most massive
BHs than those around the lower mass BHs [1]. The
aim of this work [2] is to reveal what kind of galaxies
contributes to the increase of clustering, which can be a
clue to the understanding the evolutionary history of the
most massive BHs and also the surrounding galaxies. To
measure the color of galaxies with good precision, we
used two catalogs derived from UKIRT Infrared Deep
Sky Survey (UKIDSS) Large Area Survey (LAS) and
from SDSS DR8 for deriving galaxy samples. The AGN
samples for which BH masses are measured are derived
from two AGN catalogs [3,4].

By using the nature of galaxy clustering, it is possible
to measure in a statistical way the color distribution
of galaxies associated with AGNs without knowing
the redshift of galaxies if redshifts of the AGNs are
known. That is, by measuring the color distributions at
high density region around AGN (<1 Mpc; on region)
and at lower density region (3—5 Mpc; off region),
and subtracting latter from former, we can obtain the
color distribution of the clustering galaxies. The color
was measured by fitting the galaxy’s spectral energy
distribution (SED) to the synthesis model of SED
calculated assuming its redshift to be the same as the
AGN redshift.

The color distributions obtained in this way are
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shown in Figure 1. The larger color index (Dopt-1r)
corresponds to redder color. The top panel is for lower
mass BHs (log(Mpy/Ms) = 7.5-9.0) and the bottom
panel is for the most massive BHs (log (Mpu/Me) =
9.0-10.0). The redshift range is 0.3—0.6 and the number
of AGNs used to derive them is 289 for both. The color
distribution is approximated by a double Gaussian
distribution, and each Gaussian component is related to
a red or blue galaxy. The vertical axis is proportional to
the clustering strength, so the relative clustering strength
of each component can be inferred from the area of the
distribution. By measuring the mixing ratio of the two
components, we have obtained the red galaxy fraction of
~60+10 % for lower mass sample and >90 % for the most
massive sample. From this result, we revealed that the
environment of the most massive BHs is enriched with
red galaxies in which star formation is terminated, which
indicates that there is a link between the termination of
star formation and the growth of the most massive BHs.
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Figure 1: Color distributions of galaxies around AGNs.
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The 1.1 mm Continuum Survey of the Small Magellanic Cloud:
Physical Properties and Evolution of the Dust-selected Clouds
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The Small Magellanic Cloud (SMC) is a dwarf
galaxy that provides a unique opportunity to study the
physics of the interstellar medium (ISM) because of
its proximity (~60 kpc) and low metallicity (~1/5 Z).
These peculiarities make the SMC an ideal laboratory
to investigate the physics of the ISM under the extreme
conditions such as galaxies forming in the early Universe.
Previously, observations of giant molecular clouds
(GMCs) in the SMC has been conducted by CO lines
(e.g., [1]). On the other hand, recent study suggests that,
in a low-metallicity environment, the fraction of “CO-
dark” gas in the GMCs can be a dominant component
[2]. Therefore, it is essential to investigate GMCs in low-
metallicity environments by means other than CO line
observations, and dust continuum observations using a
submillimeter imager can provide an alternative method
to investigate the GMC.

In this study, we conducted a 1.1 mm continuum
survey using the AzTEC instrument on the ASTE
telescope to investigate the physical properties of the
GMC:s in the SMC. The observations covered a total of a
4.5 deg? field of the SMC, and noise levels of 5-12 mJy
beam™! are achieved with a effective resolution of 40",
which corresponds to 12 pc.

Figure 1 shows the obtained 1.1 mm continuum map.
Most of the representative star-forming regions in the
SMC, such as N27, N66, N81, N83, N84, and N88, were
detected with sufficient S/N ratios of > 10 at the peak
positions. We identified a total of 44 objects, and the
physical properties were derived by the SED analysis
under the assumption of single-temperature thermal dust
emission using 1.1 mm and Herschel bands. As the result,
the 1.1 mm objects displayed masses of 4x103-3x105 M,
and dust temperatures of 17-45K.

We found three important facts from the detail
investigation of the 1.1 mm objects. First, the dust
temperature of the 1.1 mm objects show good correlation
with the Spitzer 24 ym, and this supports that the heating
source of the cold dust is mainly local star-formation
activity. Second, the 1.1 mm objects in the SMC should
trace dense gas objects corresponding to the GMC in
our galaxy or nearby galaxies, because the mass, size,

density, and mass function are very similar to those of
GMCs in our galaxy and the Large Magellanic Cloud.
In addition, the 1.1 mm objects displayed good spatial
correlation with the 24 yum and CO emission. Third, the
classification of the 1.1 mm objects in terms of star-
formation activity revealed that the starless objects harbor
lower dust temperatures and smaller gas masses and radii
compared to those of the star-forming objects, suggesting
that starless objects are younger evolution phase of the
GMC.

These results were published in the Astrophysical
Journal [3].
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Figure 1: The 1.1 mm continuum map of the SMC.
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Circumstellar and Explosion Properties of Type Ibn Supernovae
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Type Ibn supernovae (SNe) are SNe with narrow
helium emission lines and they are a subtype of TypeIb
SNe. The narrow emission lines typically have the
velocity of about 1000 km/s and the velocity is too small
to originate from SN ejecta. Therefore, the narrow lines
are considered to originate from dense circumstellar
media (CSM) around the progenitors and Type Ibn SNe
appear when the progenitors of Type Ib SNe (Wolf-Rayet
stars) somehow experience huge mass loss shortly before
their explosions. Studying Type Ibn SNe are important to
understand the mass loss from massive stars that are not
understood well. There are many studies of Type IIn SNe
that show narrow hydrogen emission lines but few studies
are performed for Type Ibn SNe.

So far, individual Type Ibn SNe have been studied
in details but no studies are performed to have a general
picture of Type Ibn SNe. Therefore, we gathered all the
available Type Ibn SNe in the literature and investigated
their general properties. We got the following findings [1].
Figs. 1 and 2 summarize the light curves (LCs).

First, the peak luminosities of Type Ibn SNe are
higher than normal Type Ib SNe on average. This can
be explained by the existence of dense CSM. If the SN
ejecta collide to the dense CSM, kinetic energy of the SN
ejecta can be efficiently converted to radiation. Therefore,
Type Ibn SNe have a different luminosity source than
Type Ib SNe that are powered by the nuclear decay of
S6Ni.

Secondly, the amount of 3°Ni produced by the
explosions is found to be less in Type Ibn SNe than
Type Ib SNe. The amount of 5°Ni can be constrained
by the late-phase LCs. Type Ibn SNe are brighter than
Type Ib SNe at around the peak but Type Ibn SNe become
fainter than Type Ib SNe at the late phase. Therefore, the
amount of °Ni produced in Type Ibn SNe are smaller
than that in Type~Ib SNe. This may be due to the smaller
56N production at the explosions or large fallback.

Finally, we found Type Ibn SNe are bright for much
shorter periods than Type IIn SNe. Both Type Ibn and
Type IIn SNe are considered to be powered by the
interaction between SN ejecta and dense CSM. Because
Type IIn SNe are bright for more than 100 days due to
the long-lasting interaction, their progenitors somehow
need to have high mass-loss rates at least for 100 years
before their explosions. However, Type Ibn SNe shine
only for several tens of days and their CSM do not extend
as in Type IIn SNe. Type Ibn SNe and Type IIn SNe
are estimated to have similar CSM densities but their
progenitors’ enhanced mass-loss periods may significantly
differ, which may indicate their mass-loss mechanisms
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are different even though both SNe are characterized by
the narrow emission lines.
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Figure 1: LCs of Type Ibn SNe and other SNe.

E

bolometric luminosity (er 's1)
S
N

PH 4@ » 1O OD>

0.1

‘qk SN 2011hw
LSQ12btw
4L.5Q13ccw
ASASSN-15ed

SN 2088jc

SN 20103l
OGLE-2012-SN-006
SN 2014av

0 50 100 150 200
days from the peak

relative luminosity

0.01 ¢

SO >[1CO D>

0.001
-50

Figure 2: The same as Fig. 1 but scaled at the peak luminosity.

Reference
[1] Moriya, T. J., Maeda, K.: 2016, ApJ, 824, 100.



Radio Transients Associated with Accretion-induced Collapse
of White Dwarfs
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Accretion-induced collapse (AIC) is a theoretically
predicted fate of white dwarfs (WDs). If a WD composed
of oxygen, neon, and magnesium has a companion star
which accretes matter onto the WD, the WD’s mass can
eventually become close to the Chandrasekhar mass
limit. At this moment, the electron-capture reactions of
magnesium can be triggered at the WD center and the
WD collapses to be a neutron star (NS). (When a WD
composed of carbon and oxygen becomes closer to the
Chandrasekhar mass limit, the explosive burning of
carbon leads to Type la supernovae). Merger of two WDs
can also lead to the formation of a NS if a WD is left
after the merger. For example, if a WD heavier than the
Chandrasekhar mass limit that is composed of carbon and
oxygen is formed after the merger and a carbon burning
flame propagates from the surface to the center of the new
massive WD, the WD is eventually composed of oxygen,
neon, and magnesium. When the temperature becomes
sufficiently low and the central density becomes high
enough, the electron-capture reactions of magnesium can
be triggered to transform the WD to a NS.

It is known that AIC ejects less than 0.1 Mg.
However, little amount of radio active elements like 56Ni
are contained in the ejecta and AIC is considered not
to be accompanied by a bright transient. However, the
velocity of the ejecta from AIC is more than a few times
faster than that in typical supernovae. The fast shock can
accelerate electrons and the shock can be bright in radio
thanks to the synchrotron emission from the accelerated
electrons. In this study, radio light curves (LCs) of AIC
that has fast shock waves are investigated.

Fig. 1 is an example of radio LCs obtained in this
study [1]. The maximum peak luminosities in radio from
SNe are about 1028 ergs™! Hz™!. Therefore, AIC can be as
bright as or even brighter than SNe in radio wavelengths.
AIC does not become bright in optical so transients very
faint in optical but very bright in radio are promising
candidates of AIC.

Because AIC is bright in radio, AIC can be discovered
by performing transient surveys in radio. However, the
expected event rate of AIC is small and a deep and wide
radio transient survey is required to find it. We investigate
expected numbers of AIC detections in the future planned
radio transient surveys. As a result, we found that a
planned transient survey with Square Kilometer Array
can find a few AIC in a year. If we are able to perform
a radio transient survey with a optical transient survey,
we can efficiently discover radio-bright but optical-faint
transients that are promising candidates of AIC.
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Figure 1: Examples of radio LCs of AIC at 1 and 10 GHz. 4+=1
corresponds to AIC that explodes with in a circumstellar
medium made by the mass-loss rate of 107> My, yr™! and
the wind velocity of 1000 km/s. 4« is proportional to the
mass-loss rate and is inversely proportional to the wind
velocity.
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Supernovae Powered by Magnetars That Transform into Black Holes

MORIYA, Takashi
(NAOJ)

New kinds of supernovae (SNe) are starting to be
discovered thanks to the recent large transient surveys.
One of them is so-called superluminous SNe that are
more than about 10 times brighter than normal SNe. The
mechanism to make superluminous SNe so bright is not
yet revealed. The most popular model is to make SNe
superluminous with rapidly-rotating strongly-magnetized
neutron stars (magnetars) that are formed during the SN
explosions. If a magnetar that has a rotation period of less
than a few ms and a dipole magnetic field of about 104G
is formed during a SN explosion, the rotation energy
of the magnetar (about 1052 erg) is released as a dipole
radiation in a timescale of several days. It is known that
observational properties of superluminous SNe can be
explained if the magnetar can release its rotational energy
and the released energy is efficiently thermalized.

Neutron stars have the maximum mass to support
themselves and the neutron stars whose mass exceeds the
maximum mass transform into black holes. The maximum
mass depends on the rotation velocity of neutron stars.
The maximum mass of non-rotating neutron stars is about
2.2 Mg and that of rapidly-rotating neutron stars is about
2.7 Mg, depending on the equation of state. If a magnetar
whose mass is between about 2.2 M, and about 2.7 M
is formed during a SN explosion, it can heat up the SN
at first when it rotates rapidly. However, when it loses a
lot of rotational energy and its rotational energy becomes
less than that required to support itself, the magnetar
transforms into a black hole and the SN suddenly loses
its central heating source. In this study, we investigate
observational properties of such SNe that are powered
by magnetars that need rotational energy to support
themselves and suddenly lose their central heating source
due to the black-hole formation [1].

Fig. 1 presents how SN light curves (LCs) are affected
by the transformation of magnetars into black holes.
Because the black-hole formation leads to the sudden loss
of the central heating sources, LCs become fainter when
the black-hole formation occurs. In addition, if the black
holes are formed shortly after the SN explosion, the shock
breakout signals caused by the shock wave launched by
the magnetar energy input can be clearly seen in the LCs.

Fig. 2 shows comparisons between LCs of the SNe
powered by magnetars transforming into black holes and
those of some observed SNe. SNe powered by magnetars
that transform into black holes do not become as bright
as superluminous SNe but their LCs are consistent with
those of recently-found rapidly-evolving transients that
have the peak luminosities between superluminous SNe
and normal SNe.
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Figure 1: SN LCs in which magnetars powering the SNe transform
into black holes. gy is the time when magnetars
transform into black holes.
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Figure 2: Comparison between model SN LCs in which magnetars
powering the SNe transform into black holes and some
observed SN LCs.

Reference

[1] Moriya, T. J., Metzger, B. D., Blinnikov, S. 1.: 2016, 4Ap.J, 833,
64.



Properties of Magnetars Mimicking >°Ni

MORIYA, Takashi
(NAOJ)

Recent large-scale transient surveys revealed the
existence of extremely luminous supernovae (SNe)
that are called superluminous SNe. The luminosities of
canonical SNe can be explained by the energy provided
by the nuclear decay of 5Ni that is synthesized during
the SN explosions. However, while the required amount
of 3°Ni to explain the luminosities of canonical SNe is of
the order of 0.1 M, at most, superluminous SNe require
more than 5 M, of 56Ni to account for their luminosities.
It is difficult to synthesize this amount of 3°Ni during
the SN explosions. Thus, to replace the 3°Ni heating
mechanism, an alternative scenario to explain the huge
luminosities of superluminous SNe, i.e., the formation
of the rapidly-rotating strongly-magnetized neutron stars
(magnetars) that can release their huge rotational energy
through the radiation caused by the strong magnetic fields
and efficiently thermalize the radiation is suggested. On
the other hand, if we look into the light curves (LCs) of
superluminous SNe, it is known that the decline rates of
their LCs are often consistent with that is expected from
the nuclear decay of 5°Co made by the nuclear decay of
S6Ni. Thus, if magnetars are actually the major heating
source to make superluminous SNe bright, magnetars
should be able to reproduce the LC decline rates that
are consistent with those of 3Co. In this study, we
investigated the conditions for magnetars to reproduce
SN LCs that look as if they are powered by 3Ni [1].
As a result, it is found that magnetars need to emit their
radiation almost by the pure dipole radiation to mimic
56Ni. In addition, it is found that, for magnetars that
release their rotational energy through dipole radiation
to mimic a LC powered by a certain amount of 3Ni,
only their dipole magnetic fields need to be in a certain
range and the condition does not depend on their initial
rotational periods. In Fig. 1, we present the require
magnetic field strength to mimic a given amount of 56Ni,
For example, a typical amount of 35Ni required to explain
the peak luminosities of superluminous SNe are about
10 M, and it can be found that about 104G is required
for magnetars to mimic LCs powered by this amount of
56Ni. Interestingly, the required magnetic field strengths
for magnetars to explain the early LCs of superluminous
SNe are also about 104 G. Fig. 2 shows rise times and
peak luminosities of SN LCs that can be powered by
magnetars as if °Ni is powering them. The gray region
indicates all the LC properties that magnetars can mimic
S6Ni. However, if a LC requires more >°Ni than ejecta, for
example, we can clearly say that the LC is not powered
by 3°Ni. If we exclude this kind of region, the black
region remains. In other words, the SN LCs that fall into
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the black region may actually be powered by magnetars
even if they look as if they are powered by Ni. The
dots in Fig.2 are LC properties of superluminous SNe
and they locate in the region where magnetars can mimic
S6Ni.
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Figure 1: Dipole magnetic fields that magnetars require to mimic
given amounts of °Ni.
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Catalog of Ultra Diffuse Galaxies in the Coma Cluster

YAGI, Masafumi, KOMIYAMA, Yutaka, YAMANOI, Hitomi

(NAOJ)

Ultra Diffuse Galaxy(UDG) is a new category of
galaxy population proposed by [1]. They are low surface
brightness galaxies (LSBs) with a large spatial extents.
[1] adopted the selection criteria that the central surface
brightness in g-band is fainter than 24 mag/arcsec? and
the effective radius (half-light radius) is larger than 1.5
kpc. They reported 48 UDGs in the Coma cluster. If we
assume a typical mass-to-luminosity ratio of galaxies,
UDGs in cluster environment cannot maintain their large
extensions by their self-gravity alone. Thus, they are
expected to have a lot of dark matter. The nature of UDGs
(e.g., their formation mechanism) is still full of mysteries.

We analyzed wide survey data of the Coma cluster
in R-band obtained with the Subaru Prime Focus
Camera(Suprime-Cam) in the public archive data of
SMOKA [2]. UDGs were detected with high S/N in
the Suprime-Cam data [2]. As the spatial resolution is
much higher in data used in [2] than that of [1], we can
resolve UDGs near brighter neighbors. We also detected
the region near the cluster center where background
lights and the bright tails of galaxies affect. Though
the observed band is different, [2] detected 854 UDGs
in the Coma cluster. We also revisited the other data of
our own (e.g., [3]) that overlap the survey region. Our
previous studies didn't pay special attention to this galaxy
population, as their foci were on the statistical nature
of the galaxies in the cluster (e.g., luminosity function)
not on individual galaxy types. We obtained color
information of a subset of the UDGs from the previous
studies.

After [2], we continued the study and reported the
UDG catalog as [4] with several new results. The radial
density profile of UDGs is comparable to that of high
surface-brightness members in general, but a sign of
excess of UDGs exists at 1.0-1.7 Mpc from the center
(Figure 1). We also found that the major axes of UDGs
tend to align to the radial direction toward the galaxy
center, which is statistically significant. The Coma
cluster is elongated along the large-scale filament toward
the southwest, and the radial alignment of UDGs are
significantly high around the direction (Figure 2).

References
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UDGs (black dots), and member galaxies from SDSS
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Lya Rate of UV-bright Star-forming Galaxies at Redshift 7
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We perform a survey of star-formaing galaxies that
are very bright in UV luminosities at redshift 7. Follow-
up spectroscopy on these high-z galaxies is conducted,
determining rest-frame equivalent widths (EWys) of the
Lyoa emissions, and the Lya rate, which is a franction of
star-formation galaxies showing strong Lya emission
of these galaxies [1]. Recent observational studies have
revealed that the number density of bright star-formation
galaxies may be larger than expected in previous
observations. Also, the very bright galaxies may include
metal-poor galaxies comprising a primordial stellar
population [2]. It is crucial to increase the sample volume
of such bright galaxies to discuss galaxy formation at this
epoch.

We select star-forming galaxies (LBGs) using
the public near-infrared (NIR) data set by UKIRT-
UKIDSS and VISTA-UltraVISTA(J =25.5; 50) covering
1.65 square degrees. In order to apply z-dropout
search, we conduct very deep z'-band imaging (z ~
26.5; 50) with Subaru/Suprime-Cam. This data set
enables us to investigate the very-bright LBGs at
z="7 with quite a low number density. We find 18
candidates of very bright galaxies (Myy < —21.75). An
optical follow-up spectroscopy was performed with
Subaru/FOCAS on 9 candidates, in which a galaxy
shows possible Lya emission at z=7.168 at S/N
= 5.5 with EWy = 3.7 A (Fig. 1). The other candidates
show no significant emission lines (EW, < 10 A).

Previous studies have suggested that the Lya rate
increases from z=4 to z=6. The Lya rate is higher
and more rapidly increases towards high redshifts for
fainter star-forming galaxies. For galaxies with Myy >
—21.75, the Lya rate may stop increasing and possibly
decrease from z=6 to z ~ 7 [3]. Our study for the first
time discusses the Lya rate (EW( > 50 or 55) for the very
bright galaxies (—23 < Myy < —21.75) (Fig. 2), deriving
the following results: (1) An increase of the Lya rate of
the very-bright galaxies may level off at z=7 and may be
close to or lower than that at z=4-6. (2) The Lya rate of
the very-bright galaxies at z="7 may be at the same level
or higher than that for fainter galaxies (Myy > —21.75) at
the same redshifts.

The very-bright galaxies are also important
components to discuss cosmic reionization. The EWj
distribution of our very-bright galaxy sample implies

high neutral hydrogen rate at z=7. An increase of a
sample volume of the very-bright galaxies at this epoch
is desiable to statistaically understand formation and
evolution history and roles of this very bright population

in the reionization.
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Figure 1: Spectrum of a Lya emitter at z = 7.168.
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A Spectroscopically Confirmed Double Source Plane Lens System
in the Hyper Suprime-Cam Subaru Strategic Program
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Strong gravitational lensing of distant objects provides
us with powerful constrains on the matter distribution
of the lens galaxy. The vast majority of the known
strong lensing systems have a single background source,
but in very rare cases, two background sources can be
simultaneously lensed by the same foreground galaxy.
Such double source-plane lens systems are extremely
rare, but they are a very valuable probe of cosmology as
they are sensitive to the cosmic expansion.

Currently, there are only a few known double source-
plane lens systems. We have discovered another one in
Hyper Suprime-Cam Subaru Strategic Program (HSC-
SSP) as reported in Tanaka et al. [1]. Fig. 1 shows the
system. The lens galaxy at the center is a very massive
galaxy at z=0.79 likely at the center of a cluster. On the
bottom-right of the lens, there is a red arc (S1) with a
counter image just on the left of the lens galaxy (H). The
second source is the blue Einstein ring (S2) with several
knots (A-G). The system is dubbed ‘Eye of Horus’ due to
its resemblance to the symbol of ancient Egyptian god.

We have made a follow-up spectroscopic observation
of the background sources with FIRE on Magellan. We
confirm that the red inner arc is a galaxy at z=1.3 and
the blue ring at z=2.0 using several emission lines from
the galaxies. In all of the previously known systems, the
second galaxy is too faint to confirm spectroscopically.
Our system is the first double source-plane lens system
with spectroscopic redshifts of both sources. This is
important because the spectroscopic redshifts are essential
to derive cosmological constraints from the system.

We have modeled the system with two independent
methods. Both models successfully reproduce the overall
configuration of the system. However, any smooth
models do not reproduce the A+C split, implying the
existence of a subhalo or foreground structure. We do
not observe a clear hint of a satellite galaxy in the HSC
images, but we have been awarded further follow-up
observations with ALMA and LGSAO-assisted near-IR
imaging observations. These observations may be able
to detect the satellite galaxy responsible for the split,
allowing us to model the system more precisely.
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We expect to find 10 more such double source-
plane lens systems in HSC-SSP. Combining all of
them together, we expect to place a very strong, highly
complementary constraints to other probes on the
cosmological parameters.

10 arcsec

Figure 1: Pseudo-color image of the lens system. The prominent
knots in inner arc (green) and outer ring (white) are
labeled and the measured spectroscopic redshifts are
indicated. The inset shows the image without symbols.
The horizontal bar shows a scale of 10 arcsec.
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of Single, Hollow, and Large Aperture Retroreflector for LLR
ARAKI, Hiroshi!, KASHIMA, Shingo!, NODA, Hirotomo', KUNIMORI, Hiroo?, CHIBA, Kouta’,

MASHIKO, Hitomi?, KATO, Hiromasa3, OTSUBO, Toshimichi*, MATSUMOTO, Yoshiaki’, TSURUTA, Seiitsu!
ASARI, Kazuyoshi', HANADA, Hideo!, YASUDA, Susumu®, UTSUNOMIYA, Shin', TAKINO, Hideo’

1: NAOJ, 2: NICT, 3: Iwate University, 4: Hitotsubashi University, 5: PTI Co., Ltd., 6: JAXA, 7: Chiba Institute of Technology

Lunar laser ranging (LLR) has made a significant
contribution especially to Selenodesy and General
Relativity. The accuracy of LLR is less than 2 cm due
to the improvement of the ground station. However, the
lunar retroreflector has room for improvement on the
ranging accuracy [1].

The single element retroreflector (SERR) has an
advantage on the accuracy over the arrayed corner cube
on the Moon because it has no internal optical path
difference. SERR whose aperture is 20 cm can yield
two times reflection performance compared with the
A15 retroreflector [2]. Thus we investigated the thermal
deformation and optical degradation of the hollow type
SERR (hereafter CCM; Corner Cube Mirror) with 20 cm
aperture through the thermo-optical simulation, because
the prism type SERR with the same aperture made of
synthetic quarts shows severe optical degradation due to
the inhomogeneity of the refractive index as well as the
weight problem.

Mathematical model of CCM (Figure 1) is prepared
on the lunar surface with its optical axis aligned to the
Earth at —43.3 degrees in the lunar latitude (the same
latitude as Tycho crater) to simulate the equilibrium
temperature and thermal deformation of the CCM. Single
crystal silicon (Si) and the CLEARCERAM™-Z EX
(OHARA Inc.; hereafter CCZ-EX®) are selected as CCM
material for higher thermal diffusivity, lower thermal
expansion, and higher specific stiffness. Other parts are
made of carbon fiber reinforced plastics (CFRP). Thermal
Desktop®, ANSYS®12, and CodeV10.6SR1 are used for
the temperature, deformation, and optical evaluation,
respectively.

The deformation of CCM is 40-50 ym (Si) or 1 um
(CCZ-EX®) at the lunar noon if the CCM is fixed
perfectly to the structure on multi-points, while the
deformation is less than 0.25 um at most if the perfectly
fixed point of the CCM is limited to one. The optical
performance of the former CCM is quite poor (Strehl ratio
< 0.1; Figure 2), while it is excellent for the latter case
(Strehl ratio > 0.9; Figure 2). Through this simulation, it
has turned out for the first time that 20-cm aperture CCM
made of single-crystal Si or “ultra-low expansion glass—
ceramics” such as CCZ-EX® can be used for CCM with
no thermal control if the perfectly fixed point of CCM is
limited to one.

In addition, high temperature annealing from 100 to

1000 °C is confirmed effective experimentally to enhance
the adhesive strength between optically contacted Si
surfaces, which is an important knowledge for the
fabrication process of CCM.

Figure 1: [left] General view of the CCM system. [right]
Mathematical model of the CCM system for Thermal
Desktop®. CCM aperture is 20 cm.
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Figure 2: Strehl ratios of the aberrated focus image by CCM.
[Upper left] CCM made of Si fixed on 3 points perfectly.
[Lower left] CCM made of Si fixed on 3 points and one
of them is perfectly. [Upper right] CCM made of CCZ-
EX® fixed on 3 points perfectly. [Lower right] CCM
made of CCZ-EX® fixed on 3 points and one of them is
perfectly.
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The Far Distance to G7.47+0.06
from Proper Motion Measurement of HO Masers
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We report a distance measurement of an ultra-compact
Hyj region G7.47+0.06 associated with IRAS 17591-2228.
The kinematic distances obtained from its radial velocity
suggest that G7.47+0.06 may be farther away than the
distance between the Galactic center and the Sun, = 8 kpc
(e.g., 25.171%® kpc, Wink et al. 1982 [1]).

We applied a new method to determine a source
distance based on absolute proper motions proposed by
Sofue (2011) [2]. Given a rotation curve, and assuming
circular motion of an object, a distance to the object is
obtained from not only the radial velocity but also the
proper motion kinematically. The distance of an object
with its galactic longitude / = 0° located farther from the
Galactic center than seen from the Sun is more accurately
obtained by using the proper motion rather than using the
radial velocity.
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Figure 1: Yamauchi et al. (2016) [3]. Distribution of maser
features (v gg =—17 ——15kms™") throughout all epochs.
Thin dashed arrows indicate proper motions per year of
individual maser features. A thick arrow is parallel to the
Galactic plane, and its head points to the Galactic center.

Observations of the 22-GHz H,O maser line
associated with G7.47+0.06 were conducted with VERA
(VLBI Exploration of Radio Astrometry) from 2009
March to 2011 December. As a result of analysis, it turned
out to be difficult to derive the distance from annual
parallax measurement. Meanwhile, we clearly detected
the source’s proper motion parallel to the Galactic plane.
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The proper motion is u = —=5.03 + 0.07 mas yr~! and is
approaching the Galactic center (Figure 1).

Considering uncertainties of the Galactic rotation
curve and the solar peculiar motion, the detected proper
motion leads to a source distance of D = 20 + 2 kpc
(Figure 2), demonstrating that astrometric observation can
provide an accurate distance measurement at 10 % level
even for sources too far to measure the annual parallax.

Garay et al. (1993) estimated the physical parameters
of the Hyj region using the near kinematic distance of D
= 6.3 kpc [4]. Scaling their parameters from D = 6.3 kpc
to 20 kpc, the H>O maser features are associated with a
massive star-forming region corresponding to the spectral
type of 05.5.

Figure 2: Yamauchi et al. (2016) [3]. Proper motion as a function
of distance. Color scale indicates line-of-sight velocity.
Dashed curves indicate the distances from the LSR
in the cases of flat rotation. Solid curves indicate the
distance from the Sun in the case of ® = @y (R/Rp)* and
a = 0.05. The intersections of the curves and a white
rectangle corresponding to x = —5.03 + 0.07 masyr !
give a source distance.
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Enhanced Star Formation of Less Massive Galaxies
in a Proto-Cluster at z =2.5

HAYASHI, Masao
(NAOJ)

KODAMA, Tadayuki!
(Tohoku University)

KOYAMA, Yusei, TADAKI, Ken-ichi?, SUZUKI, L. Tomoko?

(NAOJ)

We investigate a correlation between star-formation
rate (SFR) and stellar mass for Ha emission line galaxies
(HAESs) in one of the richest proto-clusters ever known
at z ~ 2.5, USS 1558-003 proto-cluster. A positive
correlation between SFR and stellar mass in star-forming
galaxies is called the main sequence of star-forming
galaxies. The well-known tight correlation provides us
with perspectives of how the star-forming galaxies evolve
over cosmic time. We find that while the star-forming
galaxies with > 1093 M, are located on the universal
SFR-mass main sequence irrespective of the environment,
less massive star-forming galaxies with <1093 M, show
a significant upward scatter from the main sequence in
this proto-cluster (see Figure 1). We here summarize the
results. Please refer to [1] for more details.

This study is based on a 9.7-hour narrow-band
imaging data with MOIRCS on the Subaru telescope.
Thanks to the very deep narrow-band data, we are able
to construct a sample, in combination with additional
H-band data taken with WFC3 on Hubble Space
Telescope (HST), of 100 HAEs reaching the dust-
corrected SFRs down to 3 My, yr™! and the stellar masses
down to 1089M, allowing us to access less massive
galaxies in the proto-cluster. Our results suggest that
while the majority of massive galaxies are already settled
in a secular evolution phase and are thus found on the
main sequence, some less massive galaxies are in a
starburst phase and they are significantly up-scattered
from the main sequence. This may be consistent with
the down-sizing scenario of mass-dependent galaxy
evolution, or since they are located in a dense proto-
cluster, they may be experiencing some influences from
the surrounding environment such as galaxy-galaxy
interactions.

The existence of the less massive HAEs with
<10%3 Mg, up-scattered above the main sequence may
imply that a scatter around the main sequence increases at
lower stellar masses. Diversity of star-formation history
in early phase of galaxy evolution and/or sensitivity to
the fluctuation of starburst activity at short time scales in
individual Hyj regions could cause the increased scatter.
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Figure 1: Main sequence of HAEs in the USS1558-003 proto-
cluster at z=2.53. The blue-filled circles represent the
probable member HAEs at z = 2.53, while blue-filled
diamonds represent the possible HAEs. The HAEs
spectroscopically confirmed are marked with magenta
open circles. The error bars are derived from the lo
photometric error. The uncertainties of stellar masses
derived from the SED fitting are estimated from a
standard deviation of 100 iterations. Pentagons show the
median SFRs in each mass bin. The gray region shows
the SFRs under the limit reachable. The curves are
main sequences from the literature [2,3,4,5]. A gray line
shows a constant specific SFR of 1078 yr™!, and an arrow
roughly shows the stellar mass limit which is estimated
with the 3¢ limiting magnitude in K and J—K; color of
0.36.
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Transit Observation of Potentially Habitable Super-Earth K2-3d

FUKUI, Akihiko
(NAOJ)

with Okayamal88 cm/MuSCAT

LIVINGSTON, John, NARITA, Norio

HIRANO, Teruyuki

(University of Tokyo)

ONITSUKA, Masahiro, RYU, Tsuguru

(Tokyo Institute of Technology)
KUSAKABE, Nobuhiko

(GUAS)

A transiting exoplanet, which has an orbit crossing
in front of its host star, allows us to probe the planetary
atmosphere by means of measuring the wavelength
dependence of the transit depths. The Kepler space craft,
which had continuously monitored a specific sky region
from 2009 for four years, discovered about 30 small
transiting planets within habitable zones. However, all of
their host stars are too far from us (> 300 pc) and thus too
faint to observe the atmospheres of the planets. On the
other hand, the extended Kepler mission, K2, which has
surveyed different sky regions along the ecliptic plane
since 2014, has an advantage on discovering nearby
transiting planets.

K2-3d is a transiting super-Earth (1.5 Earth radii)
orbiting a nearby (45 pc) M dwarf with a period of 45
days, discovered by the K2 mission in 2015 [1]. The
planet is thought to be within the habitable zone of the
host star. The host star is bright enough (K = 8.6) that
next-generation telescopes can search for molecules
related to life in the planetary atmosphere. However, K2
observed only two transits of K2-3d because the survey
period of K2 per field is only 80 days. As a result, the
orbital period of the planet was only poorly measured,
preventing us from predicting future transit times with
high enough precisions for followup observations. After
the discovery, two additional transits were observed by
Spitzer space telescope [2], which, however, suffered
from instrumental systematics, leaving large room for
improvement.

We observed a transit of K2-3d with the Okayama
188cm telescope equipped with the three-band
simultaneous imager MuSCAT [3]. The transit depth
of this planet is just 0.06 %, which is close to the
detection limit from the ground. However, by utilizing
the multiband simultaneity of MuSCAT to reduce the
systematics of Earth's atmospheric origin, we successfully
detected the tiny transit signal. We also reanalyzed the
K2 and Spitzer data, which, combined with the MuSCAT
data, drastically improved the transit ephemeris. With this
new ephemeris, we will be able to observe future transits
at the best timings by e.g., JWST and TMT, which
opens the way for biomarker searches in the potentially
habitable planet.
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Figure I: The transit light curves of K2-3d observed by the
Okayama 188 cm telescope with MuSCAT. The top,
middle, and bottom light curves are in g, r, and z-band,
respectively. The circle points and solid lines show
10-minutes binning data and best-fit theoretical lines,
respectively.
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Figure 2: Residuals of the mid-transit times from the refined
linear ephemeris. The square, triangle, and circle
points represents the observed data of K2, Spitzer, and
MuSCAT, respectively. The gray and black points are
for the values in literature ([1,2]) and those refined
in this work, respectively. The purple and orange
dashed lines show the ephemerides provided by [1]
and [2], respectively. The red shaded area shows 1-o
uncertainties of our new ephemeris.



Astrometry of H2O Masers
in Massive Star-forming Region S255IR-SMA1

BURNS, R. A., HANDA, T.
(Kagoshima University)

We report the astrometric results of HyO masers in
S255IR-SMAT1 with VERA (VLBI Exploration of Radio
Astrometry). The anuual parallax was measured to be
0.563 +0.036 mas, corresponding to the source distance
of D=1.782%12 kpc. Maser morphology and its proper
motion appear to trace a U-shaped bow shock propagating
away from MYSO. These results are reported in Burns et
al. (2016) [1], in detail.

Whether or not the outflows of low- and high-mass
stars are produced in the same way is not well known.
S255IR-SMALI is the brightest source of molecular line
emission in the S255IR star-forming region and its stellar
mass is estimated to be ~ 20 M. S255IR-SMAL is an
ideal target to study the relationship between outflows
and jets in an MYSO. We pursue VLBI observations
aimed at measuring the annual parallax, distribution and
proper motions of HyO masers in S255IR-SMA1.

The observations were carried out using VERA
from 23 Nov. 2008 to 11 Aug. 2010. S255IR-SMA1 and
the positional reference source J0613+1708 with the
separation of 0.87° were simultaneosly observed with the
dual beam. The correlation processing was done using
Mitaka FX correlator.

Figure 1 shows the anuual parallax of S255IR-SMA1.
Th parallax was obtained to be 7 = 0.563 + 0.036 mas,
corresponding to a source distance of D = 1.78)1% kpc.
Figure 2 shows the ditributios and internal proper motions
of H,O masers. The elongated NE-SW morphology and
bipolar outward motions of masers suggest that they are
associated with an ejection event from an MYSO. The
3D velocity of each jet lobe is estimated to be 19 kms™!
with respect to the MYSO, with a position angle of 49°.
The maser group in SW appear to trace a U-shaped bow
shock structure. Ths structure is well reproduced by the
jet-driven outflow model with a jet radius of about 6 AU.
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Figure 1: Anuual parallax of S255IR-SMA1.
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Developments of Millimeter-wave MKID Camera

SEKIMOTO, Y., DOMINJON, A., HASEBE, T., NOGUCH]I, T., MATSUO, H., SHAN, W. L., KIUCHI, H.
(NAOY)

SEKIGUCHI, S., SHU, S., SHIMIZU, T. NITTA, T., NAGAI, M., MURAYAMA, Y., HATTORI, S.
(University of Tsukuba)

(University of Tokyo/NAQOJ)

MKID (Microwave Kinetic Inductance Detector)
group of Advanced Technology Center is developing
superconductive camera in millimeter and terahertz
wavelengths for Antarctica terahertz telescope/Nobeyama
45 m telescope which observes distant galaxies with
wide field-of-view and for CMB B-mode polarization
in collaboration with University of Tsukuba, Saitama
University, ISAS/JAXA, KEK, and Riken. Four papers
related to millimeter/submillimeter MKID instruments
were published in 2016 fiscal year.

1. Broadband corrugated horn array [1]

We are developing a broadband corrugated horn
array to observe millimeter-wave polarization with high
sensitivity and high accuracy. An 80—180 GHz horn array
exceeding the octave band has been fabricated as shown
in Fig. 1 and characterized with millimeter waves. The
geometry of corrugations is so simple that the horn array
can be directly machined from a bulk of aluminum with
an end-mill.The cross-polarization and near side-lobe
levels are less than -20 dB and -30 dB, respectively.The
return loss is less than -15 dB in most design frequency
bands, and the beam pattern is symmetric.The beam
pattern and the return loss are measured in the 120-
170 GHz range at room temperature.They are in good
agreement with the simulation. It is possible to reduce
reflection at the aperture surface and to reduce the weight
by carving the unnecessary part.This design provides
an octave bandwidth of the corrugated horn array at
reasonable machining time.

L

Figure 1: A broadband corrugated horn array [1].

2. Broadband anti-reflective structures for silicon [2]
A broadband antireflective sub-wavelength structure
was developed for large diameter silicon lenses used
in the optical systems of superconducting cameras. In
this study, a broadband antireflective sub-wavelength
structure that can be easily fabricated with a dicing
blade was designed. Pyramid structure (depth 550 ym)
and straight section (depth 150 um) have been fabricated
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NARUSE, M.

(Saitama University)

with a special V-shaped dicing blade and a normal blade,
respectively (Fig. 2). The structure was fabricated on a
flat surface, and transmittance at cryogenic temperatures
was measured using a Fourier transform spectrometer.
The measured average transmittance between 186 and
346 GHz was approximately 95 %, and the experimental
result is in good agreement with the simulation results.

Figure 2: Broadband anti-reflective structure for Silicon [2].

3. Octave-band OMT with MKID [3]

We demonstrate a design of octave-band circular
waveguide coupled planar ortho-mode transducer (OMT)
with MKIDs. In our 4-pixel prototype design, each single
pixel is sensitive to two frequency bands (90 GHz and
150 GHz) corresponding to atmospheric window. Silicon
on insulator (SOI) has been used for the OMT backshort
structure and a broadband coplanar waveguide (CPW)
180-degree hybrid is designed to cancel higher modes
of a circular waveguide and add two signals from the
fundamental mode together. After a microstrip bandpass
diplexer, a microstrip line to coplanar waveguide
transition structure couples signals to an MKID. MKIDs
are designed with Nb ground plane and Al/Ti bilayer
center strip line to achieve low frequency response and
high sensitivity.

4. LiteBIRD MKID focal plane design [4]

Observations of large scale B-mode polarization of
cosmic microwave background radiation (CMB) explore
the inflation theory (K. Sato 1981), which explains the
hot big-bang. This paper shows a focal plane design with
corrugated horn coupled OMT-MKID for LiteBIRD,
which observes CMB B-mode polarization from the
cosmological gravitational wave.
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Formation of Spiral Arm in Galaxies by Swing Amplification

MICHIKOSHI, Shugo
(Kyoto Women'’s University)

The origin and evolution of spiral arms in disk
galaxies is a fundamental problem in astrophysics. One
theory to explain the spiral arms is swing amplification.
In a differentially rotating disk, a leading density pattern
rotates to a trailing one due to the shear. During the
rotation, the leading mode is amplified into spiral arms
due to the self-gravity if the Toomre’s Q is 1-2.
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Figure 1: Comparison between the theory and the simulations.
Circles and pluses denote the results of N-body
simulations. The dotted and dashed curves show
the estimates from the linear theory with O=1.5
and O =1.8, respectively. Triangles show the lower
and upper limit of the amplification factor from the
simulations.

KOKUBO, Eiichiro
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In our previous work, we investigated the pitch angle
of spiral arms by the local linear theory and simulations
[1]. The derived pitch angle formula well agrees with
N-body simulations.

We extended the our previous work and calculated
the pitch angle, the wavelengths, and amplification factor
of the most amplified mode [2]. The derived formulae
of the pitch angle, the radial wavelength, the azimuthal
wavelength, and the amplification factor are

1 2.095\ " &
tan Oy = o (1 + 058 ) 1 (1)
< 0.581Q2 — 1.558Q + 1.547 Q2
Az T = — -, (2)
1+ 2.095Q Ak

2
Ayt = (3.653Q2 — 9.789Q + 9.721) (Z) . (3)

61\ KA
Dinaxe = 0.0657 exp <7£) ’;2—2 (4)

where «x is the epicycle frequency, Q is the orbital
frequency, A4 is the Oort constant, Q is the Toomre’s Q.

Figure 1 shows the results. We confirmed that the
formulae derived from the linear theory well agree with
N-body simulations.

Next, in order to understand the physics of the swing
amplification, we revisited the swing amplification
model [3]. We carefully considered its derivation and
we found that the naive treatment of the model leads to
breakdown of the model in the strong shear case such as
a Keplerian rotation. Therefore we modified the model
for avoiding the breakdown. Using the modified model
we investigated the motion of stars in spiral arms. We
found that the phases of the epicycle motion of stars
are synchronized during the amplification. Based on
the phase synchronization we derived the pitch angle
formula by the order-of-magnitude discussion. The phase
synchronization may be a key process to understand the
swing amplification.
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Planetesimal Formation by Gravitational Instability
of Porous-Dust Aggregates

MICHIKOSHI, Shugo
(Kyoto Women’s University)

In a protoplanetary disk, small dust grains grow
to kilometer-sized objects called planetesimals. The
formation mechanism of planetesimals is one of today's
most important unsolved problems. Recent studies on the
dust growth showed that the icy dust aggregates formed
by coagulation are not compact but significantly porous.
The internal density of dust aggregates is much smaller
than the material density. A compression mechanism is
necessary to form compact planetesimals.

It was found that the dust aggregates can be
compressed by the ram pressure when the dust aggregate
mass is less than 1011 g [1]. The dust aggregates with
the mass > 101! g are compressed by the self-gravity.
Due to these compression mechanisms, the compact
planetesimals may be formed.

We focused on the final stage of dust aggregate
compression. We investigated the dynamics of porous dust
aggregates by using the detailed model. We considered
the self-gravity, mutual collisions, aerodynamic drag,
turbulent stirring, and scattering due to gas and calculated
the equilibrium random velocity. From the equilibrium
random velocity we calculated the Toomre’s Q to
examine the gravitational instability (GI) [2].

For the axisymmetric mode, the instability condition
is 0<1 [3]. For 1 <Q<2, the non-axisymmetric mode
can grow due to the swing amplification mechanism
[4,5]. Thus, we adopt the GI condition as O <2. In the
minimum mass solar nebular model with & =1073, we
found that the GI condition is finally satisfied. In other
words, the porous dust disk becomes gravitational
unstable to fragment to form planetesimals.

However, if the turbulent strength is sufficiently
strong, the GI would be suppressed. Thus it depends on
a whether the GI takes place. We assumed the various
parameters and checked whether GI occurs. Figure 1
shows the summary of the results. The GI is more prone
to occur for larger f;, where f; is the normalized disk
mass. Thus, the upper limit of a for the GI exists.

Using the approximations we derived the condition
for GI
a?y3

P =534 x 10t —4 1
a < og X ConlL, 52 (1)

where a is the distance from the central star, Cp is the
gas drag coefficient, Mx is the central star mass, # is the
gas pressure gradient parameter, X4 is the dust surface
density, X, is the dust surface density. Figure 1 shows this
estimate, which well agrees with the numerical result.
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We found that if the turbulence is not strong (a
< 1073), the GI takes place. The GI accelerates the
planetesimal formation significantly.
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Figure 1: Parameter region for the GI on the normalized disk
mass f, and the turbulent strength o plane. The open
circle points show the cases where the GI takes place.
The filled triangles show the cases where the GI does
not take place. The solid line represents the estimate of
the critical a. The minimum mass solar nebular model
(MMSN) corresponds to fg= 1.

References

[1] Kataoka, A., et al.: 2013, A&A, 557, 4.

[2] Michikoshi, S., Kokubo, E.: 2016, ApJL, 825, L28.
[3] Toomre, A.: 1964, ApJ, 139, 1217

[4] Michikoshi, S., Kokubo, E.: 2016, 4pJ, 821, 35.
[5] Michikoshi, S., Kokubo, E.: 2016, 4pJ, 823, 121.



N-Body Simulation of Chariklo’s Ring

MICHIKOSHI, Shugo
(Kyoto Women’s University)

Recently, two dense narrow rings around Centaur
Chariklo were discovered [1]. The existence of a ring
around Centaur Chiron was also proposed [2]. These
observations suggest that rings around large Centaurs
may not be rare.

Chariklo’s ring has the large optical depth which
is about 0.3-0.4. In Saturn’s ring, the gravitational
instability takes place in the region where the ring has
the large optical depth and the self-gravity wakes form.
The self-gravity wakes are small spiral structures, which
cause the efficient angular momentum transfer. Thus, in
order to investigate the detailed structure of the ring, we
performed the global N-body simulations.

We developed the simulation code using the N-body
simulation library, FDPS [3]. We considered the
gravitational interaction, and mutual collisions.

Figure 1 shows the typical result of the simulation. We
adopted the particle density p,/pc = 0.5 and the radius 7,
= 5m, where p;, is the particle density, pc is the Chariklo’s
density, and r, is the particle radius. The large scale
structures are not visible. For the dynamical timescales,
the ring keeps its original global shape. However, we find
small scale structures, namely, self-gravity wakes in the
inner ring.
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We performed the simulations with various
parameters. If p,/pc > 0.5, the rapid large aggregate
formation takes place. Thus, this case does not correspond
to the real ring. For suppressing the self-gravity wakes,
the very low density particles, such as p,/pc < 0.1, are
necessary.

Next we examined the long term evolution of the
ring with the self-gravity wakes. The wakes accelerate
the viscous spreading of the ring significantly and it
typically occurs on timescales of about 100 years, which
is considerably shorter than the timescales suggested in
previous studies. Thus, the existence of these narrow
rings implies the existence of shepherding satellites.
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Figure 1: Particle distribution of the simulated ring in the x-y plane where the particle density and radius are py/pc = 0.5 and r, = 5m,
respectively. The panel (a) shows the overall structure of the ring, while the panel (b) shows enlarged view of ring section.
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Mid-Infrared Spectroscopic Observations
of the Classical Nova V2676 Oph with Subaru/COMICS

KAWAKITA, Hideyo, ARAI, Akira, NAGASHIMA, Masayoshi
(Koyama Astronomical Observatory/Kyoto Sangyo University)

OOTSUBO, Takafumi SHINNAKA, Yoshiharu
(The University of Tokyo) (NAOJ)

A classical nova is an explosive event with a sudden 10717
increase in brightness that occurs on a white dwarf
(WD) star. The explosion of the gas envelope of the
WD (accreted from the companion star) is powered by
thermonuclear runaway reactions that occur at the base
of the envelope. The nature of the WD star is essential
to the chemistry of the ejected material in novae. A dust-
forming nova V2676 Oph (discovered in Mar 2012) was
the first nova to provide evidence of both C, and CN
molecules during its near-maximum phase and evidence
of CO molecules during its early decline phase [1]. The
derived carbon- and nitrogen-isotopic ratios in the nova
[2] are consistent with that the nova explosion was hosted 10719 5 S 1 1 I 3
by a CO-rich WD rather than an ONe-rich WD. The Wavelength [ um ]
existence of both C, and CN radicals in the photosphere
indicates that the nova envelope was C-rich, with C/O> 1
[3]. To confirm a type of the hosting WD (CO-rich or
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Flux density [W cm™? pm™]

Figure 1: Low-resolution N-band spectra of V2676 Oph taken on
UT 2013 June 20 and UT 2014 May 16. We assumed
the grain radii for amorphous carbon and astronomical

ONe-rich), we performed the mid-infrared imaging and silicate to be 0.1 um to reproduce the observed spectra.
low-resolution spectroscopic observations of V2676 Oph The UIR emission at 11.4 um is clearly detected in both
with COMICS mounted on the Subaru telescope in June spectra [4].

2013 and May 2014 (482 days and 782 days respectively
after its discovery) [4]. No clear [Ne II] emission line
at 12.8 um was observed in either the 2013 or 2014

observations. Based on the absence of [Ne II] emission, References

the WD hosting V2676 Oph is considered a CO-rich [1] Nagashima, M., et al.: 2014, ApJL, 780, L26.
WD. Both types of dust grain, carbon-rich and oxygen- [2] Kawakita, H., et al.: 2015, PASJ, 67, 17.
rich, were detected on both dates, although this nova [3] Kawakita, H., et al.: 2016, PASJ, 68, 87.

is considered as a Carbon-rich (C/O>1) based on the [4] Kawakita, H,, et al.: 2017, 4J, 153, 74.

presence of C, observed earlier. The 11.4 um unidentified
infrared (UIR) emission was also detected on these dates.
The coexistence of UIR carriers and carbon-rich grains in
V2676 Oph supports the formation of UIR carriers from
amorphous carbon grains. Non-equilibrium processes
are likely to be responsible for the grain formation in the
nova.
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Success of a Laser Link Experiment with the Hayabusa2 Laser Altimeter

NODA, Hirotomo!, KUNIMORI, Hiroo?, MIZUNO, Takahide?, SENSHU, Hiroki*
OGAWA, Naoko?, TAKEUCHI, Hiroshi*, MOORE, Chris’>, POLLARD Alex?
YAMAGUCHI, Tomohiro®, NAMIKI, Noriyuki', KASE, Teiji®, SAIKI, Takanao®, TSUDA, Yuichi?
1: NAOJ, 2: NICT, 3: JAXA, 4: Chiba Inst. Tech., 5: Space Environment Research Centre, 6: NEC

The Hayabusa2 spacecraft, launched on December
3, 2014, is equipped with a laser altimeter called
LIDAR. The laser altimeter is a ranging instrument
which measures time of flight of laser pulses between
spacecraft and celestial bodies with solid surface. Laser
link experiments between the LIDAR and ground-based
satellite laser ranging stations were conducted when the
spacecraft was near the Earth before and after the gravity
assist operation in December 2015, and uplink laser
pulses from a ground station were successfully detected
[1]. In addition to the main purpose of this experiment,
which is the demonstration of the time transfer technique
for onboard clock calibration, it was also a unique
opportunity for the performance check of the instrument
before arrival at the asteroid, including the alignment
determination of the LIDAR field of view (FOV) axis
with respect to the spacecraft.

To determine the FOV direction, the spacecraft was
scanned spirally with 1 mrad step. Number of detection
of the laser pulses at each spacecraft attitude by LIDAR
is shown in Fig. 1. The yellow tiles correspond to the
spacecraft attitudes where maximum number of laser
pulses were detected. With this information, the FOV
direction was determined with the accuracy of scan
step size. Fig. 2 shows the reception level of the laser
pulses by the LIDAR when we set the LIDAR to another
observational mode (range mode). Because the intensity
varied with the change of receiver gain and pointing shift
of the ground-based telescope, we confirmed that the
signals came from the ground-based laser, not from other
sources such as Earth background radiation.

Hayabusa2 became the third spacecraft to establish
a laser link at a distance farther than the Moon with a
ground station, following the MESSENGER [2] and Mars
Global Surveyor missions [3]. The farthest distance of
successful experiment was 6.6 million km on December
19, 2015.

References
[1] Noda, H., et al.: 2017, Earth, Planets and Space, 69, 2.
[2] Smith, D., et al.: 2006, Science, 311, 53.
[3] Abshire, J., et al.: 2006, Proceedings of the conference on lasers
and electro-optics.

Figure 1: Number of signal detection with respect to the spacecraft
scan direction on December 11 (left) and 15 (right), 2015
respectively [1]. Color shows the number of detection.
The horizontal and vertical axes are the step sizes of
the spacecraft scan, the directions of which nearly
correspond to the right ascension and declination of the
pointing direction, and the origin is the best-estimated
direction of the boresight obtained during the ground-
based prelaunch test. The maximum detection number
for one tile is 17, because one data point was obtained
within 2 seconds and spacecraft stayed one attitude for
about 35 seconds.

Received intensity data on Dec. 19 in range mode
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Figure 2: Intensity of the received pulses by LIDAR [1].
Experimental conditions of receiver gain (“high” =
8, “low” = 2) and the pointing offset of the ground
telescope (el offset = 6 as) are drawn at the top. It is
obvious that the reception level changes according to the
changes of the observational conditions.
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Spiral Structure and Differential Dust Size Distribution
in the LkHa 330 Disk
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Dust trapping accelerates the coagulation of dust (mJy arcsec-2)
particles, and thus it represents an initial step toward the 0 1 2 3 4 5
formation of planetesimals. We report H-band (1.6 um) B

linear polarimetric observations by Subaru telescope
and 0.87 mm interferometric continuum observations by
Submillimeter Array (SMA) toward a transitional disk
around LkHa 330 [1]. As results, a pair of spiral arms
were detected in the H-band emission and an asymmetric

12.5"

(potentially arm-like) structure was detected in the 0.87 ) 12.0”
mm continuum emission. We discuss the origin of the g
spiral arm and the asymmetric structure, and suggest that §
a massive unseen planet is the most plausible explanation - 11.5”
[2].

The possibility of dust trapping and grain growth
causing the asymmetric structure was also investigated 32°2411".0
through the opacity index (f) by plotting the observed
SED slope between 0.87 mm from our SMA observation
and 1.3 mm from literature [3,4]. The results imply that 03h45m485 36 48530 48526 48522 48518
grains are indistinguishable from ISM-like dust in the J2000 R. A.
east side (#=2.0+0.5) [5], but much smaller in the Figure 1: It represents a superposed SMA 0.87 mm continuum
west side f=0.703, indicating differential dust size image on the Subaru H-band (1.6 um) polarized intensity
distribution between the two sides of the disk. That is image. The first contour is 8¢ and increases up to 200
dust grains grow to millimeter size in the west side, while with 20 steps.
they remain 0.1—1 micron size in the east side.

Future observations at centimeter wavelengths and References
differential polarization imaging in other bands (Y to [1] Akiyama, E., etal.: 2016, 4/, 818, 158.
K) with extreme AO imagers are required to understand % gﬁ?ﬁnRj ;:[aleti?lszogszigiLsgs L109.
how large dust grains form and to further explore the dust [4] Tsella, A., et al.: 2013, ApJ, 775, 30.
distribution in the disk. [5] Dranie, B. T.: 2016, ApJ, 636, 1114.
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Seasonal Variation of the Radial Brightness Contrast
of Saturn’s Rings Viewed in Mid-infrared

FUJIWARA, Hideaki, FUJIYOSHI, Takuya, YAMASHITA, Takuya
(NAOJ)

MORISHIMA, Ryuji
(University of California, Los Angeles/Jet Propulsion Laboratory)

To investigate the mid-infrared (MIR) characteristics
of Saturn’s rings, we collected and analyzed MIR high
spatial resolution images of Saturn’s rings obtained in
January 2008 and April 2005 with COMICS mounted
on Subaru Telescope (Figure 1), and investigated the
spatial variation in the surface brightness of the rings in
multiple bands in the MIR (Figure 2). We also composed
the spectral energy distributions (SEDs) of the C, B,
and A rings and the Cassini Division, and estimated
the temperatures of the rings from the SEDs assuming
the optical depths measured from stellar occultation
observations by Cassini/UVIS.

We find that the C ring and the Cassini Division were
warmer than the B and A rings in 2008. This could be
accounted for by the lower albedos, lower optical depths,
and smaller self-shadowing effect in the C ring and the
Cassini Division than the B and A rings.

We also find that the C ring and the Cassini Division
were considerably brighter than the B and A rings in
the MIR in 2008, and the radial contrast of the ring
brightness is the inverse of that in 2005. This temporal
variation is probably caused by seasonal changes of the
elevations of the Sun and observer above the ring plane
as varying angles will lead to differing filling factors and
temperatures of the particles in the rings.

Reference
[1] Fujiwara, H., et al.: 2017, A&A4, 599, A29.
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Figure 1: Comparison of MIR images of Saturn’s rings in April
2005 (top) and January 2008 (bottom). 12.5 um (left)
and 24.5 uym (right).
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Figure 2: Top: profiles of surface brightness in all the bands in
January 2008 (red) and April 2005 (blue). Bottom:
profile of 12.5 um-to-24.5 um brightness ratio for

Saturn's rings in 2008. Negative and positive value of

the radius is for the east and west side, respectively.
Region of the planetary body is shown in gray.

I Scientific Highlights |

051



Discovery of Ubiquitous Fast-propagating Intensity Disturbances
by the Chromospheric Lyman Alpha Spectropolarimeter (CLASP)
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High-cadence and high-sensitivity observations by the
slit-jaw (SJ) optics system of the CLASP sounding rocket
experiment [1] reveal ubiquitous intensity disturbances
that recurrently propagate in either the chromosphere
or the transition region or both at a speed much higher
than the speed of sound [2]. The CLASP/SJ instrument
provides a time series of two-dimensional images taken
with broadband filters centered on the Lya line (121.6 nm)
at a 0.6 s cadence. The sky-blue arrows in Figure 1
point out one example of the fast-propagating intensity
disturbances at the outer boundary of an active region. In
this case, the propagation speed is about 300 km/s, and
the similar moving patterns appear at least four times in
the same area. The multiple fast-propagating intensity
disturbances appear in the quiet Sun and in the active
region, and they are clearly detected in at least 20 areas
in a field of view of 527" x 527" during the 5 minute
observing time, as shown by the green boxes in Figure 2.
The apparent speeds of the intensity disturbances range
from 150 to 350 km/s. These speeds are much faster than
the speed of sound in the chromosphere or the transition
region (<50km/s), and comparable to the local Alfvén
speed in the transition region. The intensity disturbances
tend to propagate along bright elongated structures
away from areas with strong photospheric magnetic
fields. This suggests that the observed fast-propagating
intensity disturbances are related to the magnetic canopy
structures. The maximum distance traveled by the
intensity disturbances is about 10", and the widths are a
few arcseconds, which are almost determined by a pixel
size of 1703. The timescale of each intensity pulse is
shorter than 30s. One possible explanation for the fast-
propagating intensity disturbances observed by CLASP is
magnetohydrodynamic fast-mode waves.
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Figure 1: One example of the fast-propagating intensity
disturbances (sky-blue arrows). This event occurs in Box
1 of Figure 2. The background is Lya image with the
CLASP/S] after removal of the 30 s running temporal
average.
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Figure 2: Fast propagating intensity disturbances are clearly
observed around the centers of the green boxes. The
background image is Lya image taken by the CLASP/
SJ.
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High-contrast Imaging of Intermediate-mass Giants
with Long-term Radial Velocity Trends
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The radial velocity (RV) technique has been used as
one of the methods to search for exoplanets, discovering
more than 500 planets in last 20 years. However, this
technique is less sensitive to wide-orbit (> 10 au) planets
and inefficient to examine the occurrence rate of such
wide-orbit planets, even though it is crucial information
to test planet formation/evolution theories.

A long-term RV acceleration (RV trend) suggests the
presence of a possible planetary companion in a wide
orbit. However, such an RV trend could be caused not
only by a planet but also by a distant stellar or brown
dwarf companion. Direct-imaging technique is sensitive
to such wide-orbit companions and can help us to clarify
the cause of an RV trend through a detection or non-
detection of companion.

Our RV survey conducted at Okayama Astrophysical
Observatory (OAO) has targeted intermediate-mass giants
(1.5-5 M;,) for over a decade [1], finding the long-term
RV trends around several targets. To clarify the nature of
the RV trends observed in the OAO and another different
RV survey [2], we performed direct-imaging observations
for the six OAO targets as part of the SEEDS project [3]. (y
Hya, 1 Dra, 18 Del, HD 5608, HD 14067, HD 109272).

We detected three stellar companions (0.61§13 Mg,
0.10£0.01 Mg, 0.28 £0.06 M) in three systems (y Hya,
HD 5608, and HD 109272) and rule out the presence of
stellar companions in the other three systems (z Dra, 18
Del, HD 14067).

Combining the direct imaging and the RV data, we
found that the detected companions are responsible for

the observed RV trends and the causes of RV trends
for non-detection systems are low-mass stars or brown
dwarfs.

HD 5608

0.5

Figure 1: The detected companions are indicated by the yellow
circles. The central white areas around central the stars
were removed in analysis.
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New Neutrino Source for the Study of Solar Neutrino Physics
in the Vacuum-matter Oscillation Transition Region |1

SHIN, Jae Won, CHEOUN, Myung-Ki
(Soongsil University)

One of open issues related to the vacuum-matter
oscillation transition region in the solar neutrino physics
is the determination of electron-neutrino survival
probability P(v, — v,) in that region, which is also
closely related to the questions such as existence of sterile
neutrinos and/or non-standard neutrino interactions (NSI),
roles of CNO cycle in the Sun (metallicity problem), etc.

In this work [1], we propose a new artificial accelerator-
based electron-neutrino source for experiments of the
vacuum-matter oscillation transition region. By adjusting
incident proton energy, we can produce a specific
unstable isotope as an efficient electron-neutrino source.
Unstable isotope, 27Si, is our main neutrino source, which
can be produced through 27Al(p,n)?’Si reaction and emits
electron-neutrinos through radioactive decay processes.
In this case, the neutrinos can have an energy range, 0 <
E, <5MeV, corresponding to the transition region.

Productions of 27Si through p+27Al reaction are
simulated by using GEANT4 code [2] with JENDL-4.0/
HE data [3]. Incident proton energy is chosen to be
15MeV due to the following reasons. (1) There exist
only limited numbers of experimental data in the EXFOR
database. (2) By choosing this energy, we can suppress
productions of unnecessary unstable isotopes (Mg,
25A1, 26Si, etc.) which can emit v, or v, backgrounds. A
schematic diagram of the target geometry is drawn in
Fig. 1. For a 15 MeV proton beam with 10 mA, 3.55x 1013
27Si per second (#7Si/s) in the 27Al target are expected.

Reaction rates with respect to the neutrino energy
generated for the neutrino source are plotted in Fig. 2.
For both 37Cl and 7!Ga, neutrinos having the continuous
energy (E;; < E,, £ 3.79 MeV) and monoenergies
(3.97 MeV and 4.813 MeV) interact with the isotopes.
Contributions of the neutrino with two mono-energies are
marginal. Consequently, we can obtain the reaction rates
or flux-averaged cross sections for both 37Cl(v,,e™)?’Ar
and "'Ga(v.,e”)"'Ge reactions in the neutrino energy
region less than ~3.79 MeV. This energy region is close
to the vacuum-matter oscillation transition region in the
solar neutrino physics. One can see that widths of energy
distributions of reaction rates for deuteron targets are
more narrow than those for both 37Cl and 7'Ga because
of the reaction thresholds. With this feature, we can also
have a chance to obtain reaction rates or energy averaged
cross sections for 2H(v.,epp) and 2H(v,,v.np) reactions
with narrow neutrino energy region. This is a unique
feature in the present work because most experimental
data were obtained by using neutrino sources from pion
decay where the neutrino has broad energy region 0 ~
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Figure 1: Schematic diagram of the 27Si production target
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Figure 2: Reaction rates via 3’Cl(v,,e”)’’Ar, "'Ga(v,..e")"'Ge,
2H(v,,e pp) and 2H(v,,v.np) reactions. The neutrinos are
generated from decay of 2’Si which are produced by the
15MeV and 10 mA proton beam on a 2’Al target.
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Heavy Element Synthesis in Type II Supernovae:
Sensitivity to Nuclear Equation of States [1]

FAMIANO, Michael A.
(Western Michigan University/NAQOJ)

AOKI, Wako
(NAOJ)

A phenomenological model has been developed
in which the enrichment of light r-process elements
(relative to heavy r-process elements) in metal-poor
and extremely-metal-poor stars (EMPs) is found to
depend on the stiffness of the nuclear equation of state.
Here, an r-process is assumed in which an explosion
scenario is halted due to an accretion-induced collapse
and a subsequent failed or partial explosion, followed
by partial ejection of r-process material. Nucleosynthsis
then results in an abundance distribution enriched in the
light r-process elements. Initial results suggest that a
possible upper limit on the stiffness of the EOS may be
constrained by observations, which could complement
results of neutron star masses which place lower limits on
the EOS stiffness.

We have explored a previously-proposed model,
referred to as the tr-process [1], which assumes an
r-process in a core-collapse scenario which is halted due
to an accretion-induced collapse into a BH or a stalled
shock. The model attempts to explain the maximum
[Sr/Ba] ejected in a single r-process event; we note
that reductions in this ratio may result from mixing
between outer and inner ejecta in the explosion or from
asymmetric explosion mechanisms. We also note that
the observed large values of [St/Fe], [Ba/Fe], and [Ew/
Fe] (so-called r-II stars) can be reproduced by turbulent
ejection (as suggested in [2]). The results presented
here represent one potential avenue for producing these
extremes.

The calculated [Sr/Ba] values are also shown in
Figure | compared to observed values in the galaxy.
The significant changes in the Ba ejection in a collapse
scenario results in a dramatic change in the [Sr/Ba] (and
[St/Eu]) ratios. In a previous paper [2], changes in [St/Ba]
were suggested to be caused at least in part by turbulent
ejection of material in a collapse scenario. It is seen that
for a softer EOS, the maximum values in [Sr/Ba] as a
function of metallicity can be achieved in a tr-process for
partial enrichment of r-process elements in a GCE model.
As noted above, the GCE results shown in these figures
represent extremes in these ratios as they are produced
in collapse scenarios corresponding to the minimum
collapse time to a BH. In examining the abundance ratios
of [Sr/Ba] as they relate to the EOS, one sees that these
ratios generally increase as the EOS softens. However,
at some point, the EOS becomes so soft that the collapse

KAIJINO, Toshitaka
(NAOJ/University of Tokyo/Beihang University)

SUDA, Takuma
(University of Tokyo)

time becomes early enough to prohibit Sr ejection, and
the ratios of [St/Ba] begin to decrease with the softness
of the EOS. This may occur for an EOS with a softness
somewhere between the Shen EOS and the LS220 EOS,
as one sees that the [Sr/Ba] ratios calculated using an
LS220 EOS drop below those calculated using a Shen
EOS at metallicities —2.5 < [Fe/H] < —2.
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Figure 1: [Sr/Ba] as a function of [Fe/H] for several EOS
assumptions compared to observation.
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Relativistic Screening Effects on Big Bang Nucleosynthesis
and Low-lying Resonances [1]
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(Western Michigan University/NAQOJ)
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KAIJINO, Toshitaka
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If an astrophysical environment is hot enough
(greater than approximately 0.5 MeV or so), screening
in the associated nuclear reactions can be modified by
the presence of a relativistic electron-positron plasma.
For non-zero electron chemical potentials, the effect
is compounded as the Debye length (which creates an
additional decrease in Coulomb energy with radius
between two reacting nuclei) in a plasma can drop
significantly, resulting in amplified reaction rates.

In a relativistic model, the Debye length decreases
with temperature, as shown in Figure 1. The effect of
screening is to shift the reaction energy in the cross-
section. This can result in an enhancement of nuclear
reaction rates, and the reaction rate enhancement factor
is studied in several relevant scenarios. For sub- or near-
threshold resonances, this could potentially change the
reaction rates by a significant amount as the reaction
energy effectively shifts the resonance above or below
threshold.

Possible sites where relativistic plasma screening
could have a significant effect on observed results
include Big Bang Nucleosynthesis, a-rich freezeout in
the r-process, x-ray bursts, and type la supernovae in
white dwarfs. Most recently, the effects of the screening
due to the relativistic electron-positron plasma during the
Big Bang Nucleosynthesis have been explored. While
the effects of relativistic screening were found to be
relatively small in the standard Early Universe models,
further work is being done to explore the same effects in
the above-mentioned astrophysical sites. Additional work
is currently focused on possible effects on the production
of 56Ni in type la supernovae, effects on light curves
(both frequency and duration) in X-ray bursts, and effects
on the electron fraction in the astrophysical r-process
following a-rich freezeout.

In this work we explored in detail the consequences
of the screening due to the relativistic electron-positron
plasma on non-resonant and possible resonances on the
secondary reactions destroying 4 =7 nuclei during the
Big Bang Nucleosynthesis. We found that effects of
screening from the relativistic plasma are small even for
the reaction with the largest charge , namely 3He+Be.
We note that this reaction is the least experimentally
explored one in the network of BBN reactions.

Even though the effects we find are small, it still
is worthwhile to demonstrate how robust our current
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understanding of the BBN is to effects not previously
considered. This is especially important since the
instruments scheduled to go online in the future, such
as the Thirty Meter Telescope [2], will measure the
abundances of the light elements resulting from the BBN
with greater precision.
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Figure 1: The Debye length for the 3He+'Be reaction as a function
of temperature (in MeV) for several electron chemical
potential assumptions.
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Detectability of Cosmic Dark Flow
in the Type Ia Supernova Redshift-Distance Relation

MATHEWS, Grant J., ROSE, B. M., GARNAVICH, P. A.
(University of Notre Dame)

YAMAZAKI, D.
(Ibaraki University)

We have re-analyzed [1] the detectability of large scale
dark flow (or local bulk flow) with respect to the CMB
background based upon the redshift-distance relation for
Type Ia supernovae (SN Ia). If a universal CMB dipole
exists it would be exceedingly interesting. Such apparent
large scale motion could provide a probe into the instants
before cosmic inflation, either as a remnant of multiple
field inflation, pre-inflation fluctuations entering the
horizon [2], or a remnant of the birth of the universe out
of the mini-superspace of SUSY vacua in the M-theory
landscape. Such possibilities lead to a remnant dipole
curvature in the present expanding universe that would
appear as coherent velocity flow relative to the frame of
the cosmic microwave background . Hence, this has been
dubbed [3] “cosmic dark flow.”

We made two independent analyses: one based upon
identifying the three Cartesian velocity components;
and the other based upon the cosine dependence of the
deviation from Hubble flow on the sky. We applied these
analyses to the Union2.1 SN Ia data [4] and to the SDSS-
II supernova survey [5]. For both methods, results for low
redshift, z < 0.05, are consistent with previous searches.
We find a local bulk flow of vy ~ 300 km s™! in the
direction of (I, b) ~ (270, 35)°. However, the search for a
dark flow at z > 0.05 is inconclusive. The reason that the
dark flow is difficult to detect for z > 0.05 can be traced
to the large errors in the determined distance moduli of
the SN Ia data. For a fixed error in the distance modulus,
the actual error in the velocity increases with redshift.

Figure 1 from [1] illustrates the result of simulating
surveys that accumulate SNIa events at redshift bins
with Az = z/3 centered at z = 0.05, 0.1, and 0.3. The
intersection of the horizontal dashed line with the curves
indicates the number of supernovae in Union2.1 low
redshift sample.

Based upon simulated data sets, we deduce that
the difficulty in detecting a dark flow at high redshifts
arises mostly from the observational error in the
distance modulus. Thus, even if it exists, a dark flow is
not detectable at large redshift with current SN Ia data
sets. We estimate that a detection would require both
significant sky coverage of SN Ia out to z = 0.3 and a
reduction in the effective distance modulus error from 0.2
mag to <0.02 mag. We estimate that a greatly expanded
data sample of ~10* SN Ia might detect a dark flow as
small as 300 kms™! out to z = 0.3 even with a distance
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modulus error of 0.2 mag. This may be achievable in a
next generation large survey like LSST.
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Figure 1: Tllustration of the number of SN Ia required for a 3¢
detection in redshift bins centered at z = 0.05 (dot-
dashed line), z = 0.1 (thick dashed line), or z = 0.3 (thick
solid line). The vertical dashed line denotes a bulk flow
velocity of 326kms™! as inferred in our analysis of the
low redshift Union2.1 sample. The intersection of this
line with the lower z = 0.05 curve suggests that a flow
was detectable in the low redshift Union2.1 sample. The
intersection of this line with the upper curve, however,
indicates that to detect a dark flow in at z = 0.3 the one
needs N> 4582 SN Ia events.
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Impact of Sterile Neutrino Dark Matter
on Core-collapse Supernova Explosion

WARREN, M. L., MATHEWS, Grant J., MEIXNER, M.

(University of Notre Dame)
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(NAOJ/University of Tokyo)

The nature of dark matter remains one of the biggest
open questions in physics. One viable dark matter
candidate is a sterile neutrino. Sterile neutrino dark matter
is an electroweak singlet that does not participate in the
strong, weak, or electromagnetic interaction.

We have re-analyzed [1] the impact of sterile neutrino
dark matter on core-collapse supernova explosions. We
considered sterile neutrino masses and mixing angles that
are consistent with sterile neutrino dark matter candidates
as indicated by recent X-ray flux measurements [2]. We
found that the interpretation of the observed 3.5 keV
X-ray excess as due to a decaying 7keV sterile neutrino
that comprises 100 % of the dark matter would have
almost no observable effect on supernova explosions.
However, in the more realistic case in which the decaying
sterile neutrino comprises only a small fraction of the
total dark matter density due to the presence of other
sterile neutrino flavors, WIMPs, etc., a larger mixing
angle is allowed. In this case a 7 keV sterile neutrino
could have a significant impact on core-collapse
supernovae.

Figure 1 from [1] shows the electron neutrino
luminosity versus time post-bounce, both with and without
a sterile neutrino present. The neutrino luminosities of all
neutrino and antineutrino flavors are enhanced from about
0.2 s to 0.4 s post-bounce. This increase in the neutrino
luminosities increases the neutrino reheating behind the
stalled shock, and thus enhances the explosion energy.
The timescale of the increase of the neutrino luminosities
corresponds to the time post-bounce when the explosion
energy becomes enhanced.

A striking feature is the appearance of episodic
neutrino bursts with a period of 40-50 ms in the
luminosity and flux with a 7keV sterile neutrino. This is
due to the fact that the neutrino photospheric luminosity
is fixed by the ratio of the total internal energy to the
neutrino diffusion time. When the neutrino chemical
potential falls above the resonance energy, those
neutrinos in the energy groups corresponding to the
resonance energy and width immediately have a diffusion
time scale drastically shortened by the free streaming
of the sterile neutrinos to just below the neutrinosphere
[3,4]. However, once a significant fraction of available
neutrinos is depleted, the process is shut off and the
luminosity actually decreases until neutrinos can diffuse
back into the depleted energy and spatial groups. The
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amplitude and period of the luminosity spikes scale
roughly linearly with neutrino mass. Hence, should an
oscillation of the type shown here be detected in a next
generation neutrino detector such as Hyper-kamiokande,
its amplitude and period could be used to infer the mass
of the oscillating sterile neutrino.

Thus, a multi-component model is required to
accommodate a sterile neutrino mass and mixing angle
that leads to an enhanced explosion. if the decaying
sterile neutrino makes up (<1 %) of the dark matter
density, a shorter decay lifetime is allowed corresponding
to the larger mixing angle needed to impact the explosion.
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Figure 1: Neutrino luminosity versus time post-bounce. The black
line is for a simulation without a sterile neutrino, the red
line is for a sterile neutrino with mass my; = 1keV and
mixing angle sin?26, = 1073, and the blue line is for a
sterile neutrino with mass m; = 7keV and mixing angle
sin? 20, =107
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Neutrino Antineutrino Pair Emissions in Strongly Magnetized
Neutron-Star-Matter in Relativistic Quantum Approach

MARUYAMA, Tomoyuki
(University of Notre Dame)

CHEOUN, Myung-Ki
(Soongsil University)

Magnetic fields in neutron stars play an important
role in the interpretation of many observed phenomena.
Magnetar, which is associated with a super strong
magnetic field, show properties different than normal
neutron stars.

Many people have paid attention into cooling
processes of neutron stars because it must give
important information of neutron stars structure [1].
The neutron stars are cooled by the neutrino emission,
and the magnetic field is expected to affect the emission
mechanism largely because the strong magnetic field can
supply energy and momentum into the process.

In this work [2] we study the vv- pair production from
electron and proton, which occur only under the strong
magnetic field.

We assume a uniform magnetic field along the
z-direction, B = (0, 0, B), and take the electro-magnetic
vector potential 4“ to be 4 = (0, 0, xB, 0) at the position
r = (x, y, z). The relativistic proton wave function ¥ is
obtained from the following Dirac equation:

[(i@ — ed)— m]y(t, r)=0, 1)

where m is the particle mass. By solving Eq. (1), we then
obtain the energy eigenvalues as

e(n,p:, s) = 1/p? + 2neB + m%,, )

where n is the Landau level number and p, is z-component
of the proton momentum. Then, we calculate vv-pair
emissions from the transition between the different
Landau levels for electrons and protons in the relativistic
quantum mechanical way [2].

In Fig. 1 we show the calculation results of vv-pair
luminosity per volume, L/} at the baryon density pp =
0.2 pg, where p¢ is normal nuclear matter density. The
solid circles and open squares represent the calculation
results when B = 101G and B =2 x 1015 G, respectively.

Since VeB = 2.4 MeV when B = 1015 G, the transition
energy is a few MeV and much larger than the magnetar
temperature 7 =~ 280-720¢V [3], and we cannot use the
low temperature expansion in the actual calculations. So,
we make the calculations at several temperatures in a few
keV temperature regions and extrapolate them up to a
realistic temperature.

The solid and long-dashed lines represent result of
the fitting function L/V = ¢T% at B=10"G and B = 2
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x 1013 G, respectively, . For comparison, we give the
neutrino luminosity per volume in the modified Urca
(MU) process [4] with the dashed line.

Our results show the powers of the temperature are a
=1.6 when B=101Gand a=1.2 when B=2 x 1015G,
while its power is @ = 8 in the MU process. At the realistic
temperatures, 7'= 700 ¢V, and B = 10! G, our results give
L/V ~ 102! (erg/cm3-s), while the MU process gives L/V ~
10! (erg/cm3-s). Our emission process is expected to be
much larger than the usual emission process such as the
MU process in the strong magnetic field B ~ 105G and
the realistic temperature region.
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Figure 1: yv-pair emission luminosity per volume at the baryon
density pg = 0.2 p.
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Possible Measurements of Reaction Cross Sections
for Explosive Nucleosynthesis using Laser -Driven p-ray Pulses

HAYAKAWA, Takehito, KOTAKI, Hideyuki, KANDO, Masaki

(National Institutes for Quantum and Radiological Science and Technology)

NAKAMURA, Tatsufumi
(Fukuoka Institute of Technology)

Progress in laser physics enabled us to produce
various quantum beams such as electrons, gamma-rays,
and ion beams from high field plasma generated from the
interaction between high peak power laser and materials.
The energies of these radiations become higher than
10 MeV and thus they can interact with nuclei. The
quantum beams generated by high peak power laser have
a potential to be used for the study of nuclear physics.
These laser driven quantum beams have the following
features: high flux, ultra-short pulse in a range from
femtosecond to nanosecond, and continuous energy
distribution.

A pioneering nuclear experiment with high peak
power laser for the Big-Bang nucleosynthesis was
performed at University of Texas at Austin [1]; the
astrophysical cross section of the 3He(d, p)*He reaction
in the plasma generated by the Texas Petawatt Laser was
measured. In the Extreme Light Infrastructure Nuclear
Physics (ELI-NP), it was proposed to produce extremely
neutron rich unstable isotopes using fusion reactions of
neutron rich fission products on multi-targets including
232Th with high peak power laser to study the r process
[2]. It was also proposed to study the s process and
photodisintegration reactions in supernova explosions
(y process) using highly intense neutron pulse provided
from laser driven D-T nuclear fusion reactions at the
Nuclear Ignition Facility (NIF) in LLNL [3].

We have proposed nuclear experiments using
laser driven y-ray pulses to simulate stellar nuclear
photoreactions [4]. We have proposed new concepts
of three types of experiments using laser driven y
pulses with stellar energy distribution. First, the direct
measurement of the stellar (y, n) reaction cross section
on the ground state of atomic nuclei using y-ray pulse
with stellar distribution. Second, the direct measurement
of the (y,n) cross section on exited states. As shown in
Fig. 1, the main target is irradiated by the first laser and
the nuclei are exited in plasma generated by the laser;
the second laser irradiate the target to generated y-ray
pulse with stellar energy distribution. Third, the direct
measurement of the transition probability between the
ground state and an isomer of astrophysical interest via
(y,y’) reactions using the y-ray pulse generated by the
high peak power laser. An important point to consider
in these methods is the generation of y-ray pulse with
energy distribution approximately identical with stellar
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photon distribution. We have concluded that it is possible
to generate Planckian y-ray pulse by bremsstrahlung on
the solid gold target with electron beams with continues
energy distributions generated by the laser plasma.

Gamma pulse

generation target ~ Main target

Excited nuclei

Gamma-ray

pulse Neutrons

Main laser pulse

First laser pulse

Figure 1: Schematic view of experiment.
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Isomer Producution Ratio of 13Cd
Following Neutron-Capture Reactions to Investigate the Origin of !'>Sn
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The astrophysical origin of a rare isotope !13Sn has
remained still an open question [1,2]. An isomer 13Cd™
(T12 = 14.1y) in 13Cd is an s-process branching point
from which a nucleosynthesis flow reaches to !3Sn (see
Fig. 1). The s-process abundance of 13Sn depends on the
isomer production ratio in the 12Cd(n, y)!13Cd reaction.
Hayakawa et al. [3] measured the 12Cd(n, y)!13Cd™
reaction cross section at the thermal energy with neutrons
provided from a nuclear reactor, and pointed out that
the s-process abundance of ''3Sn depends on the ratio
of the 12Cd(n, y)!13Cd™ reaction cross section to the
H2Cd(n, y)!13Cdes reaction cross section in typical
s-process energies of 1-50 keV. However, the isomer
production ratio has not been measured in the energy
region higher than the thermal energy. Thus, we have
measured y rays following neutron capture reactions on
112Cd using two cluster HPGe detectors in conjunction
with a time-of-flight method at J-PARC [4].

The experiment was performed using the accurate
neutron-nucleus reaction measurement instrument
(ANNRI) installed at a neutron beam line of BL04 at
the MLF in the J-PARC. Proton beams with an average
beam power of 200 kW were injected into the mercury
target at a repetition rate of 25 Hz. The proton beams
were operated with the double bunch mode. High flux
pulsed neutrons were generated by spallation reactions on
the mercury target. A 12Cd foil enriched to 98.27 % was
placed at the center of the y-ray detector array. The y-rays
from the 12Cd target were measured by two cluster HPGe
detectors. In the neutron energy region higher than the
thermal energy, we observed both y rays decaying to the
ground state and the isomer of 113Cd. The y rays decaying
to the ground state with energies of 299 and 316 keV were
clearly observed, whereas a y ray with an energy of 259
keV which decays to the isomer was also observed. We
have obtained the result that the relative y-ray intensity
ratio of the isomer except for 737 eV is almost constant in
the energy region of up to 5keV. The isomer production
ratios calculated by a statistical model were consistented
with these ratios. The present result supports the previous
conclusion that the contribution of the s-process from the
113Cd isomer to the solar abundance of !!3Sn is minor in
the previous study [3]. The astrophysical origin of 115Sn
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has remained still an open question.

S-process
149 beeep] 11580 16Q 11171 fp
= \ [ \ ]
113 ---->|“3In | —
L 15[ I_“D]
0”‘ __|
I e N e AT
112Cd & 114Cd
=N
Ir-process

Figure 1: Nuclear chart around '3Cd.
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Solving the Red Supergiant and Supernova Rate Problems
via Relic Supernova Neutrino Spectrum
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(Beihang University/NAOJ/University of Tokyo)
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(University of Notre Dame/NAOJ)

Recent observations suggested that the maximum
mass of the red supergiant progenitors of core-collapse
SNe may be as small as 16.5-18 M, instead of 25 M,
(RSG problem). It has been also recognized that
the observational supernova rate is smaller than the
theoretical estimate (SNR problem). We have investigated
these two astronomical problems via the cosmic relic
supernova neutrinos (RSNs) [1].

According to the RSG problem, we assumed the
possibility that red supergiants with M > 16.5-18 M,
end their lives as failed supernovae (M BN =16.5, 18 M)
and analyzed their contribution to the RSN spectrum.
This change in population of different types of SNe
can be seen as the deviation in RSN spectrum. SN
explosion mechanism is sensitive to the nuclear equation
of state (EoS), which affects the temperature of the
neutrino sphere. Therefore it is expected that this mass
limit influences the RSN energy spectrum. Under the
assumption of a initial mass function, lowering mass limit
of progenitors for fSNe decreases the relative abundance
of luminous SNe and then reduces the supernova rate.
Our results showed these features.

Figure 1 shows the ratio bewteen the theoretical
and observational supernova rate (RI¥ /RQY). Dotted
lines indicate the upper and lower limits due to the
uncertainties of star formation rate. Adopted value M5h =
16.5-18 M, clearly solves the SNR problem. The RSN
spectrum was evaluated by assuming 10 years of running
time in a Hyper-Kamiokande detector, i.e., a 10¢ ton
water Cerenkov detector. The result is presented in Figure
2. It shows the RSN detection rate for two cases of MSh=
16.5, 18 M. In addition, the figure includes the results of
MEY = 25 M, for comparison. The figure clearly shows
the EoS dependence of RSN spectrum in the energy range
of E.+ > 30 MeV, and the locations where the event rates
exceed the atmospheric background are well separated.
This finding suggests a detection of the RSN spectrum
can give insight into the SN explosion mechanism in
terms of the nuclear matter properties.
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Figure 2: Predicted " energy spectra for the cases of Mih= 16.5,
18 or 25 M, without neutrino oscillation. The results
for two different fSNe models based upon the stiff EoS
(Shen) and the soft EoS (LS) are included. The shaded
energy range below 10 MeV indicates the region where
the background noise due to reactor v, may dominate.
The shaded energy range near the horizontal axis
indicates the region where the background may be
dominated by noise from atmospheric neutrinos.
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Non-Extensive Statistics Solution to the Cosmological Lithium Problem
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First proposed in 1946 by George Gamow [1], the
hot Big-Bang theory is now the most widely accepted
cosmological model of the universe. The theory has been
vindicated by the observation of the cosmic microwave
background, our emerging knowledge on the large-scale
structure of the universe, and the rough consistency
between calculations and observations of primordial
abundances of the lightest elements in nature. The
primordial Big-Bang Nucleosynthesis (BBN) began
when the universe was 3-minutes old and ended less than
half an hour later when nuclear reactions were quenched
by the low temperature and density conditions in the
expanding universe. Big Bang nucleosynthesis (BBN)
theory predicts the abundances of the light elements
D, 3He, “He and 7Li produced in the early universe.
The primordial abundances of D and “He inferred
from observational data are in good agreement with
predictions, however, the BBN theory overestimates
the primordial 7Li abundance by about a factor of three
[2,3,4,5]. This is the so-called “cosmological lithium
problem”. Solutions to this problem using conventional
astrophysics and nuclear physics have not been successful
over the past decades, probably indicating new physics
during the era of BBN [6,7].

We have investigated [8] the impact on BBN
predictions of adopting a generalized distribution to
describe the velocities of nucleons in the framework
of Tsallis non-extensive statistics [9]. This generalized
velocity distribution is characterized by a parameter ¢,
and reduces to the usually assumed Maxwell-Boltzmann
distribution for ¢ = 1. We find excellent agreement
between predicted and observed primordial abundances
of D, 4He and "Li for 1.069 < g < 1.082, which is shown
in Fig. 1, suggesting a new solution to the cosmological
lithium problem.

We encourage studies to examine sources for
departures from classical thermodynamics during the
BBN era so as to assess the viability of this mechanism.
Furthermore, the implications of non-extensive statistics
in other astrophysical environments should be explored
as this may offer new insight into stellar nucleosynthesis.
The Tsallis statistics has already applied to the stellar
distribution and dynamics in the galaxies, and enjoyed a
success in the description of various phenomena induced
by plasma fluctuations.
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Figure 1: Predicted primordial abundances as a function of
parameter ¢ (in red solid lines). The observed primordial
abundances [10,11,5] with 1o uncertainty for D, “He,
and "Li are indicated as hatched horizontal bands. The
vertical (blue) band constrains the range of the parameter
qto 1.069 < ¢ <1.082.
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Detection of an Ionized Oxygen Emission Line
from a High Redshift Galaxy in the Reionization Era
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The Bing Bang radiation confirmed by cosmic
microwave background (CMB) is originated from
thermal emission of ionized gas. The ionized gas is then
neutralized by atoms/electrons recombination, and our
universe became transparent. However, it is known that
our intergalactic space, at redshift less than 6, is filled
with low density ionized gas again. Detailed observations
of CMB suggest that our universe was reionized at
redshift around 10. Our observation of an ionized oxygen
[OIIT]88 um line has identified a candidate of such galaxies
in the early universe [1], as shown in figures 1 and 2.

First stars in our universe are thought to be massive
and short lived, which distributed heavy elements into
interstellar space by supernovae. A cluster of such
massive stars could be a strong source of UV radiation
and ionized emission from the heavy elements. Our
ALMA observation of a high redshift galaxy (SXDF-
NB1006-2, z=7.2) is one of such galaxies discovered
by Subaru telescope having strong Lya emission in the
middle of reionization era.

Preceding to our ALMA observation, we estimated
the emission strengths of far-infrared atomic fine
structure lines from high redshift galaxies [2]. As a
result, the ionized oxygen [OIII]88 um line could be the
brightest emission line under strong UV radiation and
low metallicity conditions. This is also consistent with
[OIII]88 um observations by AKARI infrared satellite
towards the Tarantula Nebula in the Large Magellanic
Cloud.

The most interesting discovery from the ALMA
observation of SXDF-NB1006-2 is that ionized carbon
[CIT]158 um and dust emissions were not detected [1].
This indicates that the galaxy is deficient of neutral gas
but dominated by ionized gas. Then UV radiation from
massive stars are not absorbed by the interstellar medium
and penetrate into intergalactic space, and we estimated
that the UV radiation from the galaxy could contribute
to the cosmic reionization. Our observation not only
discovered the most distant oxygen, but also proposed a
new tool to study the early history of our universe. With
coming ALMA observations, we will be observing more
on far-infrared atomic fine structure lines from the most
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distant objects to identify the cosmic reionization and
structure formation in the early universe.

Figure 1: (left) 3-color image from observations: green for
ALMA [OIII]88 um, purple for Subaru Lya and red
for UKIRT UV radiation. (right) artist’s illustration of
SXDF-NB1006-2 showing that the UV emission from
a massive star cluster is penetrating into intergalactic
space and ionizing the neutral gas around.
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Figure 2: (upper) [OIII]88 um emission spectrum observed by
ALMA. (lower) Lya emission by Subaru telescope. Peak
is shifted due to absorption by neutral gas.
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Terahertz and Far-Infrared Windows Opened at Dome A in Antarctica
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Astronomers are seeking for higher and dryer sites on
earth for better observing condition especially in infrared
to terahertz frequency region, where absorption by water
vapor dominates atmospheric transmission. Here, we
show the measurement of atmospheric transmission
from Dome A, Antarctica, using Fourier transform
spectrometer in infrared to terahertz frequency region [1].
Because of the low temperature of antarctic plateau, as
low as —80 °C in winter time, atmospheric water vapor is
scarce and the Dome A can be the best observing site on
earth.

_ﬁ

Figure 1: Picture of Fourier transform spectrometer for Dome A
atmospheric measurement.

Figure 1 shows the Fourier transform spectrometer
used for the atmospheric measurements [2]. Room
temperature thermal detectors are used and the
spectrometer was calibrated according to two temperature
blackbody sources; one at room temperature in the
spectrometer and another at outside in cold. Figure 2
shows the measured atmospheric transmittance in the
site testing campaign at Dome A during 2010-2011. The
transmittance at the supra-terahertz windows reaches as
high as 30 %, whereas the best transmittance in ALMA
site is as high as 20 % [3]. Furthermore, we observe
numerous atmospheric windows all through the terahertz
frequencies as shown in figure 1, including 10-20 %
transmittance at 2 THz, 3 THz and 5-6 THz windows
where astronomical atomic fine structure lines could
be observed from ground. The 7 THz window shows
median transmittance of about 40 % in winter, which
would be important for observing thermal emission from
protoplanetary disks and exoplanets. Since variation of

atmospheric transmittance is small in Dome A as well
as low wind speed, the site is suitable for long baseline
terahertz interferometers.

Our atmospheric measurements were used to make
detailed comparison to existing atmospheric model
and satellite data. We have found the existing model
underestimate continuum absorption by water vapor and
new constraints on the spectral absorption lead to better
understanding of upper troposphere in relation to our
climate on the earth.
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Figure 2: Zenith atmospheric transmittance spectra measured at
Dome A. Spectra are shown for the entire year (a,c) and
for winter (April-September) only (b,d).
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Development of Terahertz Photon Counting Detectors

MATSUO, Hiroshi, EZAWA, Hajime
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For future terahertz astronomy, we are working on a
new interferometer technology based on the Hanbury-
Brown and Twiss intensity interferometers. The intensity
interferometers can be used with direct detectors and
their correlation is stable against phase fluctuation. For
application to space interferometers, direct detectors can
operate under background limited performance which
surpass the sensitivity of heterodyne receivers. Figure 1
shows the requirements on detector noise equivalent
power (NEP) to achieve the background limited
performance as a function of detector time response [1].
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Figure 1: Requirements on background limited detector NEP as a
function of the detector time response [1].

When the detector response is slower than a photon
arrival rate, the required NEP is a function of input
radiation power (right hand side in Figure 1). On the
other hand, when the detector response is fast enough to
resolve each photon arrival, the requirement on detector
NEP is reduced in proportion to square root of the time
resolution. For example at 1 THz, 1 ns time resolution
enables the usage of detectors with NEP less than
10717 W/\Hz. Under lower background conditions using
grating spectrometers, the requirement on NEP do not
change, and background limited performance is realized
relatively easily.

We are developing terahertz photon counting detectors
with high time resolution using superconducting tunnel
junction detectors, similar to SIS receivers for ALMA.
When niobium tunnel junctions are cooled below 0.8 K,
they can be used as high sensitivity photon detectors
[2]. Our group in NAOJ collaborating with AIST is
developing low leakage tunnel junctions made of Nb/
AI-AlOx/Al/Nb, and achieved 7 pA leakage current for
10 gm % 10 um junctions. With smaller junction sizes, we
expect to achieve as low as 1 pA leakage current as well
as NEP less than 10-17 W/Hz.
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We have made an experiment using Nobeyama
Radioheliograph to demonstrate the capability of the
intensity interferometers [3]. Figure 2 shows the cross-
correlation of signals from two 17 GHz receivers; one in
amplitude and another in intensity (amplitude squared)
correlations.
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Figure 2: Amplitude and intensity (amplitude squared) cross
correlation using Nobeyama Radioheliograph 17 GHz
receivers [3].

Although in intensity there are no phase information,
delay time can be measured by the intensity cross
correlation, which can be used to define the complex
visibilities. The same principle can be used in terahertz
intensity interferometry, where fast photon counting
detector are used to measure the intensity cross
correlation and realize wide bandwidth and high
sensitivity interferometers.

Astronomical observation using photon counting
detectors can be a new tool to study photon statistics of
astronomical sources [1]. In case of thermal source, Bose-
Einstein statistics is expected which can be a precision
measure of the source temperature, whereas in maser and
synchrotron sources the photon statistics could tell us the
physical condition of the sources.
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II Status Reports of Research Activities

1. Subaru Telescope

1. Subaru Telescope Staff

As of the end of FY 2016, the Subaru Telescope Project
staff consisted of 19 dedicated faculty members including five
stationed at Mitaka, four engineers, one specially appointed
senior specialist and three administrative staff members.
Additional staff members include three specially appointed
research staff, three specially appointed senior specialist, five
research experts, and six administration associates, all of whom
are stationed at Mitaka. Moreover, 14 research/teaching staff
members, 13 of whom are stationed at Mitaka and one of whom
is stationed at Pasadena, and three engineers, two of whom are
stationed at Mitaka and one of whom is stationed at Nobeyama
are appointed concurrently. The project also has 73 local staff
members dispatched from the Research Corporation of the
University of Hawaii (RCUH), including scientific assistants;
engineers in charge of software and observational instruments;
technicians for facilities, machinery, vehicles, and laboratories;
telescope/instrument operators; secretaries; librarians;
administrative staff; researchers employed through Grants-in-
Aid for Scientific Research; and graduate students. These staff
members work together in operating the telescope, observational
instruments, and observational facilities; and in conducting
open-use observations, R&D, public outreach, and educational
activities.

2. Science Highlights

In FY 2016, Subaru Telescope produced many outstanding
scientific outcomes which were published in major international
journals. Below are some examples:

(1) Using the Fiber Multi-Object Spectrograph (FMOS), a 3D
map of as many as 3000 galaxies was created at the redshift of
1.2-1.5. The estimated expansion of the Universe is consistent
with the general relativity proposed by Einstein. Using Hyper
Suprime-Cam (HSC), (a) an extremely rare, double source plane
gravitational lensing system, in which two distant galaxies are
simultaneously lensed by a foreground galaxy, was discovered,
which will help us understand the history of the Universe, and (b)
it was found that star-forming galaxies in the distant Universe
(about 5 billion years ago) show more similarity in spatial
distribution to mysterious invisible “dark matter” than those in
the nearby Universe (about 3 billion years ago).

(2) In HSC survey data, an extremely faint dwarf galaxy was
discovered at the distance of 280 thousands light-years away,
thanks to the very high sensitivity of the Subaru Telescope.
This discovery suggests the presence of a large number of yet-
undetected dwarf satellites in the halo of the Milky Way and

provides important insights into galaxy formation through
hierarchical assembly of dark matter.

(3) Observations of Saturn using COMICS revealed that the
optically faint Cassini Division and the C ring were sometimes
brighter than the other rings in the mid-infrared light. The data
give important insights into the nature of Saturn’s rings.

3. Open-use

We continued to solicit proposals for observation topics for
each semester: S16A (February 1 - July 31) and S16B (August 1
- January 21). Proposals were collected by the Mitaka office and
adopted or rejected by the Subaru Time Allocation Committee
(under the Advisory Committee for Optical and Infrared
Astronomy) based on reviews by Japanese and international
referees. In S16A, 41 programs (86 nights) were accepted out
of 184 submitted proposals, requesting 451.7 nights in total.
In S16B, 31 proposals (49 nights) were accepted out of 142
submitted proposals, requesting 409.8 nights in total. Service
observations were made for 10 nights. In S16A and S16B, 2
and 1 accepted open-use proposals were by foreign principal
investigators, excluding University of Hawai'i observing time.
The number of applicants in submitted proposals was 2063 for
Japanese researchers (Japanese astronomers at any institute and
non-Japanese astronomers belonging to Japanese institutes)
and 794 for foreign researchers. The number of researchers in
accepted proposals was 651 for Japanese astronomers and 232
for foreign astronomers.

In S16A and S16B, the number of open-use visiting observers
was 308, of which 43 were foreign astronomers. 104 astronomers
observed remotely from Mitaka. Observing proposals were
solicited and collected, the procedures for Japanese researchers
to travel for observations, and travel expense reimbursement
were handled by the Mitaka Office. Subaru Telescope
made the observing schedule and provided support for the
observers’ lodging, transportation, and observations while
in Hawai'i. In S16A and S16B, 91.9 % of the open-use time
(including University of Hawai'i time) was used for actual
astronomical observations, after excluding the weather factor
and scheduled maintenance downtime. About 1.7 %, 0.3 %,
and 6.1 % of observing time was lost due to instrument trouble,
communication trouble, and telescope trouble, respectively.

In S16A and S16B, remote observations from Hilo were
conducted for 2 programs with 2 nights. However, remote
observations from Mitaka, where observers in Mitaka can
participate in observations remotely in addition to on-site
observers at the summit, were conducted for 22 programs with 68
nights. The service observations were conducted for 11.55 nights.
The number of time exchange nights between Subaru Telescope
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and Keck was 5.5 in S16A and 8.5 in S16B. That between
Subaru Telescope and Gemini was 5 in S16A and 2 in S16B.

4. Telescope Maintenance and Performance
Improvement

Repair plans for the optical-side mirror hatch, which broke
down in February of last year (FY 2015) were considered. Some
experiments and preparation were carried out for the repair work
during 7 days in August. The mirror hatch repair is scheduled for
June and July of next year, requiring 14 days down-time in each
month (total 28 days).

Primary mirror recoating work which was planned for this
year was postponed to autumn of next year (FY 2017) due to the
mirror hatch incident. During the next year it will be required to
repair the mirror hatch reliably and recoat the primary mirror.
The primary mirror recoating work is scheduled for a total of 73
days down-time, with some other maintenance work.

Other general functions and capabilities of the Subaru
Telescope are continuing to be maintained the same as the
previous year.

In this year, electrical boards for the Auto Guider and Shack-
Hartmann CEU (Central Electric Unit) Board, DPA (Driver
and Power Assembly unit) for the tip and tilt secondary mirror,
bogie rubber spring for dome AZ rotation, and slip-ring for
dome electrical power were replaced. Maintenance work for the
primary mirror transporter and primary mirror washing facility
were done. TWS (Telescope Work Station) user interfaces and
barcode tape for dome AZ angle detection were updated. Long-
term maintenance plan were drawn up. The Hitomi satellite
(ASTRO-H) which had severe incidents unfortunately was
observed at the request of ISAS. Function tests of the primary
mirror actuator prototype, welding repair work on the dome
bogie rail were also done in the year.

In addition, while promoting the improved performance and
operational efficiency of the Subaru Telescope, renovation to the
telescope control units, which were installed more than 10 years
ago, proceeded. The local control units that were renovated
or modified in this year were the balance control unit (BLCU)
and tertiary mirror control unit (TMCU). By finishing BLCU
and TMCU replacement work this year, all renovation of the
telescope control units which has been carried out sequentially
over 10 years was completed. It is planned to start the second
round updating the aging TSC (Telescope System Computer)
server from next year.

The major causes of the telescope trouble this year were,
aging, maintenance error (human error), and defective design.
Aging on UPS2 (Uninterruptible power supply #2), maintenance
error during PIR unit (FMOS) installation, manufacturing failure
in FRCU (PF) (Filed Rotation Control Unit for Prime Focus)
local unit, POpt (Suprime-cam) Hexa-pod trouble (random
failure?), aging of the man-basket PLC (Programmable Logic
Controller), operational error in barcode value readings, aging
of the TUE (Top Unit Exchanger) gripper 2 motor encoder,
shoddy workmanship on cabling of the tip-tilt secondary
mirror, shoddy workmanship in assembling work of dome AZ
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slip-ring, defective design in EL cable wrapper, aging of the
AZ cable wrapper, defective design on IR-side Main Shutter,
and maintenance error for operating of the safety switch #15
occurred causing observations to be canceled.

Additionally, we developed a mechanism to remotely obtain
status logs on the local machine. We would like to continue
to utilize the telescope status log and work on preventive
maintenance for the telescope and the enclosure.

5. Instrumentation

The eight open-use facility instruments of Subaru Telescope
have been operated stably in FY 2016. Those instruments are
Hyper Suprime-Cam (HSC), Subaru Prime Focus Camera
(Suprime-Cam), Faint Object Camera And Spectrograph
(FOCAS), High Dispersion Spectrograph (HDS), Infrared
Camera and Spectrograph (IRCS), Cooled Mid-infrared Camera
and Spectrograph (COMICS), Multi-Object Infrared Camera and
Spectrograph (MOIRCS), and 188-elements Adaptive Optics
and Laser Guide Star system (AO188/LGS).

In these years, there have been discussions on how we will
maintain or cease operation of the facility instruments, except
for HSC. As reported in last year, FMOS was decommissioned
in April, 2016. Also, it was decided to decommission Suprime-
Cam after the observations in May, 2017. In addition, possible
decommissioning of FOCAS was discussed because assigning
dark nights to FOCAS has been almost impossible and the
situation will get worse after the commissioning of PFS. The
discussions have been held within Subaru, in SAC, and in
the Subaru users’ meeting. It was basically agreed to stop the
operation of FOCAS in early 2019 (in the earliest case), or after
the commissioning of PFS (in the latest case).

The operation of HSC has been stable, similar to the last
fiscal year. In this fiscal year, HSC observations have been made
for approximately two weeks in almost in every month except
for May and October. Although these frequent observations
did not create problems in HSC operation, there were a few
problems with the filter exchange unit (FEU) around the end of
this fiscal year which led to cancellations of the observations.
Those troubles were all recovered on the next day and further
maintenance work was made after the observing runs to remove
the cause of the troubles. We are carefully monitoring the
operation of the FEU and will work on its stabilization. For
HSC, installation of the filter transmission measurement system,
installation of the new on-axis dome-flat system, and a test of
FEU reinstallation to exchange filters during an observing run
have been made in this fiscal year.

The ongoing upgrade projects for the other facility
instruments are the fiber MOS unit for HDS; the polarimetric
function in thermal infrared for IRCS and in mid-infrared
for COMICS; the integral field units (IFU) for FOCAS and
MOIRCS; the Transponder-Based Aircraft Detector (TBAD) for
the LGS system; and an upgrade of the real-time control system
for AO188. In addition, upgrades of the aging control computers
and devices of the first generation instruments are ongoing.

In FY 2016, four carry-in (PI-type) instruments HiCIAO



(high-contrast coronagraph imager), Kyoto-3DII (optical
integral field spectrograph), SCExAO (Subaru Coronagraphic
Extreme Adaptive Optics) and CHARIS (high-contrast integral-
field spectrograph) have been offered to the Subaru open-use
program. Operation of Kyoto-3DII at the Subaru telescope
ended in S17A. Among the instrument modules of SCExAO,
VAMPIRES (visible interferometric imager with differential
polarimetry) was open for public use.

A new Pl-type instrument, IRD (InfraRed Doppler instrument)
was under construction, aiming to have the first-light observation
in June 2017. Two other PI-type instruments proposed by the
University of Tokyo team, SWIMS (Simultaneous-color Wide-
field Infrared Multi-object Spectrograph) and MIMIZUKU (mid-
infrared multi-field imager and spectrograph), which are to be
used on the 6.5 m University of Tokyo Atacama Observatory (TAO)
telescope, were approved but only for engineering observations.

The Prime-Focus Spectrograph (PFS) is an optical/near-
infrared multi-object spectrograph at the prime focus of the
Subaru Telescope, which will be the next facility instrument
following the successful implementation of Hyper Suprime-
Cam (HSC). PFS is being developed through international
collaboration including seven countries, led by Tokyo IMPU.
The PFS has about 2400 optical fibers distributed over the
1.3 degree field of view of the prime focus that feed the light
of the astronomical objects to four identical spectrographs
which will be placed in the telescope dome. The spectrograph
modules simultaneously cover the wavelength range from 0.38
um to 1.26 um. The subcomponents of PFS were developing
at each partner institute aiming towards engineering first-
light in 2018. Science operation is expected to begin in 2020.
Subaru Telescope is responsible for modifying the telescope and
enclosure to accept PFS; the design work and reinforcement of
the spectrograph floor have been conducted. Efforts to develop
a database that combines HSC and PFS data, so that users can
access both instruments’ data seamlessly, has started as a US-
Japan collaboration. Peking University (though the Chinese
consortium) and Max-Plank Institut fiir Extraterrestrishe Physik
(MPE) officially joined PFS collaboration and NAOJ will handle
their funds for PFS development.

We are conducting a conceptual study of “ULTIMATE-Subaru”,
Subaru Telescope’s next large facility instrument following HSC
and PFS, which will be one of the flagship instruments at the
Subaru Telescope in the 2020’s. We are studying the concept
of a wide-field near-infrared imager, multi-object spectrograph,
and multi-object integral field unit (IFU) spectrograph, assisted
by a ground-layer adaptive optics (GLAO) system. The GLAO
will allow us to uniformly improve the image quality over a
wide field of view by correcting the turbulence at the ground
layer of the Earth’s atmosphere by using an adaptive secondary
mirror. In FY 2016, we had an ULTIMATE-Subaru science
workshop at NAOJ Mitaka Campus by inviting scientists from
Japan and potential partner countries. We are also working on
the conceptual study of the GLAO system and wide-field near-
infrared instruments in collaboration with Australia and Canada.
We have now an official (short-term) agreement with Australia
to collaborate in the GLAO feasibility studies.

6. Computers and Network

One of our goals of this year was the same as a goal of the
previous year - to stably operate the fourth generation system
of computers and network called STN4. Stable operation was
achieved without serious trouble or attacks/intrusions such as
illegal access.

The observation data archive was continued from the
previous year. The archive is operational without serious
problems. The data archive system in Mitaka also showed stable
performance.

We officially rolled out remote observations from Mitaka
using the Remote Observation Monitor System for limited
instruments in 2015. An increasing number of observers are
using the Remote Observation Monitor System in Mitaka.
During the observation semesters from February 2016 through
January 2017, about 40 observation programs utilized the remote
observation monitor system for about 100 nights. The Proposal
Management System (ProMS) also worked very well.

Computers for HSC data analysis (HSC On-site Data
Analysis System) were procured in fiscal years 2010 and 2011.
We added storage to the system in FY 2016.

We purchased a test system for the HSC On-site Data
Analysis System that comprises a filesystem that surpasses NFS
in access speed. We are currently configuring the test system
toward real-time data analysis during observations in the next
fiscal year.

The online visitor forms for those who visit Subaru
Telescope in Hilo for observation and for those who visit NAOJ
in Mitaka for remote observation monitoring are operating.

Since the current rental contract for our computer and
network infrastructure comes to an end in February 2018, we
spent a sizable amount of time for the procurement of computers
and network systems for continuous service after March 2018.
We created the specification draft for a new rental contract from
March 2018 to February 2023 and requested information. We
always studied ways to keep the performance and functions as
well as to reduce cost and updated the specifications.

7. Education (Under-graduate and Graduate Courses)

The number of Subaru Telescope staff members in Hilo who
were concurrently appointed by SOKENDALI (graduate school)
was eleven. The number of SOKENDALI students who had
primary supervisors affiliated with Subaru Telescope (including
those concurrently belonging to Subaru Telescope) was 16,
which constituted half of the total 32 Sokendai students hosted
in NAOJ. Of which five had supervisors who belonged primarily
to Subaru Telescope.

In FY 2016, Subaru Telescope hosted four graduate students
for long stays, of which one was a SOKENDAI student. On top
of that, intensive education activities were seen also in Mitaka
in cooperation with the Division of Optical and IR Astronomy.
The numbers of graduate course students in all of Japan who
obtained master’s degrees and PhD’s based on Subaru Telescope
data were 14 and 8, respectively, of which two and four

I Status Reports of Research Activities |

069



070

belonged to the Division of Optical and IR Astronomy.

We also regularly hosted a series of educational programs
at Subaru Telescope. In December 2016, we hosted a Subaru
Winter School at National Central University in Taoyuan,
Taiwan. There were 23 participants from Japan, Taiwan, China,
and South Korea (four were from Japanese institutes). They
learned the reduction and analysis of Subaru Telescope data
and heard a series of lectures. Moreover, we hosted two Subaru
Telescope observation training courses. One was for eight
undergraduate students from all over Japan held in September
2016, and the other was for six new SOKENDALI students at
NAOIJ held in January 2017. In the Hilo office, we had regular
Subaru Telescope seminars in English 2-3 times per month,
where open-use observers, visitors, and Subaru Telescope staff
members presented their own new research. Also in the Subaru
Telescope Mitaka office, we had many official and informal
seminars, many of which were jointly organized with other
divisions in NAOJ and/or neighboring universities.

8. Public Information and Outreach (PIO)

The Public Information and Outreach (PIO) office is
tasked with addressing the accountability for what the Subaru
Telescope does and is keenly aware of the importance of citizens
understanding our work, for both the short-term and long-term
success of the project. The increased importance of positive
awareness in the local community has profound meaning for the
next generation telescope project on Maunakea. Therefore PIO
pays more attention to the interaction with the local community,
in its three major areas of tasks.

Task 1: Disseminating information about the results from
the Subaru Telescope and the work at the Subaru Telescope. The
primary tools are the postings on our own website; providing
press releases to the Japanese, local, and international media;
and holding press conferences. During Fiscal Year 2016,
there were 19 web-postings (9 in Japanese, 10 in English)
about discoveries from the Subaru Telescope. Articles about
instrument development; the work and the activities at the
Subaru Telescope; and other announcement totaled 76 (46 in
Japanese, 30 in English). Some postings are also distributed
through the media as well as posting services such as the
American Astronomical Society’s mailing exploder. Many
articles appeared in Japanese newspapers, and some in the local
newspapers; with more prevailing in the on-line postings.

In addition, newer tools such as Twitter, Facebook, and
YouTube are becoming more useful in spreading awareness in a
timely manner. The PIO office is making extra effort in providing
striking visuals for such social media postings. Filming requests
from outside totaled more than 23 from Japanese media
(including 1 for an English language production), in addition to
the numerous inquiries/questions from the media, educational
institutions, and museums.

Task 2: Provide escorted tours for the public and special
groups to see the facility. The public tour program that
started in 2004 continues to provide opportunities to see the
telescope up-close for guests from Japan and from around
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the world. Dedicated full-time staff leads tours and provided
timely communication to those requesting tours. It is possible
to register for the general tours program on-line. Except for
summer months when the tour program was suspended due to
the inclement weather related access issues on Maunakea, a total
of 456 people visited through this program. There were 127
additional groups who visited through special tour programs
and resulted in a total head count of 1048 people who visited
the summit facility. The tours are all escorted by the assigned
staff, in either Japanese or English language. The telescope tours
include 8 tours (2 per day on 4 days) specifically targeting the
residents of the State of Hawaii, in the hope of increasing the
positive awareness of what the telescope does.

Facility tours of the Hilo Base Facility are most of the
time accompanied by other activities described in the next
major task area, namely: special lectures, hands-on sessions, or
presentations by the student group. A total of 40 groups, with
398 people, visited the base facility this year.

Task 3: Public outreach includes lectures in the local
community, special presentations in the schools, and remote
presentations for Japanese schools or museums. PIO provided/
coordinated 75 lectures at the Hilo Base Facility or in its
vicinity such as at the ‘Imiloa Astronomy Center. There were 17
lectures outside of the island, and 11 remote lectures for off-site
locations. The local lectures included 37 classroom presentations
during the Journey through the Universe program over the
course of a week.

In place of an open house, the staff of the Subaru Telescope
participated in the annual AstroDay event at the local shopping
mall. Observatories on Maunakea, ‘Imiloa Astronomy Center,
Maunakea Visitor Information Station, and other astronomy-
related groups participated in this event. More than 2000 people
visited this family-friendly event.

Another special local event where many astronomy
observatories participate is the annual Onizuka Science Day
at the University of Hawai'i at Hilo. Six hundred selected
students between grades 4 and 12 (upper elementary school to
high school) with families and teachers from all over the island
gathered for this event. PIO provided 2 hands-on workshops and
an exhibit booth.

Events like these where Subaru Telescope staff meet and
interact with students and members of the local community are
effective for improving the recognition of the Subaru Telescopes
activities. Of course material about these events is distributed
via the website and social media.

A special effort was made in the following two areas:
posting articles summarizing Subaru Telescope’s achievement,
and faculty development seminars. In the summary series, there
are 22 articles published on the Subaru Telescope’s website.
The seminar speakers included prominent leaders from the local
community, so that the staff of the Subaru Telescope has better
understandings of the cultural and historical aspects of the place
where they work.



2. Okayama Astrophysical Observatory

Okayama Astrophysical Observatory, (hereafter the
Observatory) serves as the observing and research base of
the optical and infrared astronomy in Japan, and it promotes
open use, primarily of the 188-cm telescope, to universities
throughout the country. It also pursues joint R&D projects with
universities, contributing toward forming stronger foundations
for astronomy research at the universities. Concurrently,
the Observatory pursues its own research activities, taking
advantage of its location and observational environment.

Every year, about 240 nights at the 188-cm telescope are
exploited for observations by researchers from across the
country through the open use. The Observatory maintains and
operates the observing instruments and provides the observers
with support for observations, travel expenses, accommodations,
everyday needs, etc. It also engages in improving the open-use
observing instruments, developing new open-use instruments,
and supporting carry-in instruments from other institutions.

Several joint projects with universities have been conducted,
including Kyoto University’s Okayama 3.8-m New Technology
Optical and Infrared Telescope Project, the Tokyo Institute of
Technology’s Gamma-Ray Burst Optical Afterglow Follow-
up Project, and “The Optical & Near-Infrared Astronomy Inter-
University Cooperation Program” supported by MEXT.

The Observatory’s unique research activities include a
project designed to convert the 91-cm telescope into an ultra-
wide-field near-infrared camera (OAO-WFC) in order to
engage in a comprehensive survey of infrared-variable objects
in the Galactic plane. A new project has just begun this FY to
make the 188-cm telescope robotic and to improve the stability
and sensitivity of the high dispersion spectrograph through a
Grant-in-Aid for Scientific Research (Basic Research (A), FY
2016-2020). This project aims at establishing a large sample of
exoplanets by Doppler technique. Collaborations with foreign
researchers are also continued actively.

The personnel breakdown as of March 2017 was five full-
time staff members without term limits, including two associate
professors, one assistant professor, one engineer, and one
Chief of the Administration Office; eleven contract employees,
including one specially appointed associate professor, two
research experts, one specially appointed research staff member,
one specially appointed senior specialist, one research supporter,
three administrative supporters, and two administrative
maintenance staff members; and one temporary staff member.

1. Open Use

(1) Overview

The numbers of nights allotted to open use in 2016 were
118 for the first semester (2016A, January to June) and 108.5
for the second semester (2016B, July to December). Observing
proposals submitted in response to the calls for proposals were
reviewed by the Okayama program subcommittee and 1 project
observation program, 0 academic degree support program, 15

general observation proposals, and 2 miscellaneous observation
proposals were accepted for 2016A, and 1, 0, 13, and 2 were
accepted for 2016B. One and one observing proposals were
approved for the category “Target of Opportunity (ToO)”
observations introduced since 2016A for 2016A and 2016B,
respectively. Three proposals, one from each of China, Hawai'i,
and Turkey, were accepted in 2016A, and one from Hawai'i
was accepted in 2016B. The Observatory supported their
observations with human resources. Open-use observation
generally proceeded without incident.

(2) Observation/Research Results

The majority of objects observed through the open use in
2016 were stellar sources and exoplanets. Others included Solar
System objects, the Milky Way Galaxy, galaxies outside the
Milky Way, and quasi-stellar objects. The following primary
observation themes were noted: exoplanet search and binary-
mass determination via precise radial velocity measurements;
exploration of the physical properties and activities of single
and binary stars via high-dispersion spectroscopy; and the
observation of exoplanet transits by precise differential
photometry. Optical low-dispersion spectroscopic observations
of stars for classification remained significant. As in previous
years, a number of observational studies were conducted by
individual groups of researchers within the open-use framework,
and their respective research results were reported in meetings
and conferences or were published in peer-reviewed journals.

(3) Facility and Instrument Maintenance/Management

The 188-cm telescope and its dome had evolved into a
stable and high-functioning observing system by FY 2014 after
the major refurbishment in FY 2012. Efforts were made to
automate the high dispersion spectroscopic observations with
the fiber-feeding system in this FY 2016. The remote observing
environment provided to the open use with some limitations last
year has been available for open use with no conditions since
2016A. During the maintenance period in June, the annual re-
aluminization of the primary mirror of the 188-cm telescope and
Iubrication of the telescope and dome were completed. Efforts
were continued to simplify the re-aluminization process as were
done in the last year. The 1.5-m primary of KANATA Telescope
at Hiroshima University was also accepted for re-aluminization
in the maintenance period. Participants in the aluminization
work from that organization were given NAOJ-mandated safety
and hygiene training as necessary. Utmost efforts were made
to maintain high observing efficiency by conducting monthly
cleanings of the primary, secondary, and tertiary mirrors of the
188-cm telescope after September.

The dome was checked daily. The replacement of the wire
rope for driving the slit door, scheduled once every 4 years,
was done successfully in November. The front sheaves for the
wire were replaced just before that. Other maintenance work
was also performed, including repair of the worn-down guiding
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rails for the slit doors, maintenance of the dome rotation driver,
and replacement of the old power lines, in order to achieve
smooth open-use operation and prolonged life-time of the
facility and equipment. Safe storage of the acquired observing
data and appropriate maintenance of the computer and network
environment were carried out.

Work safety was given priority in accomplishing the
aforementioned maintenance work and observing instrument
exchanges.

(4) Conferences

The program subcommittee for the 188-cm telescope met
on May 30 and November 18 in 2016 and March 23 in 2017
to evaluate proposals for the open use of 2016B, 2017A (first
semester of 2017) and 2017B (second semester of 2017),
respectively, and formulated an observation program for each
semester.

The third one was held ahead of the usual schedule,
conventionally at the end of May in the next FY year, in order
to devote the activity of the Okayama program subcommittee
during FY 2017 to the Kyoto University 3.8-m telescope project.
The Okayama Users Meeting, also known as the 27th Optical
and Infrared Users Meeting, was held in the Large Seminar
Room of NAOJ Mitaka Campus on September 7 and 8. Various
reports were made: current status of the Observatory including
the telescope and dome, execution summary of the program
subcommittee, status of the open-use observing instruments
and remote observing environment, development status of the
queue observing system for the HIDES Fiber-Feeding mode, etc.
Reports on the status of and scientific results from the two new
user-led instruments for the 188-cm telescope were also made.
Reports were made on the progress of the Kyoto University 3.8-
m telescope project including observing instruments. Reports
were done on the research results from the open use of the 188-
cm telescope and on the operations of other optical and infrared
observational facilities such as the Hiroshima Astrophysical
Science Center.

A special session was arranged to discuss in more detail
than last year the practical policy and plan for the transfer of the
open-use observations from the 188-cm telescope to the Kyoto
3.8-m Telescope comprehensively. Detailed discussions were
held among interested domestic researchers including Okayama
open-use users, Kyoto University staff, NAOJ staff, and others.

The policy agreed upon at the Users Meeting was reported
later at the general meeting of the Group of Optical and Infrared
Astronomers (GOPIRA), the GOPIRA symposium and the
Advisory Committee for Optical and Infrared Astronomy at
NAOI. Last of all, the policy that includes the following items
was reported at the Advisory Committee for Research and
Management at NAOJ on October 31, 2016. These reports
included that the operation of the open use of the 188-cm
telescope will be terminated by semester 2017B, that the open-
use of the 3.8-m telescope will open in August 2018, that
the Okayama program subcommittee is given the role of the
scientific committee for the operation of the open use at the 3.8-
m telescope, and that NAQOJ continues to hold the 188-cm and
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smaller existing telescopes and facilities for the time being, etc.

The Director General of NAOJ requested the Advisory
Committee for Optical and Infrared Astronomy make “Plans
for the transfer to and operation of the open use of the
Kyoto University 3.8-m telescope.” The Okayama program
subcommittee made the report draft upon a request from the
Advisory Committee and submitted it to the committee at the
end of March 2017.

2. Developing and Maintaining Open-Use
Observing Instruments

(1) HIDES (High-Dispersion Echelle Spectrograph)

The instrument HIDES is a cross-dispersed high-dispersion
echelle spectrograph, provided for open use. Development of
the fiber-link system (HIDES-F) since FY 2006 has continued
to improve its observing capabilities. Open use of the high-
efficiency (HE) fiber link with approximately 50-K wavelength
resolution has continued since 2011A. The HE link offers an
improvement in throughput of nearly one magnitude over the
previous value and radial velocity measurement precision of
approximately 2 m/s, which is comparable to the case of the
Coudé light path. The high-resolution (HR) link with nearly 120-
K wavelength resolution has been offered as a Pl-type open-use
instrument since 2016A. The HR link provides a 4 times better
sensitivity at maximum than the case of the Coudé light path.
Control software was adjusted to deal with queue and automated
observations. An astro-comb developed by researchers at
the National Institute of Advanced Industrial Science and
Technology (AIST) and their collaborators as a next generation
astronomical wavelength standard was installed into the Coudé
room of the 188-cm telescope, and the tuning and tests were
carried out. This year the total numbers of accepted proposals
to HIDES were 8 and 6 in 2016A and 2016B, including 1 and 1
project observations, respectively.

(2) ISLE (Near-Infrared Imager/Spectrograph)

ISLE is a near-infrared imager and low- or mid-dispersion
spectrograph. It has been available for open use with no
conditions since 2011B. It is the only open-use instrument in
East Asia that offers near-infrared spectroscopic capability and
is characterized as having the world’s best low-noise readout
capability (less than 10 electrons). Relative photometry at
the one milli-magnitude level is regularly achievable with its
imaging mode for bright sources. A carry-in YJH-band filter
from a user and the HK-band filter as standard equipment enable
it to obtain a well-connected spectrum from Y-band to K-band.
The numbers of open-use programs using ISLE conducted in
semesters 2016A and 2016B were 5 and 6, respectively; which
included 1 and 1 miscellaneous category programs, respectively.
Nine of them were spectroscopy and the other two were imaging
photometry.

(3) KOOLS (Kyoto-Okayama Optical Low-dispersion
Spectrograph)
This instrument provides imaging and spectroscopic



capability in the optical. It has been available for open use as a
PI-type instrument since 2008A. It is equipped with an offset-
guider and CCD charge shuffling functionality. Non-sidereal
motion objects can be tracked for long integration times. The
integral field unit using a fiber-bundle developed by a team at
Kyoto University has been made available as a PI-type open-
use instrument since 2015B. When it is used, its input part is
installed into the Cassegrain unit of the HIDES fiber link and its
output part is installed into KOOLS (KOOLS-IFU). Accepted
proposals were 4 and 1 for 2016A and 2016B including 1 and 1
ToO programs, respectively. The open use of KOOLS ended in
2016B. After that KOOLS was overhauled by the Observatory
together with researchers at Kyoto University to be a first-light
instrument for the 3.8-m telescope.

(4) Others

MuSCAT (MUIti-color Simultaneous Camera for studying
Atmospheres of Transiting exoplanets), which was previously a
carry-in observing instrument, was made available to the open
use as a PI-type instrument from 2016B. It can achieve 0.05%
accuracy in relative photometry for a star of 10-th magnitude at
V-band when it performs a series of one-minute exposures. Four
programs, which included one miscellaneous category program,
were conducted with MuSCAT in 2016A and four open-use
observing programs, which included one miscellaneous one,
were accepted in 2016B.

3. Joint Research with Universities

(1) Kyoto University’s Okayama 3.8-m New Technology Optical
and Infrared Telescope Project

The Observatory has participated in a cooperative
implementation framework for the 3.8-m telescope project,
which is spearheaded by Kyoto University, together with
Astro-Aerospace, Inc., regarding the 3.8-m telescope project
as part of the future plan of the Observatory. Discussions
were held on technological issues regarding the telescope and
observing instruments through weekly TV conferences and in-
person meetings held every three months. Kyoto University
has completed the construction of the dome that houses the
telescope. The Observatory hired a specially appointed associate
professor to be in charge of transferring the open use from the
188-cm telescope to the 3.8-m telescope and strengthened the
cooperative implementation framework. The Observatory also
hired a Specially Appointed Research Staff Member to prepare
open-use observing instruments and advance the conversion and
refinement of the KOOLS-IFU system, for which open use at the
188-cm telescope has been terminated, to be an initial open-use
observing instrument for the 3.8-m telescope. Kyoto University
and the Observatory jointly collected input about the observing
instruments planned for the 3.8-m telescope from the domestic
astronomical community in order to fix the specifications of the
equipment around the focal planes where observing instruments
will be attached. A research program has been approved in which
one observatory staff member participates as a co-investigator
on the grant-in-aid for scientific research from the Japan Society

for the Promotion of Sciences (Basic Research A (General), FY
2016-2019) applied for by researchers at Kyoto University. The
grant allows us to develop a near-infrared fiber-fed spectrograph
for the telescope.

(2) The Optical & Near-Infrared Astronomy Inter-University
Cooperation Program

The Program has entered its sixth (and final) year since
its commencement in 2011. The Observatory has contributed
the 188-cm, 91-cm, and 50-cm telescopes to the Program, and
has taken a leading role along with the Office of International
Relations. Through the cooperative observational and educational
network, OISTER, established by the Program, the Observatory
performed observations for one campaign as a PI and provided
a total of 22 nights worth of observational data on three objects
this year. As for the immediate follow-ups of gamma-ray bursts,
which are the main targets of the program, there were 12 alerts
that were observable from the Observatory, observations were
performed four times and afterglow was detected in one of them.
Three peer-reviewed papers were published utilizing OISTER.
Another 18 peer-reviewed papers that have something to do
with the Program were published. The seventh workshop on the
Program was held.

(3) Gamma Ray Burst (GRB) Optical Follow-up Project

Optical follow-up observations of GRBs using the 50-
cm telescope are in progress in cooperation with the Tokyo
Institute of Technology’s Kawai Laboratory. During FY 2016,
the automatic observation scheduler performed observations
on nearly every possible night; 24 GRBs were observed, with
optical afterglows successfully detected in two. Observation
results were published as 9 GRB Coordinates Network (GCN)
circulars. In addition, follow-up observations of candidate
gravitational wave sources and monitoring of 9 objects that
include dwarf novae, eclipsing binaries, asteroids, and comets
were concurrently performed, which resulted in publication of
four peer-reviewed papers.

(4) Other

The Observatory welcomed four third-year undergraduate
students and their supervisor from the University of Tokyo
between August 30 and 31 and provided them with an
opportunity to conduct high-dispersion spectroscopic
observations using the 188-cm telescope during the early half-
night on August 30. Test observations were conducted with
the near-infrared observing system with the 30-mm aperture
dedicated to bright star photometry (IR-TMT) having been
placed at the Observatory during the last FY in collaboration
with researchers at Tohoku University. The observations were
carried out from the main building of the Observatory or from
Tohoku University remotely by way of the internet.

4. Unique Research Projects

(1) Detection of afterglow from distant GRBs and survey of
variable stars in the Galactic plane using the ultra-wide-field
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infrared camera.

With the 91-cm reflector having been converted into an
infrared camera with an ultra-wide field of view, observations
were conducted to identify infrared counterparts for objects such
as GRBs and gravitational wave sources. Along with them, a
comprehensive survey of infrared variable stars in the Galactic
plane was carried out. In FY 2016 monitoring in the Ks-band of
two regions of 20 square-degrees each centered at L=30 degrees
and 80 degrees were nearly completed. In addition, automatic
monitoring of other objects, such as the Orion star forming
region and bright blazars were carried out.

(2) Development of a far larger scale exoplanet search

Through a Grant-in-Aid for Scientific Research (Basic
Research (A), “Large scale exoplanet search with a robotic
telescope for high dispersion spectroscopy,” representative:
Hideyuki Izumiura, FY 2016-2020), a project has begun aiming
at establishing an original large scale sample of exoplanets. For
that purpose, activities have begun to develop robotic operation
of spectroscopic observations with the 188-cm telescope and to
improve the sensitivity and stability of the spectrograph.

(3) East Asian Planet Search Network

The Observatory also conducts studies focusing on the
search for exoplanetary systems, involving researchers from
South Korea, China, Turkey, and Russia. Efforts continued in FY
2016 to secure telescope time on the Korean 1.8-m telescope,
Chinese 2.16-m telescope, Turkish 1.5-m telescope, and the
Observatory’s own 188-cm telescope for continued searches for
exoplanetary systems around G-type giant stars.

5. PR/Awareness Promotion Activities

In this FY about 40 astronomy-related questions from the
public were posed irregularly to the Observatory and were
answered appropriately. The 4D2U screenings, co-hosted with
the Okayama Astronomical Museum, attracted 3,847 visitors.
Fifteen Observatory tours were conducted, including those
for pupils from local elementary schools in Asakuchi City and
Yakage Town. The Observatory also responded to four lecture
requests made by local boards of education and community
centers. The Observatory posted four research result web
releases and 1 press release.

The yearly special open-day was suspended again following
the last FY because a serious shortage of parking space was
anticipated due to the construction of the Kyoto University 3.8-
m Telescope and there was some concern about being able to
ensure the safety of the guests.

6. Contract Staff Transfers

The following transfers of contract staff members took place
in FY 2016:

Eiji Kambe resigned as a research expert on June 30. Eiji
Kambe joined as a specially appointed associate professor on
July 1. Akihiko Fukui resigned as Specially Appointed Research
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Staff due to the expiration of his contract on September 30.
Akihiko Fukui jointed as a Specially Appointed Senior Specialist
on October 1. Kazuya Matsubayashi joined as Specially
Appointed Research Staff on November 1.



3. Nobeyama Radio Observatory

1. Nobeyama 45-m Radio Telescope

(1) Open Use Observations

The 35th open use observations period started on December
1, 2016 as scheduled. The full capabilities of the new four-pixel
receiver FOREST and limited capabilities of the Z45 receiver
are offered.

The statistics of the proposals are as follows, “General
Proposals”: 23 accepted including 5 from abroad (29 submitted),
“Joint Proposals” with ASTE telescope: 4 accepted with 1
from abroad (6 submitted), “Short Programs™: 12 accepted
with 1 from abroad (29 submitted), “Backup Programs”, which
are carried out when weather is not acceptable for the main
observations: 1 accepted (1 submitted), “DDT Programs”, which
are submitted after the deadline: 2 accepted (3 submitted).
In addition, the 45-m telescope joined the VERA open use
observations for 2 proposals. There were no applications for
“Large Programs.” The S40 receiver was decommissioned.

Open use observations have been halted since March 17,
2017, when the master collimator driving system went out of
order. Most of the observations scheduled after this issue arose
will be carried over to the next observing season.

(2) Improvements and Developments
Maintenance of the 45-m telescope, the receiver systems, the
cryogenics, etc. were performed.

- The replacement of the millimeter calibrator driving system
was completed. The design work for the mirror exchange
systems was done.

- The Spectral Window mode with the FOREST receiver was
implemented, and flexible setting of the spectrometer was
realized.

- Development of the new data archive system and the data
reduction procedure with the CASA pipeline started. These
will lead to automation of the observing system in the future.

- Preventive and corrective painting of the antenna mount
structure was done.

- NRO supported user instruments including the digital
spectrometer ROACH, a 90 GHz continuum camera, and the
simultaneous 22/43/86 GHz VLBI observation system.

(3) Scientific Results

We are carrying out the (a) Star Formation Legacy Project,
(b) Galactic Plane Survey, and (c¢) Nearby Galaxy Project as
legacy projects with the 45-m telescope, and their results are
described below. Research results from open-use observations
are given separately in the Scientific Highlights section of this
document.

(a) Star Formation Legacy Project

In the Star Formation Legacy Project, we conducted large-
scale mapping observations toward three nearby star-forming
regions, Orion A, Aquila Rift, and M17 in '2CO(1-0), '3CO

(1-0), C'30(1-0), and N,H*(1-0). Many cores and clumps
have been identified from structure analysis of these data. In
particular, thanks to the high sensitivity a protostellar molecular
outflow was found in the Orion molecular cloud data that was
not in the data from BEARS.

(b) Galactic Plane Survey Project (FUGIN: FOREST Unbiased
Galactic plane Imaging survey with the Nobeyama 45-m
telescope)

We are conducting a simultaneous survey of the 2CO(1-0),
13CO(1-0), and C'80(1-0) emission lines in the Galactic Plane
using FOREST aboard the 45-m telescope. We plan to make
maps of the inner Galaxy and the outer Galaxy including the
spiral arms and bar structure. In 2016, we covered areas with 22
and 2 square degree for a total of 24 square degree. Now, 130
square degrees have been mapped. As a result, we have revealed
a wide range of molecular clouds and their fine structures; we
also found the most distant molecular cloud, new cloud-cloud
collision systems, and an interacting region with a supernova.

(c) Nearby Galaxy Project (COMING: CO Multiline Imaging of
Nearby Galaxies)

We started COMING (CO Multiline Imaging of Nearby
Galaxies) in April 2015 to map more than 200 nearby galaxies
in 12CO(1-0), 13CO(1-0), and C'*0(1-0) emission lines using
FOREST. Up to now, mapping observations of 129 galaxies
have been completed (54 % of the original plan). A paper on
the relation between molecular gas density and star formation
efficiency was published (Muraoka et al. 2016, PASJ, 68, 89)
and one on a dwarf spiral galaxy, NGC 2976, is in press. In
addition, two master theses and five undergraduate theses were
published. We also developed a data reduction pipe-line system.

2. Radio Polarimeters

- Operations and maintenance were performed.

- On a monthly basis, the data are examined by solar research
groups in Kyoto University, Ibaraki University, NICT, and
NAOJ Solar Observatory, and are archived as public data in
the NAOJ Astronomy Data Center so that researchers all over
the world can access them.

- The polar axis gears of the 1, 2, 9.4, and 17 GHz antennas were
replaced, and their pointing accuracies were improved.

3. Research Support

(1) SPART (10-m telescope) (Osaka prefecture Univ.)

To better understand the influence of the activities of host
stars on the atmospheric environment of habitable planets, we
have been carrying out monitoring observations at 100 and
200 GHz bands with a 10-m telescope, the Solar Planetary
Atmosphere Research Telescope (SPART). This year we
continued the observations with SPART. To investigate short-

I Status Reports of Research Activities |

075



076

term changes of the CO abundance in the Venusian middle
atmosphere revealed by SPART, we started simultaneous and
synergetic observations with the Atacama Large Millimeter/
Submillimeter Array, Japanese Venus Climate Orbiter
AKATSUKI (JAXA/ISAS), and the 1.6-m Pirka Telescope
employing the Near Infrared Echelle Spectrograph (Nayoro
Observatory, Faculty of science, Hokkaido University). Through
this approach we address the links between the photochemical
reaction networks and the circulation of materials induced by the
dynamics between the Venusian upper and lower atmosphere. In
addition, the purpose-built console and display room of SPART
was completed. This room is opened to the public where visitors
can study the terrestrial planets of the Solar System, the aim of
SPART, and the history of the Nobeyama Millimeter Array.

(2) Radio Heliograph (Nagoya Univ.)

In FY 2015, an international consortium (ICCON) assumed
operation of the Nobeyama Radioheliograph (NoRH, see https://
hinode.isee.nagoya-u.ac.jp/ICCON/). The remote operating
system via the internet has functioned very well. About 30
researchers from seven countries (China, Germany, Japan, South
Korea, Russia, the UK, and the USA) participated in operation,
including the system health check and data verification.
Observational data are automatically transferred to NAOJ and/
or Nagoya Univ. and are stored, maintained, and made public
there. In September 2016, an international workshop, ‘Physics
with Radio Observations - Continued Operation of Nobeyama
Radioheliograph - °, was held and 36 researchers (including 20
from overseas) attended it. In addition to science results from
NoRH, we discussed research topics during this continued
operation by ICCON, and how to collaborate with a new solar
radio telescope in China.

4. Public Outreach

(1) PR activities at Nobeyama Campus

Nobeyama Campus received a cumulative total of 46,636
visitors throughout the year, including participants in special
open house events. Staff members conducted 40 guided tours,
including ones for Super Science High School (SSH) students
and the Campus Tour Week, while 4 requests for lectures and 20
requests for on-site filming and interviews were granted. These
requests, especially those by some local broadcast stations in
Nagano prefecture but also from national broadcasting media
such as NHK, increased due to efforts to strengthen cooperation
with local communities. The Campus Tour Week for educational
institutions was scheduled during the summer. Eight groups
took advantage of this opportunity, and many students in the
groups enjoyed the visit. For the workplace visits, 4 students
from 3 schools, primarily local junior-high schools, visited the
observatory. For the SSH initiative, three schools visited NRO
and participated in lectures.

In the area for permanent public access, an antenna
experience facility and some introduction movies are available
along with posters and panel displays. In this year, we tentatively
opened the Nobeyama NINS exhibition room. Also, in order to
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familiarize the public with NRO, we renovated the website to
accommodate smartphones as well as personal computers.

A photography event for the Nobeyama starry sky was
carried out at NRO because many requests to take pictures
in Nobeyama Campus at night have been received. We held
the event during the period when it does not affect radio
observations, with 31 participants who were selected from
about 100 applicants. We used some pictures taken at the event,
which were offered by the participants, for an original calendar,
displays during the Special Open House, and so on.

(2) Cooperation with Local Communities

The annual Nobeyama Special Open House was held with
contributions by Nagano Prefecture as well as Minamimaki
Village, the Minamimaki Chamber of Commerce, and its
youth division. Moreover, Jimoto Kansha Day (Thanks Day
for the Locals) was held as the Special Open House for locals
(Minamimaki and Kawakami Village) at the Vegetaball With
by Shinshu University as the main host. Special sponsorship
was made to the sora-girl event “Tebura de Hoshizora Kansho-
kai (Drop-by Star Gazing Event),” hosted by the Minamimaki
Tourism Association. Also, a training course and examinations
were carried out through a special partnership with Shinshu-
Saku Hoshizora Annai-nin, which was managed by Saku Koiki
Rengo (the union of local governments in the Saku area).

Moreover, the conference of “Nagano-ken ha Uchuu-ken
(Nagano prefecture is Astro-Prefecture)” was founded with
Kiso Observatory, loA, The Universoty of Tokyo, etc. The first
meeting was held at Matsumoto Campus of Shinshu University
on November 23 with about 100 participants. The webpage and
mailing list were set up and some activities started.

(3) The Nobeyama NINS exhibition room

After the improvement work of the building of the
Nobeyama Millimeter Array and installation of the 4D2U theater
in last year, the Nobeyama NINS exhibition room was tentatively
operated in the summer season from July to September. From
questionnaire results, about 8,000 guests visited the room and
their degree of recognition of other institutes as well as NAOJ
was improved.

(4) NRO Conference Workshops

- July 20-21, 2016
NRO-ALMA Joint Science/Development Workshop 2016
(representatives: Masao Saito (NRO), Daisuke Iono (Chile
Observatory))

- October 20-22, 2016
ALMA/45m/ASTE Users Meeting 2016 (representatives:
Eiji Akiyama, Daisuke Iono, Ken’ichi Tatematsu (Chile
Observatory), Masao Saito (NRO))

- March 28-29, 2017
NRO Galactic Plane Survey Workshop 2016 (representative:
Tetsuhiro Minamidani)



5. Education

NRO accepted three postgraduate students. The one is a
second-year Ph.D. student in SOKENDAI studying carbon chain
molecule chemical reactions. The others are visiting students
from Kagoshima University and the University of Tsukuba, and
they received Ph.D. degrees from their respective universities
based on the studies using the Nobeyama 45-m Radio Telescope.

SOKENDALI held the workshop on Radio Astronomical
Observation using the Nobeyama 45-m Radio Telescope form
June 6 to 10, with 12 undergraduate students in attendance. One
third of the participants were 4th year students, just about to
decide their course after graduation. While guiding the students,
from observations to presentation of the results requires
significant effort, the event offers an invaluable opportunity
for undergraduates to experience observations using a radio
telescope and think of their future career.

6. Misc. Activities

(1) Hiring
Kazufumi Torii: Specially Appointed Assistant Professor

(2) Resignation, Transfer
Masao Saito: Associate Professor to TMT-J Project
Hitoshi Arai: Research Supporter
Yoshio Tatamitani: Research Expert
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4. Mizusawa VLBI Observatory

NAOJ Mizusawa VLBI Observatory operates VLBI (Very
Long Baseline Interferometry) facilities such as VERA (VLBI
Exploration of Radio Astrometry) and KaVA (KVN and VERA
Array), and provides these unique facilities to the international
user community to support the research activities at universities
and research institutes. In the meantime, astronomical research
using these VLBI arrays is conducted mainly on the Galactic
structure, celestial masers, AGNs, and so on. Using the unique
dual-beam system which is capable of phase referencing by
observing two sources simultaneously, VERA conducts high-
accuracy astrometry of maser sources and determines the
detailed structure of the Milky Way. In addition to the operation
of VERA, maintenance and operation support were provided
to the Yamaguchi 32-m Radio Telescope and two Ibaraki 32-m
radio telescopes in collaboration with the local universities.
International collaboration has been promoted particularly in the
East Asia region through the joint operation of KaVA and the
East Asian VLBI Network, the latter of which is a joint VLBI
array between the People’s Republic of China, Japan, and the
Republic of Korea.

In addition to VLBI related activities, “The Central
Standard Time” is kept at the observatory as an obligation of
NAOJ, Esashi Earth Tides Station is operated for geophysical
research, and Ishigakijima Astronomical Observatory is jointly
operated with the local city for public outreach and astronomical
research.

1. VERA

(1) Observations and Common Use Observations

The four stations of VERA were operated by remote control
from AOC (Array Operation Center) at NAOJ Mizusawa
Campus. In FY 2016, a total of 536 VLBI observations (4410
hours) were conducted with VERA, such as common use
observations, VERA project observations, fringe detection
observations for maser and reference sources, geodesy
observations, JVN (Japanese VLBI Network) observations,
KaVA (KVN and VERA Array) observations, and others. These
VLBI data, except for KaVA, were processed at the Mizusawa
correlation center in NAOJ Mizusawa Campus. The correlated
data were sent to each researcher for the case of common-use
and JVN observations and to persons in charge of data analyses
in the case of project data and geodesy data.

VERA common-use calls-for-proposals with the 43, 22, and
6.7 GHz bands for semesters 2016B and 2017A were released
in May and October, respectively. A total of 9 proposals, which
requested a total time of 224 hours, were submitted, including 4
proposals for 82 hours from overseas. Based on the evaluations
by referees elected from scientists in related fields, the VLBI
program committee decided to accept a total of 5 proposals (138
hours) in 2016B and 2017A.
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(2) Science Research

In FY 2016, Mizusawa VLBI Observatory published a total
of 40 refereed journal papers for scientific achievements. Among
them, four papers were published by the Observatory staff as
PIs. Nine papers were scientific results directly related to VERA
astrometry observations, one was the results from KaVA, and
two were from the Japanese VLBI Network (JVN). In addition,
various scientific results from other VLBI arrays, ALMA,
and multi-wavelength time-domain studies on active galactic
nuclei (AGN) were published, which were developed based on
previous VERA sciences. It should be noted that there were 31
papers published through international collaboration.

For the VERA project results, a new research method for
distance measurements was reported. It utilized the accurate
proper motion and radial velocity measurements for the H,O
masers associated with a high-mass star-forming region
G7.47+0.06. The high accuracy (10 % error) distance, 20 + 2 kpc,
was successfully determined demonstrating that the method can
be applied to sources farther than 10 kpc whose annual parallax
is barely measurable with VLBI. For star-formation studies, a
research group lead by Kagoshima University detected the jet-
driven bow-shock structure in the outflow associated with the
high-mass young stellar object S255. In the research field of
late-type stars, the first simultaneous VLBI observations of SiO
masers in four frequency bands were reported using the newly
developed wide-band VLBI backend system developed by the
Mizusawa VLBI Observatory. It is expected that the system will
be employed for combined VLBI observations with the NRO
45-m Telescope and KVN. There was a paper that reported the
first KaVA imaging result for the SiO masers around a late-
type star. The AGN research group reported the new synthesis
imaging method for interferometers utilizing the sparse
modelling.

2. The Japanese VLBI Network (JVN)

The university VLBI collaboration observation project
is carried out as a joint research project between NAOJ and
six universities. We organize the radio telescopes of VERA,
universities, and research institutes (JAXA / ISAS, NICT, GSI)
to make the Japanese VLBI Network (JVN), which is operated
at 3 bands of 6.7 GHz, 8 GHz, and 22 GHz. VLBI observations
were carried out for about 300 hours in total in 2016. In addition,
single-dish observations of up to 4,000 hours were carried out as
research related to JVN. The main research subjects are active
galactic nuclei and maser / star formation.

In October 2016, the Astronomical Society of Japan released
a special issue of PASJ on university collaboration. This volume
includes 8 papers based on JVN operations such as the results of
VLBI survey observations with small-number high-sensitivity
baselines (Fujinaga et al.), results of 6.7 GHz methanol-maser
monitoring by the East Asian VLBI network (EAVN) (Sugiyama
et al.), and a report on the Ibaraki telescopes (Yonekura et al.).



More than 10 papers including other related papers have been
published in 2016. Since the activities of university VLBI
collaboration have been appreciated, an Assistant Professor
position was established at Yamaguchi University, and filled by
Dr. Motoki, who obtained a Ph.D. by doing research using JVN
at Hokkaido University and worked as a postdoc at Mizusawa
VLBL

In July 2016, the university collaborative workshop was held
at Ibaraki. Many participants attended, and white papers for the
future direction were created based on this discussion. A project,
entitled “high spatial resolution / time-domain astronomy in the
centimeter band,” was approved as a baseline of the university
collaboration. It is planned that maser / star formation study will
be mainly carried out at Ibaraki University, while active galactic
nuclei / black hole science will be mainly done at Yamaguchi
University. In particular, observations with a small number of
baselines; time variation observations; and research with the
Ibaraki and Yamaguchi interferometers will play an important
role in the future of the project.

3. Japan-Korea VLBI

(1) Observations and Common Use Observations

In 2016, a total of 158 VLBI observations (1234 hours),
common use observations, large program observations, and test
observations, were conducted by KaVA (KVN and VERA Array)
with the 43 and 22 GHz bands. The data of the seven VLBI
stations were correlated at the Korea-Japan Correlation Center at
KASI Daejeon Campus in Korea.

KaVA common-use calls-for-proposals for semesters 2016B
and 2017A were made in May and October of 2016, respectively.
In total, 17 proposals requesting a total time of 582 hours were
submitted. Through the evaluations by referees elected from
scientists in related fields and subsequent decisions made by the
VERA and KVN combined Time Allocation Committee, a total
of 12 proposals (377 hours) were accepted in 2016B and 2017A.

(2) Results of Research

The number of science outcomes based on KaVA data is
steadily increasing since the opening of the KaVA common use
in FY 2014. In FY 2016, three research papers that made use
of KaVA common-use data were published in peer-reviewed
journals. These are all related to AGN, where a variety of AGN
topics were explored: a follow-up monitoring of an optically-
violent quasar (CGRsBS J0809+5341); radio imaging of high-
redshift (z>5) quasars (e.g., J0131-0321); and a high-cadence
monitoring of a jet acceleration region (M87). In particular, the
former two are the first papers that were led by research groups
external to Korea/Japan, indicating that users of KaVA are
spreading into the world.

The three KaVA Large Programs (LP), which were launched
in late FY 2015, are continuing smoothly, and the analyses of
these data are actively ongoing by each KaVA Science Working
Group (AGN, star-formation regions, late-type stars). For the
AGN LP, the acceleration profile of the M87 jet is beginning
to be determined in higher detail. For the SFR LP, surveys of

87 water masers (22 GHz) and methanol masers (43 GHz) are
actively going on. For the LTS LP, roughly 90 % of the survey
of approximately 80 circum-nuclear masers was completed;
work to narrow down the observational targets is ongoing. Some
of these LP preliminary results were presented at international
conferences.

4. EAVN

To expand the capability of international VLBI throughout
East Asia, the commissioning of the East-Asian VLBI
Network (EAVN) is actively ongoing through collaboration
between Japan, Korea, and China. In FY 2016, a total of § test
observations were conducted with EAVN, and the first EAVN
image was successfully obtained (with KaVA plus Tianma at
Shanghai). The 9th EAVN Workshop was held at Guiyang,
China. Direct discussions were held with Chinese researchers,
particularly ones from Shanghai and Urumgqi; and we reached
a consensus on the further acceleration of EAVN activities and
collaboration. As a result, the KaVA Science Working Groups
were expanded into the "EAVN Science Working Groups" by
inviting Chinese researchers.

While the technical commissioning of the EAVN array
is progressing, some science-oriented observations were
also launched, such as an EAVN monitoring of nearby
supermassive black holes near in time to the Event Horizon
Telescope observations. The program was performed with
KaVA+CVN-+JVN at a high cadence of 1-2 weeks, and the array
operation went well without any major troubles. The common
use of EAVN is planned to open by 2018.

5. Geodesy and Geophysics

The regular geodetic sessions of VERA are allocated two or
three times every month to maintain the orientation and shape
of the array. VERA internal geodetic observations are performed
once or twice per month using K-band, and Mizusawa
participate in IVS sessions using S- and X-bands on a once-
per-month basis. The 1-Gbps recording system of S/X bands
was newly developed to widen the recording bandwidth in IVS
sessions.

In FY 2016, we participated in 9 IVS sessions and performed
19 VERA internal geodetic sessions. The final estimation of
geodetic parameters is derived by using the software developed
by the VERA team.

After “The 2011 Earthquake off the Tohoku Pacific coast”
(Mw =9.0), VERA Mizusawa was displaced by co-seismic
crustal movement, and continuous post-seismic creeping was
detected in FY 2016. According to the newest analysis, the co-
seismic steps are X =-2.020m, Y =—1.389 m, and Z=-1.060 m,
and displacement by creeping during FY 2016 is X=-0.075m,
Y =-0.059m, and Z=-0.014m.

Continuous GPS observations at VERA stations are carried
out in order to detect short term coordinate variations and
to estimate atmospheric propagation delays. The results of
GPS positioning also show a post-seismic motion to the East-
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Southeast of Mizusawa even though 6 years have passed since
the occurrence of the 2011 Earthquake off the Tohoku Pacific
coast. Continuous gravity observations with super-conducting
gravimeters were carried out at Mizusawa and Kamioka. The
observation at Kamioka was terminated in 2016. Gravity change
observation is also carried out at Ishigakijima as a joint project
with other institutes and university groups. The features of the
annual change are observed and studied by several techniques
including VLBI, GPS, and gravimeters. The strain and tilt
observation data obtained at the Esashi Earth Tides Station are
distributed in real time to several institutes based on the research
agreement between the Earthquake Research Institute, the
University of Tokyo and Mizusawa VLBI Observatory.

6. System Development

In 2016, we have developed two down-converters for dual
polarization receiving of the Q-band. We have performed a
VLBI experiment between KVN and VERA using OCTAD and
OCTADISK? installed in KVN. The fringes of the experiments
are detected successfully in cooperation with VERA, KVN, and
the manufacturer. Fringes of an experiment between Italy and
VERA are also detected in all channels after data conversion
between domestic and international data formats. Upgrades to
OCTAD made AOV observations possible. We started discussion
of the SKA project and high frequency VLBI as future plans
of the observatory. We performed various basic design and
development, including a low power consumption optical
transmitter/correlator and balloon-borne radio interferometry.

7. Timekeeping Office Operations

The Timekeeping Office operates four cesium atomic
clocks together with a hydrogen maser atomic clock at
Mizusawa VERA Station. The facilities have been operating
stably, contributing to the determination of UTC (Coordinated
Universal Time) through continuous management and operation
of the time system. The NTP (Network Time Protocol) Server at
the Timekeeping Office provides “Japan Central Standard Time”
on a network. This service has been in great demand; more than
1,500,000 daily visits have been recorded last year.

8. Ishigakijima Astronomical Observatory

FY 2016 was the 10th year of the Ishigakijima Astronomical
Observatory (IAO). In FY 2013, the “Starry Sky Study Room”
was established as an annex to screen the 4D2U (Four-
Dimensional Digital Universe) theater by Ishigaki City, and
the number of visitors has increased to more than 15,000
people per year. The total number of visitors since FY 2006 has
exceeded 100,000. The observatory missions such as conducting
observational study, public outreach, and regional promotion
have been accomplished well. The 10th anniversary ceremony
was held in November. Special events including a science cafe,
photograph exhibition, and stargazing party were also given.

In terms of the research, observations of transient objects
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such as gamma-ray bursts, supernovae, and Solar System objects
were performed in collaboration with Japanese universities.
Three refereed papers using the observational data of IAO were
published, including studies of supernova SN 2016coi and comet
15P/Finlay. The total number of the papers has reached 19.

In FY 2016, the 15th “Southern Island Star Festival” was
held. The number of participants has also been increasing,
and about 11,000 people attended the light-down stargazing
party. Special events to mark the 15th anniversary were held,
including a movie screening of “Welcome Home, HAYABUSA”
and the starry sky photo contest. The Japanese Tanka contest
on “Beautiful Stars” for which the judge was a famous Tanka
poet Machi Tawara was also held. In total, about 13,000 people
participated in the festival.

In terms of the education, the Chura-boshi Research Team
Workshop for high school students and the observational
experiment for undergraduate students of the University of the
Ryukyus were held. In the workshop, three new minor planets
candidates were found by the observations of the high school
students. One of these three objects was assigned the provisional
designation 2016 PH14 and was recognized as a discovery of
IAO by the IAU Minor Planet Center.

On the other hand, active interaction and collaboration with
Japanese public astronomical observatories was performed. The
Nayoro Observatory in Hokkaido, with which IAO concluded
an agreement for cooperation, held a star festival in July; IAO
assisted with the star festival by providing a live relay of the
landscape and the starry sky from IAO.

9. Public Relations (PR) and Awareness
Promotion Activities

(1) Open House Events

On April 17, 2016: the Seventh Open Observatory Event
held at the Ibaraki University Center for Astronomy, and
NAOJ Mizusawa VLBI Observatory, Ibaraki Station, with
approximately 348 visitors in attendance.

On July 17: The Star Festival at the site of the 6 m
antenna at Kinko Bay Park in Kagoshima City co-hosted with
Kagoshima City and Kagoshima University, with approximately
200 visitors.

On August 6—14: The Southern Island Star Festival
2016 held together with a special open house event at the
VERA Ishigakijima Station and Ishigakijima Astronomical
Observatory with approximately 11,000 visitors to the whole
Star Festival. Events included an astronomical observation
party at Ishigakijima Astronomical Observatory, attended by
338 visitors; and a special public opening of the VERA Station
attended by 252 visitors.

On August 7: Special open house of VERA Iriki station held
jointly with the Yaeyama Highland Star Festival 2016, with
approximately 4,500 visitors in attendance.

On August 20: Iwate Galaxy Festival 2016, open house of
NAOJ Mizusawa Campus, held with 2500 visitors in attendance.

On February 12, 2017: “Star Island 16”, open house event of
VERA Ogasawara Station held, with 227 visitors in attendance.



(2) Regular Public Visiting

Throughout the year, the following stations are open to the
public on a regular basis. The four VERA stations are open to
the public every day, 9 a.m. to 5 p.m., except during the New
Year’s season. Ishigakijima Astronomical Observatory is open
10 a.m. to 5 p.m. except during the New Year’s season and other
closures.

The numbers of visitors to each facility is as follows,

a) VERA Mizusawa Observatory 18,100
The campus is regularly open to the general public with the
cooperation of the Oshu Space and Astronomy Museum
(OSAM: Yugakukan) located in the campus.

b) VERA Iriki Station 5,949

¢) VERA Ogasawara Station 9,930

d) VERA Ishigakijima Station 2,442

e) Ishigakijima Astronomical Observatory 15,061
Stargazing sessions: Evenings on Saturdays, Sundays.
The “Starry Sky Study Room” (featuring the 4D2U “Four-
Dimensional Digital Universe”), constructed adjacent to
the observatory in 2013 by Ishigaki City, was very popular,
welcoming 4,317 guests.

10. Education

(1) University and Post-Graduate Education

Regarding postgraduate education, Mizusawa VLBI
Observatory assisted two graduate students from the University
of Tokyo and two from SOKENDALI for their Ph.D. research.
In addition, one Ph.D. student from oversees started Ph.D.
courses in SOKENDALI from autumn. One of the students
from SOKENDAI completed his Ph.D. thesis, and another
Ph.D. student found a job as a science communicator before
graduation. An undergraduate student from Nihon University
was accepted as a summer student of SOKENDAI. The
University of the Ryukyus and NAOJ have offered a joint
course on astronomy from FY 2009. Classroom lectures at
the university took place August 22-25 at the Nishihara main
campus and were opened to the public at the satellite campuses.
Observational workshops were held in Ishigakijima from August
29 to September 1, with about 30 participants. In addition, staff
members of Mizusawa VLBI Observatory give lectures at the
University of Tokyo, Tohoku University, and Teikyo University
of Science as visiting professors.

(2) Research Experience for High School Students

During August 3-5, the VERA Ishigakijima station and
the Ishigakijima Astronomical Observatory held “The Chura-
boshi Research Team Workshop” for 17 high school students
from Ishigakijima, Okinawa main island, and Hyogo prefecture.
It was organized under support from JSPS. It is noteworthy
that observations carried out at Ishigakijima Astronomical
Observatory produced results including the discovery of a
new minor planet candidate which was assigned a provisional
designation. (Please refer to 8: Ishigakijima Astronomical
Observatory for more details.) “The 10th Z Star Research Team

Event” was held August 8-10 to use the VERA Mizusawa
antenna for observation. A total of 15 high school students
from the Tohoku region were accepted for research experience.
Continued from previous years, Mizusawa VLBI Observatory
supported the SSH (Super-Science High-school) research
activities for Yokote Seiryo High School in Akita Prefecture to
use the Mizusawa 20-m antenna.
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5. Solar Observatory

The Solar Observatory primarily engages in the operation
of solar observational facilities on the west side of Mitaka
Campus and in the development of new observational
instruments. It conducts both observational and theoretical
studies of the structure of the solar outer atmosphere, including
the photosphere, chromosphere, corona, and solar wind; and
active phenomena such as sunspots, faculae, prominences,
and flares. This observatory performs regular observations
using instruments such as the Solar Flare Telescope (SFT) and
also conducts expeditions to observe total solar eclipses. It
is also engaged in the planning of future ground-based solar
observations. Regular observations of sunspots and flares have
been carried out for prolonged periods, and the resulting data are
provided to inter-university researchers.

1. Observational Facilities in Mitaka

(1) Magnetic Field Observation

The SFT, which has been the main instrument of the
Observatory at Mitaka Campus, has kept observing photospheric
vector magnetic fields at active regions and H-alpha flares
since its completion of 1992. The main instrument on the
SFT was updated to an infrared Stokes polarimeter in 2010.
Whereas previous magnetic field observations covered part of
the solar surface, this new instrument was designed to obtain
high accuracy vector magnetic field information over the full
solar disk in order to elucidate the origins of the solar activity
cycle. This polarimeter is equipped with a 15-cm infrared lens
and performs slit scanning observations using infrared spectral
lines (photosphere: iron, 1.565 um line; chromosphere: helium,
1.083 um line), which are sensitive to the magnetic field on
the Sun. This allows for constant acquisition of unprecedented
infrared polarization data for the photosphere and chromosphere
of the entire solar disk. It had taken about two hours to cover the
full-disk Sun with a slit scan for each wavelength range, but a
two-camera system renewed in 2014 enables us to observe both
wavelength ranges simultaneously. The data acquisition is now
conducted more efficiently. However the system had a problem
in light path design; a camera could not sit in an optimal position
as designed and it was renovated this year by suspending the
regular observations for several months. To further improve the
polarimetric data quality, the installation of an advanced infrared
camera with a large format and low read-out noise is being
conducted, and this year, the infrared detector H2RG EG-C and
its control electric circuit SIDECAR+MACIE were procured
using a grant from the Project for Solar-Terrestrial Environment
Prediction (PSTEP), Grants-in-Aid for Scientific Research on
Innovative Areas.

(2) Regular Observation of Sunspots/Faculae/H-alpha Flares
Sunspot observations have been performed continuously

since 1929. These observations are currently conducted via

automatic detection of sunspots in digital images captured with
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a 10-cm refractor and a 2k x 2k pixel charge coupled device
(CCD) camera mounted on the new (full-disk) sunspot telescope.
Observations were conducted for 241 days in FY 2016, from
April 2016 to March 2017.

Because full-disk solar image data are a widely demanded
resource in the astrophysics/geophysics researcher community,
some out-of-date synoptic instruments need to be upgraded.
Efforts are underway to update the photospheric and
chromospheric imaging instruments and to further flesh out the
data. For instance, the SFT has started advanced observations
in the H-alpha line to acquire full-disk, high-resolution images.
It can obtain Doppler velocity information based on imaging
at multiple wavelengths around the H-alpha line center. High
temporal resolution enables the more complete capture of
active phenomena, and a combination of multiple exposure
times allows for a wide dynamic range. Further improvement
in dynamic range and read-out noise was accomplished using
SCMOS cameras installed in FY 2015. This advancement has
enabled us to observe many phenomena, such as flares and
prominence eruptions, even during the recent downturn in
solar activity. The Observatory also uses the SFT to conduct
regular full-disk imaging observations in the G-band (430 nm)
and continuum wavelengths. In addition, Call K (393 nm) filter
observation started in FY 2015.

The regular observational data described above, including
real-time images, are available on the website of the
Observatory. A spectrograph system with a coelostat is under
development to perform long-term and full-disk observations.
An improvement to the spectrograph room was conducted this
year. The Observatory maintains a coelostat and other existing
equipment to allow for velocity and magnetic field observations
more quantitative than everyday observation, as well as
experimental use.

2. Opening of Data Archives to the Public

The Solar Observatory has made nearly 16.2 TB of data
available to the public online, including data from the current
observations of white light, H-alpha, and magnetic fields as
well as those from nearly 100 years of various types of solar
observations. The various phenomena occurring in the solar-
terrestrial environment must be studied in terms of both sudden,
short-term events (space weather) and in terms of gradual
changes occurring over years or decades (space climate).
The Observatory will continue providing fundamental data
for these studies. The Observatory possesses nearly 100
years of accumulated records, including continuum images,
Call K-line images, and H-alpha images recorded on film,
photographic plates, and hand-drawn sketches, all of which have
an importance of their own. The Observatory will make these
available to the public as well as soon as they are digitized and
organized. It is noted that there exist some of the world’s oldest
records of solar activities, which are expected to add particular



insight into future research. Higher bit digitization of old Ca II
K line images improving the data quality was conducted this
year as a part of research activity for the PSTEP, Grants-in-Aid
for Scientific Research on Innovative Areas.

Data publicized via the website were previously stored on
a server owned by the Observatory. The data have since been
transferred to the Astronomy Data Center, where all relevant
data servers have been managed in an integrated fashion. The
same data are stored at multiple locations in the data center,
serving as a backup in case of disaster.

The Observatory is also contributing to scientific verification
of data from the Nobeyama Solar Radio Polarimeters which
have been maintained by Nobeyama Radio Observatory since
Nobeyama Solar Radio Observatory was shut down at the end of
FY 2014. To ensure the same data quality as before, a monthly
meeting is held for members from inter-university users,
Nobeyama Radio Observatory, and the Solar Observatory to
check the obtained data.

3. Other Activities/Personnel Transfers

International cooperation includes support for the Japan—
Peru collaborative solar observations, with which the Solar
Observatory has been involved since 2004. In addition to the
collaboration in solar spectrograph installation and operation
in Peru, relocation of the 10-cm coronagraph which had been
used in Norikura Solar Observatory is envisioned. For this
purpose, reassembling the coronagraph in the Observatory and
site selection in Peru are undergoing. The Solar Observatory
also supports the operation of another 10-cm coronagraph
with a NOGIS filter system in a Chinese observatory (3200
m elevation) in the Yunnan province. This coronagraph was
relocated from Norikura in 2013 to observe two dimensional
intensity and velocity fields of the solar corona in the coronal
green line of Fe XIV (530.3 nm). The Observatory supported
repair of a broken electric circuit board of the coronagraph this
year. A new coronagraph reusing a 25 cm diameter lens from
the coronagraph of Norikura Solar Observatory is planned in
China. The lens which has been displayed in a visitor facility of
Mitaka Campus was cleaned and stored in a container in case
of transportation to China in the near future. The Observatory
is participating the JSPS bilateral cooperative program between
Japan and Russia for FY 2016-2017 (Japanese representative:
Dr. Y. Yokoi, University of Tokyo) and is carrying out bilateral
joint research project in solar physics, by exchanging scientists
between the two countries.

The solar optical observations carried out at Hiraiso Solar
Observatory of the National Institute of Information and
Communications Technology are considered to be terminated.
To examine the possibility of utilizing the instruments in the
future at other institutes, the relevant equipment (H-alpha
Lyot filter and the telescope/coelostat for solar magnetic field
measurements) were placed in storage at Mitaka until it has been
decided where to send them.

The solar research symposium for the entire solar
community was held at ISAS between February 20 and 22,

2017. It included a session which served as the users meeting
for the Observatory where topics related to open use and future
plans were discussed.

Because the Observatory deals with fundamental solar
data, there are often requests to use images from the Solar
Observatory database in school textbooks, to contribute to
articles in newspapers or magazines, and to help public events
held by museums. The Observatory actively responded to these
requests.

Regarding personnel transfers, Dr. Satoshi Morita was
selected as a specially appointed research specialist after the
end of his term as a research expert at the end of FY 2016. It
was decided to start a new project “Solar Science Observatory”
by unifying the Solar Observatory with Hinode Science Center
from FY 2017 to promote more efficient research activity in the
field of solar physics.
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6. NAOJ Chile Observatory

The ALMA Project is a global partnership of East Asia
(led by Japan), Europe, and North America (led by the United
States) in cooperation with other nations to operate a gigantic
millimeter/submillimeter radio telescope deploying 66 high-
precision parabolic antennas in the 5000-m altitude Atacama
highlands in northern Chile. ALMA aims to achieve a spatial
resolution of nearly ten times higher than that of the Subaru
Telescope or the Hubble Space Telescope. Early scientific
observations with ALMA began in FY 2011 with a partial
number of antennas and full operation commenced in FY 2012.
This report describes the progress of the project, which includes
results of the open-use scientific observations and public
outreach activities. The ASTE telescope is a single-dish 10-m
submillimeter telescope located in the Atacama highlands and
has been operated to make headway into southern-hemisphere
submillimeter observations toward the ALMA Era. This report
also describes the progress of the ASTE telescope.

1. Progress of ALMA Project

ALMA scientific observations and commissioning
observations are currently underway. Commissioning
observations include polarization tests, solar observation tests
and observation tests using the newly installed Band 5 receiver,
which are all making good progress. In these activities, East
Asian researchers have been taking initiatives in international
teams, as demonstrated by Koichiro Nakanishi and Hiroshi
Nagai for polarization, and Masumi Shimojo for solar
observation tests. Also, the sub-components developed by Japan,
such as the antennas, correlators, and receivers (Bands 4, 8, and
10), are working properly.

2. ALMA Open-Use and Scientific Observations

The fifth round of ALMA open-use observations commenced
in October 2016 as Cycle 4. The main capabilities of Cycle 4
include: interferometric observations using forty 12-m antennas;
Atacama Compact Array (ACA) observations (interferometric
observation with ten 7-m antennas and single-dish observations
with three 12-m antennas); seven frequency bands (Bands 3,
4,6, 7, 8,9 and 10); and maximum baselines extended to 12.6
km (for Bands 3 to 6), 6.8 km (for Band 7), and 3.7 km (for
Bands 8 to 10). In addition to these, Cycle 4 also provides new
opportunities for large programs that require long observations
over 50 hours, millimeter-wavelength VLBI, ACA stand-alone
mode, solar observations, and polarization for spectral line
observations. In response to the Cycle 4 call for proposals, 1,571
proposals were submitted from all over the world.

The call for the sixth round of open-use observations
was issued as Cycle 5. The Cycle 5 capabilities will include:
interferometric observations using forty-three 12-m antennas;
ACA observations (interferometric observation with ten
7-m antennas and single-dish observations with three 12-m
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antennas); eight frequency bands (Bands 3, 4, 6, 7, 8, 9, 10 and
newly-added Band 5), and maximum baselines of 16.2km (for
Bands 3 to 6), 8.5km (for Band 7), and 3.6 km (for Bands 8 to
10). It should also be noted as a remarkable development that
the ALMA maximum baseline will be made available for open-
use observation with Bands 3 to 6. The call for proposals for
Cycle 5 is set to be closed at 00:00 JST on April 21, 2017. Cycle
5 is scheduled to start in October 2017.

Open-use of ALMA has already produced a number
of scientific results. This section describes some of the
achievements, focusing mainly on East Asian projects. An
international team led by Akio Inoue at Osaka Sangyo University
detected emission lines from ionized oxygen in a distant galaxy
13.1 billion light-years away. The galaxy was first discovered
with the Subaru Telescope and observed with ALMA this time.
This is the most distant galaxy in which oxygen has ever been
detected and thought to be one type of source that triggered
“cosmic reionization” in the early history of the Universe just
several hundred millions of years to one billion years after the
birth of the Universe. This observation result is a very important
step towards understanding the cosmic reionization which has
yet to be explored. A team of Japanese astronomers led by
Takashi Shimonishi at Tohoku University revealed a hot core
containing various molecular gases around a newborn massive
star in the Large Magellanic Cloud using ALMA. This is the first
hot molecular core that has ever been detected outside the Milky
Way Galaxy and has a very different composition than similar
objects found in the Milky Way. Studying complex organic
molecules contained in hot cores will be a key to unveiling the
chemical diversity of the Universe. Since the Large Magellanic
Cloud is known to have lower metallicity compared with the
Milky Way, this result provides an important clue to revealing
the distribution of organic molecules in the early Universe with
low metallicity. A research team led by Takashi Tsukagoshi
at Ibaraki University observed the young star TW Hydrae
using ALMA and revealed the detailed distribution of dust in
its protoplanetary disk. They made comparative analysis of
observation results in two frequencies and found that larger dust
particles are absent in the most prominent gap with a radius of
22 astronomical units. Based on a theoretical model, the result
indicates that a possible Neptune-like planet is forming in the
gap. These findings will help scientist identify what type of
planet is forming in a specific location of a protoplanetary disk.

3. Educational Activities and Internship

During the summer vacation of universities, the NAOJ Chile
Observatory accepted five undergraduate students, three of
which conducted research activities in Mitaka and other two in
Chile, as well as four visiting researchers in total which include:
one Japanese graduate student each from Osaka Prefecture
University and the University of Tokyo and internationally one
post-doctoral fellow each from the University of Chile and



Leiden University of Netherlands for a period of one month.

4. Public Outreach Activities

Achievements of ALMA scientific observations and test
observations were covered by nearly 40 newspaper/journal
articles and 11 television/radio programs, reporting ALMA
observation results in various fields of astronomy. In particular,
a news program called “Good Morning Japan” on NHK G
channel featured ALMA’s detection of the most distant oxygen
in the Universe in June 2016, and another NHK program called
“News Watch 9” introduced ALMA observation results of a
protostar in March 2017. The detection of the most distant
oxygen was covered by more than 400 news websites worldwide
and the BBC website featured the observation results of TW
Hydrae achieved by Takashi Tsukagoshi (Ibaraki University) et
al. As seen in these examples, the scientific results by Japanese
researchers have been increasingly broadcast worldwide.

The NAOJ ALMA website posted 51 news articles and eight
press releases. A mailing-list-based newsletter has been issued on
a monthly basis with approximately 2,500 subscribers. Updated,
detailed information is available on Twitter (WALMA Japan),
with nearly 33,250 followers as of the end of FY 2016.

In May 2016, the NAOJ Chile Observatory hosted a week-
long ALMA booth at the Japanese Geoscience Union Meeting
held in Makuhari Messe. The NAOJ Chile Observatory
organized public lectures and Science Cafe events on 17
occasions in FY 2016 and gave talks on the progress of ALMA
to a large number of visitors. In particular, the 22nd ALMA
Public Lecture “Star and Planet Formation Explored by ALMA”
held in Nagoya City Science Museum on November 26,
2016 attracted a big audience of over 200, which was a great
opportunity to introduce the latest scientific results of ALMA to
the public.

The NAOJ Newsletter featured ALMA’s semiannual
achievements in the April and November 2016 issues.

From the mid-March 2015, ALMA started to accept public
visitors at the ALMA Operations Support Facility (OSF) at an
altitude of 2900 meters. Every Saturday and Sunday, ALMA
is open to the public up to 40 people/day (advance registration
is required). Visitors to the OSF can have a guided tour of the
OSF including the control room and watch videos on ALMA.
The registration often reaches the full capacity soon after the
start of registration every weekend. Public visits to ALMA are
now becoming a good opportunity to provide many people live
experience at the workplace of ALMA researchers.

5. International Collaboration (committees, etc.)

On November 17, 2016, the Management Agreement
Concerning Operations of ALMA was signed in Santiago by
the representatives of NAOJ, the European Organization for
Astronomical Research in the Southern Hemisphere (ESO), and
Associated Universities Inc. (AUI) of the United States.

In the international ALMA project, meetings are held
frequently by various committees. In FY 2016, the ALMA

Board met face-to-face once, and the ALMA Scientific Advisory
Committee (ASAC) twice. In addition to these, teleconferences
have been held on a near-monthly basis among the members of
the ALMA Board and ASAC. The ALMA East Asian Science
Advisory Committee (EASAC) had meetings face-to-face or via
teleconferences on a quarterly basis. Each working group holds
meetings and teleconferences more frequently to maintain close
communication in implementing their respective tasks in the
international project.

6. Workshops and Town Meetings

* July 20 to 21, 2016 NAOJ Nobeyama Radio Observatory
(NRO)
NRO-ALMA Science/Development Workshop 2016
 September 20 to 23, 2016 Renaissance Indian Wells Resort &
Spa, Indian Wells, CA, USA
Half a Decade of ALMA: Cosmic Dawns Transformed
* December 19 to 20, 2016 NAOJ Mitaka
ALMA/45 m/ASTE Users Meeting 2016
» March 24, 2017 Okayama University of Science
ALMA Cycle 4 Town Meeting

7. Obtained External Grants Other Than
Grants-in-Aid for Scientific Research including
Industry —University Collaboration Expenses

« Satoru Iguchi: Grant for Basic Science Research Projects by
the Sumitomo Foundation

« Seiji Kameno: International Research Support Program by
Foundation for Promotion of Astronomy

* Hitoshi Kiuchi: Funded externally by the Ministry of Internal
Affairs and Communications (Strategic Information and
Communications R&D Promotion Programme: SCOPE) R&D
for Promotion of Effective Radio Use (Advanced Effective
Radio Use-Phase 1)

8. Research Staff Changes

(1) Hired

* Xing Walker Lu: Specially Appointed Research Staff

* Naslim Neelamkodan: Specially Appointed Research Staff

* Natsuko Izumi: Specially Appointed Research Staff

» Kazuki Tokuda: Specially Appointed Research Staff (assigned
to Osaka Prefecture University)

« Sarolta Zahorecz: Specially Appointed Research Staff (assigned
to Osaka Prefecture University)

» Takuya Hashimoto: Specially Appointed Research Staff
(assigned to Osaka Sangyo University)

+ Sanemichi Takahashi: Specially Appointed Research Staff
(assigned to Kogakuin University)

(2) Departed or Transferred

» Kana Morokuma: Specially Appointed Research Staff
« Tatsuya Takekoshi: Specially Appointed Research Staff
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9. Main Visitors

* September 15, 2016
Mr. Toshiei Mizuochi, Vice Minister of Education, Culture,
Sports Science and Technology, visited the Santiago Office of
the Joint ALMA Observatory (JAO).

* October 13, 2016
Mr. Shigeharu Orihara, Counselor of the Japanese Embassy in
Chile, visited the OSF and AOS.

* October 18, 2016
Mr. Hiroshi Nagano (National Graduate Institute for Policy
Studies; former Chair of the OECD Global Science Forum)
visited the OSF and AOS.

* November 23, 2016
Director General of the National Astronomical Observatories
of the Chinese Academy of Sciences (NAOC) and his party
visited the NAOJ Santiago Office.

10. Progress of ASTE Telescope

The ASTE telescope has been operated to promote full-
fledged submillimeter astronomical research in the southern
hemisphere and develop/verify observational equipment and
methods required for the submillimeter astronomy. Since
ALMA entered its operation phase in FY 2012, ASTE is used
mainly to provide observational evidence for strengthening
ALMA observation proposals and promote development for the
enhancement of ALMA'’s future performance.

Except for ALMA, there are only two large-scale
submillimeter telescopes in the world with a 10-meter-class
antenna that can observe the southern sky: one is ASTE and the
other is APEX operated by Europe. Therefore, having ASTE
operated by Japan will be a big advantage for strengthening
ALMA proposals and for implementing our strategies for further
extended capabilities with new observing instruments. For the
future, ASTE is also important since it provides opportunities
for nurturing young researchers who will play key roles in the
equipment development for the next generation. In the near
future, ASTE will be incorporated into the open-use program to
have organic collaboration with the Nobeyama 45-m Telescope.

The open-use program in FY 2016 provided spectroscopic
observations in 345 GHz and 460 GHz bands for a period of
three months. To render support for researchers contributing
to the observational performance enhancement of ASTE,
the Guaranteed Time Observation (GTO) scheme has been
offered since FY 2013, which allows them to exclusively make
proposals for the GTO slots. In addition to this, Joint slots
have been newly established to allow researchers to jointly
request observation time with ASTE and the Nobeyama 45-m
Telescope at the same time. A total of 14 proposals for open-
use observations and GTO slots were submitted (including 9 for
open-use, 4 for Joint slots, and one for GTO). These proposals
were reviewed by the Millimeter/submillimeter Program
Subcommittee and 11 proposals were adopted including 6
for open use, 4 for Joint slots, and one for GTO in the first
call. Open-use observations were carried out from the ASTE
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Mitaka operations room or from other universities and research
institutes from September 26 to December 8, 2016.



7. Center for Computational Astrophysics (CfCA)

1. Overview

The Center for Computational Astrophysics (CfCA)
has been operating a system of open-use computers for
simulations centered around a general-purpose supercomputer
and the special-purpose computers for gravitational many-
body problems, carrying out research and development of
computational astrophysics, and performing astronomical
research with simulations. The main supercomputer of the
present system, ATERUI (Cray XC30), has the theoretical
peak performance of 1 Pflops, which is the world’s fastest
supercomputer for astronomy. The center also continued
operation of other computers such as GRAPE-DR and GRAPE-9
that are dedicated for gravitational many-body problems, in
addition to general-purpose servers (PC clusters) for small-
scale calculations.. Efforts in visualizing astronomical data also
continue.

2. Open Use

(1) Computer Systems

This year marked the fourth year of the upgraded
astronomical simulation system, which includes the open-
use supercomputer Cray XC30. All the CPUs of the main
supercomputer which is installed and under operation at
Mizusawa VLBI Observatory had been upgraded last year,
and the supercomputer’s theoretical peak performance is now
as high as 1 Pflops. The users have been making academically
significant progress as before.

While XC30 is leased for five years from Cray Japan Inc.,
the center has built the following equipment to aid the open-
use computer operations: a series of dedicated computers for
gravitational N-body problems, known as GRAPEs; PC clusters
for small to medium-scale computation; large-scale file servers;
a group of servers for processing computational output data;
and networking instruments to encompass the overall computer
system. These components are central to numerical simulations
by researchers in Japan and overseas. In particular, the GRAPE
system is promoted for its effective open use. The center
undertook development, improvement, and maintenance for both
hardware and software for the system this year.

Computational resources are allocated to the XC30,
GRAPES, and smaller computational PC clusters in accordance
with a formal review process. The statistics of applications and
approvals for this year are listed below. Our center conducted
a survey this year on the number of peer-reviewed papers
published in English in FY 2015 on studies that involved the
project's open-use computers. It turned out that 112 refereed
papers (written in English) were published in this fiscal year.

The center uses Drupal, a content management system
introduced for data exchange with users of open-use computers.
The acceptance of various applications and the management of
the users’ personal information are all handled through Drupal.

The regular CfCA News is an additional channel of information
dissemination. The center leverages this newsletter to inform
people of all useful and necessary information regarding
the computer system. A subsidy system for publishing and
advertising is continuing this year for research papers whose
major results were obtained by using the center's computers.
Two papers were accepted in FY 2015 for payout in FY 2016,
while two papers were accepted in FY 2016 for payout in the
same year at approximately 90,000 JPY.

o Statistics on the Cray XC30

Operating hours

- Annual operating hours: 8550.7

- Annual core operating ratio: 89.84 %

Users

- Category S: 0 adopted in the first term, O in the second term;
total 0

- Category A: 12 adopted at the beginning of the year, 1 in the
second term; total 13

- Category B+: 8 adopted at the beginning of the year, 1 in the
second term; total 9

- Category B: 91 adopted at the beginning of the year, 10 in the
second term; total 101

- Category MD: 13 adopted at the beginning of the year, 4 in the
second term; total 17

- Category Trial: 34, year total

o Statistics on the GRAPE system

Users

- Category A: 2 adopted at the beginning of the year, 1 in the
second term; total 3

- Category B: 6 adopted at the beginning of the year, 0 in the
second term; total 6

- Category Trial: 1, year total

o Statistics on PC cluster
Operating hours

- Annual operating hours: 8597.4

- Annual job operating ratio: 72.9 %
Total users: 41, year total

(2) Tutorials and Users Meeting

The center organized various lectures and workshops
to provide the users of the open-use computer system with
educational and promotional opportunities, as well as to train
young researchers. The details are shown below. In addition,
the CfCA Users Meeting was held to serve as a forum for direct
information exchange. Many participated in the meeting, and
discussions were fruitful.

o Cray XC30 workshop for beginning users: August 29, 2016, 5
attendees
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o IDL visualization workshop: August 30, 2016, 6 attendees

0 Cray XC30 workshop for intermediate users: August 31, 2016,
7 attendees

0 Hydrodynamics simulation school: February 18-21, 2017, 40
attendees

0 N-body simulation Spring School: February 8-12, 2017, 12
attendees

o Users meeting: November 29-30, 2016, 67 attendees

3. PR Activities

In FY 2016, two press releases were issued from CfCA;
“Avoiding ‘Traffic Jam’ Creates Impossibly Bright ‘Lighthouse’”
(September 8, 2016, Tomohisa Kawashima and Ken Ohsuga,
CfCA/NAOQ)J), and “Mystery Solved Behind Birth of Saturn’s
Rings” (October 31, 2016, Ryuki Hyodo, Kobe University).
A Twitter account @CfCA_NAOJ and YouTube channel have
been operated to provide the information on CfCA.

CfCA took part in the special open house of Mizusawa
Campus, Iwate Galaxy Festival 2015, held on August 20, 2016.
About 150 visitors attended the ATERUI guided tours and
experienced a close-up observation of the facility. In addition
CfCA assistant professor Ken Osuga gave one of the special
lectures, presenting the latest results of black hole research
using ATERUI. At the Mitaka open house held on October 22,
2016, CfCA made the computer room accessible to the public
and introduced simulation astronomy with GRAPE and the PC
cluster. At this open house, the image panels which cover the
ATERUI body were displayed to introduce ATERUI to those
visiting Mitaka. In addition to the open house, CfCA accepted
a group of high school students to tour the computer room in
the Mitaka Campus. Moreover, in the NINS exhibition room
in Nobeyama Campus, CfCA displayed GRAPE boards and
posters to introduce research results from simulation astronomy
calculated by the CfCA system.

4.4D2U Project

In FY 2016, the 4D2U project continued to develop
and provide the movie contents and software. Simulation
movies titled “Dynamics of Saturn's Ring (II. Propeller
Structure),” “Giant Impact of Protoplanets,” and “Formation
of Planetesimals” were released on the 4D2U website in July
2016. Two of these movies, "Giant Impact of Protoplanets"
and “Formation of Planetesimals”, as well as “Formation and
Evolution of Dark Matter Halos (II. Formation of the Large-
Scale Structure of the Universe) ver. 2” were published on the
4D2U YouTube channel with a format for VR on smartphones.

The updated version of the four-dimensional digital universe
viewer, “Mitaka,” was released in July 2016 (ver.1.3.2). This
version of Mitaka included new functions, e.g. displaying probes
like Juno and Kepler; and the topographic and toponomastic
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data of Mercury. Moreover, four languages (Italian, Indonesian,
Portuguese, and Thai) were added. In February, 2017, the 4D2U
project put out a news release “Mitaka for VR” designed to
operate with VR headsets, like Oculus Rift CV1 and HTC Vive.
Mitaka for VR enabled us to enjoy the all-around view of the
virtual universe while walking through the virtual universe
freely and looking around celestial objects and space probes.

In FY 2016, demonstrations of Mitaka VR were given
during the open campus days of Mizusawa, Nobeyama, and
Mitaka; and the Inter-University Research Institute Corporation
Symposium. Many people were able to enjoy Mitaka outside of
the 4D2U Dome Theater.

4D2U contents were provided both domestically and
internationally for TV programs, planetarium programs, lecture
presentations, books, and so on. In FY 2016, all of the 4D2U
contents were provided to the 3D planetarium of Kurobe
Yoshida Science Museum in Toyama prefecture, which was
upgraded to stereoscopic projection in April 2016. In addition,
the 4D2U Theater of the NINS exhibition room in Nobeyama
Campus installed all of the 4D2U contents.

A Twitter account @4d2u and YouTube Channel have been
operated to provide the information on 4D2U.

5. External Activities

(1) Joint Institute for Computational Fundamental Science

The Joint Institute for Computational Fundamental
Science (JICFuS) is an inter-organizational institute
established in February 2009 as a collaboration base between
three organizations including the Center for Computational
Sciences (CCS) of the University of Tsukuba; the High Energy
Accelerator Research Organization, known as KEK; and NAOJ
to provide active support for computational scientific research
(it has now expanded to include eight institutes). CfCA forms
the core of NAOJ’s contribution to JICFuS. In particular,
the institute engages primarily in computer-aided theoretical
research into the fundamental physics in elementary particle
physics, nuclear physics, and astrophysics. The scientific
goal of the institute is to promote fundamental research based
on computational science by encouraging interdisciplinary
research between elementary particle physics and astrophysics.
In addition to its ability as a single organization, a major
feature of the institute is the cooperation of their community to
provide considerate and rigorous support to present and future
researchers. Another important mission of the institute is to
provide researchers around Japan with advice regarding efficient
supercomputer use and the development of novel algorithms
for high-performance computing to meet research goals from
the perspective of computer specialists. In addition, JICFuS
was chosen as the organization responsible for ‘Research and
Development, Application Development of scientific/social
issues that require particular attention by the use of the Post
K-computer’ in FY 2014. The program started last year.

In order to implement research plans, Hiroyuki Takahashi
was engaged as a project assistant professor. Takahashi
performed general relativistic radiation magnetohydrodynamics



(MHD) simulations of accretion disks and jets around black
holes/neutron stars. The simulation revealed that supercritical
accretion is possible onto not just black holes, but neutron stars
as well. In the case of a strongly magnetized neutron star, a
magnetosphere forms around the neutrons star. Then, the gas
of the disk finally falls onto the magnetic poles and strong jets
appear around the rotation axis.

Representing CfCA, Professor Kohji Tomisaka and Assistant
Professors Ken Ohsuga of NAOJ participate in bimonthly
JICFuS steering committee meetings to engage in deliberations
on spurring computational science-based developments in
astrophysics research through discussions with other committee
members who specialize in nuclear and elementary particle
physics.

(2) HPCI Consortium

As a participant in the government-led High-Performance
Computing Infrastructure (HPCI) project since its planning
stage in FY 2010, the center has engaged in the promotion of the
HPC research field in Japan, centering on the use of the national
“K” supercomputer and the “Post-K” plan. Note that although
the center is involved with the JICFuS-led HPCI Strategic
Program Field 5 as well as Priority Issue 9 to be tackled using
the Post-K Computer as mentioned in (1), the activity in the
HPCI consortium is basically independent from them. The HPCI
consortium is an incorporated association established in April
2012, and the center is currently an associate member that is able
to express views, obtain information, and observe overall trends
in the planning, although we are devoid of voting rights as well
as the obligation to pay membership fees. Continuing from last
year, a number of conferences and WGs have been held where
participants discuss a next-generation national supercomputing
framework to follow the “K”. The Post-K project has already
started with some budget from the Ministry of Education,
Culture, Sports, Science, and Technology (MEXT). The primary
institutes and groups responsible for its development have
been established. Now the detailed discussions as to how we
fully exploit the resources of the post-K system have begun in
relevant communities and organizations. The post-K generation
equipment is scheduled to commence operation in FY 2019 or
later. In principle, therefore, it is possible for the NAOJ to play a
central role in the post-K generation HPCI through participation
in this discourse.

6. Contract Staff Transfers

The following staff members were hired on a contract basis in
this FY:

(Research experts) n/a

(Postdoctoral fellows) Yukari Ohtani

(Research associates) Tomohisa Kawashima, Tetsuo Taki, Yuki
Tanaka, Satoki Hasegawa

The following contract staff members departed in this FY:
(Research experts) Shoichi Oshino
(Postdoctoral fellows) n/a

(Research associates) Tomohisa Kawashima
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8. Hinode Science Center

The scientific satellite Hinode is an artificial satellite that was
launched on September 23, 2006, by the ISAS division of JAXA,
as Japan’s third solar observational satellite following Hinotori
(1981) and Yohkoh (1991). NAOJ implemented this satellite
project under a joint research agreement with ISAS/JAXA. A
major theme of the scientific goals of the Hinode mission is to
shed light on the coronal heating mechanism through a more
multifaceted understanding of magnetohydrodynamic (MHD)
phenomena occurring in the solar atmosphere. The satellite has
actually made a lot of discoveries related to these subjects.

Hinode is equipped with three telescopes including the
solar optical telescope (SOT), the X-ray telescope (XRT), and
the extreme ultraviolet (EUV) imaging spectrometer (EIS). It
engages in simultaneous observations of the detailed magnetic
fields and velocity fields on the surface of the photosphere and
the brightness and velocity fields from the chromosphere to the
corona. The onboard telescopes were developed as part of a
wide-ranging international collaboration with assistance from
ISAS/JAXA. SOT was developed mainly by NAOJ, and the
focal plane package (FPP) was developed by the US National
Aeronautics and Space Administration (NASA) and Lockheed
Martin.

With regard to the XRT, NASA and the Smithsonian
Astrophysical Observatory (SAO) are responsible for the
optics system and frame, and Japan (ISAS/JAXA, NAOJ)
is responsible for the focal plane camera. EIS is the result
of an even broader international cooperation. The structure
and electrical system were developed by the UK Science and
Technology Facilities Council (STFC) and University College
London; the optics system was developed by NASA and the
Naval Research Laboratory (NRL); and the University of Oslo
in Norway assisted with the terrestrial testing equipment and
the Quick Look system. NAOJ actively participated in the
development of the EIS/satellite interface, satellite integration
testing, and launch experiments. After a successful launch,
NAOJ has continued its active involvement by acting as the
main institution for collecting and analyzing data acquired by
the satellite.

The Hinode Science Working Group (SWQG), composed
of representatives from the international team, offers support
in scientific operation and data analysis. Together with two
members from the European Space Agency (ESA), the WG has
a total of 15 members, including two from the Hinode Science
Center (HSC): Suematsu, SOT; and Watanabe, EIS. Science
Schedule Coordinators have been organized to leverage the
open-use observation system. Many of the Japanese coordinators
are NAOJ staff members, including Watanabe (Co-chairman/
EIS) and Sekii (SOT).

FY 2016 marks the tenth year since the satellite's launch.
The mission extension has been approved in JAXA for four
more years until FY 2021. The NASA Senior Review is
expected to be held in July 2017 to approve the request of the
NASA mission extension for three more years. The ESA Science
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Program Committee also approved support at the current level
of funding until the end of FY 2018, possibly to be extended to
the end of FY 2020. The funding from STFC will be requested
in FY 2017 for an extension of two more years.

1. The Hinode Satellite: Onboard Telescopes
and Scientific Operation

The SOT is a telescope used for obtaining photospheric
magnetic field vectors via polarimetric observations of
absorption lines. It has the capacity for continuous observation
at the diffraction limit with a spatial resolution of 0.2—0.3 arcsec
and an effective aperture of 50 cm without atmospheric seeing.
The focal plane package consists of three types of optics systems
and imaging functions for maintaining the desired performance
level. Operational modifications have enabled long-term
maintenance of a sound field of view even in the narrow band
filter imager system, in which image degradation was initially
detected in part of the field of view. The power supply for the
filtergraph (FG) camera failed on February 25, 2016. The FG
system has been powered off, and ceased operation since then.
The cause of the trouble was identified as a short circuit in the
FG power supply.

The XRT has the capacity of capturing the solar coronal
plasma via soft X-rays. The telescope has inherited the grazing
incidence optics system and has improved in spatial resolution.
Its wavelength characteristics have been improved to allow
for observation of the solar coronal plasma over a broader
temperature range. Resolution is close to 1 arcsec. Calibration is
now possible for temporal variations in spectral characteristics
due to surface contamination on the detector, and the telescope
is available for analysis via its spectral characteristics.

The EIS obtains temperatures, densities, and velocities
of the chromosphere, transition region, and coronal plasma
thorough the spectroscopic observation of EUV emission lines.
The instrument allows for spectroscopy and imaging at multiple
wavelengths via the operation of slits and slots. Its purpose is
to investigate the manner in which energy is conveyed from its
generation in the photosphere until its dissipation in the corona
by observing from the chromosphere (located between the
photosphere and the corona) through the transition region to the
corona.

A mission data processor (MDP) was installed to manage
observations and to acquire data via the three telescopes.
Coordinated observations using the three telescopes, in which
the MDP plays a crucial oversight role, are vital to achieve the
scientific goals of the Hinode satellite. Particularly for the XRT,
functions such as the exposure time adjustment, the region
of interest (ROI) selection, and the flare detection logic are
handled by the MDP, which requires close coordination with the
telescopes.

Data from the Hinode satellite is primarily downlinked at
the Kagoshima station (USC) and at Norway’s Svalsat station



through collaboration with ESA, allowing for data acquisition
for every orbit. Scientific operation was again performed in FY
2016 via S-band data reception. The S-band reception frequency
was increased with help from ESA and NASA, allowing for
continuation of regular, stable scientific operation.

Obtained data is collected at ISAS/JAXA, converted into the
FITS format, and provided to researchers around the world in
the form of Level-0 data, which is close to raw data. HSC staff
members and students took part in satellite operation for a total
of 218 days in FY 2016, 76 days of which were for contracted
work. Moreover, the contribution rates to the scientific operation
of the HSC were 27.1% (domestic) and 17.1% (overall).
Instantaneous publication of all data acquired by Hinode began
on May 27, 2007, with stable continuation, implemented by
HSC.

Calls for Hinode Operation Plans (HOP), which encourage
proposals for open-use observations together with other
satellites and terrestrial observational equipment, promote
joint observations among solar researchers worldwide. As of
March 2017, a total of 337 applications have been accepted.
In particular, core HOP proposals made by members of the
scientific instrument team became refined over multiple
implementations. Through systematic observations they have
produced results which increase in significance as the solar cycle
progresses. And new HOPs were added aiming for collaborative
observations with the ALMA cycle-4 solar campaign.

2. Hinode Satellite Data Analysis

NAOJ HSC aims to construct an analytical environment and
database for scientific analysis of data from the Hinode satellite
in a central organization, allowing it to function as a research
center. The goals are to maximize the scientific outputs gained
from the Hinode satellite by offering researchers in Japan and
other countries a data analysis environment; and to promote
rigorous collaborative research between researchers in Japan
and abroad by facilitating access to Hinode observational data
through distribution of the analyzed data and construction of a
data search system.

As part of its educational and public outreach (E/PO)
activities, HSC also uses the latest observational data to raise
public awareness of the relationship between solar research
and everyday life so that the importance of solar research is
appreciated. The Center has offered press releases, web releases,
and media appearances; responded to interview requests from
television programs and journals; and provided materials for
publicizing scientific results.

In FY 2015, HSC staff members and students published 10
peer-reviewed papers related to Hinode, bringing the total to 260
papers by the end of March 2017. Cumulatively, a total of 942
peer-reviewed papers have been published on Hinode-related
topics in the six major journals (ApJ, AAP, SP, PASJ, Nature,
and Science). Intensified collaborative research with newly
launched missions (SDO and IRIS) and advanced ground-based
facilities (ALMA) will further enhance the number of research
papers for pursuing the essence of solar activity.

3. Other Activities

In FY 2016, one postdoctoral fellow was engaged as a
member of HSC.

The Hinode Science meetings for Japanese and international
researchers have been held regularly to advance research in
fields related to solar physics thorough use of the Hinode
satellite. We have taken turns at organizing the meetings, and the
tenth Hinode Science meeting took place during September 5 —
9, 2016, at Nagoya University, Nagoya (Japan). The number of
participants amounted to 153 from 14 overseas countries, and a
total of 161 papers were presented at the meeting.

To celebrate the tenth anniversary of the launch of the
Hinode mission, we have:

1. produced a movie (https://www.youtube.com/embed/
dqolqXiz1Dk).

2. renewed the web pages of the project (http://hinode.nao.
ac.jp/).

3. held a public lecture on September 10, 2016 at Nagoya

University.

4. published a special issue of the Astronomical Herald (vol 109,
August-October edition).

5. published a special issue of NAOJ News (No. 282, 2017
January issue).

6. produced a poster as an insert in the above NAOJ News.

In addition to the aforementioned activities, HSC research
and educational staff members have presented scientific
observation results at numerous symposia on solar-related
subjects either by invitation or by active participation. HSC has
also invited international researchers to engage in collaborative
research. The following researchers have visited the Center from
overseas on a long-term stay of at least one month:

Name Organization (Country)

Universiteit Utrecht

Rutten, Robert J. (The Netherlands)

Table 1. Long-term Visitors.
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9. Gravitational Wave Project Office

2016 has been marked by the announcement of the first
two detections of gravitational waves from the coalescence and
merger of black holes binaries and by the operation iKAGRA,
the first 3-km long laser interferometer located underground at
Kamioka. These first detections demonstrate that KAGRA will
be able to detect the coalescence of binary black holes as soon
as its sensitivity reaches the order of 1 Gpc distance for stellar
mass binary black holes. The Gravitational Wave Project Office
(GWPO) of NAOIJ has pursued the construction of KAGRA at
Kamioka. In particular the office was one of the leading groups
in the operation of iKAGRA. The group has now entered an
intense phase of work on site to install the vibration isolation
system, one of the largest detector subsystems. To this end more
than ten NAOJ staff members are working at Kamioka on a
regular basis.

1. Development of KAGRA

KAGRA is an interferometric gravitational wave detector
being constructed at an underground site in Kamioka, Gifu
prefecture. In addition to the quiet underground environment,
the use of cryogenic mirrors to reduce the thermal noise makes
KAGRA a unique instrument among other large gravitational
wave detectors.

KAGRA’s construction is planned to proceed in several
stages. Initial KAGRA (iIKAGRA) was the first step of the
phased development of the KAGRA detector, in which a room-

©NAO)

Figure 1: Sketch of gravitational wave space-time ripples impinging
upon the KAGRA detector.
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temperature Michelson interferometer was constructed. In
March 2016, iKAGRA detector installation was completed
and we successfully operated the first km-scale underground
interferometer ever built on the Earth. The test operation of
the iIKAGRA interferometer started on March 25, 2016 and
continued until April 25 with a short commissioning break in
the middle. This operation gave us an opportunity to check
the validity of the KAGRA facility as well as accumulate a lot
of experience in installing and commissioning a large-scale
precision instrument underground. The next step of the KAGRA
development is called bKAGRA phase 1, in which we will build
a cryogenic Michelson interferometer. The efforts of the NAOJ
GWPO are now focused on the realization of bKAGRA phase 1.

The NAOJ GWPO is contributing to the project in several
aspects. The largest responsibilities are development and
installation of ultra-high performance vibration isolation systems
for the interferometer mirrors. Other technical contributions
include the auxiliary optics, mirror characterization facility, and
the design of the optical configuration and the control strategy
for the main interferometer. NAOJ is also contributing to the
project management through the activities of the executive
office, the systems engineering office, the committee for
publication control, the publication relation committee, the
safety committee, and the KAGRA Scientific Congress (KSC)
board.

(1) Vibration Isolation Systems

The vibration isolation system (VIS) is composed of the
suspensions required to isolate all the interferometer mirrors and
some other optical components from ground vibrations. Four
different types of suspensions, having different complexities to
meet the varied isolation requirements of different components,
have been developed at NAOJ for this purpose. We are now
installing mirror suspensions necessary for bKAGRA phase
1, including two 14-meter-long suspensions for cryogenic
mirrors, five large room-temperature suspensions, and two small
suspensions. Preparation of those suspensions progressed well
in FY 2016. In the latter half of the fiscal year, we started the
installation of some of the suspensions. Currently more than 10
members of the GWPO are regularly working in Kamioka for
the installation works of the VIS.

(2) Auxiliary Optics

The Auxiliary Optics (AOS) subsystem is responsible for
providing optical components for stray light control, optical
angular sensors, beam reducing telescopes (BRTs), beam
monitoring cameras and optical windows. Highlights of the
activities in FY 2016 are relevant to the BRT and some of the
large optical baffles. Prototyping of the BRT as well as the
design of the vibration isolation stage for the BRT were mostly
finished by ATC. Two optical baffles with diameters of 1 m were
installed into KAGRA. Design of the wide-angle baffles was
mostly completed in collaboration with ATC and KEK. Two



papers were published on the optical baffles, and one of them
was nominated as a monthly highlighted paper by the Optical
Society of America (OSA).

(3) Mirror Characterization

We are also developing a system to accurately measure the
optical absorption of mirrors, which is a critical characteristic
for the cryogenic mirrors of KAGRA. The system was originally
capable of measuring samples of up to 2-inch diameter. We
are now upgrading the system to be able to produce scanned
absorption maps of KAGRA sized (22 cm diameter) mirrors.
We made calibration checks on sapphire bulk absorption using
different measurement methods in collaboration with LMA
(Laboratoire des Matériaux Avancés) in Lyon.

2. R&D

(1) R&D for upgrades of KAGRA

While building bKAGRA, the GWPO pursues research
and development to investigate and prepare future upgrades
of KAGRA. In this context the TAMA infrastructure is being
used to develop frequency dependent squeezing, one of the
most promising solutions to improve the sensitivity of detectors
like KAGRA that are limited by quantum noise. To this
purpose a 300-meter-long high-finesse cavity and a squeezed
vacuum source are being built. Thanks to this experiment we
established collaborations and received students from abroad.
The absorption measurement bench developed to characterize
the KAGRA mirror is also used to study the performances
of crystalline coatings, a possible solution to reduce coating
thermal noise. Thermal noise investigation is also the objective
of another experiment now starting at ATC and aiming at
the direct measurement of mirror thermal noise at cryogenic
temperatures. Finally, crackling noise is being investigated in
collaboration with ICRR.

(2) DECIGO

In this fiscal year, the DECIGO working group compiled
the Pre-DECIGO project; its scientific objectives and targets
along with the conceptual design of the satellite were published
in a summary paper. After that, Pre-DECIGO was renamed
“B-DECIGO” for some reasons including an attempt to show it
will have sufficient sensitivity to detect gravitational waves with
a meaningful event rate (and so not just a simple precursor of
DECIGO). Taking advantage of outcomes from LISA Pathfinder,
the working group started to define several subprojects (or
experiments) to show/enhance technical feasibility of a
B-DECIGO satellite; in the near future, the working group will
propose B-DECIGO to JAXA by summarizing those efforts.

3. Education

In FY 2016 the office included two PhD students and two
master students among its members. In addition we received
two undergraduate students under the SOKENDAI summer
students program and we hosted three graduate students from the

University of Tokyo/ICRR. We also received a master student
from Beijing Normal University for six months and we had three
visits by a Ph.D. student from CNRS/APC for a total duration of
three months. Finally, two of the GWPO members taught at the
Department of Astronomy of the University of Tokyo, at Hosei
University, and at the Osaka City University.

4. Outreach

Since the first detection of the gravitational waves, the public
interest in GW has increased significantly. In order to better
share and promote our activities to the public, we have opened
a completely renewed website for our group with a modern
design. We also updated the leaflet of GWPO with professional
graphics and design.

We organized a Workshop for Popularizing Cutting-
Edge Astronomy in Toyama and Kamioka to provide the latest
developments in astronomy with emphasis on the GW to high
school teachers, curators of scientific museums, and so on. In
addition to this workshop, the members of the GWPO gave more
than 10 public lectures and talks about the GW astronomy and
wrote 3 articles for popular magazines as well as 1 web article
about the first detection of the GW in the FY 2016.

The TAMA and KAGRA sites continued to get attention
from various people. We accepted more than 200 visitors
for TAMA (excluding the open-day visitors) and the GWPO
members took care of more than 150 visitors to KAGRA.
Among them are journalists from National Geographic
Magazine, NHK, and so on.

5. International Collaboration and Visitors

The GWPO is a member of the KAGRA collaboration,
a scientific collaboration which includes also members from
abroad. Apart from KAGRA, the GWPO has a collaboration
with CNRS, Beijing Normal University (BNU), the University
of Hamburg, and University of Trento in the context of R&D
for future upgrades to KAGRA. In this framework we received
the visits of Prof. Zhu from BNU, Dr. Leonardi from Trento,
and Dr. Tacca from CNRS. We also had several exchanges with
the Virgo collaboration with which one of the office members
is affiliated. We received short visits from Dr. Vocca and Dr.
Travasso (University of Perugia) and from Dr. Arai (Caltech). As
usual we received several visitors at TAMA including the MEXT
financial Director, a delegation from the ministry of Economy
and the ministry of Education, the association of students in
Mathematics and/or Physics and Astronomy at the University of
Amsterdam, and the Japan Scientific Instruments Association.

6. Publications, Presentations, and Workshop
Organization

The members of the office have authored 32 peer reviewed
publications including the paper reporting about “GW151226:
Observation of Gravitational Waves from a 22-Solar-Mass
Binary Black Hole Coalescence” which received a lot of interest
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in the scientific community and a paper about “Vacuum and
cryogenic compatible black surface for large optical baffles in
advanced gravitational-wave telescopes” which was highlighted
by OSA. Moreover 16 presentations were given by the office
members at international conferences.

7. Acquisition of external funds

GWPO did not receive external funds apart from those
related to 6 grants allocated by JSPS.

8. Staff

One assistant professor moved to another group of NAOJ
and a new position was opened in the GWPO. One JSPS postdoc
moved to a specially appointed assistant professor position and a
specially appointed specialist was hired. Overall in FY 2016 the
project included 1 professor, 1 associate professor, 8 research
staff, 5 engineers, 3 administrative staff, and 4 graduate students.
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10. TMT-J Project Office

The TMT Project is a project to build an extremely large
30-meter telescope under the collaboration of five partner
countries including Japan, the United States of America, Canada,
China, and India. Heading the project for NAOJ is the TMT-J
Project Office. In 2014, an agreement was executed between
the participating organizations, TMT International Observatory
was founded to assume the construction and operation of
the observatory, and construction was commenced. Japan is
responsible for the fabrication of the telescope primary mirror;
the design and fabrication of the telescope structure as well as
performing its onsite installation and adjustment; and the design
and production of science instruments.

Maunakea on Hawai'i is the planned construction site
for TMT. The approval process for the use of the land in the
Maunakea Conservation District for TMT has proceeded.
In Fiscal Year 2016, with onsite construction scheduled to
commence in April 2018, Japan proceeded with the mass
production of the telescope primary mirror segments,
detailed design of the telescope structure, and the design and
development of the science instruments.

By the end of the fiscal year, 3 Professors, 4 Associate
Professors, 1 Chief Research Engineer, 1 Specially Appointed
Associate Professor, 1 Assistant Professor, 3 Specially Appointed
Senior Specialists, 1 Research Administrator Staff, 1 Special
Senior Specialist, 1 Research Expert, 1 Research Supporter,
3 Specially Appointed Research Staff, 2 Administrative
Supporters, and 1 RCUH Staff held full-time positions. In
addition, 1 Professor, 5 Associate Professors, 2 Assistant
Professors, and 1 Research Engineer primarily assigned to the
Advanced Technology Center, Subaru Telescope, and the RISE
Project have concurrent positions in the TMT-J Project Office
and take part in activities that include the development of TMT
science instruments at the Advanced Technology Center.

1. TMT Project Progress and Status of the
Hawai'i Construction Site

The construction of TMT is spearheaded by participating
countries and organizations under the TMT International
Observatory established in 2014. The current officially
participating countries and organizations are the National
Institute of Natural Sciences (Japan), National Astronomical
Observatories of Chinese Academy of Sciences, University
of California, California Institute of Technology, Department
of Science and Technology of India, and National Research
Council of Canada. The Association of Universities for Research
in Astronomy (AURA, USA), participating as an Associate
Member, is currently taking steps for the U.S. to eventually
become an official participant. TMT International Observatory,
operated according to deliberations and decisions made in
quarterly Board meetings of the TMT Board of Governors, is
overseeing the construction work performed in each country as
well as developing the onsite infrastructure. The board meetings

m

Figure 1: Conceptual image of a constructed TMT.

are attended by 3 representatives from Japan.

In December 2015, as the protest movement at Maunakea
continued to gain momentum, the supreme court of Hawai'i
ruled the permit approval process for the use of the land
in the Maunakea Conservation District, the site of planned
construction, to be flawed and consequently invalidated the
permit, although full-fledged construction at the summit of
Maunakea was expected to have commenced by April 2015. As
a result of the judgment, a review process for permit approval
was reopened by the State of Hawai'i in February 2016. After a
period of preparation that included the appointment of a hearing
officer and approval of interested parties, hearings, which are
a particularly important step in the review process, were held
a total of 44 times between October 2016 and March 2017. At
the conclusion of the hearings, a judgment regarding permit
approval is submitted by the hearing officer to the Hawai'i
Board of Land and Natural Resources where the final judgment
is expected to be made. The TMT-J Project Office, with efforts
that included actual attendance at the hearing, collected detailed
information about the approval process and the hearing in order
to prepare for conferences concerning the TMT International
Observatory. The year 2016 also brought a surge in support for
TMT construction in Hawai'i. The TMT-J Project Office put in
its own effort as well to garner more understanding by holding
dialogues with local stakeholders.

In parallel with this process, the TMT International
Observatory initiated a selection process for a backup
construction site in case construction at Maunakea becomes
impossible. Candidate sites included Spain, Mexico, China,
India, and 2 locations in Chile for a total of 6 locations. The
criteria for consideration included favorable conditions for
science observation, as well as the availability of the site for
construction to commence by April 2018. Based on these
criteria, TMT International Observatory selected La Palma in the
Canary Islands as the backup construction site. Japan, as part of
this process, held meetings in 5 locations (Sendai, Tokyo, Kyoto,
Hiroshima, and Hilo) to explain the current situation in Hawai'i
and to evaluate the alternate candidate construction sites. At
the GOPIRA (Group of Optical and Infrared Astronomers)
Symposium, the issue was deliberated and votes were cast by
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affiliated researchers for the selection of a backup site. Based on
the result of this process, Japan came to agree with the selection
of La Palma as the backup construction site.

2. Japan’s Progress on Its Work Share — the
Telescope Structure, the Primary Mirror, and
Science Instruments

For the construction of TMT, Japan is leading the design/
fabrication of the telescope structure and a portion of the
fabrication of the primary mirror and science instruments. In
Fiscal Year 2016, the following progress was made.

(1) Fabrication of the mirror segments of the primary mirror

The TMT primary mirror is comprised of 492 mirror
segments. With replacements included, a total of 574 mirror
segments must be fabricated. The processes required in the
fabrication of mirror segments are: fabrication of the mirror
blanks, spherical grinding of the front and back surfaces,
aspherical grinding and polishing of the front surface,
machining, and mounting of the mirror segments onto a
support assembly. These processes are followed by final surface
finish completed in the U.S. and coating with reflective metal
performed onsite before the mirror segments are finally installed
on the telescope.

Of these processes, the plan calls for Japan to fabricate
the mirror blanks and to perform spherical grinding on all 574
segment mirrors. In Fiscal Year 2016, 49 mirror blanks were
fabricated and spherical grinding was completed on 60 mirror
blanks. With the share of work for the processes beginning
from aspherical grinding/polishing and ending with mounting
the mirror segment on a support assembly distributed among 4
countries, the plan calls for Japan to be leading this work for 175
of the mirror segments. In Fiscal Year 2016, ashperical grinding
was performed on 8 mirror segments and 5 were ashperically
polished. In addition, with the U.S. scheduled to begin their
share of work to make the mirror segments aspherical, shipment
of spherical mirror blanks to the U.S. was commenced.

Courtesy CANON Inc.

Figure 2: Mirror segment blanks which have started to be shipped
overseas (Courtesy of Canon Inc.)
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(2) Design of the telescope structure and its control system

Japan is leading the design and production of the telescope
structure which functions as the mount for the science
instruments and optics systems, including the primary mirror,
and points them in the direction of a target astronomical object.
Work on the detailed design of the telescope structure was
initiated in Fiscal Year 2014 using the baseline design received
in Fiscal Year 2013. In continuation of the 3 international
reviews conducted by Fiscal Year 2015, an international review
was conducted for the Segment Handling System, Aerial Service
Platform, and Elevator in Fiscal Year 2016. With the completion
of these reviews, the detailed design of the telescope structure
was completed.

(3) Science instruments

As part of the international collaboration, Japan is leading
the fabricating for a portion of 2 out of the 3 first-light science
instruments.

The Infrared Imaging Spectrometer (IRIS), for which Japan
is assigned the task of creating its imaging components, is
currently in the preliminary design phase. In Fiscal Year 2016,
the first preliminary design review was conducted for IRIS with
the focus primarily on its optics and mechanics. Preparation
work was performed to be ready for the final review of the
preliminary design, scheduled for the next fiscal year, which will
cover electronics, software, schedule, budget requirement, and
issues indicated in the first review that require further study.

For the Wide Field Optical Spectrometer (WFOS), its
conceptual study is underway with Japan expected to take the
lead on its camera system. In Fiscal Year 2016, design work for
the optics of the camera system was performed, and material
quality and polishing were studied for the optical elements
considered for selection.

3. Evaluation of Scientific Research by TMT
and Public Relations Activities

In 2016, the TMT Science Forum, held once a year since
2013, was convened in Japan. This forum is a gathering to
discuss topics such as scientific research, science instrument
development, and the operation plan for the TMT. For the last
3 years, the forum was held in the U.S. with an important goal
of developing a cooperative relationship with U.S. scientists for
the TMT Project with funding from the U.S. National Science
Foundation. This was the first time the TMT Forum was held
outside of the U.S. It was held in Kyoto from May 24 to 26 and
was attended by 140 participants who actively deliberated on
topics including 2nd generation science instruments.

The study of scientific research for TMT was facilitated
with the Science Advisory Committee of TMT International
Observatory leading the way. Japan also made important
contributions through its continued participation in the
International Science Development Teams (ISDTs) established
in 2013.

In Japan, continued effort has been made for the project
to better reflect the opinions of the science community



communicated through forums such as the TMT-J Science
Advisory Committee. In Fiscal Year 2016, the effect of moving
the construction site elsewhere, particularly on scientific
research and observatory operation, was evaluated through the
aforementioned backup construction site candidate selection
process. Also, with the continuation of the strategic fundamental
research fund for the purpose of fundamental technology
research for the development and design of 2nd generation
science instruments, support funding for development was made
available and provided to 6 universities and other institutions
that applied to the public offering for the funding support.

Information on the TMT Project is provided in the TMT-J
Project Office website, including updates particularly regarding
the situation at the Maunakea construction site and the work
share progress made by Japan. Additionally, TMT Newsletters
No.46 through 50 were delivered. Efforts were made in public
relation through lectures held in various areas throughout Japan
and exhibits at the National Institutes of Natural Sciences
Symposium and Inter-University Research Institute Symposium.
Approximately 50 lectures and requested classes were held for
the public.

Contributions were also made by making available an on-
demand lecturer for the science/technology education and public
outreach event “Journey through the Universe” (March 2016)
held in Hawai'i where TMT is to be constructed.

TMT also assembled an international team that includes
Japan to study topics such as education and personnel training,
and as part of this project. In December, an international
workshop was held in Hilo, Hawai'i catering to the young
researchers and engineers that will lead the next generation.
40 graduate students and young researchers, that include 6
participants from Japan, learned about a wide range of topics
that encompassed not only scientific research and development,
but also international cooperation with people of different
cultural backgrounds and management and operation of large
scale projects.

Donations to the TMT Project have been raised continually;
2 corporations and 302 individuals provided donations in 2016

(from January to December).

. s {‘&_ =
Figure 3: TMT Science Forum in Kyoto.
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11. JASMINE Project Office

1. Planning and Development of the JASMINE
(Japan Astrometry Satellite Mission for
Infrared Exploration) Project

(1) Overview

The JASMINE mission seeks to survey virtually the entire
20° x 10° Galactic Bulge around the center of the Galaxy and
to perform infrared (Kw-band: 1.5-2.5um) measurements of
the annual parallaxes, proper motions, and celestial coordinates
of the stars at a high precision of 1/100,000 arcsecond (10 uas)
in order to determine with high reliability the distances and
transverse velocities of stars within approximately 10 kpc
of the Earth in the surveyed direction. Nearly 1 million stars
can be measured with a high precision in the Galactic Bulge
with a relative error for annual parallaxes less than 10 %. This
is necessary for accurate distance determination. By using
observational data to construct a phase space distribution of
gravitational matter, astrometric surveys of the bulge of the
Milky Way promise to make major scientific breakthroughs in
our understanding of the structure of galactic bulges and the
causes of their formation; the history of star formation within
bulges; and the co-evolution of bulges and supermassive
black holes, which is closely related to the aforementioned
phenomena.

Prior to commencement of the JASMINE mid-sized scientific
satellite project, an ultra-small size project and a small size
project were implemented to progressively build up scientific
results and to accumulate the necessary technical knowledge and
expertise. The Nano-JASMINE micro-satellite project, with a
primary mirror aperture of 5cm is currently underway. It aims
to test part of the technologies to be used in JASMINE and to
produce scientific results based on the astrometric information
for bright objects in nearby space. Despite its small aperture,
the satellite is capable of observational precision comparable to
the Hipparcos satellite. The combination of observational data
from Nano-JASMINE and the Hipparcos Catalogue is expected
to produce more precise data on proper motions and annual
parallaxes. The satellite is scheduled for launch in the near
future. An additional plan is underway to launch a small-scale
JASMINE satellite (Small-JASMINE), with a primary mirror
aperture of about 30 cm, in FY 2022. This satellite will engage
in observations of a limited area around the nuclear bulge and
certain specific astronomical objects. This small-sized version
has the goal of obtaining advanced scientific results at an early
stage. The mid-sized JASMINE satellite, with a main aperture
of approximately 80 cm, is designed for surveying the entire
bulge and is targeted for launch in the 2030’s. Internationally,
Japan shares responsibilities with ESA. With the Gaia Project,
ESA performs visible-light observation of the entire sky at a
precision of 10 uas, while Japan engages in infrared observation
of the bulge, which is a method suitable for observations in the
direction of the Galactic Center.
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(2) Major Progress in FY 2016

1) Organization of the Office

The JASMINE Project Office is composed of five full-time
staff members, six staff members with concurrent posts, one
research associate, one technical associate, and three graduate
students. Significant contributions were made by members
of the following organizations: Kyoto University’s Graduate
School of Science; ISAS at JAXA; the University of Tokyo’s
School of Engineering; Tokyo University of Marine Science
and Technology; the University of Tsukuba; and the Institute of
Statistical Mathematics.

2) Progress of the Nano-JASMINE Project

The project will engage in spaceborne observations using
an ultra-small satellite to accomplish the following objectives:
to make Japan’s first foray into space astrometry; to accumulate
the technical experience in onboard data acquisition, and the
like, necessary for the upcoming JASMINE project; to achieve
scientific results in the study of dynamical structures in the
vicinity of the Solar System; and to analyze star formation based
on stellar motions in star formation regions.

The satellite was scheduled to be launched from a Brazilian
launch site operated by Alcantara Cyclone Space using a
Cyclone-4 rocket built by Yuzhnoye, a Ukrainian rocket
developer. The launch has been impossible due to the adverse
influence of international situations. On the other hand, we now
have the possibility that the Europena Space Agency (ESA)
can launch the Nano-JASMINE satellite, as well as another
possibility for the launch. We are now negotiating for the launch.
Assembly of the flight model that will actually be launched into
space was completed in FY 2010. The extra time yielded by
the launch delay has been used for additional testing to further
ensure project success. Maintenance of the satellite has also been
performed. Steady progress was also made in the development
of the algorithms and software required to determine astrometric
information from raw observational data at the required level of
precision. International cooperation with the data analysis team
for the Gaia Project has been conducted smoothly. A Japanese
WG led by Ryoichi Nishi of Niigata University continued
to actively engage in investigating the scientific results to be
obtained in the future by Nano-JASMINE.

3) Overview of Planning and Developing the Small-JASMINE
Project

The objective of the small-sized JASMINE project is to use
a three-mirror optical system telescope with a primary mirror
aperture of 30 cm to perform infrared astrometric observations
(Hw band: 1.1-1.7 um). A goal is to measure annual parallaxes
at a precision of less than or equal to 20 uas and proper motions,
or transverse angular velocities across the celestial sphere, at a
precision of less than or equal to 50 uas/year in the direction of
an area of a few degrees around the Galactic Center within the



bulge and in the directions of a number of specific astronomical
objects of interest in order to create a catalogue of the positions
and movements of stars within these regions. The project is
unique in that unlike the Gaia Project, the same astronomical
object can be observed frequently and observation will be
performed in the near-infrared band, in which the effect of
absorption by dust is weak. This project will help to achieve
revolutionary breakthroughs in astronomy and basic physics,
including the formation history of the superrmassive black hole
at the Galactic Center; the gravitational field in the Galactic
Nuclear Bulge and the activity around the Galactic Center; the
orbital elements of X-ray binary stars and the identification of
the compact object in an X-ray binary; the physics of fixed stars;
star formation; planetary systems; and gravitational lensing.
Such data will allow for the compilation of a more meaningful
catalog when combined with data from terrestrial observations
of the line-of-sight velocities and chemical compositions of
stars in the bulge. Conceptual planning and design of the
Small-JASMINE satellite system and detailed planning of the
subsystems began in November 2008 with cooperation from
nearly 10 engineers from JAXA’s SE Office (the Systems
Engineering Office), ARD (Aerospace R&D Directorate),
and ISAS with a focus on the satellite’s vital elements such as
thermal structure, attitude control, and orbit.

Against this background, in-house discussions and
manufacturers’ propositions, which started in 2009, had continued
to consider the design of the satellite system to ascertain the target
precision in astrometric measurement as a general objective. The
SWG, led by Masayuki Umemura of the University of Tsukuba
and including volunteers from diverse fields in Japan, continued
to make scientific considerations. Other activities such as
conceptual planning, design, technical testing, and international
project collaboration have been continued.

International partnerships to gain further understanding of
the Galactic Bulge have been formed with multiple overseas
groups engaging in terrestrial high-dispersion spectroscopic
observation to determine the line-of-sight velocities and
chemical compositions for bulge stars. In particular, Steven
Majewski of the University of Virginia, the principal
investigator (PI) of the US Apache Point Observatory (APO)
Galactic Evolution Experiment (APOGEE) Project, offered a
joint proposal for the APOGEE-2 project as an extension of the
original APOGEE project to engage in bulge observations in the
southern hemisphere because the project is suitable for bulge
observations. The telescope employed will be equipped with a
high-dispersion spectroscope, identical to that of APOGEE. The
joint proposal has been submitted. An official memorandum of
understanding has been exchanged among the APOGEE-2 team,
members of the fourth Sloan Digital Sky Survey (SDSS-1V)
Collaboration, and Small-JASMINE to strengthen international
partnerships and to achieve scientific goals related to the
Galactic Bulge.

As planning has progressed so far, the full mission proposal
was prepared and submitted in January 2016 to the ISAS call for
small-sized scientific satellite mission proposals and the Small-
JASMINE mission is going through the ISAS selection process.
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12. Extra-Solar Planet Detection Project Office (Exoplanet Project Office, EPO)

The Extra-Solar Planet Detection Project Office cooperates
with researchers interested in extra-solar planet at various
universities, centered around NAOJ to promote the development
of overall technologies and organize related observations with
the goal of observing exoplanets and their formation sites.
We conduct observational instrument development, research
promotion, mission planning, and R&D to develop common
basic technologies. We also promote international partnerships
related to exoplanets, which are the focus of this project office.
Specifically, research and development have continued centered
around the following 4 themes:

(1) The development/maintenance/operation of high-contrast
observational instruments using the Subaru Telescope
to directly observe exoplanets: HICIAO, SCExAO, and
CHARIS; and the promotion of the SEEDS survey and post-
SEEDS projects.

(2) The development of the new IR Doppler instrument IRD and
planning its observations.

(3) The development of the high-contrast instrument TMT/SEIT,
and promoting technological review and related international
collaborations for the WFIRST/CGI, and HabEx missions.

(4) Research into star and planet formation and the interstellar
medium through wide field-of-view polarimetric imaging
with the IRSF telescope located in South Africa.

This project office is progressively dissolving and moving to
the Astrobiology Center. There have been 42 refereed papers in
English, 10 non-refereed papers in English, 13 presentations in
English, 5 non-refereed papers in Japanese, 3 books in Japanese,
and 39 presentations in Japanese.

1. Development of the Subaru next generation
exoplanet instruments and exoplanet
observational research

(1) HiCIAO (High Contrast Instrument for the Subaru Next
Generation Adaptive Optics)

HiCIAO is a coronagraph camera for direct imaging
of exoplanets and circumstellar disks for the 8.2-m Subaru
Telescope, which can simultaneously utilize various imaging
modes to differentiate by polarizations, multi-bands, and
angle. It is a high-contrast, modular instrument. The first
Subaru Strategic Program SEEDS (Strategic Explorations
of Exoplanets and Disks with Subaru) with more than 100
participants continued from October 2009 to January 2015
without any serious troubles. Currently, we are continuing with
the development, maintenance and use of the extreme adaptive
optics instrument SCEXAO and the CHARIS integral field unit
(IFU) as post-SEEDS activities.

(2) IRD (Infrared Doppler Instrument)

IRD is a high precision (~1 m/s) radial velocity spectrometer
working at near-infrared wavelengths, whose aim is to
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detect habitable Earth-like planets around M dwarfs and
brown dwarfs. The budget is based on JSPS Grant-in-Aid for
Specially Promoted Research FY 2010-2014 (PI: Motohide
Tamura). Spectrograph, fiber experiments, laser frequency
comb completion, and total assemble were conducted. Science
discussions on habitable planets around M dwarfs are also
proceeding.

(3) SCEXAO (Subaru Coronagraphic Extreme Adaptive Optics)
and CHARIS IFU

SCExAO is a 2000 element extreme adaptive optics
system. CHARIS IFU is an exoplanet observation instrument
for spectroscopy of giant exoplanets. EPO has been involved
in the development of these next-generation high-contrast
instrumentations.

2. Exoplanet instrument development for
future space and ground-based telescopes and
international collaborations

(1) WFIRST Coronagraph and HabEx (Habitable Planet Explorer)

These missions aim to directly image and characterize the
Earth-like planets and super-Earths for signatures of life. As a
member of the WACO working group (now the WFIRST WG),
a coronagraph performance test at the JPL testbed is being
conducted with collaborators.

(2) SEIT (Second Earth Imager for TMT)

The aim of this project is the direct imaging and
characterization with the SEIT instrument on the Thirty Meter
Telescope (TMT). Both technical and science discussions are
made. The components have been considered and conceptual
design is proceeding.

3. Science research, education, and outreach

The SEEDS project successfully finished in January 2015
without any major troubles. Now we are expanding observations
using SCExAO and CHARIS. This fiscal year, 14 papers were
published on SEEDS alone. Highlights are given below.

SEEDS has discovered spiral arms in the disk of LkHa330
and revealed the distribution of large/small dust in them.
High-contrast direct imaging of intermediate-mass giants has
discovered 3 companions that cause long-term radial velocity
trends and set upper limits on any companions around 2 stars.
A comprehensive direct imaging survey of young (<1 Myrs)
stars using the SEEDS data has indicated the frequency of wide-
orbit giant planets. A new companion brown dwarf has been
discovered in the Pleiades cluster.

About ten graduate students are supervised for exoplanets
and related topics. Many public talks, publication, and press
releases are made on exoplanets, disks, and other astronomical
fields.



HD 109272 HD 5608

Figure 1: HiCIAO high contrast imaging of intermediate-mass giants with long-term radial velocity trends. Central stars are within the white regions, while
the dots in circles are the newly discovered companions. Observing wavelength is near-infrared.

II Status Reports of Research Activities | 101



102

13. RISE (Research of Interior Structure and Evolution of Solar System Bodies) Project Office

1. Project Overview

In FY 2016, operation preparation for the Laser Altimeter
(LIDAR) of Hayabusa2 was carried out. And, a thermal test of
the APD detector of the Ganymede Laser Altimeter (GALA)
for the Jupiter Icy Moon Explorer (JUICE) mission was made.
Also the RISE Project Office proposed four option plans as
future directions for planetary sciences within NAOJ. The
Hayabusa2 asteroid explorer was launched on December 3,
2014; initial test operations finished in January; and Hayabusa2
is underway to C-type asteroid Ryugu. Before rendezvous with
the target asteroid start in the summer of 2018, the RISE Project
Office developed a scientific data production/analysis tool as a
preparation necessary for operation of the laser altimeter. The
tool has been implemented, however a test using simulated
data has not been completed due to a delay in the Hayabusa2
project supplying the simulated data. For GALA, the RISE
Project Office members intensively tested an APD to confirm its
suitable temperature range, and acquired basic data for GALA
development. As for future directions for planetary science, the
RISE Project Office held discussions and proposed 4 options
to the Planetary Science Subcommittee: (1) Lunar deep interior
exploration, (2) Small body studies, (3) Oscillation of planetary
atmospheres, and (4) Cosmo-hydrology. For lunar deep interior
exploration, we investigated the merits of 3 observational
methods to measure the lunar Q value and the size of the solid/
liquid core with high accuracy using lunar surface observation
instruments by making the most of the heritage of Kaguya
and the Geodetic research of RISE. For small body studies,
we considered research into the evolution of primitive Solar
System bodies and the delivery of water to the inner planets
by investigating main belt comets (MBC) with ground-based
observations and space probes by using the ongoing Martian
Moon Explorer mission as a springboard. In the oscillation
of planetary atmospheres, we are fostering the possibility of
collaborative observations between France, Tokyo Institute of
Technology, and NAOJ to measure Jupituer’s free oscillation.
For cosmo-hydrology we promoted Solar System bodies
research within NAOJ based on a long-term vision of planetary
science activity in NAOJ.

2. Educational Activities/Internship

Seven RISE members delivered 18 lectures on a part-time
basis to graduate students at the University of Aizu. Also the
Office accepted four third-year undergraduate students of Iwate
University and Iwate Prefectual University for a week.

3. Outreach/PR
In FY 2016, one of the Office members volunteered for

the Kirari Oshu Astronomy class of Oshu City. Three members
participated in the 4D2U Astronomer’s Talks; lectures were
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given 3 times. And 4 members participated in Fureai (Friendly)
Astronomy classes 6 times. One member was sent to the open
campus of VERA Ogasawara station to provide an introduction
to the research and 2 mini-lectures. Members also gave
public presentations at Anan City Science Center and Mitaka
Astronomy Pub.

4. Joint Research/International Collaborations

From Russia, Professor Alexander Gusev and Ms. Ekaterina
Kronrod visited the Office for three months and two months,
respectively, for joint research on thermo-mineralogical
modeling of the lunar interior and future lunar and planetary
explorations. Jointly with The People’s Republic of China and
the Republic of Korea, the Offi ce member held a summer
school for planetary science and exploration in East Asia in
June in Wuhan City, China. Five Japanese graduate students
participated in the summer school to promote international
exchange of young scientists.

5. Career Development

One research staff member left the RISE Project Office in
September as his term ended. To fill this vacancy, the Office
opened an announcement of a job opportunity. The retired
research staff member is now employed as a specially appointed
associate professor at Aizu University.



14. Solar-C Project Office

The SOLAR-C Project Office has engaged in planning the
next solar observation satellite project SOLAR-C, promoting the
sounding rocket experiment CLASP (the Chromospheric Lyman-
Alpha SpectroPolarimeter), and also preparing for participation
in the large balloon-borne experiment Sunrise3. In addition, the
activity for participation in the U.S. sounding rocket experiment
FOXSI3 has started since Fiscal Year (FY) 2016.

1. SOLAR-C Project

SOLAR-C is a planned project and may become Japan’s
fourth solar observation satellite, after Hinotori, Yohkoh, and
Hinode. The plan is to realize the launch in the latter half of the
2020’s. The project is intended to investigate the solar magnetic
plasma activities that influence space weather and space climate
around the Earth. The investigations involve the measurement
of magnetic fields in the chromosphere and high-resolution
imaging/spectroscopic observations that have not been achieved
to date. The themes include major problems in solar research: the
heating mechanism of the chromosphere/corona, the origin of
solar explosive events, and the mechanism of the solar magnetic
activity cycle. Since its establishment, the SOLAR-C project
WG has involved many non-Japanese specialists in addition to
Japanese researchers. Provisionally, Japan will be responsible
for the launch vehicle and satellite; and the science instruments
will be developed through the international collaborations with
the U.S. and European space agencies and institutions.

2. Small-sized Project

(1) CLASP Project

The CLASP project is an observational sounding rocket
experiment aiming to detect solar magnetic fields in the
chromosphere and transition region through polarization
observation at the far ultraviolet wavelengths. Planning and
basic development started in FY 2009. The project involves an
international research team with participation from Japan, the
U.S., and other countries. The spectropolarimeter was prepared
in Japan with components provided by the U.S. and France,
and an American sounding rocket is used for the flight. The
CLASP project entered the development stage fully in the latter
half of FY 2012 and carried out the first flight experiment in
Sep 2015. The second flight experiment is scheduled for 2019
and will change the observed spectral line from H Lya to the
chromospheric Mg II line at 280 nm.

(2) Sunrise3 Project

The Sunrise3 project is the third balloon-borne experiment
in the German Sunrise program. The preparation of the plan
started in FY 2015 for the flight experiment scheduled in 2020.
Under the international collaboration, the Japanese team will
jointly develop a high-resolution spectropolarimeter that is
equivalent to the science instrument planned in SOLAR-C. The

project will tackle the development demonstration of a state-of-
the—art remote-sensing instrument and the challenges to front-
line science studies ahead of the satellite observations.

(3) FOXSI3 Project

The FOXSI3 project is the approved third observational
sounding rocket experiment in the US FOXSI program with
focusing hard X-ray telescopes. One of the hard X-ray detectors
is to be replaced by the high-speed CMOS camera that was
developed by the Japanese team for soft X-ray coronal imaging
spectroscopy. The soft X-ray energy spectrum is to be obtained
at each CMOS imaging pixel by photon counting.

3. Major Activity in FY 2016

The SOLAR-C proposal, which was submitted to JAXA in
Feb 2015, was not selected in the mission definition review as
the candidate for the 1st JAXA Strategic Middle-class Satellite
Mission. The SOLAR-C WG is refining the science objectives,
investigating the possibility of reducing the diameter of the large
optical telescope, and rebuilding the international collaboration
framework. In terms of the international collaboration, the
science objectives team for the next generation solar physics
mission, which has been formed at the request of the space
agencies JAXA, NASA, and ESA, has started to prioritize the
potential JAXA-led solar physics missions for launch in the
mid-2020’s.

While publishing the first science results from the flight
experiment in September 2015, the CLASP project has been
preparing for the second flight experiment. The proposal for
the second flight has been approved by NASA during FY
2016, and the next flight is scheduled for 2019. We are now
preparing for the flight. The Sunrise3 proposal to a German
funding agency has also been approved in this fiscal year, and
the Japanese team has submitted funding proposals to obtain the
development funds. The team has defined the Sunrise3 science
cases, and the basic optical design has been carried out to
satisfy the requirements. The FOXSI3 project has conducted the
development of a high-speed CMOS camera and carried out the
test production of a 3D printed alloyed titanium optical baffle
for the stray light reduction.

4. Others

Although the SOLAR-C Project Office is reimbursed by
NAOIJ for its general operation and emergencies, a large part
of the expenses for supporting the project preparation is funded
by other sources including the Grant-in-Aid for Scientific
Research, JAXA’s strategic R&D fund for basic development
and experiments for onboard instruments, and research grants
from the private sector.

Dr. D. Song has been appointed as a Project Research
Fellow since January 2017.
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15. Astronomy Data Center

1. Introduction

The Astronomy Data Center (ADC), a central core of
computing and archiving for astronomical data, supports
scientists worldwide by providing a variety of data center
services. In addition, ADC is driving forward research and
development programs for future generations of service.

Our activities consist of the DB/DA Project, Network
Project, JVO Project, HSC Data Analysis/Archiving Software
Development Project, and open-use computer system and
service.

2. DB/DA Project

The DB/DA-project conducts research and development
on astronomical Data Bases and Data Analysis. It also opens
various astronomical data to researchers and educators (http://
dbc.nao.ac.jp/).

SMOKA (http://smoka.nao.ac.jp/) is the core of the DB/
DA-project and provides archival data of Subaru Telescope,
OAO 188-cm Telescope, Kiso 105-cm Schmidt Telescope (the
University of Tokyo), MITSuME 50-cm Telescopes (Tokyo
Institute of Technology), and KANATA 150-cm Telescope
(Hiroshima University). The total amount of opened data is
about 17 million frames (119 TB) as of May 2017. SMOKA
contributes to many astronomical products. The total number of
refereed papers using SMOKA data is 203 as of May 2017.

Continuing from the previous year, in FY 2016, we
improved the system for improved operational efficiency and for
the development of SMOKA'’s advanced retrieval functions (i.e.
supernova retrieval). In addition, the first Subaru Telescope HSC
SSP data release (observations up through November 19, 2015,
a total of 850,000 frames) was opened to the public in March
2017.

As of May 2017, we are preparing the design of a new
computer system scheduled to begin operation in March 2018
and examining the options for program and data transfer.

3. Network Project

The Network Project designs and operates NAOJ
information network infrastructure for the Mitaka Headquarters
and branch offices. Noteworthy topics of this fiscal year are as
follows.

1) Upgrading the Wide Area Network service: We have operated
the circuit service between Mizusawa and Sendai since 2015.
In 2016, the service bandwidth has been upgraded from 40
Gbps to 80 Gbps. Also, we made a 100 Gbps interconnection
between NAOJ and SINET operated by NII: National
Institute of Informatics.

2) Use of the 100 Gbps Transpac line to the U.S.A.: NAOJ and
the WIDE project are jointly operating the Transpac, the
US-JAPAN Academic research and education network. The
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Transpac has 100 Gbps bandwidth of circuits between Tokyo
and Seattle. In 2016, SINET, JGN, and Univ. of HAWAII
submitted applications to use this circuit. Also through
cooperation with the Univ. of HAWAII it became possible to
extended the circuit from Seattle to the UH Hilo campus.

3) The Traffic analyzer system was installed: This system can
mirror the inbound and outbound internet traffic based on
the filter rule conditions. We can make the information and
network security enforcement more cost efficient.

4. JVO Project

A new version of the JVO portal (v2), for which the usability
of the user interface was greatly improved, was released. ALMA
WebQL, a quick-look application for ALMA data, was updated.
The feature to query to the atomic/molecular line database was
implemented, which enables a user to see the line information
just below the spectrum data. The features to display the
spectrum data in the rest frame of the target source and to
select the color map to be used for drawing an image were also
implemented.

A Gaia data search service was released. In comparison to
the data search service operated by the Gaia project, our system
provides a more user-friendly GUI and also enables a user to
search large amounts of data without a limit on the number of
search result.

A test version of Subaru WebQL was developed and
released. This web application enables a user to adjust the
contrast of images so that they can examine the data for not only
bright sources but also for dim diffuse sources.

Total number of access counts to the JVO services was 3.6
million and a total of 1 TB was downloaded in the 2016 fiscal
year.

5. Project for HSC Data Analysis/Archiving
Software Development

This project started in January 2009, primarily to develop
the data analysis pipeline and data archiving software for Hyper
Suprime-Cam (HSC). Our main effort is concentrated on the
implementation of the software for effective data analysis/
archiving by parallel and distributed processing, for the sake of
precise photometric and astrometric calibrations, by correcting
various effects originated from the camera system.

Since March 2014, the Subaru Strategic Program (SSP) with
HSC has been undertaken, producing stable large data output
(about 300-400 GB per night). We preformed data analysis of
the SSP data, produced a database storing the processed results,
and made an internal data releases in August 2016 to the SSP
team collaborators. The image products involve 2.6 million
files and their total size reached about 200 TB. The catalog
database stores about 300 million objects in a 15 TB database
volume. We have developed various user interface software for



getting image or catalog products using the database through
web browsers, and many of these functions have been offered to
collaborators. The hardware and software for the data releases
are in stable operation. In February 2017, we made the first
world-wide Public Data Release (PDR) based on the data set
that was distributed among the SSP collaborators in late January
2016. We have approximately 300 registered users, including
individuals from various institutes in about 25 countries. No
apparent major problems in the PDR have been reported to date.
The PDR is expected to greatly promote scientific outcomes.
Major problems in the pipeline software have been significantly
reduced, although further improvements to functions are still
necessary to achieve the planned accuracies for calibrations/
measurements of celestial objects in the images. The on-site data
analysis system being developed since 2011 has been supporting
SSP and general observations by providing observing tools
such as an observation log viewer, which is used to monitor the
data analysis results through a web browser. This system has
been contributing much to the smooth operation of the Subaru
Telescope.

6. Open-use computer system and service

The new rental open-use computer system, “National
Astronomical Observatory of Japan: Data analysis, archive,
and service system,” has been in operation since March
2013. The system plays a leading role as part of the Inter-
University Research Institute. The system consists of “Multi-
Wavelength data analysis subsystem”, “Large data archive
and service subsystem” (MASTARS, SMOKA, HSC science,
ALMA, VERA, NRO, Okayama and Catalog archive service),
“JVO subsystem”, “Solar data archive, analysis and service
subsystem”, “Data analysis subsystem in Mizusawa Campus”,
and “Development subsystem”. The total storage, memory and
number of CPU cores within the system are about 6 PB, 13
TB and 2000 cores, respectively. In FY 2016, the total number
of valid users was 364 (including 55 users from overseas
institutes). We are working to replace the rental computer system
in the current year.

In the course of the Inter-University Research we also held
and supported some workshops on using software and systems.
The dates and numbers of participants in FY 2016 were as
follows.

1. HSC-SSP Database school, Apr 11, 2016, 21 users

2. HSC imaging analysis school, Jul 20-21, 2016, 15 users

3. IDL School for FITS data analysis, Aug 2-3, 2016, 12 users

4. SOKENDALI summer student program (Support), Aug 7-31,
2016, 4 users

5. Autumn school “Approach from theory and observation: the
character and distribution of the dark matter” (Support), Nov
10-11, 2016, 10 users (analysis workshop)

6. SQL school in FY 2016, Dec 13-14, 2016, 5 users

7. N-body simulation school, Feb 8-10, 2017, 12 users

8. IDL School for the beginner, Feb 28—Mar 1, 2017, 4 users

The total number of participants of the schools in FY 2016
was 83 users.

7. Others

As part of outreach and promotions activities, 97 issues of
“ADC News” were published from No. 483 to No. 579 in FY
2016. The news was distributed by E-mail to users and appeared
on the ADC web pages.
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16. Advanced Technology Center (ATC)

1. Organization and Summary of Activities in ATC

At the Advanced Technology Center (ATC), we are working
on the development of astronomical observation equipment that
is requested and to be used in the projects driven forward by
the National Astronomical Observatory of Japan as “priority
area development” and development research contributing
to the future astronomical projects as “advanced technology
development.”

Furthermore, from this fiscal year, we have set up a new
R&D framework called “Basic Technology Development,”
which does not belong to either of the categories “priority
area development” or “advanced technology development.”
These research and development themes shall have a time
limit of two years. At the same time, the Advisory Committee
for ATC discusses the approach to research and development
issues to be tackled at the ATC; in particular, clarifying the
directives for selecting the themes for “advanced technology
development” as well as how to approach them and making
guidelines for organizational building and restructuring “basic
technology development” projects.

For ALMA receivers (Bands 4, 8, 10), whose development
we have been supporting with the highest priority, shipping
was completed in FY 2013 (by March 2014), and then we
reformed our organizational structure. From October 2014 we
moved to the new organizational structure and carried out not
only maintaining the ALMA receivers but also promoting the
research, development, and future upgrades to the receivers
as well as receivers to be installed on the 45-m reflector and
ASTE telescope. Under this organization structure in FY
2016, we have performed ALMA receiver troubleshooting and
upgraded the FOREST receiver mounted on the Nobeyama
45-m telescope. In addition, we conducted a commissioning
observation with the radio camera on the ASTE telescope led
by the radio camera development group that joined ATC last
year.

As high priority areas of development, the observation
instruments IRIS and WFOS were developed for TMT and the
vibration damping, vibration isolator, mirror holders, etc. were
successfully developed for the gravitational wave telescope
KAGRA.

In the development of IRIS in FY 2016, we have moved
forward with the basic design phase (Preliminary design
phase). We specified the interface conditions of the IRIS
imaging system to be handled by NAOJ/ATC, completed the
basic optical and opto-mechanical design and passed through
the intermediate review (Preliminary Design Review 1, PDR
- 1) in November 2016. Starting in December 2016, we have
been making basic designs for electrical systems and software,
cost estimates, and the schedule for the final design and
manufacturing phases.

We have been studying the concept of a camera system for
WFOS, a wide field-of-view multi-object spectroscope, which
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is another TMT first generation observational instrument. We
have continued the concept review of the camera system in FY
2016.

In particular, mainly led by optical engineers at ATC,
we redesigned the optical system, analyzed stray light due to
specification changes, pointed out the problem of vignetting
in the lens system when polycrystalline fluorite was adopted,
and then showed the effect on imaging performance and the
necessity of measures against stray light within WFOS.

For the KAGRA auxiliary optics, we designed the optical
transmission monitoring system (TMS) and made some
prototypes last year. In April 2016, the test operation of the
initial phase of KAGRA (iKAGRA) was completed. Since
manufacturing and testing of almost all of the vibration
isolators used in the room temperature part of KAGRA
involved in the final design were mostly made by the ME shop
at ATC, we are proud that ATC is making a big contribution
to the success of KAGRA's trial operation. This fiscal year,
continuing from the last fiscal year, we carried out assembly
of anti-vibration filters and pre-shipment tests in collaboration
with the project office. In addition, we proceeded with the
design of the vibration isolation system of the wide-angle
scattering baffles to be installed in the immediate vicinity of
the cooling mirror.

For advanced technology development, the main themes of
research and development are “CLASP, Solar-C”, “Telescope
Receiver Development”, and “HSC”.

The CLASP observation rocket experiment is a pioneering
project of the solar magnetic field observation of the Sun in the
far ultraviolet region. After succeeding in the first experiment
carried out in September 2015, we have been preparing for the
second flight experiment (planned to launch in 2019) in which
the observation wavelength is to be changed. In addition,
among the projects the SOLAR-C Preparation Project Office
supports, there is a balloon observation project, Sunrise-3,
scheduled to be implemented around 2020 after CLASP's
second flight. This fiscal year we successfully completed the
real optical design of the focal plane observation instrument,
SCIP, for Sunrise-3 to be provided by Japan.

In “Development of Telescope Receivers,” based on
the technology cultivated in the development of the ALMA
receivers, we have supported not only evaluation and
installation of the Nobeyama FOREST receiver but also
development and installation of receivers for 3 cartridge dewars
to be used in the ASTE telescope.

In addition, we cooperated with Osaka Prefecture
University in GLT receiver development, continued technical
cooperation with Nagoya University for the NANTEN 2
telescope, and produced and shipped a three cartridge dewar
for the LLAMA Project based on a consignment business
contract.

We think that it is one of ATC’s important missions to
spread the technology and know-how accumulated in ATC to



other projects and universities/research institutions to raise the
overall community technologically.

Hyper Suprime-Cam (HSC) started scientific observation
from March 2014, and is being used for the observations in a
Subaru strategic program (SSP) and open-use observations.
Although it has basically worked well up to now, we had a
problem occur in the filter replacement mechanism. But we
have a prospect that it can be resolved by performing preventive
maintenance in a cycle shorter than assumed, because it is
partly due to the loosening of the fixation of the machine
parts. In order to reduce the time overhead by shortening the
CCD readout time, a verification experiment in the laboratory
is under consideration with the aim of increasing the CCD
readout speed.

In the basic technology development, we will focus
on “radio camera development” and “infrared detector
development” as the themes of technology development aiming
for the development of basic technologies both for future
detectors and observational instruments.

At the Advisory Committee for ATC (including external
committee members), discussions on not only the project
promotion system at the Advanced Technology Center, but also
the method of research and development contributing to future
astronomy were started according to the request from the
Director General. In FY 2016 discussions were held primarily
about how to carry out advanced technology development
contributing to the future of radio camera and infrared detector
development.

2. Workshops and Development Support
Facilities

(1) Mechanical Engineering Shop (ME shop)

The Mechanical Engineering (ME) shop engages
in a comprehensive manufacturing process to fabricate
experimental and observational instruments, from design to
fabrication and verification. Three teams including design,
fabrication, and measuring/ultra-precision fabrication teams
cooperate to advance projects by leveraging their expertise.

The design team has mainly been working on mechanical
design for the KAGRA and TMT/IRIS projects. Major
contributions to the projects are as follows,

[KAGRA project]

- Mechanical design of the vibration isolation table for the
Beam Reducing Telescope.

- Mechanical design of the Beam Reducing Telescope.

- Assembly of Bottom Filters for the vibration isolation system.

- Mechanical design of the suspension system for wide angle
baffles.

[TMT/IRIS project]

- Design and thermal structural analysis of an optical element
holder in cryogenic conditions.

- Thermal contraction analysis of the Imager structure.

- Seismic response analysis of overall IRIS structure.

- Cryogenic endurance test of mechanical components (ball

bearing and ball screw) for the Imager.
- Attend preliminary design review.

The fabrication team has been working on the auxiliary
optical system of KAGRA since last year, and has fabricated
a five-axis lens positioner (prototype) for the Beam Reducing
Telescopes. In addition, various parts of the vibration isolation
system, auxiliary optical system, and transmission monitor
system were delivered.

For TMT/IRIS, mechanical parts for the cryogenic
endurance test were machined continuously in order to be able
to supply them upon request from the design team.

In addition, we completed the fabrication of the pupil
mirror array holder and the slit mirror array holder final model,
which are parts for the IFU (Integral Field Unit) of the Subaru
Telescope.

In collaborative development programs, we made the base
plate and other prototype parts for an ultra-wide-field high-
speed CMOS camera (tomo-¢) under development by the
University of Tokyo, Institute of Astronomy. Continuing on,
we are making the final one-quarter scale model. And, we are
supporting the development of a secondary mirror center cone
for the TAO project.

The ultra-precision section of the fabrication team
has responded to fabrication requests. Development of the
wideband 37-pixel corrugated horn array has continued from
the previous year. In the same way, trail fabrications for the
corrugated horn for the ALMA Band 10 receiver continued and
more data required for machining was obtained. Both topics
will be continued. A 37-pixel Si lens array with AR coating
was successfully finished as a prototype for the 109-pixel Si
lens array. This was successfully installed and took data on the
Nobeyama 45-m Radio Telescope. But new challenges have

Table 1: The requests in FY 2016.

From FY 2015 6
ATC 28
TMT/IRIS 7
KAGRA 32
ASTE 3
CLASP2,SOLAR-C 5
HSC 1
TMT 1
JASMINE 4
Division of Optical and Infrared Astronomy 1
Exoplanet Project office 7
Public Relations Center 2
Solar Observatory 1
Subaru Telescope 3
Okayama Astrophysical Observatory 3
External Organizations
IoA, Univ. of Tokyo 2
Saitama University 2
Total 102
To FY 2016 5
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arisen in the AR coating, and development will be on going.
The measurement team has responded to not just
measurement requests but also supported fabrication in order
to assure the high specifications. The main topic among
measurement only requests was the measurement of dummy
mirrors and connected parts for the KAGRA project. The main
topic in fabrication support was the pupil mirror array holder.

(2) Thin Film Processing Unit

Fundamental experiments continued to design and develop
the concrete processes of coating using inhomogeneous
multilayers. Data were obtained with a simple in-situ monitor
for thickness and refractive index during the deposition process.
These data were used to try to improve the performance of an
AR-multilayer, and it worked.

(3) Space Optics

Acquisition and accumulation of fundamental technologies
for space observations using platforms such as balloons,
sounding-rockets, and satellites are progressing through
planned or ongoing project activities. In FY 2016, Space
Optics primarily supported the development activities of solar
observation projects that are situated as Advanced Technology
Developments in ATC.

Space Optics has supported the development of the
polarization calibration system of the second CLASP
sounding-rocket experiment in which the target lines for the
solar chromosphreric magnetic field observations at FUV
wavelengths have changed. A new activity for developing
the focal plane instrument of the Sunrise-3 balloon project,
which aims for vector magnetic field observations of the solar
photosphere and chromosphere from the altitude of the Earth’s
stratosphere, has started in this fiscal year.

(4) Optical Shop
Activity of the Optical Shop in 2016

1) Management
* Measuring instrument maintenance. (such as daily
inspections)
* Technical consulting for users (29 cases)
* Repair and upgrade.
- Exchange of the clean booth cover for the ZYGO
- Installation of Keyence VH-B18
- Upgrade of PC for FT-IR
And others

2) Common use of measurement instruments (April 2016 -
March 2017)
* The number of annual user: 267
NAOIJ: 223 (including 99 form ATC)
External organizations: 44 (including 9 from Institute of
Astronomy, University of Tokyo)
* Use of LEGEX910 (large-scale 3-D measurement machine): 23
Number of operating days: 27
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(5) Optical and Infrared Detector Group

We have conducted the second round of the joint
purchasing program for MESSIAG6, a general purpose focal
plane array controller for astronomical instruments, as part of
shared use of the Advanced Technology Center. MESSIA6 was
build based on the electronics developed for Hyper Suprime-
Cam in cooperation with the University of Tokyo, and the High
Energy Accelerator Research Organization (KEK). In this year,
a total of 6 sets were purchased for 4 organizations including
NAOIJ divisions. We also supported the installation work of a
fully-depleted CCD manufactured by Hamamatsu Photonics
K.K. and MESSIAG6 for the KOOLS observational instrument
of Kyoto University and Okayama Astrophysical Observatory
at our laboratory. We continue to provide the documentation of
MESSIAG6, and support the users for installing MESSIA6 and
CCDs onto their instruments.

(6) Facility Management Unit

The Facility Management Unit conducts the management
of ATC facilities including the buildings, electric facilities;
daily maintenance of the Cold Evaporator (CE); maintenance
of building equipment; oversight of construction; and
management of hazardous material and laboratory equipment.

We carried out renovation work on one draft chamber used
in washing work etc. in the laboratory to obtain a control wind
speed satisfying the regulation value. Regarding the four draft
chambers used for cleaning work etc. in the clean room, we
have re-renovated three units that did not meet the regulation
values.

Also, we replaced the stainless steel discharge piping
with PVC in the acid-treated draft chamber with the scrubber
decontamination device, as a countermeasure against corrosion
of the piping. As the circulation cooling water facility and the
water pipeline become polluted due to aging, inspection and
cleaning work including the outdoor cooling tower was carried
out to prevent deterioration of water quality.

With regard to the newly built No. 3 building (TMT
building), construction of circulating cooling water facilities
was considered in order to be able to use refrigerators in each
laboratory, and Cold Evaporator (CE) piping connections are
being considered.

There are many projects that use laboratory equipment,
including ATC, GWPO/KAGRA, TMT, Division of Radio
Astronomy/Chile Observatory, HSC, JASMINE, Division of
Optical and Infrared Astronomy, Extrasolar Planet Detection
Project Office, Subaru Telescope, Hinode Science Center, and
SOLAR-C/CLASP. Projects that require high cleanliness in
equipment development use clean rooms. In the 110 clean room
of the No.1 building and the 101 large clean room of the No.2
building, equipment related to KAGRA was developed. In
addition, the main body of the CLASP telescope, successfully
launched in the United States in 2015, will return and new
equipment will be developed at the 101 large clean room of the
No.2 building as a new CLASP-2.



3. Prioritized Area Developments

(1) ALMA receiver maintenance of Band 4, 8, 10

For the ALMA project, the mass-production and shipment
to Chile of the Band 4, 8, and 10 receiver cartridges, which
were assigned to Japan, were completed in FY 2013. In Chile,
most of the receivers have been installed and operated in
the ALMA antennas, and many scientific results have been
published. At the Advanced Technology Center (ATC), the
ALMA receiver maintenance team has the responsibility of
maintaining the defective receivers, and repaired four Band10
receivers during FY 2016.

Table 2: Total number of defective receivers.

Receiver | Total Breakdown Repaired | Remaining
Initial failure | Aging failure | in FY 2016 | for repair
Band 4 6 3 3 0 0
Band 8 17 14 3 0 0
Band 10 | 21 6 15 4 5

Table 2 shows the total number of defective receivers
broken down into “initial failure” and “aging failure.” And also
shown are the number of receivers repaired in FY 2016, and the
number of receivers remaining to be repaired. These remaining
receivers are still inside of the antennas and will be replaced
during receiver system maintenance.

All of the initial failures of Band 10 receiver were fixed in
FY 2016. Thus, aging failure of electrical devices will dominate
future maintenance. We have continued good collaboration
with local engineers in Chile for careful maintenance such as

99 <

“periodic health checks”, “preventative maintenance” and so on.

(2) TMT

We, the IRIS-Japan team at ATC, have been continuing
development of the first generation Thirty Meter Telescope
(TMT) instrument IRIS since 2011.

The Preliminary Design Phase is continuing in FY2016.
We defined and released the design requirement document
of the IRIS imager, for which NAOJ/ATC has been taking
responsibility, and interface control documents between the
IRIS imager and other IRIS subsystem. Also we finished the
preliminary optical and opto-mechanical design of the IRIS
imager. All these designs and documents were reviewed and
accepted at the intermediate review (Preliminary Design
Review 1) in November, 2016. After the PDR-1, we started
working on the preliminary design of electronics, software, etc.
and producing a management plan, cost, and schedule for the
coming final design phase and fabrication phase.

In parallel, we have been continuing the prototype
experiment and trial fabrication looking ahead to the coming
final design phase and fabrication phase. The major issues are
the durability of the ball screw under the cryogenic conditions,
the cooling characteristics of the surface shape of the optical
coating, and trail fabrication of the high-precision aspheric
mirror.

We have been working on a conceptual study for the WFOS
camera system. WFOS is another first generation instrument of
TMT. In FY 2016, we figured out new optical designs that meet
new requirements. It was found that the vignetting fraction was
no less than 30 % as long as we employ a refractive system.

We also assessed an impact of polycrystal calcium fluoride
lenses on its image quality, and found that no more than one
polycrystal lens should be used in the camera. Thirdly, we
conducted a stray light analysis for WFOS, and confirmed
that during a full moon scattered light at the dome floor was a
significant stray light source. This suggests the importance of
internal baffling. An optical designer in ATC contributed to
part of the optical designing work and the stray light analysis.

(3) KAGRA

We have developed KAGRA's auxiliary optics subsystem
(AOS) and vibration isolation subsystem (VIS) with the
Gravitational-wave Project Office (GWPO).

About AOS, we have continued the design and manufacture
of some parts of the transmission monitor system (TMS). This
optical system will be located at the end of each 3-km arm
optical cavity of KAGRA to monitor the tilt and shift of the
beam line, and make feedback signals to the control system.
A prototype test of the beam reducing telescope (BRT), which
is a part of the TMS, has been done, and the test results have
been reflected in the design of the actual setup. The BRTs need
to be isolated from vibrations as is done for the other mirrors
in the KAGRA interferometer, and the design of the vibration
isolation stages for BRTs has been ongoing. In addition, the
design of the vibration isolation system for the wide-angle
baffles, which will be installed next to the main mirrors, has
been ongoing.

KAGRA-VIS is a subsystem to suspend mirrors required
for the KAGRA interferometer to isolate them from seismic
motions. The system consists of multi-stage isolation
mechanical filters. Most of the parts of the isolation system
have been brushed up, assembled, and tested by the ME
shop, so the ME shop is essential for KAGRA. With these
contributions, the initial phase of KAGRA (iIKAGRA) finished
its test run in April 2016. In this fiscal year we have continued
to assemble and test several mechanical filters cooperating with
the GWPO. For “standard filters,” 13 out of the required 19
pieces have been assembled, and for “bottom filters,” 2 out of
4 pieces have been assembled. Moreover, for work to upgrade
KAGRA (to bKAGRA) in this fiscal year, the GWPO asked us
to design a part called "bottom filter recoil mass" and propose
the installation procedure. The ME shop did the work, and the
designed parts have been installed in KAGRA.

As shared use of the ATC facilities, “pre-isolators” were
tested by the GWPO in the large clean room. In addition,
researchers from KEK and ICRR tested hydrocatalysis bonding
(HCB) of sapphire parts to a sapphire dummy mirror in the
ISO1 clean booth. The three-dimensional measurement system
was used several times to evaluate the test results.

I Status Reports of Research Activities |

109



110

4. Advanced Technology Developments

(1) CLASP2/Sunrise/SOLAR-C

The CLASP sounding-rocket experiment is a pioneering
project of observing the solar magnetic fields at far ultraviolet
wavelengths. After succeeding in the first experiment
conducted in September 2015, the development team has
been preparing the new instrument to observe different
chromospheric lines than those observed in the first flight.
This will be used for the second flight experiment scheduled in
2019. The major activities in this fiscal year were the modified
optical design and the development of the optical components
in response to the change of target lines.

The Solar-C Project Office is participating in a balloon
project, Sunrise-3, to be launched around 2020 after the
CLASP 2nd flight. The detailed optical design of the focal
plane instrument, SCIP, that the Japanese team is primarily
responsible for has been carried out in this fiscal year.

(2) Telescope Receiver Developments

1) Telescope Receiver Developments

Based on the technical skills acquired through the ALMA
receiver developments, the “telescope receiver development”
team has responsibility for the development and support
for installation of the Nobeyama FOREST receiver and
the development, tests, and installation of receivers for a
3-cartridge receiver cryostat for the ASTE telescope. And also,
we maintain good collaboration with other radio telescopes
operated by universities, such as technical collaboration on
NANTEN?2 with Nagoya University, cooperative production of
a receiver for the Greenland Telescope with Osaka Prefecture
University, and fabrication of a 3-cartridge receiver cryostat for
the LLAMA telescope through a manufacturing cooperation
contract with the Universidade de Sdo Paulo.

ATC can increase the technology standards of the
community by giving feedback using the technologies and
knowledge accumulated through development of specific
projects, and promote the technology development of other
projects, universities, and research institutions. It is also
important to make the best use of the achievements of the
projects.

2) Development of advanced future receivers

In the field of future developments in heterodyne receivers,
we focus on two main activities. Firstly, we are involved in
international collaboration for the development of the ALMA
receivers in frequency bands not implemented in the array yet:
Band 1, Band 2+, and Band 2+3. Secondly, we have started
receiver development to support future upgrade plans for
ALMA in three main directions: ultra wideband, terahertz, and
multibeam receivers.

1. ALMA Band 1, 2+ and 2+3 receivers

We supported ALMA band 1 development and preparation
towards production through several technical studies. We also
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supported studies led by NRAO and ESO for the development
of Band 2+ (67-95 GHz) and 2+3 (67-116 GHz) prototype
receivers, respectively. In the case of Band 2+, a corrugated
horn and dielectric lens have been designed and fabricated.
Preliminary tests after integration in the Band 2+ prototype
receiver show good performance.

2. Ultra-Wideband receiver

In terms of RF bandwidth, we are developing SIS mixers
based on high-critical-current-density junctions with the goal
of covering the full ALMA Band 7+8 (275-500 GHz). So far,
we have demonstrated a DSB mixer which satisfies ALMA
requirements in the full 300-500 GHz band. In addition, we
have designed and fabricated corrugated horns and waveguide
components for Band 7+8, and are currently evaluating the
performance of prototypes. In terms of IF bandwidth, we have
successfully achieved the direct connection of an SIS mixer
and an IF amplifier, and extended IF bandwidth to 3-18 GHz
(currently, 4-8 GHz in ALMA).

3. Terahertz receiver

We have continued the development of optical components
and superconducting mixers for the 1.2-1.6 THz band. In FY
2015, we demonstrated the possibility to fabricate good quality
corrugated horns for these frequencies. Last year, based on
them, we completed the design of ALMA compliant optics.
With respect to superconducting mixers, we have worked on
the design of a quasi-optical mixer in collaboration with Paris
Observatory.

4. Multibeam receiver

We have worked on the concept of a multibeam receiver
based on superconducting integrated circuits, and started
fabrication of the first prototypes. In addition, we are
collaborating with KASI in Korea towards a wideband
multibeam receiver.

(3) SIS junction development

We have made steady progress in fabricating high current
density (Jc) SIS junctions with the goal of providing a steady
supply of high quality mixing devices to be used in receivers
installed in telescopes, first and foremost ALMA, as well
as future receiver development research. The devices are
implemented with a Jc as high as 25-45 kA/cm?, which is
2—4 times as high as that conventionally achievable. This
breakthrough happened one year ago when found an effective
way to protect the tunnel barrier from damage during counter
electrode deposition by applying a 5nm thick cap Al layer
above the oxide barrier. The mixer devices fabricated in
this way have enabled a single receiver to operate across an
octave frequency range. With these devices, we demonstrated
a receiver operating across two ALMA bands (Band 7 and
Band 8) with a sensitivity meeting ALMA specification.
This achievement proves the feasibility of improving ALMA
observation capability by merging ALMA receivers.

In parallel with the development of high-Jc junctions, we



have initialized an investigation into fabricating SIS mixers
on free-standing membranes. This technique is essential for
next-generation multi-pixel SIS receivers, which enable a large
field of view in a radio telescope. In order to carry out this
study, we have setup two sophisticated pieces of equipment
in the cleanroom: a deep-reactive-ion etching system (MUC-
21, Sumitomo Precision Co.) and a SUSS MA6 mask aligner
that enables backside alignment. We have established a
fabrication process of Si membranes from silicon-on-insulator
wafers and demonstrated 6-micrometer thick free-standing
Silicon membranes with a diameter of 3 mm and flat surface
(the maximum bending is less than 5 micrometers). This
achievement brings us a bright outlook, especially for the
development of multibeam receivers with a wider field of view
for ALMA.

4)HSC

Hyper Suprime-Cam (HSC) started its science operation
in March, 2014 and has been offered to the Subaru Strategic
Program (SSP) and general observer's programs. During the
two years so far, 137 nights were allocated for SSP and a
similar number of nights were allocated for general observers.
The operation has been stable over this time, but during FY
2016, we encountered mechanical problems several times in
the actuators of the central unit (CU) of the filter exchanger
system. An ATC engineer found several loose bolts in the
CU. This suggests the importance and necessity of preventive
maintenance more frequently than we had originally planned.
We found the first CCD failure on April 2012 and the number
of failed CCDs grew to three by May 2015. No new trouble
in the CCDs was, however, reported in FY 2016. If we see
more detector failure, we will have to decrease the back bias
voltage to reduce the risk but this causes degradation of image
resolution. Careful trade-off studies should be made based
on the on-going lab experiments. After two years of SSP
observations were completed, it became evident that the survey
speed is about 80 % of the original plan. This is mainly because
the weather was worse than our estimate of the number of clear
nights. One possible solution is to reduce the CCD readout time
by paying a penalty of increased readout noise. In FY 2017,
we should work out optimization of the CCD clocking. This is
worth spending time because even a moderate squeeze amounts
to big savings of observing times over the decades of HSC
operation. In fact, Suprime-Cam has been used over 19 years.
We planned to install the detection efficiency monitor in FY
2016 but it was postponed due to the delay of MI re-coating.
We will set it up in October, 2017.

5. Basic Technology Development

(1) MKID camera /CMB Instruments

We are developing a wide field of view, broadband, and
high sensitivity millimeter / submillimeter wave instruments.
In collaboration with the University of Tsukuba and Saitama
University, we have developed a superconducting MKID
camera for a future Antarctica terahertz telescope. As a

pathfinder, the MKID camera was installed on the Nobeyama

45 m telescope. In collaboration with KEK, ISAS, Kavli IPMU,

and Riken, we are developing LiteBIRD and GroundBIRD

which observe B-mode polarizations of the cosmic microwave

background radiation (CMB). The LiteBIRD has been selected

as one of the higher priority projects of the master plan 2017

of the Science Council of Japan. In this year, the following

research results were obtained.

1) Development of broadband corrugated horn array (S.
Sekiguchi et al. 2017 IEEE TST)

2) Broadband antireflection structure on Si (T. Nitta et al. 2017
IEEE TST)

3) Design of Octave-band OMT-MKID (S. Shibo et al. 2016
SPIE)

4) Confirmation of the interface between the data acquisition
system of the MKID camera and the Nobeyama 45-m Radio
Telescope by a test installation

(2) Near-IR Imaging Sensor Developments

In this year, we have made a trial chip of small-pixel
and large-format Indium Gallium Arsenide (InGaAs) image
sensors in cooperation with KEK, Hiroshima University, and
Kagoshima University. The cost is expected to be lower than
existing near-infrared sensors. We have successfully made
fully-functional chips with a small number of bad pixels,
however the readout noise slightly increased. Near infrared
test observations were conducted with the manufactured chips
attached to Hiroshima University’s Kanata Telescope. We
continue to investigate making a low noise InGaAs image
sensor compatible with both small-pixels and large-format,
which is suitable for a near-infrared wide field camera.

(3) Multicolor Millimeter/Submillimeter Continuum Camera

Exploring a large patch of the sky in the millimeter/
submillimeter bands with a continuum camera will provide
the opportunities to effectively measure the redshifts of
submillimeter galaxies, the structure of the hot plasma in
clusters of galaxies, and the physical properties of the dust in
star-forming regions. Thus, we are developing a Transition
Edge Sensor (TES) bolometer camera in collaboration with the
University of Tokyo, Hokkaido University, the University of
California Berkeley, and McGill University.

In FY 2016, science commissioning of the bolometer
camera, capable of simultaneous observation at 1.1 mm and 0.87
mm wavelengths, on board the ASTE telescope was conducted.
As a result, we have achieved the target mapping speed at the
0.87 mm wavelength, and demonstrated the effectiveness of
the novel intensity calibration instrument. Our experiences are
shared with the development projects such as DESHIMA and
A-Pol to enhance the continuum observation capability in East
Asia.

(4) Development of Terahertz Intensity Interferometry

New interferometer technology making use of intensity
fluctuations in astronomical sources has been developed in the
terahertz frequency region. In collaboration with the National
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Institute of Advanced Industrial Science and Technology
(AIST), low leakage superconducting tunnel junction detectors
are being developed, and their leakage current is evaluated
and fedback to the fabrication process. Compact sorption
coolers were developed to cool the wide bandwidth SIS photon
detectors, showing a cooling capacity of 400 uW at 0.8 K.
Our proposal for imaging intensity interferometry is based
on delay time measurement using photon bunches, which was
demonstrated by simulation and presented in workshops. The
development of SIS photon detectors is made possible by the
grant-in-aid for challenging exploratory research programs
from JSPS.

6. Open Use Programs, Joint Research, and
Development

In FY 2016, we accepted open use programs of ATC
facilities twice a year including 10 collaboration programs and
23 facility use programs. Applicant names and program titles
are listed in the section “Open Use Programs etc.” Results of
the programs can be found on the ATC homepage.
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17. Public Relations Center

1. Overview

The Public Relations Center engages in the publication,
promulgation, and promotion of scientific achievements made
not only by NAOJ but also by others in the field of astronomy
in general to raise public awareness; responds to reports
of discoveries of new astronomical objects; and provides
the ephemeris and other astronomical information directly
related to people’s everyday activities, such as sunrise and
sunset times. In FY 2016, the Center has been comprised of 6
offices and 1 unit: the Public Relations Office, the Outreach
and Education Office, the Ephemeris Computation Office,
the Library Unit, the Publications Office, the IAU Office for
Astronomy Outreach (OAO), and the General Affairs Office.

2. Personnel

In FY 2016, the Public Relations Center was composed of
Director Toshio Fukushima and the following staff members:
2 professors, 2 associate professors, 1 assistant professor (one
holds concurrent posts), 1 research engineer, 1 chief senior
engineer, 1 chief engineer, 1 Chief of the Library, 5 specially
appointed senior specialists, 3 research experts, 21 public
outreach officials, 1 research supporter, and 2 administrative
supporters.

On April 1, 2016, Associate Professor Hitoshi Yamaoka
arrived and specially appointed senior specialist Hiroko
Tsuzuki arrived in the Public Relations Office on September 12.

On November 30, 2016, public outreach official Diaz Rosas
Elian Abril in the TAU Office of Astronomy Outreach finished
her term. On March 31,2017, public outreach official Takao
Ibaraki, public outreach official Kuninori Iwashiro, and public
outreach official Hiroshi Futami finished their terms.

3. Public Relations Office

Through press conferences and web releases, the Public
Relations Office actively developed public outreach activities
focused around the results of each research project, first and
foremost ALMA and Subaru Telescope, including open-use
and collaborative results with other universities and research
institutes. In addition, our office hosted lectures to publicize
cutting-edge astronomy. In cooperation with the Outreach and

Education Office, the Public Relations Office also conducted
observation campaigns to promote astronomical phenomena
of interest to the public, like the meteor showers. Our office
organized and held independent workshops with public relation
officials to improve the skills of outreach personnel.

(1) Online-Based Information Sharing

The Public Relations Office runs the NAOJ website (http://
www.nao.ac.jp/en/), disseminating information via the internet.
Table 1 shows the access counts for the website.

Last fiscal year, a special website “Multiwavelength
Universe”English version was opened. This website won the
WebAward 2016 Best Science Site.

For the NAOJ Chile Observatory, the Public Relations
Office reviewed and offered advice on the proposal for the
website renewal.

The office opened Twitter accounts and Facebook accounts
in Japanese and English sequentially from 2010. We have
been actively disseminating information on social networking
services. Our office disseminates information on the status of
various NAOIJ projects such as public visits, regular stargazing
parties at Mitaka Campus, and position openings, both in
English and Japanese. As of the end of March 2017, the number
of followers exceeds 80,000. From this fiscal year, we have
strengthened our English version of Twitter. In the second
half of the fiscal year, we started to post daily. Also, NAOJ
quizzes on Twitter were started and they made the Twitter
more interactive. Also, from this fiscal year, our office started
to disseminate visual images on Instagram.

NAOIJ e-mail newsletters No.159-171 were issued,
introducing research results and NAOJ hosted events.

We continued to produce videos explaining research
results, videos explaining astronomical phenomena, and videos
introducing outreach activities. Including English versions,
19 original videos were produced. The videos are uploaded
mainly on YouTube. As of the end of March 2017, these videos
have accumulated a total of 459,139 minutes of play time and
86,005 views. This fiscal year, as a new effort, our office twice
performed live stream broadcasting of heavenly bodies with
the 50-cm Telescope for Public Outreach. There were about
2,000 viewers in total. In addition, we conducted live internet
broadcasts including the lectures mentioned below and on
Mitaka Open House Day.

Month Access counts Month Access counts Month Access counts
April 2016 358,635 August 2016 1,237,959 December 2016 522,840
May 2016 579,476 September 2016 444,328 January 2017 620,472
June 2016 555,124 October 2016 430,131 February 2017 481,406
July 2016 463,076 November 2016 532,127 March 2017 386,173

Total: 6,611,747

Table 1: Monthly website access statistics for the Public Relations Office website, NAOJ Public Relations Center (April 2016-March 2017).
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“Keiichi Kodaira Video Clip”for the digital book English Version

Hunting Black Holes

Japanese/English Versions

“FUREAI (Friendly) Astronomy” PR movie Japanese Version

HSC/M31 Video Clip

HSC/Virgol Video Clip

Dr. Flaminio interview about Breakthrough Prize in Fundamental Physics Japanese/English/Italian Versions
Dr. Barton interview about Breakthrough Prize in Fundamental Physics Japanese/English Versions
Project PR movie “Public Relations Center” Japanese Version

Perseid Meteor Shower (Aug.12, 2016) Japanese Version

CfCA “Pulsar Video Clip”

Project PR movie “Okayama Astrophysical Observatory” Japanese Version

Project PR movie “Subaru Telescope” Japanese Version

Project PR movie “NAOJ Chile Observatory” Japanese Version

Cultural Properties Protection Week Movie “NAOJ Solar Tower Telescope” Japanese/English Versions

Table 2: Summary of Produced Videos.

May 11, 2016 New Test by Deepest Galaxy Map Finds Einstein's Theory Stands True
May 25, 2016 Footprints of Baby Planets Imprinted in a Gas Disk
June 7, 2016 Japan OISTER collaboration uncovers the origin of extraordinary supernovae

July 26, 2016

Ancient Eye in the Sky

August 12, 2016

Dense molecular gas disks drive the growth of supermassive black holes—Are supernova explosions the key?

September 5, 2016

Discovery of an Extragalactic Hot Molecular Core

October 31, 2016

A joint observation by solar observing satellites Hinode and IRIS quantitatively explores the formation of the solar
chromosphere

November 21, 2016

Discovery of Unexpected Supersonic Events Everywhere on the Sun - Results from 5-minute Flight of the Sounding
Rocket Experiment “CLASP” -

November 22, 2016

Record-breaking Faint Satellite Galaxy of the Milky Way Discovered*

November 28, 2016

Timing the Shadow of a Potentially Habitable Extrasolar Planet Paves the Way to Search for Alien Life

December 5, 2016

ALMA measures size of seeds of planets

January 16, 2017

Tail of Stray Black Hole hiding in the Milky Way

January 24, 2017

Micro spacecraft investigates cometary water mystery

January 31, 2017

Tracing the Cosmic Web with Star-forming Galaxies in the Distant Universe

February 24, 2017

Saturn’s Rings Viewed in the Mid-infrared

February 28, 2017

First Public Data Release by the Hyper Suprime-Cam Subaru Strategic Program

March 8, 2017

Ancient Stardust Sheds Light on the First Stars — Most distant object ever observed by ALMA

March 29, 2017

Subaru Telescope Detects the Shadow of a Gas Cloud in an Ancient Proto-supercluster

January 15, 2016

Signs of Second Largest Black Hole in the Milky Way - Possible Missing Link in Black Hole Evolution

February 4, 2016

A Violent Wind Blown from the Heart of a Galaxy Tells the Tale of a Merger

February 25, 2016

Subaru-HiCIAO Spots Young Stars Surreptitiously Gluttonizing Their Birth Clouds

February 25, 2016

New Fast Radio Burst Discovery Finds ‘Missing Matter’ in the Universe

March 3, 2016

ALMA Spots Baby Star’s Growing Blanket

March 10, 2016

Deciphering Compact Galaxies in the Young Universe

March 10, 2016

Mysterious Infrared Light from Space Resolved Perfectly

Table 3: Web Releases.

June 16, 2016

ALMA Detected the Most Distant Oxygen

September 6, 2016

Avoiding “Traffic Jam” Creates Impossibly Bright “Lighthouse”*

Table 4: Press Conferences.
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(2) Research Result PR

There were 20 research result announcements (compared
to 27 in FY 2015 and 16 in FY 2014). For press releases
aimed towards overseas audiences, we have continued to use
the delivery services of American Astronomical Society,
AlphaGalileo, and EurekAlert! from AAAS. We released
almost all the research releases in both English and Japanese.
We made videos introducing the content indicated with a *
mark.

In the perennially popular Astronomy Lectures for Science
Journalists program, the 23rd lecture entitled “ALMA Opens a
New Astronomy” was held on December 2, 2016. Thirty people
(23 companies) participated in the lecture.

(3) Activities as NAOJ’s Public Relations Center

The following activities were pursued in addition to the
Center’s regular task of aiding research result releases.

The Public Relations Office organized lectures with
research projects. On June 11, 2016, NAOJ and Riken Lecture
“Origin of Materials told by the Universe;” on September 10,
Hinode 10th anniversary lecture “Exploring the Universe and
the Earth through Solar Observations;” and on November
26, the NAOJ lecture meeting/22nd ALMA public lecture
“Exploring birth of stars and planets with ALMA” were held
respectively. In addition, the office persevered in helping
to organize and publicize the Subaru Telescope/ Shinshu
University public lecture “From Shinshu via Hawai‘i, a
Galactic Research Journey” on November 23 and “The Subaru
Telescope/Hiroshima University public lecture” on November
27.

Furthermore, since the 23rd NINS Symposium “Frontiers
of Modern Astronomy: a Second Earth and the Dark Universe”
was held on March 5, 2017 with NAOJ responsible for the
planning and operating, the Public Relations Center was at the
center of holding the event, in cooperation with the General
Affairs Section, General Affairs Division.

To expand our public relation materials, our office took
photographs at Mizusawa VLBI Observatory, Okayama
Astrophysical Observatory, and KAGRA. For KAGRA, movies
were also taken simultaneously.

Our office organized workshops with public relation
officials inviting lectures from outside to improve the skills of
outreach personnel. Training in photography was offered on
July 25, 2016, and training in science writing was offered on
January 18, 2017.

To publicize NAOJ abroad, we exhibited booths at oversea
meetings for the public and events where the press gathers
(New Scientist Live in London: September 2016 and AAAS

meeting in Boston, February 2017). In addition, we ordered an
outside film maker to make a 6 minute video for release at the
American Physical Society Annual Meeting and screened it in
March 2017.

(4) New Astronomical Objects

From this fiscal year, the responsibility for New
Astronomical Objects moved from the Ephemeris Computation
Office to the Public Relations Office. Four staff members,
including one full-time and three part-time, handled reports
of new astronomical objects and other communications
submitted to NAOJ. In this fiscal year, there was a total of 15
reports including confirmation requests for new celestial object
candidates and other reports. The contents were: 4 novae/
supernovae, 6 variable stars/transient objects, 1 comet, 1 minor
planet, and 3 luminous objects. Among the many examples of
reporting a variable star or known asteroid as a new object, the
report of a transient object in September, was communicated
via NAOJ to the IAU Central Bureau for Astronomical
Telegrams and was recognized as an independent discovery of
Nova Scorpii 2016 No. 2 (V1656 Sco.)

4. Outreach and Education Office

(1) Public Visits

A total of 20,522 people visited the Mitaka Campus
Visitors' Area in FY 2016. In addition, the group tours in
2016, consisted of 110 general tours (4,408 guests), and 36
workplace visits by schools (362 guests), for a total of 146 tours
accommodating 4,770 guests. Note that in the workplace visits,
lectures by researchers, question-and-answer sessions, and
visits to research facilities also took place. The office started
developing the audio guide in the Visitors’ Area. From October,
our office began experimental operation at the 20-cm Telescope
Dome, Repsold Transit Instrument Building, Gautier Meridian
Circle Building, and Astronomical Instrument Museum.

Regular stargazing parties were held twice a month (the
day before the 2nd Saturday and the 4th Saturday) with the 50-
cm Telescope for Public Outreach. These were held regardless
of cloudy or rainy weather. Advance booking (300 people for
each session; a lottery system from April to September and
advanced reservations until filled system from October to
March) was introduced in FY 2012 for these events. A total of
23 sessions were held with 4,671 participants this year. The
Regular Stargazing Parties celebrated their 20th anniversary
in April 2016. More than 60,000 guests have visited in these 20
years.

Solar info | Lunar info | Ephemeris info Time Solar System | Universe | Astronomy | Other | Total

April-June 167 70 43 28 330 92 147 554 1431
July—September 126 110 63 15 209 149 134 803 1609
October—December 192 233 44 4 276 121 137 649 1656
January—March 136 63 29 6 225 112 107 400 1078

Table 5: Telephone inquiries made to the Outreach and Education Office of the NAOJ Public Relations Center (April 2016—March 2017).
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The Outreach and Education Office changed the regular
public screenings at the 4D2U Dome Theater from three times
a month to four times (1st, 2nd, 3rd Saturday, the day before
the 2nd Saturday). Advanced reservations were required for
these. A total of 47 screenings were held this year, with 5,432
guests participating. For five of the regular public screenings,
the office held “Astronomer’s Talks” where NAOJ researchers
talked about the latest research and these were popular. Group
screening used to only be performed on Fridays, but we
changed to Wednesdays and Fridays. Therefore, the number of
group tours became larger and 81 group screenings were held
with 2,655 guests attending. Especially at Wednesday group
screenings, teacher training sessions were held. 96 tours were
organized with 1,189 attendees. In total, 224 screenings were
held and a total of 9,276 guests enjoyed 4D2U’s stereoscopic
images.

The regular “Tangible Cultural Property Tours” ceased
operation at the end of March 2016. In 2016, the NAOJ Solar
Tower Telescope Special Open Days (November 3, November
5, and November 6, no reservations needed) and Tangible
Cultural Heritage Tours (November 3 and March 20, advance
reservations needed) were held with 624 attendees.

(2) Telephone Inquiries

The office received inquiries from the media, government
offices, and the general public. The Outreach and Education
Office responded to 5,774 telephone inquiries (Table 5) and 134
letters, 52 of which were official documents.

(3) Educational and Outreach Activities

For the “Fureai (Friendly) Astronomy” project, now in its
7th year, a total of 49 lecturers provided events to 80 schools
out of the 86 which applied, reaching 8,017 students.

We presented the results of the questionnaire performed
in Fiscal Year 2015, at the Japanese Society for Education and
Popularization of Astronomy Meeting and The Astronomical
Society of Japan Fall Meeting. Particularly noteworthy is that
for the Astronomical Society of Japan meeting, we presented at
the press conference.

“Summer Nights: Let’s Count Shooing Stars, 2016” was
conducted in August 2016 and we received 2,311 reports. A
paper showing the possibility of obtaining observation results
close to skilled observers by collecting a large number of
reports from the general public was published in “Planetary
and Space Science.”

On August 16 (Tuesday) and August 17 (Wednesday),
“Astronomy classes for kids in Summer” events were held for
elementary and junior high school students. On the first day,
there were lectures about the assembly and use of telescopes.
In cooperation with the JASMINE Project Office, the second
day was lectures about the distances of celestial bodies,
three-dimensional star handcrafts of the big dipper, and an
interpretation using the four-dimensional digital universe
viewer, “Mitaka.” Also, star gazing parties were scheduled for
both days (Cancelled on the first day due to the typhoon.) The
total number of attendees was 77.
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The Public Relations Center participated as the secretariat
for the Mitaka Open House Day, a special public event held at
Mitaka Campus and organized by the steering committee.

This two-day event was held on October 21 (Friday)
and October 22 (Saturday) with the theme “Gravitational
Waves, a new Frontier of Astronomy.” It was co-hosted
by the Astrobiology Center, National Institutes of Natural
Sciences; the Institute of Astronomy, the School of Science,
the University of Tokyo; and the Department of Astronomical
Science at the School of Physical Sciences of the Graduate
University of Advanced Studies. The event flourished: 542
guests attended on pre-open day, 3,992 guests attended on
open day, 4,534 guests attended in total. Each Project offered a
selection of activities based on their own expertise which were
suitable for a wide range of age groups. Activities included the
viewing of facilities not normally open to the public, interactive
panel displays, minilectures, quizzes and games that are
popular among children, and a virtual reality experience.

From October 2 (Sunday) to October 4 (Tuesday), the
“Workshop for Popularizing Cutting-Edge Astronomy” was
held with the theme of “Gravitational Wave Astronomy” for
staff members of science museums/museums, teachers, and
science communicators, who are doing astronomy outreach
work. Lectures were held at the University of Toyama and
attendees also visited the Large-scale Cryogenic Gravitational
Wave Telescope KAGRA of the Institute for Cosmic Ray
Research, University of Tokyo; the Underground Neutrino
Detector Super-Kamiokande; and the Kamioka Liquid
Scintillator Antineutrino Detector (KamLAND, Tohoku
University). 64 guests attended.

On March 2 (Thursday) and March 3 (Friday), NAOJ, the
International Planetarium Society, and others, co-hosted the
“Data to Dome Workshop” at the Large Seminar Room and
4D2U Dome Theater. The aims of this international hands-
on workshop were to enable easy visualization and extend
the possibility of science communication in planetariums. 52
guests attended including 9 invited speakers and 15 attendees
from overseas (U.S.A., Canada, Taiwan, Germany, South
Africa, Hong Kong, the Netherlands, and Sri Lanka.)

(4) Community Activities

The “Mitaka Picture Book House in the Astronomical
Observatory Forest” welcomed 41,068 visitors in FY 2016.
The Outreach and Education Office supervised the exhibition
“Ephemeris Counting Life (July 2016 — June 2017).” We also
cooperated with modern and traditional Tanabata events,
moon viewing event, and other events. In addition, through the
“Mitaka Picture Book House in the Astronomical Observatory
Forest, Picture Book Original Drawings Hallway Exhibit
Contest” which started from FY 2013, the Outreach and
Education Office cooperated in the selection of 3 winning
books.

The Outreach and Education Office conducted the
8th“Mitaka Solar System Walk” from Friday, September 23
to Sunday, October 23 in cooperation with Mitaka City and
the non-profit organization (NPO) Mitaka Network University



Promotion Organization. Stamps were placed at 170 shops and
67 facilities, including NAOJ Mitaka Campus and the Mitaka
City Municipal Office, for a total of 237 locations around
Mitaka. Adding 19 limited stamps, 256 stamps were placed and
this is a record number. Approximately 18,000 guide-maps/
stamp sheets were distributed, of which 3,379 people turned
theirs in for a prize. The number of participants who collected
all the stamps was 387. It was a good chance to tour the Solar
System while promoting commerce, industry, sightseeing and
providing families with a way to enjoy Mitaka and rediscover
the city’s charm.

The Outreach and Education Office also provided the venue
for “Astronomy Course for Apprentice Starry Sky Guides,
Star Sommelier Mitaka - Let’s Become Apprentice Starry Sky
Guides!
assisted by providing teachers and workshops.

- ” hosted by Mitaka Network University and also

The “Information Space of Astronomy and Science” for
which Mitaka City, Mitaka Network University, and Mitaka
City Planning Board co-operate celebrated the second year
since its opening and 11 exhibitions were held in FY 2016. The
Public Relations Center had proposed 2 of these exhibitions
and helped with 3 lectures.

Also, the office offered outreach and monthly astronomical
information images through large-scale information displays
and “Cosmic Reading Bookstore Corner,” a display of sample
books available to read which changes themes (once every 2
months), and cooperated on the “M Marche Project” conducted
on the 4th Sunday of every month. We welcomed 21,674 guests
in the 2016 fiscal year and celebrated 20,000 visitors and
30,000 visitors since the opening. It has been acknowledged as
a location in town where science can be easily accessed.

(5) Merchandizing Business

The office cooperated with merchants who organized the
NAOJ original goods and aided in making 5 types of goods and
132 individual products, such as pin badges, cultural property
facility post cards, and T-shirts. In addition, the office invited
merchants to place vending machines dispensing capsule toys
starting from August 2016. These were placed so that visitors
can buy goods when the Co-op store is closed on Saturdays and
Sundays. Also, the office invited booths selling goods at the
Mitaka Open House Day. A total of 1,230 items of these goods
were sold in the year.

5. Ephemeris Computation Office

The Ephemeris Computation Office (ECO) estimates
calendrical phenomena such as the apparent positions of the
Sun, Moon, and planets on the basis of international standards
and publishes the “Calendar and Ephemeris” as part of the
compilation of almanacs, which is one of NAOJ’s raisons d’étre.

(1) ECO published the 2017 edition of the Calendar and
Ephemeris, the 2017 version of the calendrical section of the
Rika Nenpyo (Chronological Scientific Tables), and the 2018
edition of the Reki Yoko (posted in the official gazette on

February 1, 2017). The Calendar and Ephemeris webpage was
updated to match what was published in the Reki Yoko.

(2) As for the website (http://eco.mtk.nao.ac.jp/koyomi/index.
html.en), ECO continuously updated the contents of the
Ephemeris Wiki and worked on checking the accessibility
sequentially. ECO cooperated with the astronomical
phenomena awareness campaigns again this year. The radiant
points of the Perseid, Geminid, and Quadrantid meteor showers
were published in the Astronomical Information section of the
website. There were about 24 million page views for this fiscal
year.

(3) The Japan Association for Calendars and Culture Promotion
hosted its 6th General Meeting, and the Calendar Presentation
Ceremony.

(4) ECO hosted regular exhibitions in collaboration with
the Library, selecting from NAOJ’s invaluable collection of
historical archives written in Japanese/Chinese. The themes
of the 54th and 55th permanent exhibitions were “24 Sekki
and Calendar” and “Shigetomi Hazama” respectively. These
exhibits can also be viewed at the Rare Materials Exhibition of
the Library’s website, in Japanese only (http://library.nao.ac.jp/
kichou/open/index.html).

(5) New Astronomical Objects work was transferred to the
Public Relations Office this fiscal year.

Pageview statistics of ECO Website
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Figure 1: Pageview Statistics of ECO Website.

6. Library Unit

The Library Unit collects and sorts scientific journals and
books in order to make them available for the research and
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study of NAOJ researchers and students. In recent years, with
the continuing digitalization of scientific materials, the portion
of the materials in electronic format has increased.

For non-NAOJ personnel who wish to use the Mitaka
Library materials, the Library is open to the public on
weekdays. In FY 2016, 249 non-NAOQOIJ personnel came to use
the Library. Also for researchers and students belonging to
other organizations, we loan books or provide photocopies via
the institute’s library. In FY 2016, photocopies or loans were
provided in a total of 96 cases.

Important documents, especially those originating from the
Edo Era Tenmonkata (Shogunate Astronomer), are preserved
while taking into account the environment of a specialized
library. Images of some of the important documents are
available to the public on the Library Unit homepage.

During the Mitaka Open House Day festivities in October,
we used to open part of the Mitaka Library to the public, but in
Fiscal Year 2016, we extended the subject themes. In addition
to materials for general and young readers, we actually allowed
visitors to take a look at many specialized books related to
astronomy.

The number of books and journals owned by Mitaka
Library and each observatory and the condition of continuing
NAOJ publications are published in Section XI Library,
Publications.

7. Publications Office

The Publications Office continued its activities in planning,
editing, and printing NAOJ’s original materials for PR and
promotions. The following periodicals were also published this
year:

» Annual Report of the National Astronomical Observatory of
JAPAN Volume 28 Fiscal 2015 (Japanese)

» Annual Report of the National Astronomical Observatory of
JAPAN Volume 18 Fiscal 2015 (English)

* Report of the National Astronomical Observatory of JAPAN
Volume 18 (Japanese)

* NAOJ Pamphlet (Japanese)

* NAOJ Pamphlet (English)

* NAOJ News, No. 273 — No. 284 (April 2016—March 2017)

* Radio Astronomy Public Relations comic “Almar’s
Adventure” (#6)

* NAOIJ Publicity Poster Series (#4, #5, #6)

Continuing from the previous year, in FY 2015 the
Publications Office strove to strengthen its international
publication ability and digital publication ability. Regarding
the production of an international edition of the Rika Nenpyo
(Chronological Scientific Tables), the authors performed
the first check of the English translation and it is in layout.
In digitalization efforts, the Office brushed up the “NAOJ-
Universal Multi-Publication System (NAO-JUMPS),” which
includes research highlight of the Annual Report of the
NAOJ and fixed layout articles from NAOJ News. Together
with this, the first book Makali‘i in Hawai‘i ”(ISBN978-4-
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908895-01-2) was published using the generalized electronic
book platform “NAOJ-Delivering next-generation e-books
(NAOJ-Deneb).” In normal business, the Office produced
and distributed the NAOJ pamphlets and the Annual Report
of the National Astronomical Observatory of JAPAN. In the
systematic production of special editions with the goal of
developing project outreach support in NAOJ News, extra
copies of each of the special editions (“The Subaru Telescope
Special Edition 2016” July; “Mizusawa VLBI Observatory
Special Edition” December; “Hinode Solar Observatory 10th
Anniversary Special Edition” January; and “People Involved
in the TMT Project Vol.01 Special Edition” March) were
printed and these aided the outreach efforts of each project.
The TMT Special Edition is especially noteworthy because
the office conducted international interviews in California and
Hawai‘i. The March issue was the California issue, including
12 articles published in both Japanese and English, making a
concerted effort towards content internationalization. From
now on, to develop and share NAOJ News articles as a resource
to be used as outreach content for each project, we plan to
promote the production of overall, basic articles through
close cooperation with researchers and promote international
magazine compiling. Other than periodicals, the 2017 calendar
“SUBARU Telescope” (the 12th since 2005) was created. The
Office provided native check services to the Public Relations
Office; General Affairs Division, Administration Department;
and Hinode Science Center for English language publications,
contributing to the expansion and enhancement of NAOJ’s
international information dissemination. In addition, like in
other years support was also given to the publication of the
“Rika Nenpyo, (Chronological Scientific Tables).”

8. International Astronomical Union Office for
Astronomy Qutreach (IAU/OAO)

The Office for Astronomy Outreach (OAQO) of the
International Astronomical Union (IAU), which is established
as an office in the Public Relations Center, communicated
with National Outreach Contacts (NOC’s) (windows for
outreach in each country) in an effort to strengthen cooperative
relationships, communication, and coordination with 69 NOC’s
as of the end of the 2016 fiscal year. Significant progress was
made between 17 NOC’s this fiscal year. In relation to this, [AU
OAO announced that from the next fiscal year we would begin
discussing outreach systems for each country that would be
more effective in achieving the objectives in the near future.

For international information provision, the office posted a
total of 550 postings from OAO on IAU social media during FY
2016. The Facebook community grew by 33 % and the Twitter
community by 40 %. Meanwhile, the IAU Astronomy Outreach
Newsletter (e-mail news) was delivered 24 times and 300 items
of information were provided to 4,500 subscribers all over the
world. The newsletter has been translated and redistributed
into four different languages by collaborators in the respective
countries.

On May 16-20, 2016, the International Conference



CAP2016 of the IAU C2 committee was held in Medellin
City, Colombia with 140 participants from 30 countries. OAO
contributed to the management of the conference as one of
the Executive Chairs, and many staff members participated
and deepened international relations through presentations,
workshops, etc. In cooperation with the Outreach and
Education Office and others, the Office successfully invited
the international conference CAP 2018 to Fukuoka and is
proceeding on preparatory work in cooperation with the
convention organizing committee members, Fukuoka City, and
others.

From September 24 to September 26, NAOJ and the
Japanese Society for Education and Popularization of
Astronomy co-hosted “The 3rd Symposium on Universal
Design for Astronomy Education” at NAOJ Mitaka Campus
with 131 attendees from 15 countries.

Our office also conducted a survey on the translation
network and summarized the key issues for OAO stakeholders
and the astronomy outreach community in establishing
translation services and language translation requests as part of
OAO's activities. We held several evaluation meetings during
FY 2016 and begin experimental translation network projects
from FY 2017.

IAU OAO received international evaluation by IAU and
NAOJ from August 31 to September 2. This is because the
agreement on OAO between the AU and NAOJ was set
to expire at the end of the current fiscal year. A thorough
and fruitful evaluation process was carried out. The main
recommendation from the evaluators was that the scope of
astronomy outreach is very wide, so OAO should focus on
narrowing down its priorities, and performing projects in a
systematic way. In response to the evaluation, OAO reviewed
its organization and division of labor, and after having attended
the Intercultural Communication Seminar, OAO is pursuing
its activities under a new organization structure. In February
2017, IAU and NAOJ exchanged new agreements for 2017-2021
based on the evaluation results.
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18. Division of Optical and Infrared Astronomy

1. Overview

The primary objectives of divisions in NAQOJ are facilitating
and invigorating projects and individual research through
personnel exchanges to place researchers in environments more
suitable for their individual projects. While pursuing challenging
exploratory research on observation and development, the
division furthers these goals by launching new projects as
necessary. The division also actively engages in graduate
education efforts to foster next-generation talent. These activities
are based on the concept that the Division of Optical and
Infrared Astronomy is a center for personnel exchange between
Subaru Telescope, which engages in open use, and universities
and research institutes in Japan, which focus on developmental
research into new instruments and observational research. This
fundamental principle has been developed since the Subaru
Telescope was constructed.

The Division of Optical and Infrared Astronomy oversees
OAO (Okayama Astrophysical Observatory) and Subaru
Telescope (C Projects); the TMT-Japan (TMT-J) Project Office
and the Gravitational Wave Project Office (B Projects); and the
JASMINE Project Office and the Extrasolar Planet Detection
Project Office (A Projects). The Division and the Projects
carry equal weight in organizational terms. Almost all NAOJ
members in optical- and infrared-related fields have positions
in the Division with either the Division or one of the A, B, or
C Projects as the primary appointment. At times, they may
also have concurrent positions in other projects. The primary
staff of the Division of Optical and Infrared Astronomy in FY
2016 consisted of two professors, and four assistant professors
(including one specially appointed assistant professor).

The Division coordinates educational, research, and
administrative activities for Subaru Telescope Mitaka Office and
the Extrasolar Planet Detection Project Office. Since personnel
transfer often occurs within the Division of Optical and Infrared
Astronomy, the Division plays an increasingly important role in
coordinating between Subaru Telescope and the TMT-J Project
Office. The Division as a whole maintains and operates facilities
which are auxiliary to research, such as mailing lists and web
servers for Division of Optical and Infrared Astronomy-related
projects such as Subaru Telescope, TMT-J, Extrasolar Planet
Detection Project Office, Gravitational Wave Project Office, and
JASMINE Project Office. The remainder of this report will focus
on the research projects conducted by the primary staff of the
Division of Optical and Infrared Astronomy and the activities of
projects that support open use.

2. Observational Research
(1) Observational Research Using Various Types of Telescopes
Observational research utilizing the Subaru Telescope

focuses on a wide variety of fields such as cosmology; galaxy
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formation and evolution; the formation of stars and planets; the
structure and evolution of the Milky Way; stellar spectroscopy;
Solar System bodies; and the search for exo-planets. A survey
of high-z quasars was conducted in the survey data of Hyper
Suprime-Cam (HSC) on the Subaru Telescope. A comet which
was accidentally captured in a queue observation was analyzed
and utilized as data about the dust trail. Comets were observed
at the Kiso Observatory of the University of Tokyo. The data
reduction in the search for extrasolar planets using direct
imaging methods continued. Based on the infrared observations
of protoplanetary disks by the Subaru Telescope, observations
were proposed to ALMA, and some data were obtained
successfully.

(2) International Cooperative Observational Research

The Division also engages in international collaborative
studies with overseas researchers.

Planning of the observations and the collaboration with the
Fessenkov Astrophysical Institute at Kazakhstan was promoted
for a cooperative observations with the East Asian Core
Observatories Association (EACOA) medium-size telescope and
the Optical and Infrared Synergetic Telescopes for Education
and Research (OISTER). In the OISTER workshop held on
November 21-22, 2016 at Kyoto University, a talk was given
by an attendee from the Fessenkov Astrophysical Institute. A
Kazakhstan-Japan Mini Workshop was held at the Fessenkov
Astrophysical Institute at Almaty, Kazakhstan during March 28—
April 1.

The site survey in western Tibet continued in cooperation
with the National Astronomical Observatories, Chinese Academy
of Sciences (NAOC). Discussions for the site assessment and
construction of a telescope were held with researchers of NAOC,
the Purple Mountain Observatory, and Hiroshima University.

A study on extended ionized gas in the Leo cluster was
conducted with researchers in Italy. A study on extended
ultraviolet regions around galaxies continued with researchers in
the USA.

(3) Research Using Archives

Researches on the verification of astronomical phenomena
described in the New Testament started jointly with the
National Institutes for the Humanities. Studies of astronomical
phenomena based on other old ephemerides and documents
continued. A statistical study on Ultra Diffuse Galaxies in the
Coma Cluster was conducted using archive data from the Subaru
Telescope.

The image data of the Kiso Ultraviolet-excess Galaxies
(KUG) catalog and the corrections of the positions based on
the images were made available on the web page of the Kiso
Observatory. A paper on the update was submitted. Digitization
of Kiso Schmidt plates continued.



3. Observational Instrument Development

The effect of the environment inside the dome on seeing size
at the Subaru Telescope has been studied through collaboration
with Chofu Aerospace Center of JAXA (Japan Aerospace
Exploration Agency), Tokyo Denki University, and RIKEN.
The procedure to compare the results of a fluid calculation and a
water-flow experiment with the data from the Subaru Telescope
environment sensors in the dome was investigated. Analysis of
the ghost images of bright stars in the data of Hyper Suprime-
Cam at the Subaru Telescope was conducted and a presentation
was made about correction methods. Commissioning and tests
of the Hosei Twin Astronomical Telescopes (HOTATE) and
observations using it were supported.

4. Operational Support for Subaru Telescope

The Division of Optical and Infrared Astronomy offers
support for the open use of the Subaru Telescope. This includes
organizing open calls for open-use programs, program selection,
administration, management of open-use-related travel expenses,
and promoting PR activities for Subaru Telescope. The Division
also provides support for various research conferences held at
Mitaka Campus.

5. Research Environment Maintenance

The Division manages the printers and rented multi-function
photocopiers; sub-networks; and data backup servers for Subaru
Telescope Mitaka Office as part of its efforts to maintain the
research environment. The Division maintains the web servers
and their contents, and also gives assistance for setting-up
computers for new administrative supporters.

6. Planning of Next-generation Large-Scale Projects

The Division is engaged in planning post-Subaru large
projects in optical and infrared astronomy, such as TMT and
the JASMINE series. The preparation for the assessment of
new infrared detectors by the maintenance of old instruments
continued.

7. PR, Outreach, and Discovery of New
Astronomical Objects

The Division cooperates with the Public Relations Center in
supporting matters related to the discovery of new astronomical
objects and PR/outreach activities such as publications and
press conferences related to Subaru Telescope research results.
A Tanabata talk event at Koganei was supported. The Division
actively participates in a special public event held at Mitaka
Campus (Mitaka Open House Day).

8. Educational Activities

The Division of Optical and Infrared Astronomy provides

postgraduate education to 23 graduate students from the
Graduate University of Advanced Studies, the University of
Tokyo, Tokyo Institute of Technology, Nihon University, Hosei
University, and the University of Electro-Communications.
Division staff members made active contributions to seminars
and self-directed studies. Since April 2015 we have held a
30-minute seminar in the afternoon every day throughout the
year. In December, we held the annual workshop of the Division
of Optical and Infrared Astronomy so that staff members
and graduate students can understand the current studies and
interests of each other. The Division participated in the “Fureai
(Friendly) Astronomy” project, dispatching lecturers to various
schools around the country, providing pupils at elementary
and junior high schools with opportunities to learn about and
appreciate astronomy.

In collaboration with M-JEED, which is a project by
Mongolia and Japan for a higher engineering education
development promoted by the Japan International Cooperation
Agency (JICA), research abilities and human training were
improved through collaborations between teachers and
researchers in the National University of Mongolia and NAOJ.
In FY 2016, three NAOJ academic staffs visited the National
University of Mongolia during September 5-10 and lectured on
astronomy.
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19. Division of Radio Astronomy

The Division of Radio Astronomy oversees Nobeyama
Radio Observatory, Mizusawa VLBI Observatory, the RISE
Lunar Exploration Project, and NAOJ Chile Observatory
operating the Atacama Large Millimeter/submillimeter Array
(ALMA) and Atacama Submillimeter Telescope Experiment
(ASTE). The scientists and engineers of these projects are
attached to the Division of Radio Astronomy, which promotes
radio astronomy research to harmonize these radio astronomy
projects. The research themes of the Division of Radio
Astronomy are represented by keywords such as Big Bang, early
Universe, galaxy formation, black holes, galactic dynamics, star
formation, planetary system formation, planets and satellites, the
Moon, the evolution of interstellar matter, and the origin of life
in the context of the evolution of the Universe. Radio astronomy
unravels mysteries and phenomena in the Universe through radio
waves, which are invisible to human eyes. The detailed research
results are reported in each project’s section and in the research
highlights. The Radio Astronomy Frequency Subcommittee has
been established within the division, engaging in discussions on
protection against artificial interference generated by electrical
equipment, which causes major obstacles in radio astronomical
observations.

1. Radio Astronomy Frequency Subcommittee

The mission of the Radio Astronomy Frequency
Subcommittee is to protect the environment for radio astronomy
observations. In 1932, Karl Jansky of the U.S.A. first discovered
radio waves emitted by astronomical objects, albeit accidentally.
Since then, dramatic advances have been made in radio
observation methods, showing us new perspectives of the
Universe invisible at the optical spectrum. The fact is that four
Novel Prizes have been awarded to achievements made in the
field of radio astronomy.

Just as light pollution from artificial light sources is an
obstacle in optical observation, artificial radio interference
generated by the electronic devices which surround us is a
major obstacle in radio observations. Breathtaking advancement
has been achieved in wireless communication technologies in
recent years, and wireless commercial products such as mobile
phones, wireless LANs, and automotive radars are widely
used. The areas of radio applications will further expand in
the future owing to their ubiquitous nature. But because of
its unique capabilities, compatibility among various radio
services, including both active and passive ones, will become a
serious issue. Frequency is a finite resource and its sharing is an
unavoidable issue. Therefore, further efforts will be necessary
for maintaining the sky free from artificial interference for better
radio astronomy observations.

(1) Role and Organization

The purpose of the Radio Astronomy Frequency
Subcommittee is to ensure that radio astronomical observations
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are free from artificial interference and to raise public awareness
of the importance of the protection activities. Radio astronomical
observation does not emit radio waves; thus, it does not
interfere with other wireless communications. A proactive
approach is needed to widely raise awareness of the efforts
to protect the environment for radio observations. Regular
explanatory sessions are provided at the Ministry of Internal
Affairs and Communications (MIC) and regional Bureaus of
Telecommunications to solicit appreciation of the importance of
protecting the field.

The coordination between the community of radio astronomy
and commercial wireless operators is led by MIC within Japan
and internationally by the International Telecommunication
Union (ITU) Radiocommunication Sector (ITU-R) of the United
Nations. As part of the activities for FY 2016 the Subcommittee
took an active role in formulating the opinion of the Japanese
radio astronomical community (on behalf of the Japanese radio
astronomers) in these coordination efforts.

The Subcommittee is composed of members from NAOJ
and representatives of universities and research institutes in
Japan.

(2) Current Challenges

A sharing study between active radio services and radio
astronomy is crucial for compatibility under the condition
of limited availability of frequency resources. Some rules
and regulations have been established to address the issue of
interference cooperatively. The Radio Astronomy Frequency

Subcommittee remains responsible for taking measures for

new developments in wireless services including the following

challenges:

- Significant increase in wireless activities in response to natural
disasters. After the Great East Japan Earthquake in 2011,
risk of radio interference has increased due to new wireless
communication services prepared for natural disasters.

- Development of new radio applications. There has been a rapid
increase in demand for higher frequencies. 76 GHz automobile
radars have become common. Wide band radars up to 81 GHz
may become more popular as they may reduce car accidents
resulting in injury or death. And, transportation of high
speed and high volume data, such as HDTV quality video, is
becoming possible through 60 GHz radio transmission systems.
Some satellite operators launched new plans for improving
broad-band communication to ships and planes globally.

Reassigning of vacant frequency bands resulting from
enhanced efficiency in radio use. The digitization of television
broadcasting has created vacant frequency bands, which have
been reassigned for mobile phones and other applications.

The effect of interference arising from such radio
applications (e.g. wireless business) varies widely depending on
the frequency band used. Radio astronomy observations have
been given priority in a number of frequency bands within the
range between 13.36 MHz and 275 GHz under the ITU Radio



Regulations (RR). However, negotiations will be necessary
between some radio services and radio astronomy if the same
priority level is to be shared within a certain band or under
adjacent/proximity conditions. Even faint signals, of negligible
significance to general radio services, can have a chance of
substantial adverse effects on radio astronomy observations.

Sources of interference that need to be addressed continue
to increase and include the following devices and systems:
the 23 GHz CATV wireless transmission system used in
emergencies, where ammonia observations are affected; 21
GHz next-generation satellite broadcasting, where water maser
observations are affected; 1.6 GHz mobile satellite phones for
emergencies, where the observation of pulsars and the like
are affected; a number of new UWB wireless applications
used by logistics and manufacturing industries, where
geodetic observations are affected; and Ka-band broad-band
communication from airliners to satellites, where water maser
observations are affected. 79 GHz automotive radars around
Nobeyama Radio Observatory have considerable impact on the
observing conditions. Although radio astronomy observations
in the 60 GHz band are not common because of the high rate
of absorption in the atmosphere, the 60 GHz system must be
watched closely because its second harmonic can have adverse
effects on CO observations in the 115 GHz band.

(3) International Activities

The ITU Radio Regulations (RR), which allocate radio
frequencies to wireless applications, are revised once every three
to four years in the World Radiocommunication Conference
(WRC). The RR includes frequency bands in which radio
astronomy observation is prioritized. Among these meetings,
the Radio Astronomy Frequency Subcommittee is regularly
involved in the WP7D (radio astronomy) and WP1A (frequency
management) meetings. The Subcommittee also takes part in
various international conferences, representing the Japanese
community of radio astronomy researchers.

In FY 2016, the Subcommittee participated in the ITU-R
WP7D meetings in April and October and the WP1A meetings
in May and November held in Geneva; and APG19-1 meeting
in July in Chengdu, China. In these meetings, the following
items were discussed as major agenda items related to radio
astronomy: modernization of Global Maritime Distress Safety
Systems (GMDSS) utilizing 1.6 GHz satellite communication;
upgrading the maritime radio communication system utilizing
the 160 MHz maritime mobile-satellites, establishment of
a correspondence group for compatibility studies to ensure
compatibility between vehicle radars and the radio astronomy
activities, identification of frequency band candidates for the
new International Mobile Telecommunications (IMT2020)
and so on. The WRC-19, which is scheduled for 2019, aims to
identify frequency bands for IMT2020 from eleven candidate
frequency bands ranging from 24 GHz to 86 GHz and to allocate
active services to frequencies above 275 GHz.

(4) Activities in Japan
The three major domestic activities of the Radio

Astronomy Frequency Subcommittee include: participation
in various committees and working groups hosted by MIC,
direct negotiations for MIC’s authorization with wireless
operators who generate radio interference, and promotion
to raise public awareness about radio interference to radio
astronomical observations. Negotiations with wireless operators
to reduce interference sources represent a major part of the
Subcommittee’s activities in Japan.

The committees and working groups hosted by MIC are
held to organize domestic tactics in preparation for international
conferences, defining Japan’s positions on various wireless
issues. Other MIC-related meetings provide opportunities
for discussing the radio application technologies related to
MIC’s wireless policy, and for negotiating with wireless
operators on interference issues under MIC authorization.
Negotiations directly affecting the protection of radio astronomy
observations have been conducted concurrently to dealing with
the interference problems related to societal and technological
trends.

Several examples of the interference problems discussed in
section (2) above are given below.

For 24 GHz automotive radars, new regulations have been
prepared to make an automatic turn-off function a mandatory
standard feature so that the device is disabled upon reaching
certain areas around radio observatories.

In November 2015 WRC-15 resolved to allocate 77.5-78
GHz to the radiolocation service, allowing automotive vehicles
to utilize the whole 76-81 GHz band for their radar, while there
is a predicted increase in the use of 76 GHz and 79 GHz high
resolution automobile radars. Of particular concern are the
possible effects of interference from these radars on the 45-m
radio telescope at Nobeyama Radio Observatory, which engages
in observations of the spectral-lines of deuterated compounds
and other molecules in interstellar matter. The observations
with the Nobeyama 45-m Radio Telescope located in Japan will
continue to carry significance in relation to the international
project ALMA, which deploys 66 high-performance radio
telescopes at an altitude of 5,000 m in Chile. Since automotive
radars are highly relevant to human life safety, negotiations
have been conducted with careful analysis in order to reach a
mutually acceptable agreement.

A new radio wave application is being planned for 21 GHz
next-generation satellite broadcasting with a picture resolution
16-fold higher than that of the current HDTV. This band is near
the 22 GHz radio astronomy band, which is important for water
maser observation. The radio signals from the satellite come
from outer space. Their detrimental effects need to be alleviated
with a filter at the output stage of the satellite. The NHK Science
& Technology Research Laboratories developed a prototype
bandpass filter to suppress spurious signals to an acceptable
level. NHK plans to verify its performance further on a future
satellite set to launch in December, 2017.

Radio observations in the 60 GHz band are not common
because of the high atmospheric absorption rate in that
frequency range. Albeit in fact, the 60 GHz system must be
watched closely in terms of its proliferation in the market, since
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interference from it may affect CO observations in the 115 GHz
band, which is within the band of the second harmonics of the
60 GHz radio system.

Following the MIC discussion for improving disaster
measures, the committee discussed with Globalstar Inc. (USA)
and signed the revision to the operating condition agreement
to establish guard channels and radio quiet zones considering
the risk of interference to the radio astronomy (OH maser
observation) band from spurious emissions from the 1.6 GHz
satellite uplink signal.

In a MIC working group, the Subcommittee was originally
concerned that Ka-band broad-band satellite communication
services may cause interference to radio astronomy observatories
in Japan. However, the evaluation of both the 22 GHz downlink
and airliners’ 30 GHz uplink signal resulted in developing
appropriate operating conditions with no risk of interference to
the observatories including Nobeyama Radio Observatory. The
working group plans to make a similar evaluation of operating
conditions for other satellite operator systems in FY 2017.

Additionally, radio astronomy observations could be
adversely affected by some of the new wireless technologies:
wireless power transmission (WPT) for electric vehicle
energy charging (non-beam); next generation railway radio
communication systems between bullet trains and trackside; and
so on. The Subcommittee continues to monitor their progress
and shares this information with related radio astronomers.

Moreover, the Subcommittee has been engaged in making
applications to the MIC to request frequency protection for
the NAOJ telescopes as well as other telescopes owned by the
Japanese community of radio astronomers on their behalf.

Collecting actual interference cases at various observatories
is also important. To raise public awareness about “Interference
to Radio Astronomy,” these collected cases are effectively
used in presentations by our community members. We are also
preparing tutorial materials for the general public. As optical
astronomers are actively working to protect their observation
environment against artificial light, we, radio astronomers, are
making the same efforts for the sake of continuing observations
in radio astronomy in coming ages.
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20. Division of Solar and Plasma Astrophysics

The Division of Solar and Plasma Astrophysics is mainly
made of staff members from the Solar Observatory, the Hinode
Science Center, and the Solar-C Project Office. It conducts
research on the Sun in close coordination with these projects.
An NAOJ fellow and graduate students supervised by the staff
of the above-mentioned projects also belong to the Division.
All of the permanent staft of these projects is affiliated with the
Division.

The Division conducts both theoretical and observational
research into the inner structure of the Sun and outer solar
atmosphere including the photosphere, chromosphere, corona,
and solar wind; and various phenomena in the magnetized
plasma such as flares, sunspots, solar faculae, and prominences.
The Division’s theoretical research includes helioseismology
studies of the internal structure of the Sun, and applications
of plasma physics and magnetohydrodynamics to various
phenomena on the Sun as well as on Sun-like stars. The solar
group at NAOJ started observations from space in the very early
stages of Japan’s space program. The Division has participated
in the development of the Hinode satellite, which is currently
in orbit, and is playing a major role in its scientific operation.
In ground based observations, the Division conducted research
to introduce and utilize new technologies in the Solar Flare
Telescope and has been conducting long-term monitoring
observations of solar activity, and the obtained data are open to
the community.

1. Research in Solar Physics

NAOQ)J fellow S. Toriumi published two papers in refereed
journals as lead author. One is about the statistical analysis
of the flare-productive active regions, while the other is on
the coordinated observation of small-scale energy releasing
events in a developing active region by Hinode and IRIS. He
also published one refereed paper on flare statistics as a co-
author. Toriumi has been promoting collaborative research with
international partners; he invited Prof. R. Rutten of Lingezicht
Astrophysics/University of Oslo/Utrecht University and
organized a scientific meeting on the formation of the solar
spectrum.

The Division has a seminar (on Friday afternoon, roughly
twice a month) whose speakers are from both inside and outside
of the Division. The organizer for this year was S. Toriumi.

2. Educational Activities

The teaching staft of the Division supervised three graduate
students from the Graduate University for Advanced Studies
(SOKENDAI). Among them, N. Kambara and M. Yoshida
passed the examination for the Master’s degree. The Division,
in cooperation with Kyoto University and Nagoya University,
supported the annual “Leading-edge Solar Research-Experience
Tour” in March for undergraduate students; eight students

visited solar-related research organizations and experienced the
latest research in the field.

3. International Cooperation

Y. Katsukawa has been a member of the Science Working
Group of the Daniel K. Inouye Solar Telescope, a 4-m telescope
under construction at Haleakala, Hawai'i. Some members of
the Instituto de Astrofisica de Canarias of Spain came to Japan
to promote the construction of another 4-m solar telescope,
which is now in the planning stage in Europe, and a meeting to
discuss the collaboration was held. Several plans are also under
consideration for future ground-based telescopes that would
involve collaborations with East Asian countries and Peru.
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21. Division of Theoretical Astronomy

1. Overview

The Division of Theoretical Astronomy (DTA) engaged
in research activities for FY 2016 with the aim of achieving
internationally outstanding research results both in quality and
quantity to accomplish of the following four goals that were set
by NAOIJ:

- Advance world class cutting-edge theoretical research.

- Pursue theoretical astronomy research, particularly in
areas that utilize the NAOJ supercomputers or large-scale
observational instruments to give further insight into their
future development.

- Encourage collaborations among researchers in Japan and
strengthen domestic theoretical astronomy research.

- Invigorate postgraduate education.

The division handles a wide variety of themes in theoretical
astronomy research, addressing a diversity of hierarchical
structures of the Universe in terms of formation and evolution
processes, dynamics, and physical state of matter, covering
a span from the early Universe to galaxies, stars, planetary
formation, activities of compact objects, the origins of space-
time, and plasma phenomena in astronomy and astrophysics;
joint research with observational astronomy using observational
instruments of various frequency bands such as the Subaru
Telescope, ALMA, and Nobeyama radio telescopes; and
interdisciplinary research with neutrino cosmology, gravitational
wave astronomy, physics of elementary particles and atomic
nuclei.

The Division of Theoretical Astronomy aims to facilitate
Japan’s high competitiveness on the international plane through
continuous production of world-leading research results and
offers a superb research environment as a base for theoretical
research accessible to researchers in Japan and overseas. It
has accepted a wide range of both Japanese and international
researchers as visiting professors, visiting project research
fellows, and long-term research fellows who actively engage
in various research projects in the division. In particular,
the division has fostered research developments to create an
influential research center for young researchers and is actively
engaged in personnel exchanges with many universities and
research institutes. In addition, the division actively organizes
numerous cross-disciplinary international conferences, domestic
meetings, and seminars for the fields of theoretical astronomy
and astrophysics, observational astronomy, and experimental
physics; and it leads research activities in various related fields
of astronomical science. The division’s full-time professors,
associates, assistants, and project assistant professors, together
with NAOJ postdoctoral fellows and EACOA fellows, research
experts, specially appointed research staff, JSPS fellows, and
research supporters conduct theoretical astronomy research and
education involving postgraduate students from the Graduate
University of Advanced Studies, the University of Tokyo, and
the Graduate School of Japan Women’s University.
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2. Current Members and Transfers

In FY 2016, the dedicated faculties of the Division
of Theoretical Astronomy included two professors, two
associate professors, and four assistant professors in addition
to one adjunct professor and one adjunct assistant professor
who concurrently held primary positions at the Center for
Computation Astrophysics. In addition to these research and
educational members, the division was served by five project
assistant professors, including one research associate, two JSPS
fellow, two EACOA fellows, and in addition one administration
associate who gave full support to all activities of the division.
Among them Takeshi Inoue, an assistant professor, moved to
Nagoya University as an associate professor from November in
2016.

3. Research Results

The research papers and presentations in international
conferences carried out by the division members as author(s)
or presenter(s) are listed below. Categories with fewer than 5
publications have been omitted.

- Peer-reviewed papers in English: 91

- Reports in English (talks at international conferences): 71
(invited talks: 16)

- Reports in Japanese (talks at national meetings, etc.): 42

Some of the research results are presented as the research
highlights listed at the beginning of this report. The following
highlights include research in which the division members took
leading roles:

- Impact of New Gamow-Teller Strengths on Explosive Type Ia
Supernova Nucleosynthesis (Mori, K., Kajino, T. et al.)

- New Electron Orbits in Collisionless Magnetic Reconnection
(Zenitani, S. et al.)

- Kilonova Emission from Compact Binary Mergers (Tanaka, M.
etal.)

- Chemodynamical Evolution of Dwarf Galaxies Deduced from
r-process Elements (Hirai, Y., Kajino, T. et al.)

- HOLiCOW - Lens Mass Model of HE 0435-1223 and Blind
Measurement of Its Time-delay Distance for Cosmology
(Wong, K. C. et al.)

- Properties of Interstellar Dust Responsible for Steep Extinction
Curves toward Type la Supernovae (Nozawa, T. et al.)

- Circumstellar and Explosion Properties of Type Ibn
Supernovae (Moriya, T. et al.)

- Radio Transients Associated with Accretion-induced Collapse
of White Dwarfs (Moriya, T.)

- Supernovae Powered by Magnetars that Transform into Black
Holes (Moriya, T. et al.)

- Properties of Magnetars Mimicking 56Ni (Moriya, T. et al.)



- Formation of Spiral Arm in Galaxies by Swing Amplification
(Kokubo, E. et al.)

- Planetesimal Formation by Gravitational Instability of Porous-
Dust Aggregates (Kokubo, E. et al.)

- N-Body Simulation of Chariklo's Ring (Kokubo, E. et al.)

- Heavy Element Production in Type II Supernovae: Sensitivity
to Nuclear Equation of States (Kajino, T. et al.)

- Relativistic Screening Effects on Big Bang Nucleosynthesis
and Low-lying Resonances (Kajino, T. et al.)

- Detectability of Cosmic Dark Flow in the Type Ia Supernova
Redshift-Distance Relation (Kajino, T. et al.)

- Impact of Sterile Neutrino Dark Matter on Core-collapse
Supernovae (Kajino, T. et al.)

- Neutrino Antineutrino Pair Emissions in Strongly Magnetized
Neutron-Star-Matter in Relativistic Quantum Approach
(Kajino, T. et al.)

- Possible Measurements of Reaction Cross Sections for
Explosive Nucleosynthesis using Laser -Driven y-ray Pulses
(Kajino, T. et al.)

- Isomer Production Ratio of 113Cd following Neutron-Capture
Reactions to Investigate the Origin of 115Sn (Kajino, T. et al.)

- Solving the Red Supergiant and Supernova Rate Problems via
Relic Supernova Neutrino Spectrum (Kajino, T. et al.)

- Non-Extensive Statistics Solution to the Cosmological Lithium
Problem (Kajino, T. et al.)

The following research results are released on the division’s
website (http://th.nao.ac.jp/) as research highlights:

- Japan OISTER collaboration uncovers the origin of
extraordinary supernovae (Tanaka, M. et al.)

- Avoiding “Traffic Jam” Creates Impossibly Bright “Lighthouse”
(Kawashima, T., Ohsuga, K. et al.)

- New classes of electron orbits in magnetic reconnection
(Zenitani, S. et al.)

- Cosmic lenses Bring the Universe’s Expansion into Sharper
Focus (Wong, K. C. et al.)

- Metallic Iron Grains Hardly Exist in the Universe (Nozawa, T.
et al.)

- Mystery of Nucleosynthesis in Type Ia Supernova: Challenge
from Precise Nuclear Physics (Mori, K., Kajino, T. et al.)

- Early evolutionary histories of galaxies deduced from r-process
elements (Hirai, Y., Kajjino, T. et al.)

- An Elegant Solution of the Big-Bang Lithium Problem?
(Kajino, T. et al.)

4. Domestic Collaborations

The Division of Theoretical Astronomy played leading roles
in organizing the following domestic conferences:

- 5th TDA Symposium on “Pre-solar Grains, Evolution of
Interstellar Dust, and the Origin of the Solar System”, NAOJ
Mitaka Campus, September 26 - 27 in 2016. (Participants; 38)

- Japan SKA Joint Science Forum on “Cosmic Magnetic Field:
from Intra-Galactic Phenomena to Large Scale Structure”,

Yamagata Zao, October 27 - 29 in 2016. (Participants; 35)

- 6th TDA Symposium on “Role of the Magnetic Field in Stellar
Formation and its Observational Evidence”, NAOJ Mitaka
Campus, November 24 - 25 in 2016. (Participants; 37)

- 29th RIRONKON Symposium on “Cosmic Hierarchical
Structure driven by Gravity”, NAOJ Mitaka Campus,
December 20 — 22 in 2016. (Participants; 153)

5. International Collaborations

Toshitaka Kajino performed duties of the following posts:
international referee for the National Sciences and Engineering
Research Council of Canada (NSERC); international referee
for Partnership for Advanced Computing in Europe (PRACE);
international associate for the European Centre for Theoretical
Studies in Nuclear Physics and Related Areas (ECT*); and
international referee for the Swiss National Science Foundation
(SNSF). Eiichiro Kokubo served on the organizing committee
of Commission A4 (Celestial Mechanics and Dynamical
Astronomy) of IAU.

The Division of Theoretical Astronomy played leading roles
in organizing the following international conferences:

- The 4th DTA Symposium on Compact Stars and Gravitational
Wave Astronomy, NAOJ Mitaka Campus, May 13 — 14 in
2016. (Participants; approx. 20)

- NIC XIV School on Nuclear Astrophysics, Niigata University,
June 13 — 17 in 2016. (Participants; approx. 70)

- 14th International Symposium on Nuclei in the Cosmos
(NIC X1V), Toki Messa in Niigata, June 19 — 24 in 2016.
(Participants; approx. 300)

- 2nd NAOJ-ECT* International Workshop on Many Riddles
About Core-Collapse Supernovae: 1 Bethe and Beyond, NAOJ
Mitaka Campus, June 27 — July 1 in 2016. (Participants; 52)

- 9th Meeting on Cosmic Dust, Aobayama Campus in Tohoku
University, August 15 — 19 in 2016. (Participants; 51)

- Japan-Germany Planet and Disk Workshop, Ishigaki in
Okinawa, September 25 — 30 in 2016. (Participants; approx. 50)

- Quarks and Compact Stars 2017 (QCS2017), Yukawa Institute
in Kyoto University, February 19 — 22 in 2017. (Participants;
approx. 70)

6. Educational Activities

The lecture subjects are listed below to supplement Section
III on activities of research and educational adjunct lecturer-ship
at the universities and graduate schools:

- Toshitaka Kajino: Lectures on fundamentals of theoretical
astronomy at the Graduate University for Advanced Studies;
science of time, space, and matter, and fundamentals of physics
at Gakushuin University; astrophysics and modern physics at
Japan Women’s University; astrophysics at Jissen Women’s
University; nuclear physics at Meiji University; astronomy
investigation I & II, reading papers in turn I & II, and special
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astronomy investigation II at the Graduate School of the
University of Tokyo.

- Eiichiro Kokubo: Earth and Planetary Sciences I at the
University of Tokyo, Solar System and Exoplanetary Systems at
the University of the Ryukyu.

- Masashi Tanaka: Introduction to observational astronomy I
at the Graduate University for Advanced Studies; advanced
astrophysics at Chiba University; advanced stellar physics II at
Tohoku University.

- Takashi Hamana: Geology at the Tokyo University of
Agriculture and Technology.

Tomoya Takiwaki and Eiichiro Kokubo also delivered SSH
lectures on “Supernovae, culminating their Stellar Evolution”
at Aichi prefectural high school and “Solar System and
Exoplanetary Systems” at Kanazawa Izumigaoka high school,
respectively, and contributed much to high school education.

7. Outreach Activities

The Division of Theoretical Astronomy actively engaged in
public promotions and outreach activities by offering lectures to
the general public. The following lectures were delivered this
year:

- Toshitaka Kajino: “Cosmology towards the Origin of Matter
and Time and Space” (International Conference NIC2017
Commemorative Lecture, Hitotsubashi Auditorium, Tokyo);
“Origin of Heavy Elements” (Cosmo-Nuclear Physics Forum,
RIKEN, Wako)

- Eiichiro Kokubo: “Solar System” and “Exoplanetary Systems”
at Niigata Citizen University; “From Stardust to the Earth” at
Osaka Prefectual University; “The Blue Planet” at Yokohama
Aasahi Culture Center; “Form Stardust to the Earth and Moon”
at Discovery Park Yaizu; “Exoplanet Zoo” at Ikebukuro
Community College; “Introduction to Planet Formation Theory”
and “Solar System and Exoplanetary Systems” at Waseda
University Extension Center; “The Origin of the Earth” at
Konan University

- Takiwaki Tomoya: “Science Frontier of Core-Collapse
Supernovae” (Asahi Culture Center Tokyo); “Supernovae,
culminating their Stellar Evolution” (Asahi Culture Center
Yokohama); “Universe” (Shimadoromu General Lecture,
Science and Technology Museum, Tokyo)

- Masaomi Tanaka: “The Life of a Star and Supernova
Explosions” (Asahi Culture Center Shinjuku); “Following
the Moment of a Supernova Explosion” (Mitaka Network
University); “Science Frontier of Core-Collapse Supernova
Observation” (Asahi Culture Center Shinjuku); “What is the
Death of Massive Stars like — Approaching the Mysteries of
Supernova Explosions” (Sundai Gakuen Sundai Astronomy
Seminar); “What is the Death of Massive Stars like — Exploring
the Moment of a Supernova Explosion” (Science Cafe Orion)
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8. Awards

Tomoya Takiwaki was awarded the ASJ Young Astronomer
Award 2016. Seiji Zenitani and Masaomi Tanaka were given
the MEXT Young Scientists’ Awards. Masato Shirasaki and
Masaomi Tanaka received awards from the Inoue Foundation for
Science.

9. Main Visitors from Overseas

The Division of Theoretical Astronomy strives to fulfill its
roles as a center of excellence in Japan for theoretical studies in
astronomy and astrophysics and also as an international research
institution by providing an excellent research environment.
It engages in various joint research projects with visiting
researchers from overseas, with the help of Grants-in-Aid
for Scientific Research, government subsidies for operating
expenses, the NAOJ budget for guest visitors, and others. The
main international visitors of FY 2016 to the division are listed
below:

Akif B. Balantekin (University of Wisconsin—-Madison, US)
Carmen Adriana Martinez Barbosa (Leinden University,
Netherlands)

Melina Bersten (National University of La Plata, Argentina)
Myung-Ki Cheoun, (Soongsil University, South Korea)
Emmanouil Chatzopoulos (Lousiana State University, USA)
Vivien Chen (National Taiwan University, Taiwan)

Chau Ching Chon (Academia Sinica, Taiwan)

Silvio Cherubini (Catania University, Italy)

Roland Diehl (Max Planck Institute/Technical University of
Munich, Germany)

Kevin Ebinger (University of Basel, Switzerland)

Marius Eichler (University of Basel, Switzerland)

Michael A. Famiano (Western Michigan University, USA)
Morgan Fraser (University College Dublin, Ireland)

Gaston Folatelli (National University of La Plata, Argentina)
Carla Frohlich (University of North Carolina, USA)

Federico Garcia (Argentine Institute of Radio Astronomy,
Argentina)

Tristan Guillot (Nice Observatory, France)

Ji-an Jiang (University of Cambridge, UK)

Oliver Just (Max Planck Institute, Germany)

Kostas Kokkotas (University of Tiibingen, Germany)

Takami Kuroda (University of Basel, Switzerland)

Kyunjin Kwak, (Ulsan National Institute of Science &
Technology, Korea)

Shih-Ping Lai (National Taiwan University, Taiwan)

Sheng-Jun Lin (National Taiwan University, Taiwan)

Doug Lin (University of California Santa Cruz, USA)

Andreas Lohs (University of Darmstadt, Germany)

Grant J. Mathews, (University of Notre Dame, USA)

Gail Mclaughlin (University of North Carolina, USA)
Annabella Mondino Llermanos (National University of Cordoba,
Argentina)

Bernhard Mueller (The Queen's University Belfast, UK)



Quang Nygen-Luong (Korea Astronomy and Space Science
Institute, Korea)

Valerio Pirronello (Catania University, Italy)

Yoshito Shimajiri (Saclay Nuclear Research Centre, France)
Benjiamin Wehmeyer (University of Basel, Switzerland)
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22. Office of International Relations

The Office of International Relations strives to promote and
facilitate further internationalization at NAOJ by maintaining
an environment where multi-cultural researchers and students
can engage cooperatively in research and educational activities.
Specifically, the Office’s main activities include supporting
international collaborative projects; managing Security
Export Control; liaising with overseas astronomical research
organizations; gathering and providing information on
international activities; offering support for hosting international
conferences, workshops, and seminars; providing support for
visiting international researchers and students; and assisting
Japanese universities and research organizations for international
partnerships. In FY 2016 the Office continued to work closely
with the Executive Advisor to the Director General in charge of
international research coordination.

1. International Collaborative Project Support

The Office of International Relations serves as a liaison
point for international activities, engages in international
agreements or provides support for doing so, and accumulates
procedural and administrative knowledge, through consultations
or investigations on individual cases to enter into and implement
collaboration with overseas universities or research institutions.
Other matters handled by the Office include administrative
coordination in approval processes to sign agreements and
memoranda for international collaborations, conducting
preliminary reviews for legal documentation, supporting
signing ceremonies, and managing Security Export Control
for export of goods or transfer of technology. In FY 2016,
nine international agreements, new and renewed, were signed
including ones under the name of NINS. In the area of Security
Export Control, activities included review and processing of
70 cases (121 items), and an Security Export Control briefing
was held in October at Mitaka (15 attendees including 1 from
Nobeyama through TV conference connection) for improving
the knowledge and awareness of NAOJ staff.

2. Liaison Work for Overseas Astronomical
Research Organizations

The Office of International Relations supported the
organization of the East Asian Observatory (EAO) Board
meeting and the JCMT Board and users’ meeting, both held at
Mitaka during April 13—-14, 2016, and April 15-18, respectively.
At the same time, the Office organized the annual directorate
meeting of the East Asian Core Observatories Association
(EACOA). The four institutions forming the EACOA include
NAOC (China), NAOJ (Japan), KASI (South Korea), and
ASIAA (Taiwan). The Office also assisted the Executive Advisor
to the Director General in charge of international research
coordination in coordinating with the other 3 institutions for
selection of the 2017 EACOA postdoctoral fellowship program.
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Furthermore, the Office supported the activities of the Office
for Astronomical Outreach of the IAU (IAU OAO) and the IAU
Office for Astronomy Development (OAD, located in South
Africa).

The Office cooperated with the IAU OAO during the review
of OAO activity from the end of August to early September.
The Office also supported the NAOJ Public Relations Office
with its exhibit at New Scientist Live held in London during
September 28—October 1. Additionally, the Office displayed an
exhibit to present NAOJ’s projects and research results together
with recruitment information at the EAMA10 (10th East Asian
Meeting on Astronomy) held September 26-30 at Seoul, South
Korea.

The Office supported the organization of the JCMT TAC
held in Mitaka during November 21-23, and the East Asian
Astro Statistics Workshop held in Mitaka during February 27—
March 2.

Pursuant to the reorganization of the Public Relations
Office, it has been decided that the Public Relations Office will
be responsible for overseas activities in relation to the general
public, while the Office of International Relations will be in
charge of activities related to overseas researchers.

3. Support for Hosting International Research
Conferences, Workshops, and Seminars

The Office of International Relations offers support for
the planning and implementation of international research
conferences, workshops, and seminars hosted or supported
by NAOJ. The work involves consultation and responses to
inquiries regarding administrative issues. The Office also
offers advice about which organizations or individuals to
contact as appropriate, coordinates between organizations, and
gathers relevant information. In FY 2016 the Office supported
international research conferences and other events by preparing
documentation for Japanese visa applications for 36 foreign
participants in total.

4. Support for Hosting International
Researchers and Students

The Office enhanced its framework for offering organizational
support for research, education, and living arrangements for
foreign researchers and exchange students. The Support Desk
offers support services to ease difficulties for foreigners living
in Japan. It supports, on-site if required, covering various
matters such as administrative procedures at municipal and other
governmental offices; finding and moving into an apartment and
other various procedures and applications for starting up a new
life; consultation on shopping, children’s education, health and
others; and gathering/providing useful information relating to
everyday life. The Support Desk has been highly appreciated
by users. The Office continued the Japanese language lessons,



helping foreign members of NAOJ acquire beginner level
capability, and for FY 2016, a combination of E-learning
features and classroom lessons were provided, as was introduced
in the previous year. The Office also provided support for visa
applications, and including renewals; support was given to 48
applications: 12 for staff and family members, 18 for invited
researchers, and 18 for visitor/long stay researchers.
*» The Office continued its activities to support non-Japanese
speaking staff, by translating various forms for applications
and notices, including e-mail text and explanations of
procedures (67 documents).

5. Assistance in International Partnerships
Involving Japanese Research Organizations

The Office of International Relations assists universities and
other educational and research organizations in Japan to engage
in international partnerships. It also liaises with the International
Strategy Headquarters and the International Cooperation
Office at NINS to coordinate international collaborations. The
Office oversaw the Optical and Infrared Synergetic Telescopes
for Education and Research (OISTER) project conducted by
Okayama Astrophysical Observatory, Ishigakijima Astronomical
Observatory, and nine Japanese universities.

Although the budget for the OISTER project will be
transferred to the Research Promotion Division from FY 2017
onward, the Office will continue to provide administrative
support.
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1. Organization

— Projects |

(C Projects)

Subaru Telescope

Okayama Astrophysical Observatory

Nobeyama Radio Observatory

Mizusawa VLBI Observatory

Advisory Committee for Research and Management

NAOJ Chile Observatory

Center for Computational Astrophysics

Hinode Science Center

|
|
|
|
Solar Observatory |
|
|
|

IR

Director General i

(B Projects)
—| Vice-Director General (on General Affairs) | —| Gravitational Wave Project Office |

—| TMT-J Project Office |

—| Vice-Director General (on Finance) |

(A Projects)
JASMINE Project Office |

—| Director of Engineering |

Extrasolar Planet Detection Project Office |

RISE Project |
SOLAR-C Project Office |

— Centers |

Astronomy Data Center |

—| Director of Research Coordination |

I

—| Executive Advisors to the Director General |

Advanced Technology Center |

Public Relations Center |

—1

Divisions ||

Division of Optical and Infrared Astronomy |

Division of Radio Astronomy |

Division of Solar and Plasma Astrophysics |

TTTT]| LLT

Division of Theoretical Astronomy |

- Research Enhancement Strategy Office |

I

Research Evaluation Support Office |

— Office of International Relations |
1 Human Resources Planning Office |
- Safety and Health Management Office |
—1 Engineering Promotion Office |
L Administration Department |
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2. Number of Staff Members

(2017/3/31)
Regular Employees
Director General 1
Research and Academic Staff 152
Professor 27
Executive Engineer 0
Associate Professor 39
Chief Research Engineer 11
Assistant Professor 59
Research Associate 0
Research Engineer 16
Engineering Staff 36
Administrative Staff 57
Research Administrator Staff 7
Employees on Annual Salary System 117
Fixed-term Employees
Full-time Contract Employees 56
Part-time Contract Employees 131
3. Executives
Director General Hayashi, Masahiko
Vice-Director General
on General Affairs Watanabe, Jun-ichi
on Finance Kobayashi, Hideyuki
Director of Engineering Takami, Hideki
Director of Research Coordination Gouda, Naoteru

Executive Advisor to the Director General Ogasawara, Ryusuke
Executive Advisor to the Director General Sekiguchi, Kazuhiro
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4. Research Departments
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Projects

C Projects

Subaru Telescope

Director

Professor

Professor

Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor

Chief Research Engineer

Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Specially Appointed
Assistant Professor
Specially Appointed
Assistant Professor
Research Engineer
Senior Engineer
Senior Engineer
Chief Engineer
Engineer
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Research Expert
Research Expert
Research Expert
Research Expert
Research Expert

Arimoto, Nobuo
Arimoto, Nobuo
Ohashi, Nagayoshi
Hayashi, Saeko
Iwata, Ikuru
Kodama, Tadayuki
Noumaru, Junichi
Takato, Naruhisa
Takeda, Yoichi
Iwashita, Hiroyuki
Imanishi, Masatoshi
Komiyama, Yutaka
Koyama, Yusei
Minowa, Yosuke
Okita, Hirofumi
Onodera, Masato
Pyo, Tae-soo
Hayashi, Masao

Tanaka, Masayuki
Bando, Takamasa
Namikawa, Kazuhito
Omata, Koji

Tamura, Tomonori
Sato, Tatsuhiro
Niino, Yuu

Takagi, Yuhei
Toshikawa, Jun
Hayashi, Yusuke
Ikeda, Hiroyuki
Oishi, Yukie
Taniguchi, Akimitsu
Kawanomoto, Satoshi
Koike, Michitaro
Mineo, Sogo

Yamada, Yoshihiko
Yamanoi, Hitomi

Administrative Supporter Kuwata, Hitomi

Administrative Supporter Noguchi, Masumi

Administrative Supporter Suehiro, Yoko
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Administrative Supporter Takamoto, Masami

Administrative Supporter Yamada, Narumi
Administrative Supporter Yoshida, Chie

Administration Department

Manager
General Affairs Section
Chief
Accounting Section
Senior Staff

RCUH

RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH

Seto, Yoji
Chiba, Satoko
Sugawara, Satoshi

Alpiche, Dex
Aoki, Kentaro
Aso, Yusuke
Balbarino, Michael
Berghuis, Jennie
Bulger, Joanna
Castro, Timothy
Clergeon, Christophe
Currie, Thayne
Conol, Jonah
Cook, David

Doi, Yoshiyuki
Doughty, Danielle
Elms, Brian

Endo, Mari
Ferreira, James
Finet, Francois
Formanek, Keiko
Fujiwara, Hideaki
Fujiyoshi, Takuya
Gaskin, Roberta
Gorman, William
Guthier, Debbie
Guyon, Olivier
Hasegawa, Kumiko
Hattori, Takashi
Hopkins, James
Inagaki, Takeshi
Jeschke, Eric
Jovanovic, Nemanja
Kackley, Russell
Kakazu, Yuko
Kerns, Michael
Kim, Ji Hoon
Koshida, Shintaro
Kudo, Tomoyuki
Kyono, Eiji

Lee, Chien-Hsiu
Lemmen, Michael
Letawsky, Michael
Lozi, Julien
Morris, Marita
Murai, Rieko



RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH
RCUH

Director
Associate Professor
Associate Professor
Specially Appointed
Associate Professor
Assistant Professor
Engineer
Specially Appointed
Research Staff
Specially Appointed
Senior Specialist
Research Expert
Research Expert
Research Supporter

Administration Office
Administration Section

Chief

Administrative Supporter

Administrative Supporter

Administrative Supporter

Administrative
Maintenance Staff

Administrative
Maintenance Staff

Nabeshima, Yoshitake
Nakata, Fumiaki
Niimi, Yuka
Nishimura, Reid
Nishimura, Tetsuo
Otsuki, Noriko
Pathak, Prashant
Ramos, Lucio
Roth, Noriko
Rousselle, Julien
Schubert, Kiaina
Spencer, Robin
Sur, Ryoko
Suzuki, Yuko

Tait, Philip
Tajitsu, Akito
Takiura, Koki
Tamae, Richard
Tanaka, Makoto
Tanaka, Yoko
Terai, Tsuyoshi
Tomono, Daigo
Toyofuku, Ralph
Tsang, Emiko
Weber, Mark
Williams, Joshua
Winegar, Tom
Wung, Matthew
Yoshiyama, Naomi

Okayama Astrophysical Observatory

Izumiura, Hideyuki
Izumiura, Hideyuki
Ukita, Nobuharu
Kanbe, Eiji

Yanagisawa, Kenshi
Tsutsui, Hironori
Matsubayashi, Kazuya

Fukui, Akihiko

Kuroda, Daisuke
Macehara, Hiroyuki
Toda, Hiroyuki

Tanabe, Keizo
Katayama, Kumiko
Shibukawa, Hiroko
Yamashita, Ayako
Koyama, Shoji

Watanabe, Noriaki

Nobeyama Radio Observatory
Acting Director
Chief Research Engineer
Assistant Professor
Assistant Professor
Assistant Professor
Specially Appointed
Assistant Professor
Research Engineer
Senior Engineer
Senior Engineer
Senior Engineer
Senior Engineer
Chief Engineer
Engineer
Engineer
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Senior Specialist
Research Expert
Research Expert
Research Expert
Research Expert
Technical Expert
Technical Expert
Administrative Supporter
Administrative Supporter
Research Assistant
Research Assistant
Administration Office
Deputy Manager
General Affairs Section
Chief
Administrative Supporter
Administrative Supporter
Administrative Supporter
Administrative
Maintenance Staff
Administrative
Maintenance Staff
Administrative
Maintenance Staff
Administrative
Maintenance Staff
Administrative
Maintenance Staff
Administrative
Maintenance Staff
Administrative
Maintenance Staff
Administrative
Maintenance Staff

Kobayashi, Hideyuki
Kanzawa, Tomio
Ishizuki, Sumio
Minamidani, Tetsuhiro
Umemoto, Tomofumi

Torii, Kazufumi

Mikoshiba, Hiroshi
Handa, Kazuyuki
Miyazawa, Kazuhiko
Miyazawa, Chieko
Shinohara, Noriyuki
Kurakami, Tomio
Nishitani, Hiroyuki
Wada, Takuya

Kaneko, Hiroyuki

Miyamoto, Yusuke

Oya, Masaaki

Kinugasa, Kenzo
Maekawa, Jun
Takahashi, Shigeru
Tatamitani, Yoshio
Hayashi, Mitsuru
Nishioka, Makiko
Hatakeyama, Eiko
Ide, Hidemi
Fujita, Shinji
Matsuo, Mitsuhiro

Otsuka, Tomoyoshi
Otsuka, Tomoyoshi
Kikuchi, Kikue
Shinkai, Hisako
Yoda, Chizuko
Fuji, Shigeru
Hinata, Shigeto
Ide, Hiroko
Kadoshima, Junko
Kikuchi, Michiko
Kikuchi, Tsuyoshi

Koike, Ikuko

Saito, Arayo
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Administrative
Maintenance Staff

Administrative
Maintenance Staff

Accounting Section

Chief

Senior Staff

Administrative Supporter

Administrative Supporter

Administrative Supporter

Administrative Supporter

Mizusawa VLBI Observatory
Director
Professor
Professor
Associate Professor
Chief Research Engineer
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Research Engineer
Research Engineer
Chief Engineer
Engineer
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Technical Expert
Technical Expert
Technical Expert
Technical Expert
Technical Expert
Technical Expert
Technical Expert
Technical Expert
Technical Expert
Technical Expert
Research Supporter
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Tsuchiya, Junko

Yokomori, Yasuyuki

Miyabara, Yasuhide
Iijima, Kunio
Kodaira, Toshiko
Takasawa, Mitsue
Takemura, Miwako
Tokui, Chisato

Honma, Mareki
Honma, Mareki
Kobayashi, Hideyuki
Shibata, Katsunori
Sato, Katsuhisa
Hada, Kazuhiro
Hirota, Tomoya
Jike, Takaaki
Kameya, Osamu
Kono, Yusuke
Sunada, Kazuyoshi
Tamura, Yoshiaki
Ishikawa, Toshiaki
Suzuki, Syunsaku
Ueno, Yuji

Hirano, Ken
Matsumoto, Naoko

Sakai, Nobuyuki
Tazaki, Fumie

Wu, Yuanwei
Kanaguchi, Masahiro
Miura, Mitsuo
Nagayama, Takumi
Oyama, Tomoaki

Asakura, Yu
Funayama, Hiroshi
Hachisuka, Kazuya
Kim, Jeoung Sook
Matsukawa, Yuki
Nishizawa, Akihisa
Sato, Kaori
Takahashi, Ken
Yamashita, Kazuyoshi
Yoshida, Toshihiro
Matsueda, Chika

Administrative Supporter
Administrative Supporter
Administration Office

Deputy Manager
General Affairs Section

Chief

Staff

Administrative Supporter

Administrative Supporter

Administrative Supporter
Accounting Section

Chief

Administrative Supporter

Administrative Supporter

Komori, Akiyo
Uekiyo, Hatsue

Hommyo, Susumu

Hommyo, Susumu
Iida, Naoto
Oizumi, Yuka
Sasaki, Mie
Sasaki, Mie

Ito, Hiromasa
Kikuchi, Sachiko
Takahashi, Yumi

Ishigakijima Astronomical Observatory

Director

Research Expert
Time Keeping Office

Director

Solar Observatory

Director

Associate Professor

Senior Engineer

Specially Appointed
Research Staff

Research Expert

Research Expert

Research Expert

Administrative Supporter

NAOJ Chile Observatory

Director

Professor

Professor

Professor

Professor

Professor

Professor

Specially Appointed
Professor

Associate Professor

Associate Professor

Associate Professor

Associate Professor

Associate Professor

Associate Professor

Specially Appointed
Associate Professor

Specially Appointed
Associate Professor

Specially Appointed
Associate Professor

Specially Appointed
Associate Professor

Honma, Mareki
Hanayama, Hidekazu

Sato, Katsuhisa

Suematsu, Yoshinori
Hanaoka, Yoichiro
Shinoda, Kazuya
Joshi, Anand Diwakar

Hagino, Masaoki
Morita, Satoshi
Yaji, Kentaro
Sugimoto, Junko

Sakamoto, Seiichi
Iguchi, Satoru
Kameno, Seiji
Mizuno, Norikazu
Ogasawara, Ryuusuke
Sakamoto, Seiichi
Tatematsu, Kenichi
Hasegawa, Tetsuo

Asaki, Yoshiharu
Asayama, Shinichiro
Iono, Daisuke
Kiuchi, Hitoshi
Kosugi, George
Okuda, Takeshi
Muller, Erik Michael

Espada Fernandez,
Daniel

Kawamura, Akiko

Nagai, Hiroshi



Specially Appointed
Associate Professor
Chief Research Engineer
Chief Research Engineer
Chief Research Engineer
Assistant Professor
Assistant Professor

Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Specially Appointed
Assistant Professor
Specially Appointed
Assistant Professor
Specially Appointed
Assistant Professor
Specially Appointed
Assistant Professor
Specially Appointed
Assistant Professor
Research Engineer
Research Engineer
Research Engineer
Senior Engineer
Senior Engineer
Senior Engineer
Chief Engineer
Engineer
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff

Nakanishi, Koichiro

Kikuchi, Kenichi
Nakamura, Kouji
Watanabe, Manabu
Ezawa, Hajime
Gonzalez Garcia,
Alvaro
Hiramatsu, Masaaki
Hirota, Akihiko
Ishii, Shun
Kamazaki, Takeshi
Matsuda, Yuichi
Sawada, Tsuyoshi
Shimojo, Masumi
Takahashi, Satoko
Akiyama, Eiji

Egusa, Fumi
Miura, Rie
Okamoto, Joten
Saigou, Kazuya
Ashitagawa, Kyoko
Nakazato, Takeshi
Yamada, Masumi
Kato, Yoshihiro
Kobiki, Toshihiko
Nakamura, Kyoko
Ito, Tetsuya
Shizugami, Makoto
Ao, Yiping
Hashimoto, Takuya
Izumi, Natsuko
Lu, Xing
Kroug, Matthias Nils
Morokuma, Kana
Neelamkodan, Naslim
Sanhueza Nunez,
Patricio Andres
Takahashi, Sanemichi

Takekoshi, Tatsuya

Tokuda, Kazuki

Specially Appointed
Research Staff
Specially Appointed

Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Research Expert
Research Expert
Administrative Expert
Research Supporter
Research Supporter
Technical Supporter

Zahorecz, Sarolta
Fujimoto, Yasuhiro
Fukui, Hideharu
Furutani, Akio
Horie, Yosaku
Ikeda, Emi
Kawakami, Kazuyuki
Kawasaki, Wataru
Konuma, Mika
Kuniyoshi, Masaya
Matsui, Takayuki
Miel, Renaud Jean
Christophe
Morita, Eisuke
Nakamoto, Takashi
Niizeki, Yasuaki
Nukatani, Sorahiko
Okumura, Yuji
Otawara, Kazushige
Saito, Motoi
Shimoda, Takanobu
So, Ryoken
Sugimoto, Kanako
Uemizu, Kazunori
Yoshino, Akira
Sakuma, Naoko
Tomimuro, Hisashi
Kamada, Masako
Uchida, Ayako

Yamazaki, Toshitaka
Hayashi, Ritsuko

Administrative Supporter Kono, [zumi

Administrative Supporter Otawara, Hikaru
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Administrative Supporter

Chile Employees

Chile Employee
Chile Employee
Chile Employee
Chile Employee

Administration Department

Manager

General Affairs Section

Chief

Accounting Section

Chief
Staff

Director
Professor
Assistant Professor
Specially Appointed
Assistant Professor
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Research Expert
Research Expert
Research Expert
Research Expert
Research Supporter
Research Supporter
Research Supporter
Research Supporter
Administrative Supporter

Hinode Science Center

Director
Associate Professor
Associate Professor
Assistant Professor
Assistant Professor
Assistant Professor
Specially Appointed
Research Staff
Technical Expert
Research Supporter
Research Supporter
Administrative Supporter

B Projects
Gravitational Wave Project Office

Director

Specially Appointed
Professor

Associate Professor

Affiliated Associate
Professor
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Saito, Naoko
Aguilera, Javier
Krapivka, Gabriela
Toro, Lorena
Zenteno, Javier
Okumura, Yuji

Tsukano, Satomi

Okumura, Yuji
Hiramatsu, Naoya

Center for Computational Astrophysics

Kokubo, Eiichiro
Kokubo, Eiichiro
Ohsuga, Ken
Takahashi, Hiroyuki

Asahina, Yuta
Ohtani, Yukari

Kato, Tsunehiko
Nakayama, Hirotaka
Oshino, Shoichi
Wakita, Shigeru
Fukushi, Hinako
Hasegawa, Satoki
Taki, Tetsuo

Tanaka, Yuki
Kimura, Yuko

Watanabe, Tetsuya
Sekii, Takashi
Suematsu, Yoshinori
Ishikawa, Ryoko
Katsukawa, Yukio
Kubo, Masahito
Lee, Kyoung Sun

Inoue, Naoko
Ishii, Shuichi
Tsuchiya, Chie
Kano, Kaori

Flaminio, Raffaele
Flaminio, Raffaele

Aso, Yoichi
Ando, Masaki

Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Specially Appointed
Assistant Professor
Research Engineer
Chief Engineer
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Administrative Expert
Research Supporter
Administrative Supporter
Administrative Supporter
Research Assistant

TMT-J Project Office

Director
Professor
Professor
Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Specially Appointed
Associate Professor
Chief Research Engineer
Assistant Professor
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Research Staff
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Research Expert
Special Senior Specialist
Research Supporter

Akutsu, Tomotada
Ohishi, Naoko
Takahashi, Ryutaro
Tatsumi, Daisuke
Shoda, Ayaka

Ishizaki, Hideharu
Tanaka, Nobuyuki
Barton, Mark Andrew

Pena Arellano,
Fabian Erasmo

Zeidler, Simon
Hirata, Naoatsu

Tapia, San Martin Enzo
Nicolas

Ohyama, Megumi

Harada, Mikiko

Sakamoto, Eri

Yoshizumi, Mizuho

Guo, Yuefan

Usuda, Tomonori
Usuda, Tomonori
Saito, Masao
Yamashita, Takuya
Aoki, Wako
Kashikawa, Nobunari
Sugimoto, Masahiro
Terada, Hiroshi

Oya, Shin

Miyashita, Takaaki
Yasui, Chikako
Harakawa, Hiroki
Kubo, Mariko
Ozaki, Shinobu
Schramm, Malte
Chapman, Junko
Kozu, Akihito
Kusumoto, Hiroshi
Sugiyama, Motokuni
Ishii, Miki

Inatani, Junji
Tajima, Toshiyuki



Administrative Supporter Haranaka, Miyuki Professor Watanabe, Tetsuya
Administrative Supporter Yamaguchi, Chiyu Associate Professor Goto, Motoshi*
RCUH Iye, Masanori Associate Professor Hara, Hirohisa
Associate Professor Kano, Ryouhei
A Projects Assistant Professor Narukage, Noriyuki
JASMINE Project Office Specially Appointed Song, Donguk
Director Gouda, Naoteru Research Staff
Professor Gouda, Naoteru Administrative Supporter Fujiyoshi, Marie
Professor Kobayashi, Yukiyasu *concurrently appointed in NINS
Assistant Professor Tsujimoto, Takuji
Assistant Professor Ueda, Akitoshi
Assistant Professor Yano, Taihei Centers
Research Supporter Utsunomiya, Shin
Technical Supporter Kashima, Shingo Astronomy Data Center
Director Takata, Tadafumi
Extrasolar Planet Detection Project Office Associate Professor Ichikawa, Shinichi
Director Tamura, Motohide Associate Professor Ohishi, Masatoshi
Affiliated Professor Tamura, Motohide Associate Professor Takata, Tadafumi
Assistant Professor Kotani, Takayuki* Assistant Professor Furusawa, Hisanori
Assistant Professor Nakajima, Tadashi* Assistant Professor Ito, Takashi
Assistant Professor Nishikawa, Jun Assistant Professor Oe, Masafumi
Assistant Professor Suto, Hiroshi* Assistant Professor Shirasaki, Yuji
Affiliated Assistant Narita, Norio Research Engineer Inoue, Goki
Professor Specially Appointed Homma, Hidetomo
Specially Appointed Hashimoto, Jun* Research Staff
Assistant Professor Specially Appointed Sorahana, Satoko
Specially Appointed Hori, Yasunori* Research Staff
Assistant Professor Specially Appointed Kamegai, Kazuhisa
Specially Appointed Konishi, Mihoko Senior Specialist
Research Staff Specially Appointed Makiuchi, Shinichiro
Specially Appointed Omiya, Masashi Senior Specialist
Research Staff Specially Appointed Ozawa, Takeaki
Specially Appointed Kusakabe, Nobuhiko* Senior Specialist
Senior Specialist Specially Appointed Zapart, Christopher
Research Supporter Kurokawa, Takashi Senior Specialist Andrew
*concurrently appointed in NINS Research Expert Furusawa, Junko
Research Expert Isogai, Mizuki
RISE Project Research Expert Tanaka, Nobuhiro
Director Namiki, Noriyuki Research Supporter Fujikawa, Makiko
Professor Namiki, Noriyuki Research Supporter Noda, Sachiyo
Associate Professor Hanada, Hideo Research Supporter Utsumi, Motomu
Associate Professor Matsumoto, Koji Administrative Supporter Ishii, Yuko
Chief Research Engineer Tsuruta, Seiitsu Research Assistant Suzuki, Taiki
Assistant Professor Araki, Hiroshi JVO Project
Assistant Professor Noda, Hirotomo Director Mizumoto, Yoshihiko
Research Engineer Asari, Kazuyoshi
Research Engineer Tazawa, Seiichi Advanced Technology Center
Specially Appointed Kawamura, Taichi Director Noguchi, Takashi
Research Staff Professor Noguchi, Takashi
Specially Appointed Yamamoto, Keiko Professor Takami, Hideki
Research Staff Associate Professor Hayano, Yutaka
Administrative Supporter Sato, Sayaka Associate Professor Matsuo, Hiroshi
Associate Professor Miyazaki, Satoshi
SOLAR-C Project Office Associate Professor Sekimoto, Yutaro
Director Ichimoto, Kiyoshi Associate Professor Shan, Wenlei
Professor Ichimoto, Kiyoshi Chief Research Engineer Fujii, Yasunori
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Chief Research Engineer

Assistant Professor

Assistant Professor

Assistant Professor

Assistant Professor

Research Engineer

Research Engineer

Research Engineer

Research Engineer

Senior Engineer

Senior Engineer

Senior Engineer

Chief Engineer

Chief Engineer

Chief Engineer

Chief Engineer

Chief Engineer

Chief Engineer

Chief Engineer

Chief Engineer

Engineer

Engineer

Specially Appointed
Research Staff

Specially Appointed
Research Staff

Specially Appointed
Research Staff

Research Expert

Technical Expert

Technical Expert

Administrative Supporter

Administrative Supporter

Administrative Supporter

Research Assistant

Research Assistant
Research Assistant

Public Relations Center

Director

Professor

Professor

Associate Professor

Associate Professor

Research Engineer

Chief Senior Engineer

Chief Engineer

Specially Appointed
Senior Specialist

Specially Appointed
Senior Specialist

Specially Appointed
Senior Specialist

Specially Appointed
Senior Specialist
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Okada, Norio
Kojima, Takafumi
Nakaya, Hidehiko
Oshima, Tai
Suzuki, Ryuji
Fukushima, Mitsuhiro
Noguchi, Motokazu
Obuchi, Yoshiyuki
Sato, Naohisa
Kamata, Yukiko
Kubo, Koichi
Takahashi, Toshikazu
Fukuda, Takeo
Ikenoue, Bungo
Inata, Motoko
Iwashita, Hikaru
Kaneko, Keiko
Mitsui, Kenji
Uraguchi, Fumihiro
Waseda, Koichi
Ezaki, Shohei
Tsuzuki, Toshihiro
Dominjon,

Agnes Micheline
Hasebe, Takashi

Uchiyama, Mizuho

Saito, Sakae
Nishino, Tetsuo
Suzuki, Yoshinori
Kuroda, Kyoko
Murakami, Hiromi
Yoshida, Taeko
Abdelouahab,
Valentin Adel
Gobin, Nicolas
Kozuki, Yuto

Fukushima, Toshio
Fukushima, Toshio
Watanabe, Jun-ichi
Agata, Hidehiko
Yamaoka, Hitoshi
Katayama, Masato
Matsuda, Ko
Nagayama, Shogo
Cheung, Sze Leung

Ishikawa, Naomi
Lundock, Ramsey Guy

Pires Canas, Lina Isabel

Specially Appointed
Senior Specialist
Research Expert
Research Expert
Research Expert
Research Supporter
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Public Outreach Official
Administrative Supporter
Administrative Supporter

Public Relations Office

Director

Outreach and Education Office

Director

Ephemeris Computation Office

Library

Director

Chief

Publications Office

Director

Tsuzuki, Hiroko

Ono, Tomoko
Takata, Hiroyuki
Usuda, Kumiko
Kume, Kaori
Endo, Isao

Fujita, Tokiko
Futami, Hiroshi
Hamura, Taiga
Hatano, Satomi
Ibaraki, Takao
Ishizaki, Masaharu
Iwashiro, Kuninori
Koike, Akio

Kubo, Maki
Mikami, Naotsugu
Naito, Seiichiro
Natsugari, Satomi
Nemoto, Shiomi
Ogoe, Osamu
Oguri, Junko
Shibata, Yukiko
Shioya, Yasuhisa
Takabatake, Noriko
Takeda, Takaaki
Aoki, Makiko
Noguchi, Sayumi

Yamaoka, Hitoshi
Agata, Hidehiko
Katayama, Masato
Todoriki, Tatsuya

Fukushima, Toshio

The Office for Astronomy Outreach of the IAU

Director

Administration Office

Director

Divisions

Agata, Hidehiko

Matsuda, Ko

Division of Optical and Infrared Astronomy

Director

Professor
Professor
Professor
Professor
Professor
Professor
Professor
Professor

Mizumoto, Yoshihiko
Arimoto, Nobuo
Gouda, Naoteru
Kobayashi, Yukiyasu
Mizumoto, Yoshihiko
Ohashi, Nagayoshi
Saito, Masao
Sekiguchi, Kazuhiro
Usuda, Tomonori



Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Chief Research Engineer
Chief Research Engineer
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Research Engineer
Research Engineer
Senior Engineer
Senior Engineer
Chief Engineer
Chief Engineer
Engineer

Engineer

Administrative Supporter

Research Assistant
Research Assistant
Research Assistant

Division of Radio Astronomy

Director

Professor
Professor
Professor
Professor
Professor

Yamashita, Takuya
Aoki, Wako

Aso, Yoichi
Hayashi, Saeko
Iwata, Ikuru
Izumiura, Hideyuki
Kashikawa, Nobunari
Kodama, Tadayuki
Noumaru, Junichi
Sugimoto, Masahiro
Takato, Naruhisa
Takeda, Yoichi
Terada, Hiroshi
Ukita, Nobuharu
Iwashita, Hiroyuki
Miyashita, Takaaki
Akutsu, Tomotada
Imanishi, Masatoshi
Komiyama, Yutaka
Koyama, Yusei
Minowa, Yosuke
Morino, Jun-ichi
Nishikawa, Jun
Ohishi, Naoko
Okita, Hirofumi
Onodera, Masato
Pyo, Tae-soo

S6éma, Mitsuru
Takahashi, Ryutaro
Tatsumi, Daisuke
Tsujimoto, Takuji
Ueda, Akitoshi
Yagi, Masafumi
Yanagisawa, Kenshi
Yano, Taihei

Yasui, Chikako
Bando, Takamasa
Ishizaki, Hideharu
Omata, Koji
Namikawa, Kazuhito
Tamura, Tomonori
Tanaka, Nobuyuki
Sato, Tatsuhiro
Tsutsui, Hironori
Kimura, Hiroko
Onoue, Masafusa
Shimakawa, Rhythm
Suzuki, Tomoko

Iguchi, Satoru
Honma, Mareki
Iguchi, Satoru
Kameno, Seiji
Kawabe, Ryohei
Kobayashi, Hideyuki

Professor

Professor

Professor

Professor

Professor

Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Chief Research Engineer
Chief Research Engineer
Chief Research Engineer
Chief Research Engineer
Chief Research Engineer
Chief Research Engineer
Chief Research Engineer
Assistant Professor
Assistant Professor
Assistant Professor

Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Research Engineer
Research Engineer
Research Engineer
Research Engineer
Research Engineer
Research Engineer
Research Engineer
Research Engineer
Senior Engineer

Senior Engineer

Senior Engineer

Mizuno, Norikazu
Namiki, Noriyuki
Ogasawara, Ryusuke
Sakamoto, Seiichi
Tatematsu, Kenichi
Asaki, Yoshiharu
Asayama, Shinichiro
Hanada, Hideo
Tono, Daisuke
Kiuchi, Hitoshi
Kosugi, George
Matsumoto, Koji
Okuda, Takeshi
Shibata, Katsunori
Kanzawa, Tomio
Kawashima, Susumu
Kikuchi, Kenichi
Nakamura, Kouji
Sato, Katsuhisa
Tsuruta, Seiitsu
Watanabe, Manabu
Araki, Hiroshi
Ezawa, Hajime
Gonzalez Garcia,
Alvaro
Hada, Kazuhiro
Hiramatsu, Masaaki
Hirota, Akihiko
Hirota, Tomoya
Ishii, Shun
Ishizuki, Sumio
Jike, Takaaki
Kamazaki, Takeshi
Kameya, Osamu
Kono, Yusuke
Matsuda, Yuichi
Minamidani, Tetsuhiro
Miyoshi, Makoto
Noda, Hirotomo
Sawada, Tsuyoshi
Shimojo, Masumi
Sunada, Kazuyoshi
Takahashi, Satoko
Tamura, Yoshiaki
Umemoto, Tomofumi
Asari, Kazuyoshi
Ashitagawa, Kyoko
Ishikawa, Toshiaki
Mikoshiba, Hiroshi
Nakazato, Takeshi
Suzuki, Syunsaku
Tazawa, Seiichi
Yamada, Masumi
Handa, Kazuyuki
Kato, Yoshihiro
Kobiki, Toshihiko
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Senior Engineer

Senior Engineer

Senior Engineer

Senior Engineer

Chief Engineer

Chief Engineer

Chief Engineer

Engineer

Engineer

Engineer

Engineer

Specially Appointed
Senior Specialist

Research Supporter

Director
Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Specially Appointed
Assistant Professor

Senior Engineer

Division of Theoretical Astronomy

Director

Professor

Professor

Professor

Associate Professor

Associate Professor

Assistant Professor

Assistant Professor

Assistant Professor

Assistant Professor

Specially Appointed
Assistant Professor

Specially Appointed
Assistant Professor

Specially Appointed
Assistant Professor

Specially Appointed
Assistant Professor

Specially Appointed
Assistant Professor

Specially Appointed
Research Staff

Miyazawa, Chieko
Miyazawa, Kazuhiko
Nakamura, Kyoko
Shinohara, Noriyuki
Ito, Tetsuya
Kurakami, Tomio
Ueno, Yuji

Hirano, Ken
Nishitani, Hiroyuki
Shizugami, Makoto
Wada, Takuya
Takebayashi, Yasuo

Tsuneyama, Junko

Division of Solar and Plasma Astrophysics

Hanaoka, Yoichiro
Watanabe, Tetsuya
Hanaoka, Yoichiro
Hara, Hirohisa
Kano, Ryouhei
Sekii, Takashi
Suematsu, Yoshinori
Ishikawa, Ryoko
Katsukawa, Yukio
Kubo, Masahito
Narukage, Noriyuki
Toriumi, Shin

Shinoda, Kazuya

Tomisaka, Kohji
Kokubo, Eiichiro
Tomisaka, Kohji
Yoshida, Haruo
Kajino, Toshitaka
Nakamura, Fumitaka
Hamana, Takashi
Ohsuga, Ken
Takiwaki, Tomoya
Tanaka, Masaomi
Moriya, Takashi

Nozawa, Takaya
Ogihara, Masahiro
Sotani, Hajime
Zenitani, Seiji

Kawashima, Tomohisa

Administrative Supporter [zumi, Shioko
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Director
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist
Specially Appointed
Senior Specialist

Director
Specially Appointed
Senior Specialist

Office of International Relations

Director

Specially Appointed
Senior Specialist

Specially Appointed
Senior Specialist

Research Expert

Support Desk

Research Supporter

Human Resources Planning Office

Director

Director
Technical Expert

Engineering Promotion Office

Director
Chief Research Engineer

Administration Department

General Manager

General Affairs Division

Manager

Deputy Manager

Senior Specialist

Specialist (Information
Technology)

Specialist (Personnel
Accounting)

5. Research Support Departments

Research Enhancement Strategy Office

Kobayashi, Hideyuki
Chapman, Junko

Fukui, Hideharu
Hasuo, Ryuichi

Hori, Kuniko
Lundock, Ramsey Guy
Miura, Mitsuo

Yamamiya, Osamu

Research Evaluation Support Office

Watanabe, Jun-ichi
Hori, Kuniko

Hasuo, Ryuichi
Hasuo, Ryuichi

Komiyama, Hiroko
Yoshida, Fumi

Shirato, Reiko

Yamamiya, Osamu

Safety and Health Management Office

Takami, Hideki
Kashiwagi, Yuji

Takami, Hideki
Kawashima, Susumu

Sasagawa, Hikaru
Harada, Eiichiro

Furuhata, Tomoyuki
Onishi, Tomoyuki

Chiba, Yoko

Watanabe, Yukika

Specially Appointed

Senior Specialist Noguchi, Koki

Specially Appointed

Senior Specialist Yamamoto, Chieko

General Affairs Section

Chief Chiba, Yoko
Staff Morita, Akitsugu
Staff Yoshimura, Tetsuya

Vehicle Driver
Administrative Expert
Administrative Expert

Amemiya, Hidemi
Murakami, Sachiko
Noguchi, Utako
Administrative Supporter Kobayashi, Kayo
Administrative Supporter Seki, Kumi
Personnel Section

Chief Yamanouchi, Mika

Staff Isozaki, Yuka

Staff Sakamoto, Misato
Payroll Section

Chief Watanabe, Yukika

Staff Furukawa, Shinichiro

Staff Inoue, Miyuki

Administrative Supporter Aiba, Narukazu
Administrative Supporter Momma, Yoko
Employee Affairs Section

Chief

Staff

Administrative Expert

MEXT Trainee

Yamaura, Mari
Saito, Masahiro
Noguchi, Megumi

Staff Matsukura, Koji
Maternity Leave

Staff Ouchi, Kaori
Spouse Accompaniment Leave

Staff Mochimaru, Shiori

Research Promotion Division
Acting Manager Sasagawa, Hikaru
Senior Specialist

(International Relations)

Furuhata, Tomoyuki

Administrative Supporter Torii, Makiko
Research Support Section

Chief

Staff

Administrative Expert

Goto, Michiru
Yamafuji, Yasuto
Haruki, Mutsumi
Administrative Supporter Hagimoto, Miya
Administrative Supporter Komoda, Chizuru
Administrative Supporter Urushibata, Kozue
Administrative Supporter Yasuda, Masako
Graduate School Section
Chief
Administrative Expert

Kikkawa, Hiroko
Inoue, Mizuho
International Academic Affairs Section
Staff Takada, Miyuki
Administrative Supporter Ito, Yoshihisa
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Financial Affairs Division
Manager
Deputy Manager
Specialist (Audit)
General Affairs Section
Chief
Administrative Supporter
Budget Section
Chief
Staff
Administrative Supporter
Asset Management Section
Chief
Staff
Purchase Validation Center
Chief
Administrative Supporter
Administrative Supporter
Administrative Supporter
Accounting Division
Manager
Specialist (Contract)
Accounting Section
Chief
Staff
Administrative Supporter
Administrative Supporter
Administrative Supporter
Procurement Section
Chief
Staff
Staff
Staff
Consultant
Administrative Expert
Administrative Supporter
Facilities Division
Manager
Administrative Expert
General Affairs Section
Chief
Staff
Administrative Supporter
Planning Section
Chief
Administrative Supporter
Maintenance Section
Chief
Senior Staff
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Nemoto, Nobuyuki
Ikeda, Hiroshi
Ishikawa, Junya

Yamamoto, Shinichi
Sasaki, Sayuri

Akaike, Makoto
Masuda, Akio
Ishida, Mikiko

Sato, Kanako
Takahashi, Sachiko

Sato, Kanako

Hosoi, Chiho
Nakagomi, Kimitoshi
Tsukamoto, Satoko

Tanaka, Masaru
Yamazaki, Go

Sato, Yoko
Miyata, Yusuke
Kobayashi, Rina
Nagasawa, Fumi
Suzuki, Yukiko

Yamazaki, Go
Kayamori, Shinji
Sugimoto, Naomi
Takai, Tetsuya
Hyuga, Tadayuki
Sato, Masako
Ochiai, Nana

Watanabe, Matsuo
Asada, Tsuneaki

Kawashima, Ryota
Nakagawa, Yukie
Hasegawa, Chisato

Murakami, Kazuhiro
Nagata, Yomogi

Narisawa, Hiroyuki
Hayashigura, Koji




6. Personnel change

Research and Academic Staff

Date Name Change New Affiliated Institute, Position Previous Affiliated Institute, Position
2016/4/1 Yamaoka, Hitoshi Hired Public Relations Center, Associate Professor (Kyushu Unlver.sny Graduate School
of Science, Assistant Professor)
2016/4/1 Gonzalez Garcia, Hired Division of Radio Astronomy (NAOJ Chile (Advanced Technology Center,
Alvaro Observatory), Assistant Professor Specially Appointed Assistant Professor)
2016/4/1 Yamada, Masumi Hired Division of Radio Astronom}/ (NAOJ Chile (NAQJ Chile O.bservat(.)ry., Specially
Observatory), Research Engineer Appointed Senior Specialist)
s . Division of Optical and Infrared Astronomy
2016/5/1 Yasui, Chikako Hired (TMT-J Project Office), Assistant Professor
L . Division of Solar and Plasma Astrophysics (Advanced Technology Center,
2016/771 Narukage, Noriyuki | Hired (SOLAR-C Project Office), Assistant Professor | Specially Appointed Research Staff)
.. . Division of Radio Astronomy (NAOJ Chile (NAOJ Chile Observatory, Specially
20167771 Nakamura, Kouji Hired Observatory), Chief Research Engineer Appointed Senior Specialist)
.. . Division of Radio Astronomy (NAQOJ Chile
2016/10/1 | Ishii, Shun Hired Observatory), Assistant Professor
. . Division of Radio Astronomy
2016/7/31 Espgda Fernandez, Resigned (NAQJ Chile Obs.ervatory Specially (NAOJ Chile Observatory),
Daniel Appointed Associate Professor) .
Associate Professor
. . (Nagoya University Graduate School of Division of Theoretical Astronomy,
2016/10/31 | Inoue, Tsuyoshi Resigned Science, Associate Professor) Assistant Professor
Division of Optical and Infrared
2017/3/31 | Arimoto, Nobuo Retired Astronomy (Subaru Telescope),
Professor
Kobavashi Division of Optical and Infrared
2017/3/31 Yukiyasu ’ Retired Astronomy (JASMINE Project
Y Office), Professor
Mizumoto, . Division of Optical and Infrared
2017331 Yoshihiko Retired Astronomy, Professor
2017/3/31 | Noguchi, Motokazu | Retired Advanced Technology Center,
Research Engineer
L . . Division of Radio Astronomy
20173/1 | Mizuno, Norikazu | Promoted | Division of Radio Astronomy (NAOT Chile | 55 it Observatory),
Observatory), Professor .
Associate Professor
- . Division of Radio Astronomy
2017/3/1 Saito, Masao Promoted Division of thlcal and Infrared Astronomy (Nobeyama Radio Observatory),
(TMT-J Project Office), Professor :
Associate Professor
National Institutes of Natural Sciences Division of Optical and Infrared
2016/4/1 Nakajima, Tadashi Reassigned | Astrobiology Center Extrasolar Planet Astronomy (Extrasolar Planet Detection
Detection Project Office, Assistant Professor | Project Office), Assistant Professor
Engineering Staff
Date Name Change New Affiliated Institute, Position Previous Afﬁl.l a.ted Institute,
Position
. . . . (NAOJ Chile Observatory,
2016/12/1 | Ezaki, Shohei Hired Advanced Technology Center, Engineer Specially Appointed Senior Specialist)
Division of Optical and Infrared
2016/6/30 | Negishi, Satoru Resigned Astronomy (Subaru Telescope),
Chief Engineer
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Namikawa, Division of Optical and Infrared Astronomy Division of Optical and Infrared
2016/4/1 . Promoted . . Astronomy (Subaru Telescope),
Kazuhito (Subaru Telescope), Senior Engineer . .
Chief Engineer
o Division of Radio Astronomy (NAOJ Chile Division of Radio Astronomy (NAOJ
2016/4/1 Kato, Yoshihiro Promoted Observatory), Senior Engineer Chile Observatory), Chief Engineer
o . Division of Optical and Infrared
2017/3/1 Omata, Koji Promoted Division of Optical and I.nfrared. Astronomy Astronomy (Subaru Telescope),
(Subaru Telescope), Senior Engineer . f
Chief Engineer
2017/3/1 Kamata, Yukiko Promoted Advgnced Technology Center, Senior Advgnced Technology Center, Chief
Engineer Engineer
Administrative Staff
Date Name Change New Affiliated Institute, Position Previous Afﬁl.m.ted Institute,
Position
2016/4/1 Sasagawa, Hikaru Hired General Manager (Jap an Society for the Promotion of
Science)
. . . Administration Department Financial . .
2016/4/1 Ikeda, Hiroshi Hired Affairs Division, Deputy Manager (The University of Tokyo)
. . Administration Department Accounting S .
2016/4/1 Yamazaki, Go Hired Division Procurement Section, Chief (Tokyo Gakugei University)
. . . . Administration Department Facilities . .
2016/4/1 Narisawa, Hiroyuki | Hired Division Maintenance Section, Chief (The University of Tokyo)
Okayama Astrophysical Observatory
2016/4/1 Tanabe, Keizo Hired Administration Office Administration (Okayama University Hospital)
Section, Chief
. . . Administration Department General Affairs
2016/4/1 Morita, Akitsugu Hired Division General Affairs Section, Staff
L . Administration Department General Affairs
2016/4/1 Inoue, Miyuki Hired Division Payroll Section, Staff
. . . Administration Department Financial Affairs
2016/4/1 Takahashi, Sachiko | Hired Division Asset Management Section, Staff
. . . Nobeyama Radio Observatory Administration . . .
2016/8/1 Miyabara, Yasuhide | Hired Office Accounting Section, Chief (Shinshu University)
Nobeyama Radio Observatory
2016/7/31 | Shimizu, Hidetoshi | Resigned | (Shinshu University) Administration Office Accounting
Section, Chief
. . (Ministry of Education, Culture, Sports, Administration Department
20173331 | Nemoto, Nobuyuki | Resigned Science and Technology-Japan) Financial Affairs Division, Manager
. . S . Administration Department General
2017/3/31 | Watanabe, Yukika Resigned | (Tokyo Gakugei University) Affairs Division Payroll Section, Chief
Administration Department
2017/3/31 | Sato, Kanako Resigned | (Tokyo Gakugei University) Financial Affairs Division Asset
Management Section, Chief
Administration Department
2017/3/31 | Hayashigura, Koji Resigned | (Tokyo National Museum) Facilities Division Maintenance
Section, Senior Staff
Administration Department General
2017/3/31 | Yoshimura, Tetsuya | Resigned | (The University of Tokyo) Affairs Division General Affairs
Section, Staff
. . Administration Department
2017/3/31 | Miyata, Yusuke Resigned (The‘Graduate University for Advanced Accounting Division Accounting
Studies) .
Section, Staff
2017/3/31 Watanabe, Matsuo Retired Adr'rgnvlstrat'lo'n .Department
Facilities Division, Manager
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Administration Department Facilities

Administration Department

2016/4/1 Kawashima, Ryota Promoted Division General Affairs Section, Chief Fa011.1tles D1\.11s1on General Affairs
Section, Senior Staff
- . e Administration Department
2016/4/1 Hayashigura, Koji Promoted Admln 1strat{0n Dep artmen.t Fac1ht1§ s Facilities Division Maintenance
Division Maintenance Section, Senior Staff .
Section, Staff
. . . Administration Department
2016/7/1 Goto, Michiru Promoted Admm istration Department Gen.eral Affalrs General Affairs Division Research
Division Research Support Section, Chief . .
Support Section, Senior Staff
. . . Subaru Telescope Administration
2016/8/1 Furuhata, Tomoyuki | Promoted Adrnln istration Department General Affairs Department Accounting Section,
Division, Deputy Manager .
Chief
Subaru Telescope Administration Subaru Telescope Administration
2016/8/1 Sugawara, Satoshi Promoted | Department Accounting Section, Senior Department General Affairs
Staff Section, Staff
National Institutes of Natural Sciences Administration Department
2016/7/1 Yokota, Banri Reassigned | Administrative Bureau Liaison and Planning | Financial Affairs Division Budget
Division Research Support Section, Staff Section, Staff
National Institutes of Natural
. . Administration Department Financial Affairs| Sciences Administrative Bureau
2016/7/1 Masuda, Akio Reassigned Division Budget Section, Staff Liaison and Planning Division
Research Support Section, Staff
Employee on Annual Salary System
Date Name Change New Affiliated Institute, Position LA Afﬁl.l a.ted pUSiteR
Position
. NAOJ Chile Observatory, Specially Appointed | (Division of Radio Astronomy
2016/4/1 Hasegawa, Tetsuo Hired Professor (Distinguished Professor) (NAOJ Chile Observatory), Professor)
2016/4/1 Hayashi, Masao Hired Subgru Telescope, Specially Appointed
Assistant Professor
2016/4/1 Okamoto, Takenori | Hired NAOJ. Chile Observatory, Specially
Appointed Assistant Professor
. . . Division of Theoretical Astronomy,
2016/4/1 Moriya, Takashi Hired Specially Appointed Assistant Professor
. . . Division of Theoretical Astronomy,
2016/4/1 Ogihara, Masahiro Hired Specially Appointed Assistant Professor
2016/4/1 Niino, Yuu Hired Subaru Telescope, Specially Appointed
Research Staff
2016/4/1 Takagi, Yuhei Hired Subaru Telescope, Specially Appointed
Research Staff
Joshi, . Solar Observatory, Specially Appointed
2016/4/1 Anand Diwakar Hired Research Staff
. . . NAOJ Chile Observatory, Specially
2016/4/1 Kroug, Matthias Nils | Hired Appointed Research Staff
. . NAOJ Chile Observatory, Specially
2016/4/1 Izumi, Natsuko Hired Appointed Research Staff
. . . Center for Computational Astrophysics,
2016/4/1 Ohtani, Yukari Hired Specially Appointed Research Staff
. Hinode Science Center, Specially Appointed
2016/4/1 Lee, Kyoung Sun Hired Research Staff
2016/4/1 Ozaki, Shinobu Hired TMT-J Project Office, Specially Appointed
Research Staff
2016/4/1 Kubo, Mariko Hired TMT-J Project Office, Specially Appointed
Research Staff
2016/4/1 Schramm, Malte Hired TMT-J Project Office, Specially Appointed

Research Staff
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S . Extrasolar Planet Detection Project Office,
2016/4/1 Konishi, Mihoko Hired Specially Appointed Research Staff
2016/4/1 Yamamoto, Keiko Hired RISE Project, Specially Appointed Research
Staff
2016/4/1 Homma, Hidetomo Hired Astronomy Data Center, Specially Appointed
Research Staff
. . Advanced Technology Center, Specially
2016/4/1 Hasebe, Takashi Hired Appointed Research Staff
. . . Advanced Technology Center, Specially
2016/4/1 Uchiyama, Mizuho | Hired Appointed Research Staff
2016/4/1 Taniguchi, Akimitsu | Hired Subgru Telescqp ¢, Specially Appointed
Senior Specialist
2016/4/1 | Oya, Masaaki Hired | \obeyama Radio Observatory, Specially
Appointed Senior Specialist
2016/4/1 Fujimoto, Yasuhiro | Hired NAOJ. Chile Ot.)servatory,.Spemally
Appointed Senior Specialist
2016/4/1 Kusumoto, Hiroshi | Hired TMT_J Proj t?ct.Ofﬁce, Specially Appointed
Senior Specialist
2016/4/1 Ma}kiuc}?l, Hired Astr'onomy DaFa Center, Specially Appointed
Shin'ichiro Senior Specialist
2016/4/1 Ozawa, Takeaki Hired Astr.onomy ].)aFa Center, Specially Appointed
Senior Specialist
2016/4/1 Kamegai, Kazuhisa | Hired Astr.onomy l.)aFa Center, Specially Appointed
Senior Specialist
2016/4/1 Komiyama, Hiroko | Hired Ofﬁcg of Intergatlonal Re.latlons, Specially
Appointed Senior Specialist
.. . . Nobeyama Radio Observatory, Specially
2016/5/1 Torii, Kazufumi Hired Appointed Assistant Professor
. . Okayama Astrophysical Observatory,
2016/7/1 Kanbe, Eiji Hired Specially Appointed Associate Professor
. . NAOIJ Chile Observatory, Specially (NAOJ Chile Observatory, Specially
2016771 Egusa, Fumi Hired Appointed Assistant Professor Appointed Research Staff)
. . (Division of Radio Astronomy
2016/3/1 Espgda Fernandez, Hired NAO..I Chile Obs.ervatory, Specially (NAOJ Chile Observatory),
Daniel Appointed Associate Professor .
Associate Professor)
. . NAOIJ Chile Observatory, Specially
2016/8/1 Lu, Xing Hired Appointed Research Staff
. . NAOJ Chile Observatory, Specially
2016/9/1 Saigou, Kazuya Hired Appointed Assistant Professor
2016/9/12 | Tsuzuki, Hiroko Hired Pub?lc Relat.lor?s Center, Specially Appointed
Senior Specialist
Neelamkodan, . NAOIJ Chile Observatory, Specially
2016/9/21 Naslim Hired Appointed Research Staff
Kawashima, . Division of Theoretical Astronomy, Specially
2016/1071 Tomohisa Hired Appointed Research Staff
. (Okayama Astrophysical
2016/10/1 | Fukui, Akihiko Hired (S)k:C};Z?aAAStrsﬁl ltlzslgiln(i?)l;sse rzztizlriys’t Observatory, Specially Appointed
p Y APP P Research Staff)
Tapia San Martin, . Gravitational Wave Project Office, Specially
2016/10725 Enzo Nicolas Hired Appointed Senior Specialist
Matsubayashi, . Okayama Astrophysical Observatory,
2016/111 Kazuya Hired Specially Appointed Research Staff
2016/11/1 | Kawamura, Taichi Hired RISE Project, Specially Appointed Research
Staff
2016/11/1 | Sorahana, Satoko Hired Astronomy Data Center, Specially Appointed
Research Staff
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Zapart, Christopher

Astronomy Data Center, Specially Appointed

(Astronomy Data Center, Specially

2016/12/1 Andrew Hired Senior Specialist Appointed Research Staff)
. . NAOIJ Chile Observatory, Specially
2017/1/16 | Hashimoto, Takuya Hired Appointed Research Staff
. SOLAR-C Project Office, Specially
2017/1/16 | Song, Donguk Hired Appointed Research Staff
. . NAOQIJ Chile Observatory, Specially
2017/2/1 Tokuda, Kazuki Hired Appointed Research Staff
. NAOJ Chile Observatory, Specially
2017/2/1 Zahorecz, Sarolta Hired Appointed Research Staff
. Gravitational Wave Project Office, Specially
2017301 Shoda, Ayaka Hired Appointed Assistant Professor
Takahashi, . NAOIJ Chile Observatory, Specially
201773731 Sanemichi Hired Appointed Research Staff
. . L. . Astronomy Data Center, Specially
2016/4/30 | Higuchi, Yuichi Resigned Appointed Research Staff
. . (NAOJ Chile Observatory, Specially NAOIJ Chile Observatory, Specially
2016/6/30 | Egusa, Fumi Resigned Appointed Assistant Professor) Appointed Research Staff
. . (Division of Solar and Plasma Astrophysics Advanced Technology Center,
2016/6/30 | Narukage, Noriyuki | Resigned SOLAR-C Project Office, Assistant Professor) | Specially Appointed Research Staff
.. . (Division of Radio Astronomy (NAOJ Chile | NAOJ Chile Observatory, Specially
2016/7/1 Nakamura, Kouji Resigned Observatory), Chief Research Engineer) Appointed Senior Specialist
. . . (chtmaguchl University Graduate Sch.ool of Mizusawa VLBI Observatory,
2016/9/30 | Motogi, Kazuhito Resigned | Sciences and Technology for Innovation, . .
. Specially Appointed Research Staff
Assistant Professor)
Zapart, Christopher . (Astronomy Data Center, Specially Appointed | Astronomy Data Center, Specially
2016/11/30 Andrew Resigned Senior Specialist) Appointed Research Staff
. . . NAOIJ Chile Observatory, Specially
2016/11/30 | Kobayashi, Tsuyoshi | Resigned Appointed Senior Specialist
2016/11/30 | Ezaki, Shohei Resigned (Advanced Technology Center, Engineering NAO.T Chile Observatory,ﬁpemally
Staff) Appointed Senior Specialist
(The University of Tokyo Graduate School of . .
2016/12/31 | Hatsukade, Bun'yo Resigned | Science Department of Astronomy, Assistant NAO'.I Chile Observatory, Specially
Appointed Assistant Professor
Professor)
. L Division of Optical and Infrared
2017/1/15 | Matsuoka, Yoshiki Resigned (Ehime Ur.nvers1ty Research Center for Space Astronomy, Specially Appointed
and Cosmic Evolution, Associate Professor) .
Assistant Professor
2017/2/28 | Karatsu, Miki Resigned NAOJ Chile Observatory, Specially
Appointed Senior Specialist
. . . (Mizusawa VLBI Observatory, Specially Mizusawa VLBI Observatory,
2017331 | Tazaki, Fumie Resigned Appointed Research Staff) Specially Appointed Research Staff
. . . Mizusawa VLBI Observatory,
2017/3/31 | Kanaguchi, Masahiro | Resigned Specially Appointed Senior Specialist
. . . (NAOJ Chile Observatory, Specially NAOJ Chile Observatory, Specially
2017/3/31 | Furutani, Akio Resigned Appointed Senior Specialist) Appointed Senior Specialist
. Okayama Astrophysical
2016/9/30 | Fukui, Akihiko g}‘:“lt;:gt (Sotjﬁ‘l“a AASt:)?fttﬁslsC:r]nSrb;eggilzirsy{) Observatory, Specially Appointed
P P Y APP p Research Staff
. Contract RISE Project, Specially Appointed
2016/9/30 | Yamada, Ryuhei Expired Rescarch Staff
. Contract Mizusawa VLBI Observatory,
2016/11/30 | Kim, Jeoung Sook Expired Specially Appointed Research Staff
e Contract Division of Theoretical Astronomy,
2017331 | Zenitani, Seiji Expired Specially Appointed Assistant Professor
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Contract Mizusawa VLBI Observatory,
2017/3/31 | Matsumoto, Naoko Expired Specially Appointed Research Staff
. Contract Subaru Telescope, Specially
2017/331 | Toshikawa, Jun Expired Appointed Research Staff
Contract NAOIJ Chile Observatory, Specially
2017/3/31 | Morokuma, Kana Expired Appointed Research Staff
. Contract NAOIJ Chile Observatory, Specially
2017331 | Takekoshi, Tatsuya Expired Appointed Research Staff
. Contract | (NAOIJ Chile Observatory, Specially NAOIJ Chile Observatory, Specially
2017/3/31 | Otawara, Kazushige Expired Appointed Senior Specialist) Appointed Senior Specialist
Research Administrator Staff
Date Name Change New Affiliated Institute, Position Previous Afﬁl.l a.ted Institute,
Position
Research Enhancement Strategy Office,
2016/7/1 Hasuo, Ryuichi Hired Office of International Relations, Specially
Appointed Senior Specialist
Research Enhancement Strategy
. . . Office, Office of International
2016/7/31 | Yamaguchi, Takahiro | Resigned Relations, Specially Appointed
Senior Specialist
Research Enhancement Strategy
. Contract Office, Safety and Health
2017/131 | Ota, Masahiko Expired Management Office, Specially
Appointed Senior Specialist
Foreign Visiting Researcher
Name Period Affiliated Institute
Kokkotas, Konstantinos 2016/4/26  ~ 2016/6/3 Eberhard Karls University of Tuebingen (Germany)
Packham, Christopher Charles 2016/5/16  ~  2016/8/17 University of Texas at San Antonio (USA)
Koda, Jin 2016/4/1 ~ 2016/8/12 The State University of New York at Stony Brook (USA)
Overzier, Roderik Adriaan 2016/4/2 ~ 2016/5/1 National Observatory, Rio de Janeiro (Brazil)
Chibueze, James Okwe 2016/7/1 ~  2016/9/29 University of Nigeria (Nigeria)
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7. Advisory Committee for Research and Management

Members

From universities and related institutes From NAOJ

Hida Observatories,

Arimoto, Nobuo

Subaru Telescope

Ichimoto, Kiyoshi Graduate School of Science, Usuda, Tomonori TMT-J Project Office
Kyoto University Gouda, Naoteru JASMINE Project Office
. . Institute for Cosmic Ray Research, . Center for Computational
Kajita, Takaaki The University of Tokyo Kokubo, Eiichiro Astrophysics
Suita. Seiii School of Science, The University Kobayashi, Hideyuki Mizusawa VLBI Observatory
ugita, Seiji
glta, >ey of Tokyo Sakamoto, Seiichi NAOJ Chile Observatory

Chiba, Seiji

Doi, Mamoru
Fujisawa, Kenta
Matsushita, Kyoko
Mitsuda, Kazuhisa
Murakami, Izumi

o Momose, Munetake

Graduate School of Science and
Faculty of Science, Tohoku
University

School of Science, The University
of Tokyo

The Research Institute for Time
Studies at Yamaguchi University

Faculty of Science Division 1,
Tokyo University of Science

Institute of Space and Astronautical
Science

National Institute for Fusion
Science

College of Science, Ibaraki
University

Takami, Hideki
Tomisaka, Kohji
Hasegawa, Tetsuo
Honma, Mareki
Watanabe, Jun-ichi

Advanced Technology Center
Division of Theoretical Astronomy
NAOIJ Chile Observatory
Mizusawa VLBI Observatory
Public Relations Center

e Chairperson o Vise-Chairperson
Period: April 1, 2016 — March 31, 2018
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8. Professors Emeriti

Professors Emeriti (NAOJ)

Kakuta, Chuichi
Hiei, Eijiro
Yamashita, Yasumasa
Nishimura, Shiro
Kozai, Yoshihide
Hirayama, Tadashi
Miyamoto, Masanori
Nariai, Kyouji
Okamoto, Isao
Nakano, Takenori
Kodaira, Keiichi
Yokoyama, Koichi
Oe, Masatsugu
Kinoshita, Hiroshi
Nishimura, Tetsuo
Kaifu, Norio
Ishiguro, Masato
Inoue, Makoto
Kawano, Nobuyuki
Andou, Hiroyasu
Karoji, Hiroshi
Chikada, Yoshihiro
Noguchi, Kunio
Fujimoto, Masakatsu
Manabe, Seiji
Miyama, Shoken
Kawaguchi, Noriyuki
Iye, Masanori
Shibasaki, Kiyoto
Sakurai, Takashi

Professors Emeriti (Tokyo Astronomical Observatory)
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IV Finance

Revenues and Expenses (FY2016)

(Unit: ¥1,000)

Revenues Budget Final Account | Budget — Final Account
Management Expenses Grants 11,443,115 11,907,321 —464,206
Facilities Maintenance Grants 828,611 718,864 109,747
Subsidy Income 48,400 48,400 0
Miscellaneous Income 45,901 59,937 —-14,036
Industry-Academia Research Income and Donation Income 373,239 573,809 —200,570
Reversals of Reserves for Specific Purposes 550,000 0 550,000

Total 13,289,266 13,308,331 -19,065

Expenses Budget Final Account | Budget — Final Account

Management Expenses 12,039,016 11,711,869 327,147
Employee Personnel Expenses 3,700,453 3,675,932 24,521
Operating Expenses 8,338,563 8,035,937 302,626
Facilities Maintenance Expenses 828,611 718,865 109,746
Subsidy Expenses 48,400 48,400 0
Industry-Academia Research Expenses and Donation Expenses 373,239 384,672 —11,433
Total 13,289,266 12,863,806 425,460
Revenues-Expenses Budget Final Account | Budget — Final Account
0 444,525 —444,525
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V KAKENHI (Grants-in-Aid for Scientific Research)

1. Series of Single-year Grants for FY 2016

. . Budget (Unit: ¥1,000)
Research Categories Number of Selected Projects Direct Funding gIn direct Funding | Total
Scientific Research on Innovative Areas 10 42.800 12,840 55,640
(Research in a proposed research area)
Scientific Research (S) 1 20,400 6,120 | 26,520
Scientific Research (A) 11 87,700 26,310 | 114,010
Scientific Research (B) 5 30,700 9,210 39,910
Young Scientists (A) 2 9,700 2,910 12,610
JSPS Research Fellows 7 8,000 2,400 10,400
JSPS International Research Fellows 1 500 0 500
Research Activity Start-up 3 3,100 930 4,030
Publication of Scientific Research Results 1 500 0 500
Total 41 203,400 60,720 | 264,120
2. Multi-year Fund for FY 2016
. . Budget (Unit: ¥1,000
Research Categories Number of Selected Projects Direct Funding glnfiirect Fun din)g Total
Scientific Research (C) 18 20,400 6,120 26,520
Challenging Exploratory Research 8 8,200 2,460 | 10,660
Young Scientists (B) 17 15,700 4,710 | 20,410
Total 43 44,300 13,290 | 57,590
3. Partial Multi-year Fund for FY 2016
‘ Number of Budget (Series (?f Single-year Grants) Budget (Multi-year Fund)
Research Categories . (Unit: ¥1,000) (Unit: ¥1,000)
Selected Projects —— - - - - - - -

Direct Funding | Indirect Funding | Total |Direct Funding|Indirect Funding| Total
Young Scientists (A) 1 0 0 0 100 30 130
Total 1 0 0 0 100 30 130
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1. Open Use

VI Research Collaboration

Number off  Total
Type Project/Center Category Accepted| Number of Note
Proposal| Researcher
188-cm Reflector Telescope .
(Project Prograt) p 2 31 (0) 2 Institutes
188-cm Reflector Telescope 30| 184 (10) | 16 Institutes, 5 Countries
Okayama (Normal Program)
Astrophysical 188-cm Reflector Telescope .
Obserpz/a}t/ory (Student Program) b 0 00 0 Institute
188-cm Reflector Telescope .
(Miscellaneous Program)p 2 20)  Institute
188-cm Reflector Telescope (ToO Program) 2 3(0) 2 Institutes
Subaru Telescope 72 308 (43) | 57 Institutes, 11 Countries
Solar Observatory * * *
45-m Telescope (Regular Program) 23 173 (55) | 48 Institutes, 11 Countries
. 45-m Telescope (Short Program) 12 58 (7) | 18 Institutes, 5 Countries
Nobeyama Radio p -
Observatory 45-m Telescope (Back-up Program) 1 11 (3) 5 Institutes, 2 Countries
45-m Telescope (Large Program) 0
Op en Use at 45-m Telescope (Director’s Discretionary Time) 2 62 (42) | 21 Institutes, 7 Countries
Project/Center ——
Mizusawa VLBL -y pp o 18| 109 (68) | 32 Institutes, 15 Countries
Observatory
364 (55
Astronomy Data Center 364 | at foreign | 34 Institutes, 17 Countries
institutes)
Center for Computational Astrophysics 225 225 | 50 Institutes, 11 Countries
Hinode Science Center 94 94 (36) | 39 Institutes, 11 Countries
Advanced Facility Use 24 93 36 Institutes
Technology Center  Joint Research and Development 10 59 21 Institutes
NAOIJ Chile ALMA (Cycle3) 402 (34 ’50167‘; 310 Institutes, 38 Countries
Observatory , - -
ASTE 7 42 (2) | 12 Institutes, 2 Countries
Nobeyama Radio
Observatory/NAOJ  45-m/ASTE Joint program 4 39 (8) | 15 Institutes, 2 Countries
Chile Observatory
Joint Development Research 9 7 Institutes
Joint Research 2 2 Institutes
Research Assembly 20 12 Institutes
NAOJ Symposium 1 1 Institute

The number of foreign researchers shown in brackets ( ) is included in the total.
Notes show the number of institutes and foreign countries represented by the proposal Pls. The country count does not include Japan.
The period of ALMA (Cycle3) is September, 2016 from October, 2015.
* The observation data is open to the public on the web. No application is needed to use the data.
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2. Commissioned Research Fellows

Visiting Scholars (Domestic)

Period: April 1, 2016 — March 31, 2017

Name Position at NAOJ Affiliated Institute Host Project/Center/Division
Uzawa,Yoshinori Visiting Professor Ezrnatlét:,rtl\z“"ée;hnology Research NAOJ Chile Observatory
Otsubo, Toshimichi Visiting Professor Hitotsubashi University RISE Project
Onishi, Toshikazu Visiting Professor Osaka Prefecture University NAOQIJ Chile Observatory
Oka, Tomoharu Visiting Professor Keio University NAOJ Chile Observatory
Nagao, Toru Visiting Professor Ehime University TMT-J Project Office
Hayashi, Yoshiyuki Visiting Professor Kobe University Center for Computational Astrophysics
Momose, Munetake Visiting Professor Ibaraki University NAOJ Chile Observatory
Oshima, Akitoshi Visiting Associate Professor | Chubu University Center for Computational Astrophysics
Kobayashi, Kaori Visiting Associate Professor | Toyama University NAOJ Chile Observatory
Komugi, Shinya Visiting Associate Professor | Kogakuin University NAOJ Chile Observatory
Sagawa, Hideo Visiting Associate Professor | Kyoto Sangyo University NAOJ Chile Observatory
Sekine, Yasuhito Visiting Associate Professor | The University of Tokyo RISE Project

Sorai, Kazuo

Visiting Associate Professor

Hokkaido University

Nobeyama Radio Observatory

Niinuma, Koutaro

Visiting Associate Professor

Yamaguchi University

Mizusawa VLBI Observatory

Hirata, Naru

Visiting Associate Professor

The University of Aizu

RISE Project

Kurayama, Tomoharu

Visiting Research Fellow

Teikyo University of Science

Mizusawa VLBI Observatory

Sakai, Takeshi

Visiting Research Fellow

The University of Electro-
Communications

NAOJ Chile Observatory

Hayama, Kazuhiro

Visiting Research Fellow

Institute for Cosmic Ray Research,
The University of Tokyo

Gravitational Wave Project Office

Baba, Yukie

Visiting Research Fellow

Ochanomizu University

Mizusawa VLBI Observatory

JSPS (Japan Society for the Promotion of Science) Postdoctoral Research Fellows

Name

Research Subject

Host Researcher

Arimatsu, Kou

Exploring the outer Solar System by stellar occultations observed with wide-

field high-speed cameras

Watanabe, Jun-ichi

Uchiyama, Mizuho

Studying stellar evolution of forming massive young stellar objects with the mid-
infrared variability observations

Yamashita, Takuya

Shouda, Ayaka

Development of the multi-messenger observation system for a gravitational-wave

detector

Flaminio, Raffaele

Shirasaki, Masato

Probing Cosmic Dark Matter and Dark Energy with Higher-Order Statistics of Weak

Gravitational Lensing

Hamana, Takashi

Shinnaka, Yoshiharu

Physicochemistry of the early solar nebula: Thermal history of cometary dust and

isotopic fractionation of cometary volatiles

Watanabe, Jun-ichi

Yamauchi, Aya

Research in the structure of a distant region of our galaxy using a new distance

measurement method with VERA

Honma, Mareki

Ichikawa, Kohei

Revealing the coevolution of black holes and galaxies through the newly discovered

population of AGN

Imanishi, Masatoshi

JSPS (Japan Society for the Promotion of Science) Foreign Research Fellows

Name

Period

Host Researcher

Cataldi, Gianni

2016/11/21 ~2018/11/20

Ohashi, Nagayoshi

Wu, Benjamin

2016/9/27 ~2017/9/26

Nakamura, Fumitaka
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VII Graduate Course Education

1. Department of Astronomical Science, School of Physical Sciences,
SOKENDAI (The Graduate University for Advanced Studies)

SOKENDAI (The Graduate University for Advanced
Studies) was established in 1988 as an independent graduate
university without undergraduate courses via partnerships with
inter-university research institutes for the sake of advancing
graduate education.

There used to be four schools — Cultural and Social
Studies, Mathematical and Physical Sciences, Life Science,
and Advanced Sciences before the reorganization of the School
of Mathematical and Physical Sciences into the schools of
Physical Sciences, High Energy Accelerator Science, and
Multidisciplinary Sciences in April 2004. Now the total of
six schools are offering doctoral education and research
opportunities.

NAOJ has been accepting three-year doctoral-course
students since FY 1992 and five-year students since FY 2006
for the Department of Astronomical Science at the School of
Physical Sciences. (The School of Mathematical and Physical
Sciences was reorganized into the School of Physical Sciences
in April 2004.)

(1) Objective of the Department of Astronomical Science

The Department of Astronomical Science aims to train
students, through observational, theoretical, or instrument
development research in astronomy or in related fields, in an
environment with the most advanced observational instruments
and supercomputers, as researchers who work at the forefront
of world-class research; experts who carry out development of
advanced technology; and specialists who endeavor in education
and public outreach activities equipped with advanced and
specialized knowledge.

Numbers of students to be admitted:
Two (per year in the five-year doctoral course)
Three (per year in the three-year doctoral course)
Degree: Doctor of Philosophy

(2) Admission Policy

The Department of Astronomical Sciences seeks students
with a strong interest in astronomy and the Universe; a
passion for unraveling scientific questions through theoretical,
observational, and instrument development research; and
students who have not only basic academic skills, but also
theoretical and creative aptitude required for advanced research.

(3) Department Details (Course Offerings)

Optical and Near Infrared Astronomy
[Educational and Research Guidance Field]
Ground-based astronomy / Optical and infrared telescope
system / Planets / Sun, stars and interstellar matter /
Galaxies and cosmology

Radio Astronomy
[Educational and Research Guidance Field]
Ground-based astronomy / Radio telescope system / Sun,
stars and interstellar matter / Galaxies

General Astronomy and Astrophysics
[Educational and Research Guidance Field]
High-precision astronomical measurement / Astronomy
from space / Data analysis and numerical simulation / Earth
and planets / Sun, stars and interstellar matter / Galaxies
and cosmology

(4) Course-by-Course Education Program to Cultivate
Researchers in Physical Sciences with Broad Perspectives

The School of Physical Sciences began its “Course-by-
Course Education Program to Develop Student Research
Capability and Aptitude” in FY 2009 as a part of MEXT’s
Program for “Enhancing Systematic Education in Graduate
Schools.” Since FY 2012 the School has been carrying out its
succeeding program, “Course-by-Course Education Program
to Cultivate Researchers in Physical Sciences with Broad
Perspectives”, offering four specific courses to the students:
the Basic Course, the Advanced Research Course, the Project
Research Course, and the Development Research Course. In FY
2015, the Department of Astronomical Science accepted five
students in the Basic Course and two students in the Advanced
Research Course. The Department also offered the e-learning
class “Introduction to Observational Astronomy II” as a
school-wide common basic subject, as well as the “Exercise in
Scientific English” class, in order to provide a good foundation
for students at the graduate school.

In order to better prepare students for the international stage,
the Department hosted the Asia Winter School during December
710 9, 2016, as well as the 2016 Summer Student programs at
Mitaka, Mizusawa, Kamioka, Okayama and Chile campuses to
allow undergraduate students a chance to experience research
at the Department of Astronomical Science. In addition to
the existing Research Assistant system, the Department also
provided Associate Researcher positions for the students of the
Department of Astronomical Science.
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(5) Number of Affiliated Staff (2017/3/31)

Chair of the Department of Astronomical Science 1
Optical and Near Infrared Astronomy Course
Professors 10
Associate Professors 14
Lecturer 1
Assistant Professors 16
Radio Astronomy Course
Professors 8
Associate Professors 9
Assistant Professors 19
General Astronomy and Astrophysics Course
Professors 6
Associate Professors 14
Assistant Professors 14
Total 112
(6) Graduate Students (33 students)
1st year (6 students)
Name Principal Supervisor Supervisor Research Theme

Ishikawa, Hiroyuki

Usuda, Tomonori

Hayashi, Saeko

Detailed study of the habitable exoplanets as candidates where
actual life can be found

Kawamura, Yuta

Matsuo, Hiroshi

Ezawa, Hajime

Basic development of Photon Counting Terahertz Interferometer

Tanioka, Satoshi

Aso, Yoichi

Flaminio, Raffaele

Direct measurement of the coating thermal noise using
cryogenic optical cavities

Hatta, Yoshiki

Sekii, Takashi

Watanabe, Tetsuya

Helio- and asteroseismology

Hosokawa, Ko

Kotani, Takayuki

Takami, Hideki
Usuda, Tomonori

Development of a new high-resolution spectrograph with a
spatial resolution and study of an exoplanet characterization

Watanabe, Noriharu

Usuda, Tomonori

Takami, Hideki
Aoki, Wako

Observational Studies of Orbital Evolution of Various
Exoplanets System

2nd year (5 students)

Name

Principal Supervisor

Supervisor

Research Theme

Ando, Misaki

Tono, Daisuke

Saito, Masao
Espada, Daniel

Observing Colliding Galaxies Using ALMA

Kambara, Nagaaki

Sekii, Takashi

Watanabe, Tetsuya

Local helioseismology

Kikuta, Satoshi

Imanishi, Masatoshi

Kodama, Tadayuki

AGN feedback to low-mass galaxy formation at high redshift

Matsuno, Tadafumi

Aoki, Wako

Arimoto, Nobuo

Observational study of metal-poor stars to reveal the history of
the near-field Universe

Yoshida, Masaki

Suematsu, Yoshinori

Hara, Hirohisa

On the Structure and Heating Mechanism of Solar
Chromosphere and Corona

3rd year (3 students)

Name

Principal Supervisor

Supervisor

Research Theme

Michiyama, Tomonari

Tono, Daisuke

Kodama, Tadayuki
Nakanishi, Koichiro

Observing Starburst Galaxies Using ALMA

Yamamoto, Moegi

Kodama, Tadayuki

Iwata, Ikuru

Searching for distant clusters with Subaru/HSC

Kim, Jungha

Honma, Mareki

Shibata, Katsunori

Understanding the circumstellar structure of high-mass young
stellar objects based on KaVA observations
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4th year (6 students)

Name

Principal Supervisor

Supervisor

Research Theme

Okutomi, Koki

Aso, Yoichi

Flaminio, Raffacle

Development of laser interferometer module torwards DECIGO

Onoue, Masafusa

Kashikawa, Nobunari

Miyazaki, Satoshi

Studies on High-z quasars by wide-field imaging observation

Baba, Haruka

Aoki, Wako

Usuda, Tomonori

Development of infrared instruments and observational research
for exploring Earth-like exoplanets

Ryu, Tsuguru

Hayashi, Saeko

Usuda, Tomonori

High-Contrast Imaging for Intermediate-Mass Giants with
Long-Term Radial Velocity Trends

Uchiyama, Hisakazu

Kashikawa, Nobunari

Matsuda, Yuichi

The study of large-scale structures based on wide-imaging
observations of Subaru telescope

Taniguchi, Kotomi

Saito, Masao

Ohishi, Masatoshi

Chemical evolution and mechanisms of carbon-chain molecules
in star-forming regions

Sth year (13 students)

Name

Principal Supervisor

Supervisor

Research Theme

Yang, Yi

Hayashi, Saeko

Usuda, Tomonori

Direct Imaging of Circumstellar Disks and Planets in Binary
Systems

Ishikawa, Shogo

Kashikawa, Nobunari

Kodama, Tadayuki

Measurement of dark halo mass by clustering analysis of star-
forming galaxies

Onishi, Kyoko

Iguchi, Satoru

Iono, Daisuke

Observational study towards black-hole mass: resolving the
coevolution process of black hole and galaxy

Onitsuka, Masahiro

Usuda, Tomonori

Takato, Naruhisa

Observational Studies of the Structure and Evolution of Exoplantes

Sakurai, Junya

Miyazaki, Satoshi

Kobayashi, Yukiyasu

Study of large scale structures in the universe through wide
field imaging

Shimakawa, Rhythm

Kodama, Tadayuki

Arimoto, Nobuo

Environmental and mass dependence of galaxy properties at the
cosmic noon

Suzuki, Taiki

Ohishi, Masatoshi

Saito, Masao

Research on Organic Molecules in the Universe

Min, Cheul Hong

Honma, Mareki

Shibata, Katsunori

Research for a symbiotic star using VERA

Pathak, Prashant

Takami, Hideki

Minowa, Yosuke

Chromaticity effects on high resolution imaging

Kobayashi, Hiroshi

Ohsuga, Ken

Tomisaka, Kohji

Radiation Hydrodynamics Simulations of Clumpy Outflows
from Black-hole Accretion disks

Suzuki, Tomoko

Kodama, Tadayuki

Iono, Daisuke

Galaxy formation beyond the peak epoch probed by [OIII] emitters

Shino, Nagisa

Honma, Mareki

Shibata, Katsunori

Testing the massive-star formation scenario via methanol maser
observations

Sukom, Amnart

Tomisaka, Kohji

Hayashi, Saeko

Study of star and planetary formation process and the
exoplanets based on infrared observations
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2. Education and Research Collaboration with Graduate Schools

Name Affiliated Institute Supervisor Thesis

Inooka, Kota The University of Tokyo | Yamashita, Takuya Observational research of exoplanets

Choi, Insa The University of Tokyo | Ohashi, Nagayoshi A study on Star Formation using radio interferometer

Shimizu, Takayuki | The University of Tokyo | Sekimoto, Yutaro Development of the n struments for the cosmic microwave
background observation.

Mori, Kanji The University of Tokyo | Kajino, Toshitaka Impact ofNew' GT Strengths on Explosive SN Ia
Nucleosynthesis

Yamaguchi, Masayuki| The University of Tokyo | Kawabe, Ryohei mm/sub-mm Study of Planet and Star Formation

Kurose, Ippei The University of Tokyo | Ohashi, Nagayoshi Observational Study of Star Forming Regions

Sakai, Tori

The University of Tokyo

Kobayashi, Yukiyasu

The performance evoluation of Nano-JASMINE’s CCD with
radial rays

Collective neutrino oscillations and application to

Sasaki, Hirokazu The University of Tokyo | Kajino, Toshitaka .

nucleosynthesis in core-collapse supernovae
. . .. Development of the vibration isolation system for the

Fujii, Yoshinori The University of Tokyo | Flaminio, Raffaele K Amioka GRavitational-wave Antenna

Fujita, Ayato The University of Tokyo | Gouda, Naoteru Dynamical Structure and its Evolution of the Milky Way

Tatsuuma, Misako | The University of Tokyo | Kokubo, Eiichiro Planetary System Formation

Luo, Yudong The University of Tokyo | Kajino, Toshitaka Field Theory and Cosmology

Shu, Shibo The University of Tokyo | Sekimoto, Yutaro Development N f Sup erconducting MKID camera for CMB
B-mode polarization

Kuramochi, Kazuki | The University of Tokyo | Kobayashi, Hideyuki Ol?servatlonal demqn stration of RIAF with sub-mm VLBI
using Sparse Modeling

Lee, Minju The University of Tokyo | Kawabe, Ryohei Environmental effect on galaxy evolution using dense gas tracer

Kato, Yuta The University of Tokyo | Sakamoto, Seiichi Star forming activity in the z=2-3 proto-clusters with Infrared
Space telescope

Sakai, Daisuke The University of Tokyo | Kobayashi, Hideyuki | DYnamical study of molecular clouds in the Galactic center
with radio observations

Hirai, Yutaka The University of Tokyo | Kajino, Toshitaka Exploring galactic chemo-dynamical evolution through

r-process elements

Marchio, Manuel

The University of Tokyo

Flaminio, Raffaele

Development, characterization and improvement of the
mirrors for the KAGRA gravitational wave detector

Aso, Yusuke

The University of Tokyo

Ohashi, Nagayoshi

A study on Star Formation using radio interferometer

Ohashi, Satoshi

The University of Tokyo

Sakamoto, Seiichi

Chemical evolution of the star-forming cores in the giant
molecular clouds

Saito, Toshiki

The University of Tokyo

Kawabe, Ryohei

Star Formation and Super Massive Black Hole in Merging
Galaxies through Dense Molecular Gas Observations

Shibagaki, Shota

The University of Tokyo

Kajino, Toshitaka

Revealing the origin of r-process elements with astrophysical
simulations

Shibata, Takashi

The University of Tokyo

Kokubo, Eiichiro

Terrestrial Planet Formation

Sekiguchi, Shigeyuki

The University of Tokyo

Sekimoto, Yutaro

Development of broadband dual polarimetry MKID camera
for observation of CMB B-mode polarization

Tagawa, Hiromichi

The University of Tokyo

Gouda, Naoteru

Early cosmic merger of multiple black holes

Koyamatsu, Shin

The University of Tokyo

Ohashi, Nagayoshi

Formation and Evolution of Protoplanetary Disks
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3. Commissioned Graduate Students

Doctoral Course Affiliated Institute Period Supervisor Thesis
. Osaka Prefecture 2016/4/1 ~ . .| 100 GHz SIS Mixer with wide RF and IF
Kozuki, Yuto University 2017/3/31 Noguchi, Takashi bandwidth
. L 2016/4/1 ~ . . .
Silva, Andrea Tufts University 2017/3/31 Iono, Daisuke ALMA Observations of Starburst Galaxies
.. . L 2016/4/1 ~ . Studying of processes of clump formation in
Fujita, Shinji University of Tsukuba 2017/3/31 Saito, Masao GMCs
. . . . . 2016/4/1 ~ . Observations of molecular clouds in the outer
Matsuo, Mitsuhiro | Kagoshima University 2017/3/31 Saito, Masao galaxy with a wideband digital spectrometer
Master’s Course Affiliated Institute Period Supervisor Thesis
Tokyo University . . .
Kokubo, Tsukasa of Agriculture and 2016/4/1 Watanabe, Jun-ichi Optical processing and evaluation for exoplanet
2017/3/31 exploration system
Technology
S 2016/4/1 ~ . . .
Ito, Ayaka Hosei University 2017/3/31 Usuda, Tomonori | Observational Studies of Exoplanets
Takumi, Asami The Open University of | 2016/4/1 ~ Watanabe, Jun-ichi Obsgrvatlonal researches on Small Solar System
Japan 2017/3/31 Bodies
Tani. Rvo The University of Electro-| 2016/10/1 ~ | Kashikawa, Circum galactic medium probed by Lyman-alpha
B Communications 2017/3/31 Nobunari intensity mapping
Morozumi, . . 2016/10/1 ~ . .
Tatsuhiko The University of Tokyo 2017/3/31 Aso, Yoichi Development of Beam Reducing Telescope
Ovamada. Shuri Japan Women's 2016/10/1 ~ | Nakamura, Observational Study of Orion Molecular Cloud
Y ’ University 2017/3/31 Fumitaka with a dense gas tracer
. . . 2016/10/1 ~ . .| Research of X-ray objects using archive data
Komeda, Satoshi Kyushu University 2017/3/31 Fukushima, Toshio from X-ray satellites

4. Degrees Achieved with NAOJ Facilities

Name

Degree

Thesis

Saito, Yuriko

Doctor of Philosophy, SOKENDAI

Investigation of the Coevolution between Supermassive Blackholes
and Galaxies at Redshift 3 through Subaru Near-Infrared Observations

Matsuzawa, Ayumu

Doctor of Philosophy, SOKENDAI

Study on the Verification Method of Pointing Performance of
Submillimeter Wavelength Antenna through the ALMA

Ishikawa, Shogo

Doctor of Philosophy, SOKENDAI

The Galaxy—Halo Connection Across Cosmic History

Onishi, Kyoko

Doctor of Philosophy, SOKENDAI

Black-Hole Mass Measurements in Nearby Galaxies Using Molecular
Gas Dynamics

Onitsuka, Masahiro

Doctor of Philosophy, SOKENDAI

A Study of the Transit-Like Phenomena around a T-Tauri Star

Shimakawa, Rhythm

Doctor of Philosophy, SOKENDAI

The Forming Galaxy Clusters at the Cosmic Noon

Suzuki, Taiki

Doctor of Philosophy, SOKENDAI

A Study on Evolution of N-bearing Complex Organic Molecules
towards Glycine

Suzuki, Tomoko

Doctor of Philosophy, SOKENDAI

Accelerated Star-Forming Activity before the Peak Epoch as Revealed
by Galaxies Emitting Strong Lines of Doubly Ionized Oxygen

Min, Cheulhong

Doctor of Philosophy, SOKENDAI

VERA Observations of 43GHz SiO Masers toward a Symbiotic Star R
Aquarii
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VIII Public Access to Facilities

1. Mitaka Campus

[Open year-round]

Dates: April to March, 10:00-17:00
Every day except for the New Year’s season
(December 28—January 4)

Visitors: 20,413

Open Facilities: Observatory History Museum (65-cm
Telescope Dome), 20-cm Telescope Dome, Solar
Tower Telescope, Exhibit Room, Repsold Transit
Instrument Building (Transit Instrument Museum),
Astronomical Instruments Museum, Gautier Meridian
Circle Building, Old Library

[Regular Star Gazing Parties]
Dates: Friday before second Saturday; fourth Saturday
Visitors: 4,671 (23 events)
Open Facility: 50-cm Telescope for Public Outreach

[4D2U Theater Showings]
Dates: Friday before second Saturday; first, second, and
third Saturdays
Visitors: 5,432 (47 events)
Open Facility: 4D2U Dome Theater

[Special Open-House Event] Mitaka Open House Day
Dates: October 21 (Fri.), 2016, 14:00-19:00
October 22 (Sat.), 2016, 10:00-19:00
Topic: Gravitational Waves, a new Frontier of Astronomy
Visitors: 4,534

This event is jointly sponsored by NAOJ, the University
of Tokyo School of Science Institute of Astronomy, the
SOKENDAI Department of Astronomical Science, and the
NINS Astrobiology Center. It has been held for 2 days each year,
starting from 2010. The perennially popular lectures related to
this year’s theme were hosted by the Institute of Astronomy,
University of Tokyo (“The Universe Observed in Kiso’s Sky
by Tomo-e Gozen” Shigeyuki Sakoh, Assistant Professor) and
NAOJ (“Listening to the Universe with Gravitational Waves”
Raffaele Flaminio, NAOJ Specially Appointed Professor; and
“Seeing Gravitational Waves with Electromagnetic Waves?
Pursuing the true Nature of Gravitational Wave Sources through
Electromagnetic Follow-up Observations” Michitoshi Yoshida,
Professor, Hiroshima University).

* Guided tours corresponding to group tours (Dantai Kengaku)
and cultural property events were also held. In addition the
“Information Space of Astronomy and Science” was opened
in 2015 near the south entrance of Mitaka Station to distribute
information.
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2. Mizusawa Campus

[Open year-round]
Dates: April to March (except for New Year’s season), 9:00—
17:00 daily
Visitors: 18,100
Open Facilities: Kimura Hisashi Memorial Museum, VERA
20-m antenna, 10-m VLBI antenna

The open house event is held at the campus with the
cooperation of the Oshu Space and Astronomy Museum (OSAM:
Yugakukan) located in the campus.

[Special Open Day] Held as part of Iwate Galaxy Festival 2016
(Hours: 10:00-20:30)

Date: August 20 (Sat.), 2016, 10:00-20:30

Visitors: Approximately 2,500

Same as last year, the Open Day was co-hosted with
Thatov Space Action Center / the Oshu Space and Astronomy
Museum (OSAM: Yugakukan) and the city of Oshu. The event
was opened with a performance by a marching band from a
local elementary school. NAOJ offered such attractions as
exhibits about the research results of VERA, RISE, and CfCA;
tours of the 20-m parabolic antenna; commemorative photo
booth; plastic bottle rocket launch; a quiz game; tours of the
supercomputer "Aterui;" and a special guided tour of the Array
Operations Center (AOC) and the VLBI correlator.

Special lectures about black holes were given by Ms. Arisa
Kuroda of TV fame, Masaki Ando, Associate Professor of
University of Tokyo, Mareki Honma, Director of the Mizusawa
VLBI Observatory and Ken Osuga, Assistant Professor of the
Center for Computational Astrophysics, and were enormously
well received.

OSAM (Yugakukan) offered various experiments in the
science stalls, workshops, etc., which were carried out by the
student interns. The Open Day was a great success with close
ties to the local people.

Iriki: VERA Iriki Station

[Open year-round]
Dates: April to March (except for New Year’s season)
Visitors: 5,949

[Special Open Day]
Date: August 7 (Sun.), 2016, 12:00-20:00
Visitors: Approximately 4,500

This special open event was held in conjunction with
“Yaeyama Highland Star Festival 2016 hosted by the executive
committee primarily formed by members of Satsuma-Sendai
city hall and Kagoshima University.



At the NAOJ VERA 20-m radio telescope and the Kagoshima
University 1-m optical/infrared telescope facilities, guided tours
of telescopes and observation buildings were held. NAOJ
offered such attractions as parent-child science experiments,
plastic bottle rocket launching, 4D2U (4-Dimentional Digital
Universe screening), and a stargazing party at night. This time
JAXA supported a chance to try on a spacesuit, which was well
received.

The special lecture of the year was given by Takumi
Nagayama, Specially Appointed Senior Specialist from
Mizusawa VLBI Observatory. All visitors had fun and were
satisfied with scientific programs offered in this festival.

Ogasawara: VERA Ogasawara Station

[Open year-round]
Dates: April to March (except for New Year’s season)
Visitors: 9,930

[Special Open Day]
Date: February 12 (Sun.), 2017, 10:00-16:30
Visitors: 227

A special open house event was held this year again under
the name “Star Island 16”. Same as last year, the free shuttle
buses were appreciated by the visitors. The number of visitors
was 227, which was more than last year. Because the number of
the resident in the island is about 2,000, more than 10 % of the
islanders visited this event.

NAO)J offered such attractions as exhibits about the research
results of VERA and RISE, 20-m parabolic antenna driving
experience, quiz games, a commemorative photo booth, and
short lectures.

On the night before the special open house, Space Lectures
were given at the Ogasawara Visitor Center by Director General
Masahiko Hayashi and Kazuhiro Hada, Assistant Professor at
Mizusawa VLBI Observatory, and were attended by 46.

A stargazing party was held by the local Ogasawara
astronomy club on the day following the special open house,
February 13, and NAOJ members also assisted. Thanks to good
weather, the stargazing party was well received and the number
of visitors was 50.

Ishigakijima: VERA Ishigakijima Station
[Open year-round]

Dates: April to March (except for the New Year’s season);
premises are open to the public 24 hours/day, and
the observation rooms are open during the hours of
10:00-16:30.

Visitors: 2,442

[Special Open day] The Special Open Day was held as a part of
the Star Festival of the Southern Island.
Dates: August 7 (Sun.), 2016, 10:00-17:00
Visitors: 194 (252 during the Star Festival of the Southern
Island)

Same as previous years, attractions like antenna tours, a
commemorative photo booth, merchandise, commemorative
lectures, and exhibits were offered.

Ishigakijima: Ishigakijima Astronomical Observatory
[Open year-round]

Dates: April to March

Open Hours: Wednesdays through Sundays (Except for the
New Year’s season; when Monday / Tuesday is a
national holiday, it is open and then closes on the
next day.), 10:00-17:00

Stargazing Sessions: Evenings on Saturdays, Sundays,
Holidays, and Star Festival weekdays (19:00-22:00),
two 30-minute sessions per evening, with support of
NPO Yaeyama Star Club

4D2U Screening: from 15:00 to 15:30 every day when the
observatory is open

Visitors: 15,061 (903 during the Star Festival of the Southern
Island)

Open Facilities: Murikabushi 105-cm optical/infrared
telescope, Starry Sky Study Room (featuring the
4D2U “4-Dimensional Digital Universe”), interior of
observation dome (including exhibits of astronomical
images)

The Starry Sky Study Room, constructed adjacent to the
observatory in 2013 by the Ishigaki city, was very popular,
welcoming 6,186 guests.

[Star Festival of the Southern Island 2016]
Dates: August 6 (Sat.) to August 14 (Sun.), 2016
Visitors: Approximately 11,000

This year is the 15th anniversary of both the completion of
VERA Ishigakijima Station and the Star Festival of the Southern
Island. Approximately 11,000 visitors attended the dimmed-light
stargazing event blessed with better weather than ever before.
The annual planetarium screening was attended by 623.

The activities at Ishigakijima Astronomical Observatory
boost regional development like school education, lifelong
learning, and sightseeing. The cooperation agreement between
NAOJ and the Ishigaki-city tourism exchange association has
been finalized. And it is widely recognized that the starry sky
can be used as a tourism resource. Considering this situation, we
will continue to strengthen our ties with other associations.
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3. Nobeyama Campus

[Regular Open]

Open Time: 8:30-17:00 (every day except during New
Year’s Season (Dec. 29 to Jan. 3), open until 18:00
during the summer (Jul. 20 to Aug. 31))

Visitors: 44,961

Open Facilities: 45-m Radio Telescope, Nobeyama
Millimeter Array, Nobeyama Radioheliograph, etc.
(just viewing) and NINS Nobeyama exhibition room
(just July to September)

[Open House Day]
Date: August 27 (Sat.), 2016, 9:30-16:00
Visitors: 1,675

The theme of the 2016 Open House Day was “Let’s go on a
journey to look for a Black Hole”. We have two lectures on the
theme, which attract large audiences every year. This year one
was “Pursuing Objects Emitting Gravitational Waves” by Dr.
Tanaka, Masaomi (NAOJ). The other was “Objects lurking in
the Galactic Center” by Prof. Oka, Tomoharu (Keio University).
However, we had only 1,675 visitors due to stormy weather on
that day. Several events, such as the chance to touch the main
reflector panel of the 45-m Radio Telescope, had to be canceled.
It was severe conditions for visitors and staff members. In spite
of the bad weather, we had some established hands-on events
such as the antenna handicrafts, radio detector handicrafts,
and the antenna origami. At the NINS exhibition room, the
presentation of the 4D theater, exhibits of other institutes,
and the Mitaka VR system operated by the CfCA team were
offered. In addition, the ALMA team offered the ALMA VR
system and some short lectures. Moreover, we had balloons for
children presented by the NRO character, Dr. Nobeyama, and
the NRO original panel for taking commemorative pictures. We
had unfortunate weather, but felt some hope because we were
supported by many people from other projects of NAOJ as well
as other institutes of NINS.

[Jimoto Kansha Day] (Thanks Day for the locals)
Date: February 11 (Sat.), 2017, 13:30-16:00
Visitors: 45

It is difficult for the local people to join the Open House Day
during the farming season. They do not know so much what we,
not only NRO but also Tsukuba and Shinshu Universities, study
in Nobeyama. In response to these comments, we established
this event in cooperation with Shinshu University, Faculty of
Agriculture, Education and Research Center of Alpine Field
Science and Tsukuba University, Agricultural and Forestry
Research Center, Yatsugatake Forest. At the Vegetaball With
hosted by Shinshu University, we also had an exhibition on
the “scarlet runner bean” project, which is studied by Shinshu
University in cooperation with Minamimaki Village. The
exhibitions by elementary school students and a “scarlet runner
bean” sampling party were held out. Also, we had three lectures,
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“Nagano is Astro-Prefecture” by NAOJ, “Talk about various
plants in the local area” by Tsukuba University and “Introduction
to the scarlet runner bean project” by Shinshu University.

It appeared to be a local-based event.



4. Okayama Campus

Okayama Astrophysical Observatory
[Open year-round]
Dates: 9:00-16:30 daily
Visitors: 10,102
Open Facilities: Window view of Okayama 188-cm Reflector
Telescope

[Special Stargazing Party]
Date: April 2 (Sat.), 2016, 18:30-22:25
Visitors: 79
133 applications for 348 applicants were received. Pollux of
Gemini and Jupiter were viewed.

Date: July 30 (Sat.), 2016, 18:30-22:25

Visitors: 81

124 applications for 359 applicants were received. Mars and
Saturn were viewed.

5. Subaru Telescope

[Summit Facility Tour]

« Dates open for public tour: 55 (these dates are listed in the
public tour program page at the Subaru Telescope’s web
site, only 1 day was canceled due to the hurricane; no tours
scheduled during the winter months of December to March,
the weather was particularly bad in December, January and
March)

* Public tour visitors: 456

« Special tour visitors: 127 groups, 592 visitors

[Base Facility Tour]
* Special tour visitors: 40 groups, 398 visitors

[Public information]
* Primary means of disseminating public information is
posting at the official website http://subarutelescope.org

o Science results from the Subaru Telescope — 9 Japanese
and 10 English articles

o Depicting special activities or announcing Calls for
Proposals, recruitment — 46 Japanese and 30 English
articles. Japanese topics include 22 articles in a series
introducing the Subaru Telescope.

* Web postings are supplemented by social media via official
accounts

o Twitter accounts — SubaruTelescope (for Japanese),
SubaruTel Eng (for English)

o Facebook pages — [EI3Z. K 3LH (for Japanese), National
Astronomical Observatory of Japan (for English, started
February 2015)

© YouTube channels — Subaru Telescope NAOJ (for
Japanese), Subaru Telescope NAOJe (for English)

[Outreach]
1. Lectures at the Subaru Telescope’s base facility in Hilo: 18

cases, reached 281 people

2. Remote presentations, mainly to Japan: 11 cases, reached
1,349 people

3. Lectures, demonstrations, workshops etc. in the vicinity: 16
cases, reached 482 people

4. Lectures in Japan: 13 cases, reached 4,933 people

5. Others - Exhibits etc.: 8 cases, reached approximately 1,905
people

6. Media coverage
23 Japanese media visits. No English media visits.
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IX Overseas Travel

Research and Academic Staff Overseas Travel

(Including employees on annual salary system)

category Business Trip Training Total

country/area

South Korea 43 0 43
China 37 0 37
Thailand 5 0 5
Taiwan 29 0 29
Hong Kong 1 0 1
Singapore 1 0 1
Indonesia 1 0 1
Philippines 0 0 0
Other areas in Asia 23 0 23
Hawai'i 68 0 68
U.S.A. 94 0 94
Australia 6 0 6
Italy 26 0 26
U.K. 33 0 33
France 13 0 13
Canada 5 0 5
Guam, Saipan 0 0 0
Germany 37 0 37
Other areas in Europe and Oceania 50 0 50
Mexico 2 0 2
Brazil 0 0 0
Africa 4 0 4
Other areas in South and Central America * 46 0 46
Total 524 0 524

* Most travelers to South and Central America went to Chile.
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X Award Winners

Award Recipients Affiliated Division Job Title Award Date
Onishi, Kyoko SOKENDALI Student The 2nd SOKENDAI Future Scientist | 1644
Award
. . FY2016 The Commendation for Science
. . Nobeyama Radio Associate .
Saito, Masao; Mizuno, . . and Technology by the Minister of
. . Observatory/NAOJ Chile Professor/Associate . .
Norikazu; Iguchi, . Education, Culture, Sports, Science 2016/4/12
Observatory/NAOJ Chile Professor/ . .
Satoru; et al. and Technology, Prizes for Science and
Observatory/et al. Professor/et al.
Technology (Development Category)
FY2016 The Commendation for Science
o . and Technology by the Minister of
Zenitani, Seiji E;:;Zf;rl?fTheOIEtlcal Assistant Professor | Education, Culture, Sports, Science 2016/4/21
Y and Technology, The Young Scientists’
Prize
FY2016 The Commendation for Science
o . and Technology by the Minister of
Tanaka, Masaomi E;:;Zf;ﬁf Theoretical Assistant Professor | Education, Culture, Sports, Science 2016/4/21
Y and Technology, The Young Scientists’
Prize
Flaminio, Raffaele; Gravitational Wave Project Special Breakthrough Prize In 2016/52
Barton, Mark; et al. Office Fundamental Physics
Akutsu, Tomotada Gravitational Wave Project Assistant Professor Spoj[hght on Optics (from the Optical 2016/5/26
Office Society, OSA)
Specially ,
Fukagawa, Misato NAOIJ Chile Observatory Appointed ggi:th NINS Young Researcher's 2016/6/5
Associate Professor
Flaminio, Raffacle; ct al. g;gzga“"nal Wave Project 2016 Gruber Cosmology Prize 2016/7/12
Public Relations Center Public Relations Center WebAward 2016 Best Science Website 2016/9/12
Web Team
o SOLAR-C Project Office/ | Associate Professor/
Hara, Hirohisa; Hinode Science Center/ Professor/Speciall
Watanabe, Tetsuya; o SOUSPECIAY | Daiwa Adrian Prize 2016 2016/11/15
Toriumi. Shin Division of Solar and Appointed
’ Plasma Astrophysics Assistant Professor
Iye, Masanori TMT-J Project Office RCUR/Professor | gpif: prLLOW 2017/1/31
emeritus
. Division of Theoretical . .
Tanaka, Masaomi Assistant Professor | The 9th Inoue Science Research Award 2017/2/3
Astronomy
CLASP Project Team | SO LAR-C Project Office/ 2016 NAOJ Director General Prize 2017/3/7
Hinode Science Center
Nobeyama Nobeyama Radio
45m-Telescope Observatory/Advanced 2016 NAOJ Director General Prize 2017/3/7
Improvement Team Technology Center
Specially
Okamoto, Joten NAOIJ Chile Observatory Appointed The 9th SPSS Award 2017/3/9
Assistant Professor
Nakamura, Koji Gravitational Wave Project Research Affiliate Pa.rtlcle Physics Scho?arshlps 11th 2017/3/17
Office Seitaro Nakamura Prize
Hada, Kazuhiro Mizusawa VLBI Assistant Professor | ASJ Young Astronomer Awards 2016 2017/3/17
Observatory
. . Division of Theoretical .
Takiwaki, Tomoya Assistant Professor | ASJ Young Astronomer Awards 2016 2017/3/17

Astronomy
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XI Library, Publications

1. Library
Number of books in each library (2017/3/31)
Japanese Books Foreign Books Total
Mitaka 17,462 45,823 63,285
Okayama 222 3,363 3,585
Nobeyama 1,225 6,294 7,519
Mizusawa 4972 18,083 23,055
Hawai'i 1,605 4,534 6,139
Total 25,486 78,097 103,583
Number of journal titles in each library (2017/3/31)
Japanese Journals | Foreign Journals Total
Mitaka 638 775 1,413
Okayama 4 18 22
Nobeyama 16 82 98
Mizusawa 659 828 1,487
Hawai'i 17 17 34
Total 1,334 1,720 3,054

2. Publication

Here we list continuing publications produced by NAOJ in FY 2016.

Mitaka

01) Report of the National Astronomical Observatory of Japan, Vol. 18: 1 issue

02) Annual Report of the National Astronomical Observatory of Japan (in Japanese), no. 28, Fiscal Year 2015: 1 issue
03) Annual Report of the National Astronomical Observatory of Japan (in English), vol. 18 Fiscal Year 2015: 1 issue
04) National Astronomical Observatory Reprint, No. 2749-2885; 137 issues

05) Calendar and Ephemeris, 2017; 1 issue

06) NAOJ News, No. 273-284; 12 issues

07) Guide to the National Astronomical Observatory of Japan pamphlet (Japanese); 1 issue

08) Guide to the National Astronomical Observatory of Japan pamphlet (English); 1 issue

09) Rikanenpyo (Chronological Scientific Tables), 2017; 1 issue
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XII Important Dates

April 1, 2016 — March 31, 2017

2016
April 2 Spring 2016 Special Stargazing Party held at Okayama Astrophysical Observatory, with 79 visitors in attendance
P (out of 348 applicants).

April 12 Japanese ALMA Antenna Development Team won Commendation for Science and Technology by the Minister of
P Education, Culture, Sports, Science and Technology (Prizes for Science and Technology, Development Category).
April 17 Seventh Open Observatory event held at the Ibaraki University Center for Astronomy and the NAOJ Mizusawa

p VLBI Observatory Ibaraki Station, with 348 visitors in attendance.
The ALMA Observatory issued the ALMA Cycle 4 call for proposals for early scientific observations which starts
April 21 from October 2016 and received by the deadline a total of 1610 observation proposals from astronomers around the
world.
May 7 Subaru Telescope staff interacted with the public during the AstroDay event in a shopping mall in Hilo.
May 17 The Japan-Chile Chamber of Commerce and Industry held its monthly meeting and invited NAOJ Chile
Y Observatory Director Seiichi Sakamoto as a speaker to give a lecture.
May 20 A NAOJ Chile Observatory staff member gave a lecture at the Japanese School of Buenos Aires, Argentina.
May 28 “Starry Sky Photo Session in NAOJ Nobeyama” was held in Nobeyama Radio Observatory. There were 31
Y participants from many places in Japan.
June 6~ Observation training of Radio Astronomy at Nobeyama Radio Observatory for Undergraduate Students was
June 10 performed; there were 12 participants.
June 11 NAOJ and Riken Lecture “Origin of Materials told by the Universe” held at Hitotsubashi Hall with 325 guests in
attendance.
Subaru Telescope staff’s visual work was part of the exhibit at the Tokyo train station during the star festival
Early July
program.
July 7 A NAOJ Chile Observatory staff member gave a lecture as a Tanabata event at the Japanese School in Santiago.
July 15~

September 18

An exhibit “The Sun” held at the Information Space of Astronomy and Science.

Star Festival held using the 6-m antenna at the NAOJ Mizusawa VLBI Observatory Kagoshima station in

July 17 Kagoshima City Kinko Bay Park, co-hosted with Kagoshima City and Kagoshima University, with approximately
200 visitors in attendance.
July 25~July 29 Facility Guide Week for Educational Organization was carried out at Nobeyama Radio Observatory.
July 30 Summer 2016 Special Stargazing Party held at Okayama Astrophysical Observatory, with 81 visitors in attendance
y (out of 359 applicants).
Chura-boshi Research Team workshop for high school students held at VER A Ishigakijima Station and Ishigakijima
August 3~ Astronomical Observatory, with 15 participants from Ishigakijima,one participant from the main island of Okinawa
August 5 and one participant from Hyogo Prefecture in attendance. The team using radio-waves couldn't discover anything
but the second team using visible light observations with the Murikabushi Telescope discovered 3 candidates.
The Star Festival of the Southern Island 2016 held together with a special open house event at the VERA
August 6~ Ishigakijima Station and Ishigakijima Astronomical Observatory with approximately 11,000 visitors to the whole
August 14 Star Festival. Events including an astronomical observation party at Ishigakijima Astronomical Observatory,
attended by 338 visitors; and a special public opening of the VERA Station attended by 252 visitors.
Special open house of VERA Iriki station held jointly with the Yaeyama Highland Star Festival 2016, with
August 7 . .. .
approximately 4,500 visitors in attendance.
Tenth Z-star Research Team event held for high school students in the six Tohoku prefectures, with 15 participants
August 8~ . .. . . . . .
August 10 attending. The participants were divided into two groups, made a astronomical obsevation, and analyzed data using
& the VERA Mizusawa 20-m radio telescope. However, neither team could find any maser celestial objects.
August 10~ As a part of the summer student program held by NAOJ and the Department of Astronomical Science of the
Se gtember6 Graduate University for Advanced Studies (SOKENDALI), two undergraduate students from Kyoto Sangyo
P University stayed at the Chile Observatory and conducted research with ALMA data.
August 16~ “Astronomy classes for kids in Summer 2016” held in Mitaka Campus.
August 17

XII Important Dates
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Iwate Galaxy Festival 2016, a special open house day of Mizusawa Campus, held with approximately 2,500 visitors

August 20 in attendance.
August 20 A lecture “What is the Sun?”” held at the Information Space of Astronomy and Science.
August 27 Open House day of Nobeyama Radio Observatory. There were 1,675 visitors for this event.

September 10

Hinode 10th anniversary lecture “Exploring the Universe and the Earth through Solar Observations” held at
Nagoya University with 228 guests in attendance.

September 12~
September 17

8 undergraduate students participated in the observation experience program at the Subaru Telescope.

September 15

Mr.Toshiei Mizuochi, State Minister for Ministry of Education, Culture, Sports, Science and Technology visited
the Santiago Central Office of the Joint ALMA Observatory.

September 23~ An exhibit “Mitaka Solar System Walk - Let’s Realize the Size and Distance of Each Planet -” opened at the
November 6 Information Space of Astronomy and Science.
NAOJ, International Astronomical Union Office for Astronomy Outreach, and Japanese Society for Education and
September 24~ .. « . . . o
September 26 Popularization of Astronomy co-hosted “The 3rd Symposium on Universal Design for Astronomy Education” with
131 guests (including 25 handicapped persons and 15 foreigners).
October 2~ The 12th Workshop for Popularizing Cutting Edge Astronomy held with the theme of “Gravitational Wave
October 4 Astronomy” at University of Toyama and the Institute for Cosmic Ray Research, University of Tokyo.
October 12~ An exhibit “Solar Tower Telescope” opened at the Information Space of Astronomy and Science.
November 6
October 21~ . . - .
October 22 Mitaka Open House Day held, with 4,534 visitors in attendance.

November 17

The Management Agreement Concerning Operations of ALMA was signed by the National Astronomical Observatory
of Japan, the Associated Universities Inc., and the European Southern Observatory in the Santiago Central Office of
the Joint ALMA Observatory.

A ceremony for FY 2016 continuous service recognition was held. 10 NAOJ staff members were recognized: Hitoshi

November 21 ~ Yamaoka, George Kosugi, Satoshi Miyazaki, Fumitaka Nakamura, Tadafumi Takata, Hiroshi Araki, Tomofumi
Umemoto, Yoji Seto, Hiroyuki Narisawa, and Tatsuya Todoriki.
The first “Nagano is Astro-Prefecture” meeting was held in Matsumoto Campus of Shinshu University by the
November 23 executive committee consisting of staff members of Nobeyama Radio Observatory, Kiso Observatory in the
University of Tokyo, Shinshu University, and so on.There were about 100 participants.
November 23 The Subaru Telescope/Shinshu University public lecture “From Shinshu via Hawai'i, a galactic Research Journey”
held at Shinshu University with 350 guests in attendance.
NAOJ lecture meeting/22nd ALMA public lecture “The Birth of Stars and Planets Explored by ALMA” held at
November 26 . . . .
Nagoya City Science Museum with 225 guests in attendance.
November 27  “The Subaru Telescope/Hiroshima University public lecture” held at Hiroshima Children's Museum.
2017
January 6~ Graduate students from the Department of Astronomical Science, SOKENDAI (Graduate University for Advanced
January 10 Studies) and astronomy major students from the University of Hawai‘i at Hilo worked together to observe with the
y Subaru Telescope.
January 14 Honorable Hirokazu Matsuno, the minister of the Ministry of Education, Culture, Sports, Science and Technology -
vy Japan, visited the Subaru Telescope’s facilities at Hilo and Maunakea.
January 26 NAOJ Chile Observatory staff members visited a summer camp held by Santiago Japanese School to give a lecture.
January 28 Staff of the Subaru Telescope held science workshops and put on an interactive booth at the annual Onizuka Science
y Day at the University of Hawai‘i at Hilo.
“Jimoto kansha Day (Thanks Day for the locals)” was held at the Vegetaball With hosted by Shinshu University. It
February 11 was carried out by 3 Nobeyama Institutes (Tsukuba and Shinshu Universities and Nobeyama Radio Observatory).
There were 45 participants.
February 12 Star Island 16 open house event of VERA Ogasawara Station held, with 227 visitors in attendance (more than the
Y average year).
March 2~ NAOJ/The International Planetarium Society (IPS) and others co-hosted the “Data to Dome Workshop” with 52
March 3 guests from 8 oversea countries in attendance.
March 5 The 23rd NINS Symposium “Frontiers of Modern Astronomy: a Second Earth and the Dark Universe” held at Tokyo
International Exchange Center (TIEC) with 273 guests in attendance.
March 13~ Staff of the Subaru Telescope and TMT-J Project Office visited classes in the public schools in Hilo and vicinity
March 17 during the Journey through the Universe program.

XII Important Dates



March 31 A ceremony for FY 2016 continuous service recognition for retiring staff members was held. 5 staff members were
recognized: Yoshihiko Mizumoto, Nobuo Arimoto, Yukiyasu Kobayashi, Motokazu Noguchi, and Matsuo Watanabe.

NAOJ staff participated in the “Fureai (Friendly) Astronomy” program by visiting schools to talk about their work
and the telescope. This outreach program started seven years ago and was spearheaded by Dr. Nobuo Arimoto, the
Director of the Subaru Telescope.

Throughout the
year
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