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Cover Caption

A large molecular cloud, Lynds 1641 in Orion, imaged by the Prime Focus Camera (Suprime-Cam) of the Subaru telescope. Many jets,
accompanied by Herbig-Haro objects, which are produced by newborn stars, were newly discovered (Reipurth et al. Astronomical Journal 140,
699, 2010).
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Shoken MIYAMA
Director General of NAOJ

We are pleased to present the Annual Report of the
National Astronomical Observatory of Japan (NAOJ) for
fiscal 2010.

On March 11, 2011, Japan was hit by the biggest
earthquake ever recorded. The earthquake and subsequent
tsunami destroyed a number of houses and buildings and
claimed large number of lives (the number of people
deceased and missing has exceeded 20,000.) It is hard
to imagine the heartache and difficulty that the bereaved
families are going through. I would like to express my
deepest sympathies to the victims and their families.

Some of the NAOJ facilities were also damaged by
the earthquake including VERA antenna of the Mizusawa
VLBI Observatory in Oshu, two VLBI antennas in
Takahagi and Hitachi, and 45-m antenna in Nobeyama.
Damaged antennas will be restored with allocated
disaster restoration budget. Two NAOJ campuses in
Mizusawa and Mitaka had no serious damages, but in
some rooms, books and files on the shelf fell down on
the floor. In addition to these direct damages, electricity
to the Mizusawa campus was cut for several days and
employees during the business trip were prevented from
returning home due to paralyzed transportation network
over a few days. In the Mitaka campus too, many
employees were unable to get home on the day of the
earthquake and they were forced to stay at their office or
Cosmos-Kaikan (accommodation for researchers visiting
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the Mitaka Campus.) Although the earthquake caused
widespread damage in northeastern Japan, there were
no casualties among NAOJ employees, their families or
postgraduate students studying at NAOJ.

Tokyo Electric Power Company executed planned
power outage in the Kanto Region including Tokyo
for several weeks after the earthquake to make up
for the shortage of its generating capacity due to the
shutdown of the reactors at the Fukushima Daiichi
nuclear plant. To respond to the nationwide efforts to
save energy, we set up a task force to control power
consumption at the NAOJ facilities and decided to use
electricity at the Mitaka campus in the following order
of priority: (1) Development of the ALMA receivers
and HyperSuprimeCam for Subaru Telescope, which are
under development in global partnership; (2) Operation
of open-use instruments; (3) Advancement of researches;
and (4) Maintaining appropriate work environment (e.g.
using air conditioner). For further reduction, we requested
degraded operation of super computers that consume vast
amounts of electricity.

Having experienced a big earthquake, we became
aware of various problems of our safety procedures such
as evacuation from the building, safety confirmation
of employees, and prompt setup of an emergency
headquarters. As for myself, I was in central Tokyo on
business at the time of the earthquake and could not get
back to Mitaka for paralyzed traffic. We learned from



this experience that nothing is predictable in a chaotic
situation just after the disaster. To be more prepared for
emergency, we are developing new safety measures as
follows: (1) Ensuring emergency communication contact
and making plans for prompt setup of an emergency
headquarters with various cases in mind; (2) Preparing
emergency communication means such as satellite
telephone system between Mitaka and other branches
(we learned that ordinary communication tools become
unavailable just after the earthquake.); (3) Building
stockpiles of blankets and emergency food for persons
unable to return home and preparing public-address
system that can be used even during power outage; (4)
Establishing a backup system of valuable data for risk
diversification by making use of NAOJ facilities located
in various places in Japan; and (5) as a future challenge,
discussing the provision of in-house power generation
system in case of a blackout.

After the nuclear accident at the Fukushima Daiichi
nuclear plant, Japan was terrified by radioactive materials
leaking from the plant. Although the NAOJ Mitaka
campus is located far from the nuclear plant (over 200 km
away) and the radiation level does not seem so high, some
of the foreign researchers left Japan for fear of radioactive
contamination. Moreover, many of the international
conferences scheduled for 2011 were cancelled, and we
had to make various arrangements for it.

In the affected Tohoku region (northeastern Japan),
many postgraduate students were temporarily prevented
from studying at their universities. NAOJ provided some
rooms at the Mitaka campus to support them. We will
continuously make every effort to provide assistance for
the disaster victims.

The other sad news was the passing of three professors
emeritus at NAOJ: Masaki Morimoto in November 2010;
Shinzo Enome in March 2011; and Yasujiro Wako in
April 2011. T was really shocked by the news of their
sudden passing. They were all distinguished astronomers
and I learned a lot from them. I would like to extend
my profound gratitude to them and offer my deepest
condolences to their families.

I would not go into the details of the activities of each
project and division here, which will be described in
detail under the section of Scientific Highlights, but I’d
like to touch on the progress of ALMA that announced its
first call for proposals for Early Science Operation at the

end of March 2011. Open-use observation with sixteen
12-m antennas is scheduled to start from October 2011.
Although the performance of ALMA in the Early Science
Operation phase falls far short of that in the full-scale
operation phase with fifty-four 12-m antennas and twelve
7-m antennas, ALMA already boasts the world’s highest
performance at millimeter/submillimeter wavelengths.
With the angular resolution 10 times better than Subaru or
Hubble Space Telescope, ALMA is about to explore new
astronomy. I hope ALMA will achieve unprecedented
results and contribute to the growth of young researchers
who will work all over the world.

Another event I should mention here is the 50th
anniversary of the Okayama Astrophysical Observatory
(OAO). We are very pleased that the observatory has
achieved many scientific results over the past 50 years
in cooperation among a lot of people, including those
working in the observatory, former employees, and
neighboring local municipal offices. It would be no
exaggeration to say that the scientific achievements,
technologies, and know-how of open-use operations
obtained at the OAO led to the success of Subaru
Telescope in Hawaii. The OAO is expected to play a
central role in the inter-university project that will start
from 2012, as well as in a joint development of the 3.8-m
telescope with Kyoto University and Nagoya University.
With the upcoming completion of the 3.8-m telescope,
we are making a future plan for the OAO with a new
form of installation in mind toward the realization of the
Thirty Meter Telescope (TMT), which is a big challenge
in the field of optical and infrared astronomy. We will
continuously make our best effort toward high goals,
while discussing the future role of the OAO.

oo Syt

Shoken MIYAMA
Director General of NAOJ
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Chromospheres in Metal-Poor Stars Revealed from the He 1 10830 A Line

TAKEDA, Yoichi
(NAOJ)

The atmospheric temperature of a star like the Sun
gradually decreases with height, from 7 ~ 6000 K in
the photosphere down to 7'~ 4000—-5000K at the
temperature minimum. However, as we go further
upward, the temperature begins to rise again, reaching
up to 7~ 10*K at a thin layer called “chromosphere”.
While such a temperature rise (chromospheric heating)
must be caused by the transformation of some type of
extra energy into thermal energy, it is generally believed
that the dissipation of the magnetic energy in the
magnetically active region may be responsible for this.
One evidence supporting this view is the fact that the
chromospheric activity tends to be lower for older stars
(Skumanich law), which may be reasonably interpreted
as the tendency of slower rotation for more aged stars
(having suffered deceleration for a longer time), along
with the above-mentioned scenario that magnetic fields
created by rotation-induced dynamo are the cause of the
chromospheric heating.

However, this activity—age—rotation relation has been
confirmed only for comparatively young population I disk
stars (with ages on the order of ~ 108~ years), and little is
known about the existence of chromospheres in very old
metal-poor halo stars (age of ~ 10!° years). Since rotation
is likely to have almost come to rest in such old stars
because of having suffered the long-lasting deceleration
mechanism (magnetic braking), we may expect that
chromospheres do not exist in these stars.

In order to confirm this expectation, we investigated
whether the high-excitation He1 line at 10830 A
(chromospheric indicator because its visibility means
the existence of a high-temperature layer of 7 ~ 10*K)
is observed in 33 disk/halo stars of various metallicities
(from [Fe/H] ~ +0.3 down to [Fe/H] ~ —3.7) based on the
high-dispersion spectra (R ~ 20000) obtained on 2009
July by using IRCS+AO188 of the Subaru telescope.

We then found, rather unexpectedly, that this He1
10830 A line is seen in absorption in almost all stars,
the strength of which is nearly constant irrespective of
the metallicity at [Fe/H] < —0.5 (cf. Figure 1). Actually,
even BD+44 493 (the most metal-poor star among our
sample, which must be very old with an extremely low
metallicity of [Fe/H] = —3.7 ) clearly shows an absorption
feature of this line (Figure 2). This is an evidence that
chromospheric activity at a basal level persists even for
very old stars, despite that their rotations are considered
to be slowed down and incapable of sustaining a dynamo,
suggesting that some kind of chromospheric heating
mechanism independent of rotation/magnetism (e.g.,
acoustic heating) may take place. Accordingly, we suspect

TAKADA-HIDAI, Masahide

(Tokai University)

that two types of chromospheres exist:
——(1) The rotation-dependent chromospheric activity
(seen in less-aged population I stars still rotating
appreciably), for which organized magnetic fields
generated by the dynamo mechanism is responsible.
——(2) The “basal” chromosphere of the minimum
level (ubiquitously existing but detectable only in old
population II stars of very slow rotation), sustained
by nonmagnetic/ non-rotation mechanism (such as the
dissipation of acoustic waves).

See [1] for more details of this study.
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Figure 1: Logarithmic equivalent width (log EW) measured for the
He 1 10830 line, plotted against the metallicity ([Fe/H]).
The results for 24 dwarfs (log g > 3) and 9 giants (log g
< 3) are discriminated by filled (blue) and open (green)
symbols, respectively. The Sun is indicated by the large

(red) filled circle.
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Figure 2: The spectrum of BD+44 493 ([Fe/H] = —3.7) in the
neighbourhood of the He 1 10830 line (red symbols). The
blue solid line represents the Gaussian-fit function used
for evaluation of the equivalent width.

Reference
[1] Takeda, Y., Takada-Hidai, M.: 2011, PASJ, 63, S547.
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The AGN—nuclear-starburst connections
in a high-luminosity AGN population

IMANISHI, Masatoshi
(NAOJ)

KAWAKATU, Nozomu
(University of Tsukuba)

Recent observations have shown that supermassive
blackholes (SMBHs) are ubiquitously present at the
center of galaxy spheroids (bulges and elliptical galaxies)
and that the masses of SMBHs and galaxy spheroidal
stars are correlated, suggesting that SMBHs and galaxies
interact and coevolve each other.

Active Galactic Nuclei (AGNs) are the objects which
convert gravitational energy generated through active
mass accretion onto a SMBH, to radiative energy, and are
shining very brightly. SMBHs in AGNSs are in a growing-
up phase, so that it is important to investigate the
properties of star-formation (starburst) in AGNSs, in order
to understand the interplay and co-evolution of SMBHs
and stars in the universe.

To observationally tackle this issue, it is indispensable
to use an indicator with which to disentangle AGN
and starburst activity clearly. Polycyclic Aromatic
Hydrocarbons (PAH) emission features, seen in infrared
3-20 um spectra, are detected in star-forming regions,
but not in AGNs, because of the PAH destruction by
strong Xrays from AGNs. Thus, PAH emission is a good
probe of starburst activity. Furthermore, effects of dust
extinction at infrared 3—-20 um are so small, compared
to UV and optical wavelength ranges, that starburst
luminosity is reasonably quantifiable from the observed
PAH emission.

Previous observations have indicated that in a low- to
moderate-luminosity AGN population, AGN and nuclear
starburst luminosities positively correlate, namely, mass
accretion onto a SMBH is higher in an AGN accompanied
with more luminous nuclear starburst activity. However, it
is observationally unclear whether the same relation holds
in a high-luminosity AGN population. Theoretically, two
contradictory scenarios were proposed.

(1) The mass accretion rate onto a central SMBH is
controlled by starburst-induced viscosity, so that AGN
luminosity should increase with increasing nuclear
starburst luminosity. In this case, a similar luminosity
correlation between AGN and nuclear starburst is
expected in a high-luminosity AGN population.

(2) When nuclear starburst activity is intense, a large
amount of gas is consumed for a starburst, and thus
the remaining amount of gas accreted onto a SMBH
decreases. In this scenario, starburst activity should be
relatively weaker in a high-luminosity AGN population,
compared to low- to moderate-luminosity AGNs. It was
desirable to observationally distinguish between these
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ICHIKAWA, Kohei, TAKEUCHI, Tomoe

(Kyoto University)

OI, Nagisa, IMASE, Keisuke
(GUAS/NAOJ)

two scenarios.

We have performed infrared 3—4 um (L-band) slit
spectroscopy of 30 PG QSOs, the representative high-
luminosity AGN population in the local universe, using
the IRCS infrared spectrograph attached to the Subaru
8.2 m telescope. Based on the observed luminosity of the
3.3 um PAH emission feature, we quantitatively estimated
the nuclear starburst luminosity in these objects and
confirmed that the AGN — nuclear-starburst luminosity
correlation holds in a wide luminosity AGN range (Figure
1)[1], supporting the scenario (1).
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Figure 1: The abscissa and ordinate are indicators of AGN and
nuclear starburst luminosities, respectively. Stars are the
results for PG QSOs (= high-luminosity AGNs) obtained
in this work. Filled stars are objects with detectable 3.3
um PAH emission in individual spectra. Open star is
the plot for the composite spectrum of PAH-undetected
sources in individual spectra. Open circles are the plots
for Seyfert galaxies (= low- to moderate-luminosity
AGNs) previously studied. The nuclear starburst to
AGN luminosity ratios are similar in AGNs with a wide
luminosity range.

Reference
[1] Imanishi, M., et al.: 2011, PASJ, 63, S447.



Active supermassive blackholes deeply buried in luminous infrared
galaxies, unveiled with AKARI infrared satellite

IMANISHI, Masatoshi
(NAOJ)

OHYAMA, Yoichi
(ASTAA/TATWAN)

Luminous infrared galaxies (LIRGs) emit the bulk
of their large luminosities (>10''L.) in the infrared,
and thus must possess luminous energy sources hidden
behind dust. Most LIRGs are gas-rich mergers, and the
dust obscured energy sources can be merger-induced
starburst activity (energy generation by nuclear fusion
reaction inside stars) or AGN activity (the release of
gravitational energy generated by a mass-accreting
supermassive blackhole, and conversion to radiative
energy) or the combination of the two. Since LIRGs are
the dominant galaxy population in the distant universe
at z >1, in terms of the cosmic infrared radiation density,
understanding the hidden energy sources of the LIRG
population is important to uncover the history of galaxy
formation and supermassive blackhole growth in the
early universe. Distant LIRGs are generally too faint to
investigate in detail with existing observing facilities,
so that comprehensive understanding of nearby LIRGs
continues to play an important role.

For this purpose, infrared spectroscopy at 4 > 2.5 um
is effective, because effects of dust extinction are small.
Furthermore, Polycyclic Aromatic Hydrocarbons (PAH)
emission features, found in this infrared wavelength
range, can be used to distinguish between a starburst and
an AGN, because the features are seen only in a starburst,
but not in an AGN (due to PAH destruction by AGN'’s
strong X-ray radiation). Finally, the optical depths of dust
absorption features in this infrared wavelength range can
be used to discriminate a starburst, where stellar energy
sources and dust are spatially well-mixed, or a buried
AGN, where the energy source (= a compact mass-
accreting supermassive blackhole) is more centrally-
concentrated than dust.

In nearby ultraluminous infrared galaxies with Lir
> 10'2L., since the compact nuclear regions (< several
100 pc) dominate the total luminosities, narrow slit
spectroscopy using infrared spectrographs attached
to ground-based large telescopes and Spitzer infrared
satellite has been widely applied to understand the
physical nature. However, for LIRGs with Lig < 102 L,
spatially-extended emission is important, so that
spectroscopy with large apertures is indispensable to
quantitatively estimate the relative energetic importance
of starbursts and buried AGNS.

We have performed infrared 2.5-5 um slitless
spectroscopy of >100 nearby LIRGs, using the IRC
infrared instrument onboard the AKARI infrared satellite,

NAKAGAWA, Takao, SHIRAHATA, Mai

(ISAS/JTAXA)

ONAKA, Takashi
(University of Tokyo)

and separated starburst-dominated LIRGs and buried
AGN important sources, based on infrared spectral
shapes (Figure 1). We found the trend that the energetic
importance of buried AGNs increases with increasing
galaxy infrared luminosity (Figure 2)[1,2].
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Figure 1: (Left): Infrared 2.5-5 um spectrum of a starburst-
dominated luminous infrared galaxy. PAH emission and
hydrogen recombination lines (Btf, Bra, P{f) are strong,
and the continuum slope is flat. (Right): Spectrum of a
buried AGN dominated galaxy. PAH emission is very
weak, and strong dust absorption features are detected.
The continuum is red, and steeply rising with increasing
wavelength.

| AKARI |

c | J
0
- i |
£ 1 IR
ZzZ WL i
g °| ]
O
2 S .
5
o |
o 1 1
<12 12.0 12.3 >12.3

log |‘IR/ |‘sun

Figure 2: The abscissa and ordinate mean galaxy infrared
luminosity and the detection rate of a luminous buried
AGN, respectively. Buried AGNs become important
with increasing galaxy infrared luminosity.

References

[1] Imanishi, M., et al.: 2008, PASJ, 60, S489.
[2] Imanishi, M., et al.: 2010, Ap.J, 721, 1233.
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The Central Mass Distribution of the Lensing Cluster SDSS J1004+4112

OGURI, Masamunee
(NAOJ)

006 |

The cluster SDSS J1004+4112 represents a rare
example of a quasar lensed by a massive foreground
cluster of galaxies, which was discovered in 2003 from
the Sloan Digital Sky Survey data[1]. It consists of five
images of a quasar at z = 1.734 produced by a cluster at z
= 0.68. In addition, several background galaxies at z =2-3
are also found to form multiple images (see Fig. 1).

Here we analyzed image configurations of many
multiple images and time delays between quasar images
to explore the central mass distribution of the cluster in
details[2]. For this purpose, we developed a new lensing
software called glafic, which implements the fast lens
equation solver and several optimization methods to
derive best-fit mass models.

Fig.1 shows the best-fit mass model. The model
successfully reproduces all the image configurations as
well as time delays between quasar images. In the model
the center of the dark matter distribution agrees well with
the position of the central galaxy, in marked contrast
to some of previous modeling of this system in which
the offset between the dark matter center and central
galaxy has been reported. Fig. 2 indicates that the radial
mass distribution also shows an excellent agreement
with the mass distribution inferred from Chandra X-ray
observation[3].

The result suggests that the cluster is highly relaxed
system which have formed in the early universe. In
contrast, the standard structure formation model predicts
that high-redshift clusters, as explored above, tend to be
unrelaxed. The existence of such relaxed cluster already
at z = 0.68 therefore should be confronted with numerical
simulations.

Note that the lensing software glafic presented above
is publicly available at
http://www.slac.stanford.edu/~oguri/glafic/

References

[1] Inada, N., et al.: 2003, Nature, 426, 810.
[2] Oguri, M.: 2010, PASJ, 62, 1017.
[3] Ota, N., et al.: 2006, Ap.J, 647, 215.

I Scientific Highlights

Figure 1: Top: Hubble Space Telescope image of SDSS
J1004+4112, with quasar images indicated by A-E.
Bottom: Critical curves for z = 1.734 (thick) and z = 3.33
(thin) obtained for the best-fit mass model.
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Figure 2: The radial mass distribution inferred from lensing
analysis is compared with Chandra X-ray result.



Direct Measurement of Dark Halo Ellipticity with Weak Lensing

OGURI, Masamune TAKADA, Masahiro OKABE, Nobuhiro SMITH, Graham P.
(NAOJ) (University of Tokyo) (ASIAA) (University of Birmingham)

Clusters of galaxies are the system that galaxies
are gravitationally bound thanks to the large amount of
dark matter inside the clusters. Their density structure
is determined mainly by the property of unknown dark
matter particles as well as global history of the evolution
of density fluctuations. Therefore, clusters of galaxies
serve as an ideal laboratory to test the current standard
structure formation scenario. The density structure has
been well predicted by the so-called N-body simulation,
which indicates that the dark matter distribution in
clusters (dark halo) is highly flattened and deviates
significantly from the simple spherical symmetric mass
distribution[1]. Its observational test is very important,
as the predicted shape reflects the cold and collisionless
assumptions on dark matter particles, but the difficulty
lies in the unseen nature of dark matter.

We conducted detailed analysis of Subaru Suprime-
cam images[2] of 25 X-ray selected massive clusters
to measure the ellipticity of projected dark matter
distribution using weak lensing technique[3]. In particular

K |
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Figure 1: Sybaru Suprime-cam image of Abell 2390, along with

we developeq a methqd to analy%e Fhe two-di.mensional dark matter distribution inferred from weak lensing.
shear map directly, without a priori assumption on the Weak lensing distortions, which are obtained by
center of the dark matter distribution, which leads to averaging shapes of background galaxies, are shown by

white bars. Dark matter densities measured by the weak

reliable and robust measurements of the ellipticity (Fig. 1). oo e
lensing signal are indicated by purple hue.

A challenge lies in the weakness of the lensing signals
which limits the detailed study. Here we adopt highquality
wide-field Subaru images, and combine results for 25
clusters, to detect the deviation from spherical symmetry 10 —
at 7o level (Fig. 2). The measured mean ellipticity of (e) = L -
0.46 + 0.04 is in excellent agreement with 0.42 predicted :
by N-body simulations, which represents the first direct
confirmation of the flattened dark matter distribution, an
important theoretical prediction of the current standard
model. Our result also demonstrates the feasibility of
exploring the nature of dark matter via flattening in the
dark matter distribution.

dp/d<e>
o
|
|
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Figure 2: The likelihood distribution of average dark halo
ellipticities among the cluster sample analyzed. The
vertical solid line indicates the expected mean ellipticity
from N-body simulation predictions.
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Formation of collapsing cores in subcritical magnetic clouds:
three-dimensional MHD simulations with ambipolar diffusion

KUDOH, Takahiro
(NAOJ)

We have performed fully three-dimensional magneto-
hydrodynamic simulations of collapsing core formation
in molecular clouds with subcritical mass-to-flux ratio,
including ambipolar diffusion[1]. Some of our major
findings are as follows.

Core formation in subcritical clouds is generally
slow. The core develops gradually over an ambipolar
diffusion time. When the initial mass-to-flux ratio is 0.5
times a critical value, the formation time is about 3x107
years for an initial midplane number density 10*cm .

* The core formation time is shortened by strong velocity
fluctuations. When the average strength of the velocity
fluctuation is 3 times the sound speed, the formation
time is about 5x10°years for the same cloud described
above.

* The core formation time scales as #.,,, < 1//ppear, Where

Ppear 15 the value of the density peak during the first

compression in the time evolution of the maximum

density.

In the case of a highly subcritical cloud, the core

formation time does not strongly depend on the initial

mass-to-flux ratio even when there is strong velocity
fluctuation.

Once a core forms, the density, velocity, and magnetic

field structure of the core do not strongly depend on the

initial strength of the velocity fluctuation. The infall
velocities are subsonic and the magnetic field lines
show weak hourglass shapes.

Figure 1 shows a close-up view of a core that is
obtained in this simulation. The iso-surface contour
shows the logarithmic density and the lines represent
the magnetic field. The core is located in a filamentary
structure that was induced by the initial velocity
fluctuation. The magnetic field lines show an hourglass
shaped structure because of the infall motion into the
center of the core.

Figure 2 shows the core formation time as a function
of pear, Where p,.,. 1s defined as the value of the density
peak during the first compression in the time evolution
of the maximum density on z=0. It shows that the core
formation time is shorter when the density peak p,.. is
greater, and indicates that it is nearly proportional to
1/\ppear- The density dependence is similar to that derived
in quasistatically contracting magnetically supported
cores, assuming a force balance of the magnetic force and
gravity in the core.
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BASU, Shantanu
(University of Western Ontario)

Figure 1: Tsosurface of the logarithmic density, and the magnetic
field lines near a core. The spatial scale is ~ 0.5pc.
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Figure 2: Core formation time as a function of the density peak
during the rst compression in its time evolution (#,~
2.5% 10 year, py~4x 10* gcm™). The filled and open
squares represent the results for the initial £ * and &°
spectra, respectively. The dashed line shows that the
core formation time is nearly proportional to 1/v/p,cu-
The dotted line represents the free fall time of gas with
density p,,. for comparison.
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The Primordial Origin Model of Magnetic Fields in Spiral Galaxies

SOFUE, Yoshiaki
(Meisei University / University of Tokyo)

We propose a primordial-origin model for composite
configurations of global magnetic fields in spiral galaxies
(Figure 1)[1].

Figure 1. Schematic illustration of magnetic fields in spiral
galaxies, including our Galaxy.

We show that a uniform tilted magnetic field wound
up into a rotating disk galaxy can evolve into composite
magnetic configurations comprising bisymmetric spiral
(S=BSS), axisymmetric spiral (A=ASS), plane-reversed
spiral (PR), and/or ring (R) fields in the disk, and vertical
(V) fields in the center (Figure 2). By MHD simulations
we show that these composite galactic fields are indeed
created from a weak primordial uniform field, and that
the different configurations can co-exist in the same
galaxy (Figure 3). We show that spiral fields trigger
the growth of two-armed gaseous arms. The centrally
accumulated vertical fields are twisted and produce jets
toward the halo. We find that the more vertical was the
initial uniform field, the stronger is the formed magnetic
field in the galactic disk.

Reference
[1] Sofue, Y., Machida, M., Kudoh, T.: 2010, PASJ, 62, 1191.

MACHIDA, Mami
(Kyushu University)

KUDOH, Takahiro
(NAOJ)

Figure 2: Origin of S, R and V fields from a tilted lopsided
magnetic field in a rotating gaseous disk.

Figure 3: MHD simulation of the primordial origin model of
magnetic field in a disk galaxy. The snap shot is taken at
~ 140 My. Curves show the magnetic lines of force. Blue
and green surface show the iso-surface of the density.
The initial magnetic field is uniform and its inclination
to the rotation axis is 45°. The tilted field lines are
wound up to create S configuration near the disk plane
and V configuration in the central region.
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Improvements in lunar gravity field modeling and orbit determination
from SELENE multi-satellite tracking data types

GOOSSENS, Sander, MATSUMOTO, Koji, KIKUCHI, Fuyuhiko, SATO, Kaori
HANADA, Hideo, ISHIHARA, Yoshiaki, NODA, Hirotomo, ARAKI, Hiroshi

(NAOJ)
LIU, Qinghui, CHEN, Ming, HARADA, Yuji, KAWANO, Nobuyuki
(SHAO)
NAMIKI, Noriyuki IWATA, Takahiro LEMOINE, Frank, ROWLANDS, David

(Chiba Inst. Tech.) (JAXA/ISAS)

The launch of SELENE, which acquired the first
direct tracking data over the farside of the Moon by the
use of 4-way Doppler data between a relay satellite and
the main satellite, has resulted in a dramatic improvement
of the knowledge of the global lunar gravity field[1,2].
In addition to the 4-way Doppler data, same-beam
differential VLBI data between the two sub-satellites
and two stations on Earth were also collected using the
VERA network, and foreign stations in two international
campaigns. The strength of differential VLBI data derives
from the differencing out of common measurement errors,
resulting in a precise measurement. Together with the
SELENE 2-way and 4-way tracking data and historical
tracking data, the VLBI data were processed into a new
lunar gravity field model called SGM100i[3] (Fig. 1). The
use of VLBI data allow longer arc lengths for the sub-
satellites, increasing the sensitivity with respect to the
lower degrees of the gravity field model. The resulting
model shows a drastically improved performance in orbit
determination, especially for edge-on geometries (where
the satellite orbits over the deep farside). Correlations
with topography also show an increase over the farside.

T T
-500 -400 -300 -200 -100 O 100 200 300 400 500

Figure 1: Free-air gravity anomalies at the lunar surface for the
SGM100i model. The nearside is on the right.

SELENE was unique in the sense that it consisted of
three satellites orbiting the Moon simultaneously, with a
variety of terrestrial based tracking systems between all
the satellites: 2-way tracking for each separate satellite,
4-way between one sub-satellite and the main satellite,
and differential VLBI between the two sub-satellites.
Using all these tracking data types, and data from the
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(NASA GSFC)

laser altimeter (at points where the ground tracks of
different orbits intersect, the same topography should
be measured), a comprehensive assessment of orbit
precision was undertaken, and it was shown that the orbit
precision of all satellites was improved when compared
to the standard case using only 2-way data. The biggest
improvements are for the main satellite during edge-
on periods. Altimetry crossovers further help to obtain
smooth orbit errors (computed from overlaps) at a level
of 18 m throughout the mission[4] (Fig. 2).

300 I‘ - -

+2-way

250 1 |v2-way, 4-way
®2-way, 4-way, VLBI
200 | |42-way, 4-way, VLBI, XO

* edge-on face—on L

150

100

orbit differences [m]

50 1

day (in January 2008)

Figure 2: Orbit overlap results for the SELENE main orbiter using
various tracking data types. The label “XO” stands for
altimeter crossovers.
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Parent Galaxies of Extended Emission Line Regions in the Coma Cluster

YAGI, Masafumi, KOMIYAMA, Yutaka, KASHIKAWA, Nobunari, FURUSAWA, Hisanori
(NAOJ)

YOSHIDA, Michitoshi OKAMURA, Sadanori GRAHAM, Alister W. MILLER, Neal A.
(University of Hiroshima) (University of Tokyo) (Swinburne University of Technology) (University of Maryland)

CARTER, David MOBASHER, Bahram JOGEE, Shardha
(Liverpool John Moores University)  (University of California, Riverside) (University of Texas at Austin)

We constructed a special filter for Subaru/Suprime-
Cam so that we can catch the Ha emission at the redshift
of the Coma cluster, and conducted a survey of the Coma
cluster. We discovered extended ionized hydrogen clouds
out of galaxies, and reported[1,2]. In this year, we listed
such clouds up, and investigate the statistical features of
their parent galaxies[3]. Most of the parents are found to
be starforming or post-starburst galaxies. Their velocity
relative to the cluster is typically greater than 1000 km/s.
We also compared the samples with galaxies with an UV
asymmetry[4], which is a signature of a gas-stripping
event, and found that the UV asymmetric galaxies are
ALL included in the parent galaxies of the Ha clouds.
These results suggest that the parent galaxies once lived
out of the cluster and trapped by the gravity of the cluster.
When they fell into the cluster, the gas was stripped by
the interaction with the cluster hot gas and/or tidal force
of the cluster. In this picture, we can imagine that if a
parent galaxy is less massive with less gas they will soon
lose all the gas to stop the starformation, while massive
ones will hold gas to continue starformation. Such a
correlation between the mass and the starformation is also
confirmed. Previous studies show such extended ionized
clouds in other clusters[5,6,7,8,9,10], but they are two in
a cluster at most. In this study, we first reported many (14)
parent galaxies in one cluster, and investigated the parents
and their spatial and velocity distribution statistically.
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Figure 1: An example of the extended ionized clouds in the Coma
cluster. B-band, R-band, and Coma Halpha clouds are
shown as blue, green and red, respectively. The extended
ionized clouds are seen as red. The bar at bottom right
shows 10 kpc scale.
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A New Hypothesis of Moscoviense Basin Formation:
Double Impact Formation

ISHIHARA, Yoshiaki
(NAOJ)

MOROTA, Tomokatsu
(ISAS/JTAXA) (AIST)

NAKAMURA, Ryosuke

GOOSSENS, Sander, SASAKI, Sho
(NAOJ)

Selenodetic observations of the SELENE (Kaguya)
mission provided us with globally accurate lunar gravity
model[1] and high resolution lunar shape model[2].
Using those models, lunar crustal thickness model was
also improved[3]. Recently, many studies, focused on
interior structures of lunar impact basins, are conducted.

The Moscoviense basin is a mare-filled multi-ring
basin located north-western lunar farside, and has the
highest Bouguer gravity anomaly[1] and the thinnest crust
on the Moon[3]. Because of ring offset and innermost
partial ring (Figure 1), the Moscoviense basin formation
was thought as an oblique impact. Comparing with the
Freundlich-Sharonov basin (normal impact origin), the
Moscoviense basin has a larger mantle plug than that of

Moscoanense Basin
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Figure 1: Topography (top), Moho structure (middle), and profiles
(bottom) of the Moscoviense basin (left) and the
Freundlich-Sharonov basin (right).

012 | 1 Scientific Highlights

the Freundlich-Sharonov basin (Figure 1). Pre-impact
depth of the Moho and outermost-ring size of both basins
were almost the same (Figure 1), so the difference in
mantle plug is probably due to the size of excavation.
However, the excavation depth of an oblique impact is
shallower than that of a normal impact. The large mantle
plug of the Moscoviense basin is therefore hard to explain
by a single oblique impact. We propose a new hypothesis
for the Moscoviense basin formation, which is called
“double-impact formation”[4]. This new hypothesis can
explain offset of ring structures as difference of impact
locations of first and second impact, and large mantle
plug as a result of two-times of dynamic uplift process by
first and second impact. The probability of occurence of
double impact basin is about 50% for the Moscoviense
basin case (Figure 2). This probability is not so small as
to reject a double impact origin of the Moscoviense basin.
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Figure 2: Cumulative frequency of the closest distance of impact
locations for 50 random impact on the Moon. The
arrow indicates the distance between the centers of the
innermostand ourmost-ring features of the Moscoviense
basin (80 km).
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Near-infrared Imaging Circular Polarimetry of the Orion Nebula
using IRSF telescope with SIRPOL and Implications
for the Origin of Homochirality

FUKUE, Tsubasa TAMURA, Motohide KANDORI, Ryo, KUSAKABE, Nobuhiko
(NAOJ) (NAOJ / Graduate University for Advanced Studies) (NAOJ)
HOUGH, James H. BAILEY, Jeremy WHITTET, Douglas C. B.
(University of Hertfordshire) (University of New South Wales) (Rensselaer Polytechnic Institute)
LUCAS, Philip W. NAKAJIMA, Yasushi, HASHIMOTO, Jun
(University of Hertfordshire) (NAOJ)
The origin of biomolecular homochirality is a (A]

longstanding mystery. The terrestrial living material
consists almost exclusively of one enantiomer, L-amino
acids. Amino acids in several meteorites have been found
to have enantiomeric excesses of the same handedness
as that seen in biological amino acids. Such detection
of enantiomeric excesses in meteorites is consistent
with the hypothesis that terrestrial life was seeded by
the delivery of organics from outer space during the
heavy bombardment phase of early Earth. Enantiomeric
excesses can be produced by circularly polarized light
through asymmetric photochemistry.

We report a wide-field and deep near-infrared (K
band: 2.14 yum) circular polarization image in the Orion
nebula, where massive stars and many low-mass stars are
forming[1]. We use SIRPOL on the IRSF 1.4 m telescope
in South Africa for the polarimetry.

Our results reveal that a high circular polarization Figure 1: This image shows the degree of circular polarization of
region is spatially extended around the massive star- the Orion star-forming region. Yellow color expresses

. . . .. left-handed circular polarization, where the electric
forming region, the BN/KL nebula (Fig. 1). Significant vector of light is rotated anticlockwise. Red color

circular polarization extends over a region about 400 expresses righthanded circular polarization. The black
times the size of the solar system. However, other regions bar denoted by (A) expresses about 400 times the size
show no significant circular polarization. Most of the of the solar system, and the bar by (B) shows about 100

low-mass young stars do not show detectable extended times the size of the Solar System.

structure in either linear or circular polarization, in
contrast to the BN/KL nebula.

Our results and the feature of the Orion nebula implies Reference
as follows: If our solar system formed in a massive [1] Fukue, T., Tamura, M., Kandori, R., Kusakabe, N., Hough,
starforming region and was irradiated by net circularly J. H., Bailey, J., Whittet, D. C. B., Lucas, P. W., Nakajima,
polarized radiation, then enantiomeric excesses could Y., Hashimoto, J.: 2010, Origins of Life and Evolution of

have been induced, through asymmetric photochemistry, Biospheres, 40, 335.

in the parent bodies of the meteorites and subsequently
delivered to Earth. These could then have played a role in
the development of biological homochirality on Earth.
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Origin of Molecular Outflow Determined from Thermal Dust Polarization

TOMISAKA, Kohji
(NAOJ)

As the origin of molecular outflows ejected from
protostars, there are two major explanations: magnetic
drive and entrainment. In the former, gas is magnetically
driven and forms an outflow, In the latter, an optical jet
which is ejected in the vicinity of a protostar entrains
outer molecular gas and forms the outflow.

In order to conclude the problem, it is essential to
observe the geometry of the magnetic field. We study
the expected polarization for the thermal radiation from
the magnetically aligned dust grains in the outflow[1].
Dust grains are aligned with their major axis being
perpendicular to the magnetic field. Emission from
such dust grains is polarized with the B-vector being
perpendicular to the major axis. Figure 1 represents an
outflow reproduced in the axisymmetric MHD simulation
of the gravitational collapse of the molecular core[2]. This
shows that a disk forms in the perpendicular direction to
the magnetic field, which extends horizontally, and that
an outflow is ejected in perpendicular direction to the
disk.

Observing along the line-of-sight (los) specified with
the angle from the z-axis 6, the Stokes’ parameters g
and u, which represent the polarization, are calculated
with two angles, y (the angle between the magnetic field
and the celestial plane) and  (the position angle of the
projected magnetic field) as g = fp cos 2y cos? yds,
u= f psin 2y cos? yds where we perform the integration
along the los.

Figure 2 indicates the expected polarization observa-
tion. This indicates (1) the pole-on (6 = 0°: top) view
has an axisymmetric pattern. The molecular outflow is
observed as a ring with a relatively high polarization
degree whose B-vector is toward the azimuth direction.
(2) Observing edge-on (€ = 90°: bottom), the pattern is

L= 5 t=0.6105 Step=1001

0.02 [

0.01 |=—

—0.01

—0.02

Figure 1: Simulation of molecular outflows. Solid and dashed
lines represent, respectively, the isodensity contours and
the poloidal magnetic field lines. Spatial extent is as
large as 3000 AU x 6000 AU.
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mirror-symmetric and the disk has a higher polarization
degree than the outflow. (3) Between these two (6 = 60°:
middle), the pattern is 180° rotation-symmetry and both
the disk and the outflow have lower polarization degree.
These are characteristic for the configuration that the
magnetic field has both poloidal and toroidal components.

The fact that the outflow has a toroidal magnetic
field is a direct evidence of magnetic drive. When one of
the patterns shown above is found, this indicates there
exists the toroidal magnetic field and thus the outflow is
magnetically driven.
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Figure 2: Expected distribution of the total intensity of the dust
thermal emissions (black contour), polarization degree
(white contour and color), and the directions of observed
B-vector (black bar). (top) pole-on, (middle) € = 60°,
and (bottom) edge-on.
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Second-order gauge-invariant cosmological perturbation theory

NAKAMURA, Kouji
(NAOYJ)

Due to the precise measurement of the Cosmic Micro-
wave Background (CMB) by WMAP, the “precision
cosmology” has begun. The farthest region which
we can observe by electromagnetic waves is the “last
scattering surface” which corresponds to the epoch
of the recombination of the hydrogen atom. This last
scattering surface is observed as the CMB of 2.7K by
us. CMB is isotropic at the zeroth-order approximation,
and its fluctuations (the first-order approximation) have
the Gaussian property. Further, just now, Planck is trying
to observe non- Gaussian nature (the second-order
approximation).

Theory of cosmology should also be developed
more precisely. Following to the above observations, it
is necessary to construct the theory order by order. The
second-order approximation is established by the general-
relativistic second-order cosmological perturbation theory.
Although the some issues of this theory was already
completed in 2003[1], we have made great progress by
the recent works.

In general relativity, gravity is represented by curved
spacetimes and their metric ga» . In its perturbation
theories, we introduce two spacetime manifolds. One is
the “physical spacetime” (M, 8a»). We want to clarify
the properties of this manifold through perturbations.
Another is the “background spacetime” (M, gu» ) Which
have nothing to do with M but we introduce this as a
reference of perturbations. We also write the relation
between &a» and gap by the perturbative expansion as

1
gab =8ga» T+ Ehab + Eezlab + 0(63)- (1)

Although M and Mg are distinct, through Eq. (1), we
implicitly introduce the correspondence of points on
these two manifold. This correspondence is called
“gauge”. However, this correspondence is not unique
but there is the degree of freedom in the choice of this
correspondence due to the general covariance in the
theory. This is called the “gauge degree of freedom”. This
gauge degree of freedom arises from the relation between
M and My and have nothing to do with the properties
of M itself. Therefore, this gauge degree of freedom is
unphysical. In general-relativistic perturbation theory,
we have to exclude this gauge degree of freedom to
obtain physical results. One of ways to do so is “gauge-
invariant perturbation theories”. In these theories, we
only treat “gauge-invariant perturbative variables” which
are independent of the gauge degree of freedom. In linear
theories, gauge-invariant formulations have been well-
studied, however, in higher-order perturbation theories, it
was non-trivial.

In Ref. [1], we assumed that the linear metric pertur-
bation 4, is decomposed as

hab = 7—{ab + £Xgab, (2)

where Hy, and X, are gauge-invariant and gauge-
dependent parts of A,p,, respectively. Based on this
assumption, we showed that the second-order metric
perturbation /,,, the perturbation O, of first order, and the
perturbation O, of the second order for an arbitrary tensor
field Q are decomposed as

ly = Lap+26xhas + (£ —£3) gy~ )
Mo = 1Q+£xQ, @
@0 = CQ+26xVQ+{ty-£] 0. O

Here, La»,1Q, and ®)Qare gauge-invariant part of /,;, (VQ,
and @Q, respectively. We also showed that perturbations
of the spacetime curvatures[2] and perturbations for
matter fields[3] are also decomposed as Egs. (4) and (5).
Therefore, these formulae are universal.

In the above formulation, we assumed the decompo-
sition (2) only. Then, we confirmed this assumption
in the case of homogeneous isotropic background
universe, derived the second-order field equations, and
confirmed the consistency of these field equations[4,5.6].
Thus, we constructed the second-order gauge-invariant
cosmological perturbation theory, successfully, and it
is published as an invited review paper[7]. Finally, we
can expect the further development of this second-order
gauge-invariant perturbation thoery and comparison with
observations.
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The origin and evolution of the halo PN BoBnl

OTSUKA, Masaaki

(Space Telescope Science Insititute)

Galactic halo planetary nebulae (PNe) are interesting
objects as they provide direct insight into the final
evolution of old, low-mass halo stars, and they are able to
convey important information for the study of lowmass
star evolution and the early chemical conditions of the
Galaxy. About 14 objects have been identifend as halo
members from their location and kinematics since the
PN K 648 was discovered in the globular cluster M 15.
However, in extremely metal-poor and C- and N-rich ([C,
N/O]> 0, [Ar/H]< —2) halo PNe, there are unresolved
issues on chemical abundances and evolution time scales.
BoBn 1 (PN G108.4-76.1) is one of the C- and N-rich
and extremely metal-poor halo PNe ([C, N/O]> 1, [Ar/H]=
—2.22 £0.09, [Fe/H]= —2.39 £ 0.14; this work).

We have performed a comprehensive chemical
abundance analysis of the extremely metal-poor halo PN
BoBn 1 based on [UFE archive data, Subaru/HDS spectra,
VLT/UVES archive data, and Spitzer/IRS spectra[1]. We
have detected over 600 lines in total and calculated ionic
and elemental abundances of 13 elements using detected
optical recombination lines and collisionally excited
lines. In the optical high-dispersion spectra, we detected
emission lines of fluorine and s-process elements such as
rubidium, krypton, xenon, and barium. The amounts of [F/
H], [Kr/H], and [Xe/H] suggest that BoBn 1 is the most
F-rich among F-detected PNe and is a heavy s-process
element rich PN. The enhancement of C, N, and heavy
s-process element is comparable to carbon and s-process
enhanced metal-poor (CEMP-s) stars with [Fe/H] > —2.5
[2]. This suggests that BoBn1 shares a similar origin an
evolutionary history with CEMP-s stars.

We built photo-ionization model using non-LTE theo-
retical stellar atmosphere models to check consistency
between elemental abundances derived by empirical
methods and from the model and to investigate the
properties of the central star, ionized nebula, and dust
in a self-consistent way to fit the IR wavelength region.
We compared the observed elemental abundances with
theoretical nucleosynthesis model predictions for single
stars and binaries with Z=10"* The observed elemental
abundances except for N could be explained either by a
1.5 M, single star model or a binary model composed of
0.75 M-+ 1.5 M, stars. Using theoretical evolutionary
tracks for post-AGB stars, we found that the progenitor of
the central star was perhaps a 1-1.5 M., star and evolved
into a system of a white dwarf with a core mass of
~0.62 M, and an ~0.09 M, ionized nebula. We estimated
the dust mass of 5.8 x 107 M, in the nebula, which
composes of amorphous carbon and PAHs. The presence
of carbon dust indicates that BoBn 1 has experienced the
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third dredge up (TDU) during the thermal pulse AGB
phase.

The progenitor might have been initially quite N-rich.
The He-flash-driven deep mixing might be responsible
for the over-abundance of N. From careful consideration
of observational results and a comparison between BoBn
1 and K 648 in M 15, we propose that the progenitor
was a binary and had experienced coalescence during
its evolution to become a C- and N-rich PN. The similar
evolutionary scenario would be also applicable to K 648

[3].
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Figure 1: [Xe or Ba/Ar]-[C/Ar] diagram. The [Xe/Ar] value of
BoBn 1 is upper limit. The diagram indicates that the C
and s-process elements are certainly synthesized in the
same layer and brought up to the stellar surface by the
TDU.
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A large number of 7 > 6 galaxies around a QSO at 7 = 6.43:
Evidence for a protocluster?

UTSUMI, Yousuke
(The Graduate University for Advanced Studies / NAOJ)

GOTO, Tomotsugu

(Institute for Astronomy, University of Hawaii / Subaru Telescope)

KASHIKAWA, Nobunari, MIYAZAKI, Satoshi, KOMIYAMA, Yutaka
(The Graduate University for Advanced Studies / NAOJ)

FURUSAWA, Hisanori
(NAOJ)

QSOs have been thought to be important for tracing
highly biased regions in the early universe, from which
the present-day massive galaxies and galaxy clusters
formed. While overdensities of star-forming galaxies
have been found around QSOs at 2 < z < 5[1,2,3], the
case for excess galaxy clustering around QSOs at z > 6 is
less clear. Previous studies with HST have reported the
detection of small excesses of faint dropout galaxies in
some QSO fields, but these surveys probed a relatively
small region surrounding the QSOs[4]. To overcome this
problem, we have observed the most distant QSO at z =
6.4 using the large field of view of the Suprime-Cam (34’
x27". Newly-installed red-sensitive fully depleted CCDs
allowed us to select Lyman break galaxies (LBG) at z ~ 6.4
more efficiently. We found seven LBGs in the QSO field,
whereas only one exists in a comparison field[5]. The
significance of this apparent excess is difficult to quantify
without spectroscopic confirmation and additional control
fields. The Poisson probability to find seven objects when
one expects four is ~10%, while the probability to find
seven objects in one field and only one in the other is less
than 0.4%, suggesting that the QSO field is significantly
overdense relative to the control field. These conclusions
are supported by a comparison with a cosmological SPH
simulation which includes the higher order clustering
of galaxies. We find some evidence that the LBGs are
distributed in a ring-like shape centered on the QSO with
a radius of ~3 M pc. There are no candidate LBGs within
2 Mpc from the QSO, i.e., galaxies are clustered around
the QSO but appear to avoid the very center. These
results suggest that the QSO is embedded in an overdense
region when defined on a sufficiently large scale (i.e.
larger than an HST/ACS pointing). This suggests that
the QSO was indeed born in a massive halo. The central
deficit of galaxies may indicate that (1) the strong UV
radiation from the QSO suppressed galaxy formation in
its vicinity, or (2) that star-formation closest to the QSO
occurs mostly in an obscured mode that is missed by our
UV selection.

Roderik, Overzier

(Max-Planck Institut fur Astrophysik)
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Figure 1: The probability distribution of how many galaxies
would be found within the field of view of Suprime-Cam
using our selection criteria. The solid histogram is based
on the simulation of galaxy formation at z = 7 while the
dashed histogram is the poisson distribution assuming
the average value is (7 + 1)/2 = 4. The solid and the
dashed arrows indicate the number of galaxies in the
QSO field and the SDF comparison field, respectively.
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Subaru Lightcurve Observations of Sub-km-sized Main-belt Asteroids

DERMAWAN, Budi
(Bandung Institute of Technology)

Investigations of the spin period and shape distribu-
tions for a certain asteroid group using their lightcurve
observations are essential to understand collisional
evolution of that group. We therefore conducted
lightcurve observations of such asteroids with the Subaru
telescope + Suprime-Cam, which can detect many aste-
roids in a single field of view at the same time. And
from them we selected main belt asteroid (MBAs) and
determined their spin periods and shapes. Although
about 4000 asteroids are currently listed in the spin
period catalogue, it includes a very small number of sub-
km-sized MBAs which are considered to be outcomes
from the collisional evolution in the main asteroid belt.
Meanwhile, most asteroids detected by our Subaru
observation are in the size range between 0.1-1 km in
diameter. Hence we would say that our observation is the
first dedicated lightcurve observation of sub-km-sized
asteroids.

The observation was done in October 2001. We
surveyed a sky field of 34"x 27" near opposition and the
ecliptic, covering a time-span of 8.3 hours for a single
night. As a result we detected 127 asteroids down to a
limiting magnitude of R=24.6 mag. Among them, we
picked up 68 asteroids showing reliable spin periods.
Out of 68 asteroids, it turned out that the spin periods
of 33 asteroids are faster than 2.2 h, which are often
called fast-rotator MBAs (FRAs). The fraction of fast-
rotating asteroids is found to be about 48%. This is the
first observational confirmation on the existence of FRAs
among sub-km MBAs; those detected small MBAs fill up
the region that used to be almost void of asteroids in the
spin period vs size distribution (see Fig. 1)[1].

We calculated the shapes of 68 asteroids based on
their lightcurve amplitudes and then found a tendency
that FRAs are more spherical than non FRAs. This
tendency was confirmed by rigorous statistical tests[2].
Our conclusion is that most of the fast-rotators show a
strong trend that they are more spherical in shape than
any other groups. Considering several timescales of the
orbital and rotational evolution for small asteroids in the
main asteroid belt, we showed that the above mentioned
trend is not due to coincidence but primordial. Therefore,
referring to shape distributions of impact fragments
produced in laboratory experiments, our discovered
sphericity preference of small fast-rotating asteroids
probably requires some spin deceleration mechanisms,
which selectively worked on all elongated objects during
their impact formation and/or subsequent evolution.

018 | 1 Scientific Highlights

NAKAMURA, Tsuko
(Teikyo-Heisei University)

YOSHIDA, Fumi
(NAOJ)

0.01 T
a o MBAs
o NEAs

A This work
01 F E

Spin Period (h)

r
L]

Diameter (km)

Figure 1: Distribution of size vs. spin period for know asteroids
(open circles and open squares) and very small asteroids
discovered (filled triangles) in this survey observation.
Asteroids being above the horizontal line of 2.2 h are
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Figure 2: Diameter vs. lightcurve amplitude for 68 sub-kmsized
MBAs.
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Elliptically Weighted HOLICs for Weak-lensing Shear Measurement. 1.
Definitions and Isotropic Point-spread Function Correction

OKURA, Yuki
(NAOJ)

Restriction of cosmological parameters is most
important study of Cosmology. These cosmological
parameters can express behavior of the universe from
early universe to future, and because these parameters
contain the dark energy and the dark matter, this
restriction is a one of chances to investigate them. One
of methods of the restriction is to measure the power
spectrum of mass of large scale structure which depends
on cosmological parameters, and because gravitational
lensing are made by mass distribution, cosmological
paramters can be restricted by measuring cosmic shear
which is made by mass distoributioin of large scale
structure.

Shear is a component of distortion by gravitational
lensing and is analyzed by weak lensing analysis method.
One of the most widely used analysis is KSB method[1]
which measures quadrupole moments, defines ellipticity
by the moments and estimates shear from the ellipticity.
KSB method can obtain shear easily, but precision is not
high by rough correction and approximation. Because
cosmic shear is especially weak, it is widely recognised
that KSB method doesn’t have enough precision.
Therefore many new analysis methods and corrections
have been developed.

Our studies HOLICs[2] also developed new analysis
methods. HOLICs method series can obtain more precise
results by using higher order moments. KSB method has
a systematic error which is due to approximate a elliptical
weight function by a circular weight function. E-HOLICs
method can avoid the error by using the elliptical weight.
This systematic error can be estimated in simple case. If
image is simple elliptical Gaussian which has ellipticity
Oue, estimated ellipticity by KSB method degtimate 1S
obtained as

1 - 6t2rue/4
Oestimate = Otrue————7 — (D
Therefore KSB method estimate ellipticity with over-
estimation. However, E-HOLICs method can obtain J..
without systematic error in this situation.

For verification, we tested E-HOLICs method with
“Shear TEsting Programme 2” simulation data[3], and
obtain the results that KSB method has a systematic error
which depended on ellipticity and E-HOLICs method
doesn’t have the systematic error. Figure 1 shows the
result, the horizontal axis means input shear and the
vertical axis means difference between estimated shear
and input shear, and left hand is plots of the result of KSB
method and right hand is plots of the result of E-HOLICs
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(Tohoku University)
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Figure 1: Plots of results of tests of STEP 2. The left side shows
results of the KSB method and the right side shows
results of the E-HOLICs method, with the selection
rh > 3.3 (pixels), S/N > 20, and |0 intrinsic| < 1.0. The
horizontal axis represents the value of inputted shear
(answer), and the vertical axis represents the value of the
difference between estimated shear and inputted shear.
The subscripts 1 and 2 are components of directions.

KSB method. We can see the dependencies on ellipticity
of these methods.

We developed E-HOLICs method which can correct
the systematic error which depends on ellipticity which
KSB method has. However , there are other many
systematic error, for example these depend on S/N. We
still must correct much systematic error for analysing
cosmic.
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Forty seven new T dwarfs from the UKIDSS Large Area Survey

ISHII, Miki, TAMURA, Motohide
(NAOYJ)

BURNINGHAM, Ben, PINFIELD, David
(University of Hertfordshire)

Observations in the 1980-90s have established that
the conventional spectral sequence from O to M stars is
followed by even cooler dwarf stars—Some L dwarfs and
all T dwarfs (T < 1300 K) correspond to “brown dwarf”
whose mass is below 0.075 solar masses. Previous large
area surveys (e.g., 2MASS, SDSS) have discovered about
600 L dwarfs and 100 T dwarfs so far. On the other hand,
a deeper large area survey is necessary to detect more and
cooler (i.e., intrinsically fainter) brown dwarfs, which will
extend our understanding of star and planet formation,
both through detailed study of individual systems and
through statistical population studies. Ongoing UKIDSS
Large Area Survey (LAS) meets the requirement. The
UKIDSS/LAS will cover 4000 sq. degrees using the
UKIRT Wide Field Camera (WFCAM), with 4 mag
deeper detection limit than 2MASS. From the resultant
data, the coolest T dwarfs and, further more, a new class
of dwarfs cooler than T (Y dwarfs) are expected to be
found.

The Cool Dwarf Science Working group, an inter-
national collaboration including UK and Japanese
astronomers, has developed the selection method using
UKIDSS Y JHK colors and the combination of SDSS
z-J, i-z to select L/T and Y dwarf candidates. Followup
spectroscopy using large telescopes such as Subaru
and Gemini is adopted to determine their spectral types
finally. As a result, (1) we have discovered 80 T dwarfs
from 980 sq. degrees of sky, which means that the
number of known T dwarfs have been almost doubled
(as of 2010)[1]; (2) the coolest star ever known has
been discovered by the UKIDSS[2] (Figure 1); (3) we
have identified spectrally peculiar objects, which may
represent hitherto unrecognised tracers of composition
and/or gravity[1] (Figure 2). We have used our sample to
estimate space densities for T6-T9 dwarfs. Our analysis
suggests that the substellar mass function is declining
at lower masses, which is at odds with results for young
clusters.

After the completion of UUKIDSS/LAS, we expect
to discover Y dwarfs together with hundreds of T dwarfs,
which will shed light on the formation processes of
substellar objects, the Initial Mass Function (IMF) and
the formation history.
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Figure 1: History of the coolest brown dwarf discovered: T dwarfs
discovered by UKIDSS (<) and previous surveys (0) are
plotted against their discovery year.
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by the H,0-J index.
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Mass-Dependent Clustering History of K-selected Galaxies at 7 <4
in SXDS/UDS Field

FURUSAWA, Junko, SEKIGUCHI, Kazuhiro, TAKATA Tadafumi, FURUSAWA, Hisanori
(NAOJ)

SHIMASAKU, Kazuhiro
(University of Tokyo)

It has been a big challenge to study galaxy formation
and evolution in an observational manner at the epochs
above the redshift 2, by means of star formation rate,
stellar masses, and spatial clustering of galaxies.
However, those studies suffered from observational
limits and have been performed only for paritcular galaxy
populations which are selected based on galaxy colors.
The discussions for each population were done separately
and relation among them have been uncertain. Our study
aimed at discussing the galaxy formation and evolution
across the populations by using the whole galaxy
populations which is selected by photometric redshift
(photo-z).

The stellar mass of galaxies is a key parameter to
describe galaxy formation and evolution, since it is
relevant to the star formation history of galaxies. In
various surveys on different patches of the sky have
been undertaken for this scientific driver, reaching an
interesting common view in which star formation rates
of high-mass galaxies seem to get mild and stable earlier
than those of lowmass galaxies. However, there still
remain significant differences in the amplitudes and the
epoch of the active star formation among the surveys in
various mass ranges of galaxies, needing a more wide
and deep observation to give a stringent clue to those
questions.

We investigated mass-dependent galaxy evolution
based on a large sample of (~50,000) K-band selected
galaxies in a multi-wavelength catalog of the Subaru/
XMM-Newton Deep Survey (SXDS) and the UKIRT
Infrared Deep Sky Survey/Ultra Deep Survey (UDS).
This unique dataset in a contiguous deep (Kap < 23.5)
and wide field covering a 10 times larger area than those
in other surveys with equivelent depths, allows us to
discuss reliable stellar mass functions and clustering of
galaxies up to z = 4 based on a photo-z technique. In
addition, we obtained spectroscopic redshifts, especially
for galaxies at z > 2 with Subaru/MOIRCS, confirming
that the accuracy of our photo-z is sufficiently good to
discuss the galaxy evolution.

Detailed discussions of the relation between stellar
masses and evolution of clustering of galaxies is a unique
and primary result of this study. The findings include the
followings: (1) An increase of the stellar mass density
in the universe is more rapid at z > 2 and gets relatively
smaller at the below z~2. (2) Evolution of the galaxy
clustering depends on the stellar masses of galaxies,

SIMPSON, Chris
(Liverpool John Moores University)

AKIYAMA, Masayuki
(Tohoku University)

in which higher-mass galaxies tend to show stronger
clustering. This trend seem to apply up to z =4 (Figure 1).
(3) Comparison between star-forming galaxy population
(sBzK) and quiescent pupulation (pBzK) shows no clear
correlation in redshift and clustering strength of the two
pupulations. Post star-formation pupulations tend to have
stronger clustering.
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Figure 1: The redshift evolution of correlation lengths of various
types of objects. Filled symbols show our result. Dotted
lines show the correlation lengths of dark haloes with
four different typical masses. Hollow symbols show
correlation lengths of the different populations of objects
(Double black circles: present-day clusters of galaxies
[1]. Double light green squares: present-day luminous
early-type galaxies and Brown diamonds: EROs[2].
Purple triangles: DRGs, Blue circles: sBzKs with various
K magnitude range and Cyan crosses: LBGs[3]).
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Development of On-site Data Analysis System for Suprime-Cam
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We develop on-site quick data analysis system for the
prime-focus camera Suprime-Cam at Subaru Telescope
[1]. This system is designed to assist observation with
Suprime-Cam and to improve productivity of scientific
outcomes[2], by considering the following subjects:

(1) Automated evaluation of data quality: In order
to assist observations, we target automation of data
evaluation during the night. In typical observations
with Suprime-Cam, data check is a burdensome task for
observers, and it was difficult to conduct sufficient data
evaluation. We consider assisting the qualitative data
evaluation at the observing site is a key to improve the
productivity of the observation. The new on-site data
analysis system performs automated data check for every
data frame, deriving qualitative information of data
quality, including seeing, median ellipticity of stellar
sources, sky-background level, and read noise level
estimated from the overscan regions. Variation of those
values againt time are shown on a web browser within
a couple of minutes after the data acquisition. Coarse
astrometric calibration and determination of photometric
zeropoint for reference fields are also performed. The
obserevers can grasp the achievement of their observation
at some point and plan the next exposures.

(2) Management of data evaluation results in database:
We also aim at efficient recording and making use of the
derived data evaluation results. This system employs
database (DB) to register all the derived information
and analysis history in the data check processes. Data
frames are tagged based on thresholding values for
quality information of seeing, sky-background level,
and the number of detected sources. The observers can
easily choose data frames which satisfy requirements
by clicking a web browser only several times. Mosaic-
stacking analysis to check depths of data or creation of
flat frames can also be applied to those particular range
of frames upon request. The evaluation results in DB has
an advantage of making it easier to pick up necessary
data frame only in the final analysis after the observation,
which may be more useful in a large and long-term survey
programs. As a future prospect, the DB information could
contribute to construct useful data archive by adding
extra-information of the observing situation such as
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weather conditions, status of the instrument etc.

This system uses paralellized processing on multiple
PC nodes, in order to facilitate data evaluation exposure
to exposure. Analysis applications are made of in-house
C/C+/Python codes, open sources, and a commercialbased
middleware on a 64-bit Linux OS. This system has been
operated since March 2010 in Suprime-Cam observations
(Figure 1). In prospective large imaging surveys with the
next-generation instrument HSC, experience in this study
will play an important role for making efficient execution
of the survey and constructing a useful data archive[3].
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Figure 1: A snapshot of the on-site data analysis system, which
shows a summary window for the automated data check,
web-basis result monitor, and a result of flux calibration.
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RMHD Simulations of Low-Mass Star Formation Processes
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A first core is a transient object formed in the early
phase of star formation. It mainly consists of molecular
hydrogen and is in quasi-hydrostatic equiribrium by
gas pressure and rotation. This object evolves under the
accretion from the envelope, and it begins dynamical
collapse due to H;, dissociation when the central
temperature exceeds about 2000 K (the second collapse).
The lifetime of a first core is short, about several thousand
yrs, but it plays a critical role in star formation processes
because it is related to important phenomena such as
circumstellar disk formation, binary fragmentation,
bipolar molecular outflow, and so on. First cores have
not been observed yet since it was theoretically predicted
by Larson (1969), but recently several candidates are
reported. Now, it is expected that we can observe first
cores directly by ALMA.

We performed radiation magnetohydrodynamic
simulations of star formation in a rotating magnetized
cloud core using our newly developed code[1]. We found
that the mass, size and lifetime of the first core are 1.5—
2 times larger compared to previous simulations without
radiation transfer, due to shock and radiation heating. On
the other hand, the structure and velocity of the outflow
driven by magnetic fields do not differ significantly.
Incorporating radiation transfer is crucial to discuss the
stability and observational properties of first cores.

Formation of ~1 M, stars is well studied so far, but,
it is well known that there are rather larger number of
smaller molecular cloud cores and stars. Some of first

Figure 1: A bipolar outflow is launched from the first core. White
lines are magnetic field lines.

MATSUMOTO, Tomoaki
(Hosei University)

core candidates recently reported are also suggested
to be less massive, ~0.1 M. Motivated by these facts,
we investigated the evolution of the first core in a very
lowmass molecular cloud core whose mass is 0.1 M,
using RHD simulations[2]. We found that the first core
in the very low-mass molecular cloud core evolves
slowly under the influence of radiation cooling, and lives
significantly longer compared to fiducial 1 M, cases, at
least more than 14,000 yrs. This evolution is qualitatively
different from that of typical 1 M models. This result
suggests that first cores may be more common than
previous predictions. We calculated the observational
properties of this model, and showed that it is faint but
observable with ALMA and Herschel. We also presented
a strategy to observe such a first core and distinguish it
from other evolutionary phases.
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Figure 2: Cross-sections of first cores in 1 M (top) and 0.1 M
(bottom) molecular cloud cores (left: density, right:
temperature). In the low-mass model, almost all the gas
in the cloud core quickly accretes onto the first core and
the envelope becomes very thin. The low-mass model is
significantly colder than 1 M. model because of weak
accretion and efficient radiative cooling.
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Transition from a Toroidal to a Poloidal Magnetic Field
in the Galactic Center

NISHIYAMA, Shogo, NAGATA, Tetsuya, YISHIKAWA, Tatsuhito
(Kyoto University)

HATANO, Hirofumi, NAGAYAMA, Takahiro

TAMURA, Motohide, SUENAGA, Takuya
(NAOJ)

MATSUNAGA, Noriyuki, KATO, Daisuke
(University of Tokyo)

The detailed nature and origin of the very strong
magnetic field (MF) in the central few-hundred pc of
the Galaxy has been a subject of controversy for nearly
a quarter of century, and is important in understanding
many phenomena in this region. Previous observations
have been mainly based on sub-millimeter polarimetric
observations of dense molecular clouds, or radio
observations of non-thermal radio filaments. The former
show that the MFs in dense molecular clouds runs almost
parallel to the Galactic plane, indicating a foroidal
MF[1]. By contrast, the radio filaments are aligned
nearly perpendicular to the Galactic plane, and are highly
polarized along the filaments’ long axes, suggesting a
large-scale, pervasive poloidal MF in the intercloud
medium[2].

We report observations of the Galactic center (GC)
region with a wide-field near-infrared polarimeter
SIRPOL on IRSF. Near-infrared polarimetry enables
us to probe the direction of the MFs not only in the
dense molecular clouds, but in the intercloud regions
toward the GC. Fig. 1 shows the MF direction (E-vectors
of polarization in the Kg band) in the GC. The MF
direction has strong dependence on the Galactic latitude.
The histogram of the MF direction at |»|< 0°4 has a
clear peak of ~90° (the direction parallel to the plane),
suggesting a toroidal MF configuration in this region.
At higher Galactic latitude (|5|>0°4), the mean MF
direction appears to swing to the direction nearly
perpendicular to the Galactic plane. These results suggest
a transition of the large-scale MF configuration from
toroidal to poloidal in the GC region, at | b|~0°4[3,4].

Previously, the MF configuration of the GC has been
viewd as poloidal in the diffuse, interstellar (intercloud)
medium, and approximately parallel to the Galactic
plane only in the dense molecular clouds. The new data
presented here shows a toroidal MF prevails at | b|< 024,
even outside dense molecular clouds, which radio and
sub-mm surveys show are mostly confined to within ~0°2
of the Galactic plane. Toward higher Galactic latitudes
(1b]> 0°4), the field changes from toroidal to poloidal
configuration.
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Figure 1: NIR mosaic image of the Galactic center (GC) region

(1]
(2]
(3]
(4]

covering 220 x2°0 in the Galactic coordinate, taken
with the IRSF telescope and NIR camera SIRPOL.
The three NIR bands are J (blue, 1.25 um), H (green,
1.63 um), and K (red, 2.14 um). The central-parsec star
cluster of the GC is the bright yellow blob in the center
of the image. Observed E-vectors of polarization are also
plotted with cyan bars whose length indicates the degree
of polarization. The vectors are averaged in a circle of
2'4 radius with a 30 grid, and plotted with thick bars
(detected with more than 3¢0) and thin bars (detected
with 2-30).
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An achromatic eight-octant phase-mask coronagraph
using photonic crystal

MURAKAMI, Naoshi NISHIKAWA, Jun YOKOCHI Kaito
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For direct detection of faint exoplanets, high-contrast
imagers would be indispensable for strongly suppressing
central bright stars. In particular, extremely high contrast
of 107'° will be needed for detecting Earth-like planets.
An eight-octant phase-mask (EOPM) coronagraph is
one of promising concepts because of its high-contrast
performance, small inner working angle, and simple
optical configuration[1]. The EOPM divides a stellar
image into eight-octant sectors and provides z-phase
difference between adjacent sectors. Then a destructive
interference occurs inside pupil area on a reimaged pupil
plane, and the stellar light is totally diffracted outside
the pupil area. The diffracted stellar light is blocked
by a diaphragm called Lyot stop. On the other hand, a
planetary image, formed at an off-axis position on the
EOPM, will not be totally blocked by the Lyot stop
and can be detected at a final focal plane. For detecting
extremely faint planetary signal and carrying out
spectroscopic characterizations, achromatic high-contrast
imagers will be required.

We manufactured a coronagraphic mask based
on photonic-crystal technology for realizing a fully
achromatic EOPM[2]. The photonic crystal holds
periodic nanostructure of refractive indices, and exhibits
anisotropic properties of effective dielectric constants.
The manufactured photonic-crystal mask consists of an
eight-octant half-wave plates with fast axes of £45°.
As shown in figure 1, extremely small central defect,
an order of submicron, was realized by the photonic-
crystal technology. The photonic-crystal mask operates
as an fully-achromatic EOPM when the mask is placed
between two crossed polarizers with axes of 0° and 90°.

We carried out laboratory demonstration of the
EOPM coronagraph using two laser light sources with
different wavelengths as a simulated star (DPSS laser
with 4 = 532 nm, and He-Ne laser with A = 633 nm).
Figure 2 shows the experimental results. The light from
the simulated star was strongly suppressed, and peak-to-
peak contrasts of 7x107® and 3 x 107® were obtained for
the DPSS and the He-Ne lasers, respectively. In a halo
region, contrasts of about 10 and 10”7 were obtained
for the both lasers at 3 and 13 /D, respectively. We
expect improved coronagraphic performance with a use
of extreme adaptive optics systems, because we assume
that the residual speckle noise mainly comes from phase
aberrations of the optical components.

Figure 1: A picture and a scanning electron microscope image of a
photonic-crystal coronagraphic mask. (manufactured by
the Photonic Lattice, Inc.)
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Figure 2: Experimental results of laboratory demonstration: (/eff)
acquired coronagraphic images and (right) radial profiles
of noncoronagraphic and coronagraphic images.
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Environment of supermassive black holes observed
with Virtual Observatory

SHIRASAKI, Yuji, OHISHI, Masatoshi, MIZUMOTO, Yoshihiko, TAKATA, Tadafumi
(NAOJ)

TANAKA, Masahiro
(University of Tsukuba)

It is believed from observational evidences that most
galaxies have a supermassive black hole at their centers.
A lot of theoretical models for the formation of the
supermassive black holes have been proposed. According
to the one of the most promising models, at first, a lot of
massive stars are formed as a result of a galaxy merger,
then intermediate-mass black holes are formed by the
collisions of these massive stars. Then the intermediate-
mass black holes move to the center of the galaxy, merge
with the other intermediate-mass black holes, and then
produce a supermassive black hole. Thus it is expected
that supermassive black holes are mostly produced at
environment of high galaxy density. The supermassive
black hole accretes the surrounding matter and emit
strong radiation, which can be observed as an active
galactic nucleus (AGN). It is observationally found that
the number density of AGN peaks at around redshift two,
which corresponds to the universe of ten billions years
ago, and is thought that the supermassive black holes
were produced mostly at this epoch. Thus it is expected
that the AGNs produced in this epoch are found in the
environment of high galaxy density. Studies of AGN
environment have been conducted by many authors by
using data obtained from large surveys such as the SDSS,
however, the redshift of observable galaxies is limited
to 0.6. To extend the study toward higher redshift use of
a large telescope is inevitable, however, it is difficult to
obtain enough observation time for measuring the AGN
environment with good enough statistics.

We decided to use archive data of the Suprime-Cam
attached on the Subaru telescope to conduct the study of
AGN environment at higher redshift. Japanese Virtual
Observatory (JVO)! provides reduced Suprime- Cam data
and enables correlation search among dataset provided
at any VO of the world. We retrieved cutout images of
the Suprime-Cam around AGNs, measured number of
galaxies as a function projected distance from the AGNSs,
and derived cross correlation function between AGNs and
galaxies[1]. We also used UKIDSS catalog, which is data
obtained by the UKIRT infrared telescope. In this study,
about two thousands of AGNs at redshift from 0.3 to
3.0 were analyzed (Figure 1). As a result, we found that
the high redshift AGNs reside at environment of higher
galaxy density, where it is expected that galaxy merger
happened more frequently (Figure 2).

! http://jvo.nao.ac.jp

026 | 1 Scientific Highlights

YASUDA, Naoki
(IPMU)

+60 ot

W

4300 | pmeenemOn . semseasims 460 w2 e

Figure 1: Sky distribution of AGNs analyzed in this work in
equatorial coordinate.

108 T ||||||""' T T T ||||||""' T T T |||:
6 ® 2=03~0.6 ]
4 A 72=09~18 /|
2] -
3
10 = =
oF ]
2 T i
3 o
A
2 —
10 s
oF
44
2+ h
101 b e
0.1 1
tp [Mpc]
Figure 2: Projected cross correlation function between AGNs and
galaxies.
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MOIRCS Narrow-Band Survey for Distant Clusters of Galaxies

KOYAMA, Yusei KODAMA, Tadayuki SHIMASAKU, Kazuhiro
(University of Tokyo) (NAO)J) (University of Tokyo)
HAYASHI, Masao OKAMURA, Sadanori TANAKA, Ichi TOKOKU, Chihiro

(NAOJ) (University of Tokyo)

It is well established that properties of galaxies, such
as colors and morphologies, are strongly correlated with
environment where they reside. For example, high-
density regions such as clusters of galaxies are filled
with ellipticals or lenticulars(S0s), with little on-going
star-formation activity[1]. However, it is still unclear
when and how this strong environmental dependence
is established. To understand what happens on galaxies
during the hierarchical assembly in the past Universe,
studying distant clusters of galaxies is critically important
since they are in the younger stages of the present-day
clusters.

Targeting the large-scale structure around a distant
galaxy cluster, RXJ1716+6708 at z=0.81 (hereafter
RXJ1716), identified in our previous study[2], we
performed a wide-field Ha emitter survey for this field
using a narrow-band filter (NB119; 4. =1.19 um) installed
on MOIRCS/Subaru, which perfectly matches to the Ha
line at z = 0.81. The Ha line (Aeq = 6563 A) is one of
the best indicators of star formation activity in galaxies.
However, it shifts to near-infrared regime at z > 0.4, so
that it has been quite difficult to conduct an intensive Ha-
based study for the distant Universe. We note that this
study is the first wide-field Ha line survey for distant
(z>0.5) clusters, and revealed the Ha-based star forming
activity along the filamentary large-scale structures for
the first time.

Our survey shows that the Ho emitters are distributed
clearly along the large-scale structure (Fig. 1). On the
other hand, we also find that the Ha emitters avoid the
very central cluster region. This suggests that the star
forming activity in the cluster core has already been
completely quenched at z~ 0.8, while in the cluster
surrounding region, a large fraction of galaxies are still
actively forming stars. This result is also consistent with
that obtained through our wide-field 15 um imaging
campaign[3] with AKARI (see red circles in Fig. 1).

We measured star formation rates (SFR) indepen-
dently from the Ha and mid-infrared (rest-frame 8 um)
luminosities, and find that the extinction at Ha is ~1 mag
for moderately star forming galaxies, which is consistent
with local spirals. However, in the extremely dusty cases,
this value exceeds ~3 mag. These very dusty galaxies
show red colors, and some of them are on the red
sequence whose colors are consistent with those expected
for “non-star-forming” galaxies. More impor-tantly,
we find that such very dusty galaxies (probably in the

(NAOJ) (Tohoku University)
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Figure 1: Spatial distribution of the cluster member galaxies
around the RXJ1716 cluster at z = 0.81. The dashed-
line rectangles show our 8 FoVs of MOIRCS. Black
dots represent all the phot-z selected galaxies within our
observed field. Blue squares, green pentagons, and filled
red circles indicate the Ha emitters, the red Ho emitters,
and the mid-infrared sources detected in our AKARI
15 ym imaging. Contours are drawn based on surface
number density of cluster member galaxies.

transitional phase under some environmental effects) are
most commonly seen in the cluster surrounding groups
or filaments, strongly supporting the importance of
the cluster surrounding environment as a key place for
shaping the environmentally-driven galaxy evolution.
Thus, taking a great advantage of the widefield capability
of Subaru Telescope, we revealed the evidence that the
dust-obscured activities of galaxies (dusty starbursts and/
or AGNs) are indeed taking place in the cluster in-fall
regions, suggesting a strong link between these hidden
activity and environmental effects.
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Production of High Temperature Plasmas
During the Early Phases of a C9.7 Flare

WATANABE, Tetsuya, HARA, Hirohisa
(NAOJ)

The early phases of a C9.7 flare on 2007 June 6 were
observed by the EIS instrument on board the Hinode
mission with an EIS study that enabled a high-cadence
raster observation over an area of 240 arcsec % 240 arcsec,
by rastering of the 1 arcsec slit utilizing scan jumps of
10 arcsecs in the heliocentric E-W direction. The time
cadence of rastering was about 160 seconds[1].

Sections of raster images obtained between 17:20:09
and 17:20:29 (UT) show a few bright patches of emission
from Fe xxm/Fe xxxiv lines at the footpoints of flaring
loops and these footpoints show dominating blue-shifted
components of —(300—400) kms™! while Fe xv/xiv lines
are nearly stationary, Fe xu lines and/or lowertemperature
lines show slightly red-shifted features, and Fe v, Si vn
to He u lines show ~ +50km s™! redshifted components.
The density of the 1.5-2 MK plasma at these footpoints
is estimated to to be 3 x 10'°cm™ by Fe xm/xiv line pairs
around the maximum of the flare.

High-temperature loops connecting the footpoints
appear in the Fe xxm/xxiv images taken over 17:22:49—
17:23:08 (UT) which is near the flare peak. Line profiles
of these high-temperature lines at this flare peak time
show only slowly-moving components. The concurrent
cooler Fe xvi line at 254.8 A is relatively weak, indicating
the predominance of high-temperature plasma (>107K)
in these loops.

The rapid appearance of flaring loops in the
flareline raster images can be explained by high-speed
chromospheric evaporation of ~400 km s~!. However, this
plasma might not be in ionization equilibrium, because
the relaxation time scale to reach ionization equilibrium is
estimated to require more than 300 seconds, if the density
is assumed to be that in preflare; (3-—4) x 10°cm™ which
is the situation expected in the scenario of explosive
evaporation[2].

| 1 Scientific Highlights

STERLING, A. C.
(MSFC/NASA)

Harra, L. K.
(MSSL/UCL)

17:18:10 = 17:21:41

Figure 1: Monochromatic raster images of EIS emission lines of
Fe xxu 4263.76 (bottom panels). The EIS raster images
are constructed by using 10 arcsec jumps in the E-W
direction. The top-left panel shows a twice-expanded
image of white-square area in the Fe xxi image (middle
panel) obtained over 17:19:10-17:21:41 (UT), in which
prominent flaring loop footpoints are denoted as A, B, C,
and D. The X-Ray Telescope (XRT) observed the flare
with Ti-poly filter at the times of 17:20:24 and 17:22:44

(UT).
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Figure 2: Temperature dependence of plasma motions in the initial
phases of the flare at Footpoint A of Figure 1: Negative
(positive) velocities represent blue (red) line shifts in the
ordinate, and they are plotted against their line formation
temperatures. Line-center positions of high-speed
components are connected by dashed line.
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A Deep Survey of z =7 Lya Emitters and Reionization
with the Red-sensitive CCDs on the Subaru Telescope Suprime-Cam
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TOTANI, Tomonori KOBAYASHI, Masakazu A. R. NAGASHIMA, Masahiro
(Kyoto University) (NAOJ) (Nagasaki University)
HARAYAMA, Atsushi, KODAKA, Natsuki MOROKUMA, Tomoki
(Saitama University) (University of Tokyo)

FURUSAWA, Hisanori, TAJITSU, Akito, HATTORI, Takashi
(NAOJ)

We conducted a deep narrowband NB973 (FWHM =
200 A centered at 9755 A) survey of z = 7 Lya emitters
(LAEs) in the Subaru/XMM-Newton Deep Survey
Field, using the fully depleted CCDs newly installed
on the Subaru Telescope Suprime-Cam, which is twice
more sensitive to z = 7 Lya at ~1 um than the previous
CCDs[1] (Figure 1). Reaching the depth 0.5 magnitude
deeper than our previous survey in the Subaru Deep
Field that led to the discovery of a z = 6.96 LAE[2,3], we
detected three probable z = 7 LAE candidates (Figure 2).
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Figure 1: Suprime-Cam filter transmission, skylines, atmospheric
transmission and quantum efficiencies of old CCDs
and new fully depleted CCDs (thin-solid, thin-dotted,
shortdashed, long-dashed and thick-solid curves,
respectively). New CCDs are twice more sensitive to z =
7 Lyo at ~9730 A.
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Figure 2: The multi-waveband images of the three candidate z =
LAEs. They are detected only in NB973.

Even if all the candidates are real, the LAE number
density niy, and Lya luminosity density pry, at z = 7

are ~7.7-54% and ~5.5-39% of those at z = 5.7 to the
Lya line luminosity limit of L(Lya)~9.2 x 10* ergs™
(Figure 3). This could be due to evolution of the LAE
population at these epochs as a recent galaxy evolution
model predicts that the LAE modestly evolves from z=15.7
to 7[4]. However, even after correcting for this effect of
galaxy evolution, ny, and pyy, still show deficits from z =
5.7. This might reflect the attenuation of Lya emission by
neutral hydrogen remaining at the epoch of reionization
and suggests that reionization of the universe might not
be complete yet at z = 7, supporting the possible higher
neutral fraction at the earlier epochs at z > 6 suggested
by the previous surveys of z = 5.7-7 LAEs, z ~ 6 quasars
and z > 6 y-ray bursts.
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Figure 3: Number density nyy,, Lya luminosity density p,, and
star formation rate density SFRDyy, of LAEs at z = 3.1,
3.7,4.5,5.7, 6.6, 7 to Lya luminosity limit 9.2x10% erg
s7! (See [1] for details). Horizontal errors are the redshift
range of each survey. The vertical errors include both
cosmic variance and Poisson errors. The plus symbols
with solid lines show the expected densities, when the
universe is fully reionized, calculated by using a LAE
evolution model[4].
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Temporal Relation between the Disappearance of Penumbral
Fine-Scale Structure and Evershed Flow

KUBO, Masahito
(NAOJ)

ICHIMOTO, Kiyoshi
(Kyoto University)

LITES, Bruce W.
(High Altitude Observatory)

SHINE, Richard A.
(Lockheed Martin Solar and Astrophysics Laboratory)

Sunspot penumbrae consist of many fine-scale radial
filaments. Their fine-scale structures reflect complex
magnetic field structures in penumbrae: azimuthal
fluctuations of the penumbral magnetic field inclination
and field strength are well observed at the scale of the
intensity fluctuations. A systematic outward flow called
Evershed flow is closely related to the formation of
penumbral fine-scale magnetic field structures. Evershed
flows are radial outward flows propagating along the
penumbral horizontal magnetic fields, and their origin is
rising hot gas well observed in the inner penumbra.

We investigate the temporal relation between the
Evershed flow, dot-like bright features (penumbral grain),
the complex magnetic field structure, and dark cores
along bright filaments in a sunspot penumbra. We use
the dark core in order to trace the center of the bright
filament (Figure 1). It is believed that a pile-up of hot
plasma along the center of the bright penumbral filament
pushes up the 7 = 1 surface into the upper layer, where the
temperature is lower. As a result, a dark lane (dark core)
is observed along the top of the cusp of the 7= 1 surface.

This study confirms that the appearance and
disappearance of the Evershed flow and penumbra grains
occur at nearly the same time and are associated with
changes of the inclination angle of the magnetic field
from vertical to more horizontal (Figure 2)[1]. This
suggests that both convection (penumbral grains) and
horizontal fields in the penumbra are necessary for (or
caused by) the formation of the Evershed flow. The close
correlation between the Evershed flow, convection, and
more horizontal fields supports recent models wherein
the Evershed flows are convective flows in the inclined
magnetic field lines in the penumbra.

The dark core of the bright filament also appears
coincidental with the Evershed flow. However, we find
that the dark-cored bright filament survives at least for 10
—20 minutes after the disappearance of the Evershed flow.
If the Evershed flow only caused a pile-up of hot plasma
along the bright filament, the dark core should disappear
within a cooling timescale after the end of the Evershed
flow. However, the dark core is continuously observed
without the Evershed flow for a period much longer than
a cooling timescale in the photosphere. This suggests that
local heating along the bright filament of the penumbra
is important for maintaining its brightness, in addition to
heat transfer by the Evershed flow.
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Figure 1: /eft: G-band intensity image obtained with the Solar
Optical Telescope aboard Hinode. The intensity is
normalized to the mean intensity of the quiet area
outside the sunspot. The axes represent the positions
with respect to the disk center. right: Time series of
G-band images in the white box of the left panel. The
dots with intervals of 1" are linearly aligned on a dark
core in the bright penumbral filament. Note that the dark
core disappears at 14:18 UT.
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Figure 2: Space vs. time plots along the dotted lines in Figure 1
for (a) G-band intensity, (b) Doppler velocity, and (c)
magnetic field inclination. The contours represent the
Doppler velocity of 0.4 kms™!. The positive (negative)
Doppler velocities indicate a redshift (blueshift) in
units of kms™!. The magnetic field with the line-of-sight
direction is represented by the inclination angle of 0
degree.
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Discovery of an Excess of Ha Emitters around 4C+23.56 at 7 = 2.49
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1 Aim and Method

Most of massive galaxies in clusters generally show
no structure with homogeneously red color. It has been
shown from the studies of stellar populations that they are
formed through the intense star-formation that happened
at z > 2, then evolved passively until today. Therefore, we
may be able to observe the site of major star-formation on
the progenitors of such massive cluster galaxies directly
if we go and find protoclusters lying at the redshifts of 2
to 4.

However, the number of known protoclusters are still
small. Especially, the number of those lying at 2 <z < 2.7
where we can observe their Ha emission from the ground
is only a few. Availability of Ha emission is important
because it is the best tracer of the star-formation
activity. Ha emission is one of the most familiar lines
for astronomy and so it is well-calibrated through a
large number of histric studies. It is much less affected
by dust extinction compared to the UV continuum or
Lya emission which we use to explore the very distant
universe.

In order to find the formation site of cluster galaxies
in the act, we embarked a survey of massive star-forming
galaxies in the putative protocluster lying around the
radio galaxy 4C+23.56 at z = 2.5, one of the most distant
object which we can observe the redshifted Ha from the
ground. We choose the field because 4C+23.56 was once
suggested to have a possible protocluster[2,3]. To enable
detecting the redshifted Ho emission at z = 2.48, we
employed a custom-made narrowband filter and installed
it into MOIRCS instrument on Subaru Telescope.
The observation was carried out making use of the
observatory time. The field had a deep Spitzer MIPS mid-
infrated data in the archive. We used the MIPS 24 yum
photometry data for supplementary purpose, because it
is the independent probe of the star-formation and works
even under extreme dust extinction.

2 Results

We have found 11 candidate Ha emission-line
galaxies (hereafter HAEs) to a flux limit of ~7.5x 107"
ergs 'ecm?[1]. This is about 5 times more than expected
from the field counts. The distribution of HAEs on the

sky is tightly confined to a 1.2-Mpc-radius area at z = 2.49.
Contrary to the usual assumption, 4C+23.56 is situated
at the western edge of the emitter distribution and not
at the center. Analysis of the MIPS 24 um imaging also
shows that there is about 2.5 times more faint sources. All
but two of the 11 HAEs are also found in the MIPS data.
The inferred star-formation activity in the proto-cluster
from those dataset is very high, with the median SFR a
few 100 M, yr . What is more, most of those extreme
star-forming galaxies are quite massive (> 10" M,). It is
quite rare that we observe such intense star-formation on
a number of massive galaxies in cluster core region at z <
1.5. This suggests that we may be witnessing the very end
stage of massive cluster galaxy formation. The area will
serve the ideal targets for science with ALMA.

Figure 1: The Ha emitters discovered around 4C+23.56 (green
objects with red open boxes). A part of the MOIRCS
FOV is shown. Reproduced from our press release at
http://subarutelescope.org (Feb 1, 2011).
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Extremely metal poor stars and Chemical Evolution
in the Early Universe

KOMIYA, Yutaka
(NAOYJ)

Extremely metal-poor (EMP, [Fe/H] < —2.5 in this
paper) stars are stars formed in the early universe in terms
of chemical evolution. They are formed at high redshift
but are still shining with the glow of nuclear burning in
the Local Group. Hundreds of the EMP stars has been
identified in the Milky Way halo and element abundances
of these stars are revealed by follow-up spectroscopic
observations. They provide a means of probing the
earliest phases of the evolution of the Milky Way and
supernovae in the early universe. Among them, two hyper
metal-poor (HMP) stars with [Fe/H] < —5 are the most
metal deficient objects observed yet.

In our previous study[1], we give constraint on the
initial mass function (IMF) of the EMP stars and argue
that typical mass of EMP stars is ~10M.,. Changeover of
the IMF affects the chemical evolution of the Milky Way.

We investigate early phases of the chemical evolution
of the Galaxy and formation history of EMP stars using
hierarchical chemical evolution models. We build a
merger tree of the Galaxy according to the extended
Press-Schechter theory. We follow the chemical
evolution along the tree, and compare the model results
to the metallicity distribution function (MDF) and the
abundance ratio distribution of EMP stars. We also study
the feedback effect from the very massive population 111
stars.

The MDF predicted by the hierarchical model with the
high mass IMF consistent with observations[2]. Second
and later generations of stars in each dwarf primordial
galaxies distribute at [Fe/H] > —4 and stars with [Fe/H]
< —4 are the first stars in mini-halos. Observational
scarcity of HMP stars indicate that the IMF of first stars
are shifted to higher mass than EMP stars. Abundance
ratio distributions predicted by the high mass IMF is also
consistent with observations[3].

We further study the effects of the surface pollution
through the accretion of interstellar matter (ISM) onto
stars along the chemical and dynamical evolution of
the Galaxy. Because of shallower potential of smaller
minihalos, the accretion of ISM in the mini-halos in
which these stars were born is dominant. It can account
for the surface iron abundances as observed for the HMP
stars if the cooling and concentration of gas in their birth
minihalos is taken into account.
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Figure 1: Dashed and solid lines shows predicted MDF before
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shaded histograms denote distributions of Pop. III dwarf
and giant, respectively. (This figure is reprinted from[2])
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Cosmic Star Formation Activity at 7 = 2.2
Probed by Ha Emission Line Galaxies
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Since recent observations in optical and near-infrared
wavelength indicate that the volume-averaged star
formation rate (SFR) increases from z=0 to z~1 and
plateaus at z ~ 2, it is likely that a large fraction of stars in
galaxies at present-day formed at z > 1. The AGN activity
and the redshift distribution of submm galaxies (SMQG)
also peak at this epoch. Therefore the redshift range of z
= 2-3 is the epoch when galaxies have the most intensive
evolution. It is absolutely imperative to build a statistical
sample of star forming galaxies at z = 2-3 in order to
understand the cosmic star formation history and the
early evolution of galaxies.

Taking the advantage that Ha line at z = 2.19 is free
from any strong OH sky emission line, we have made a
custom-made narrow-band filter, namely, NB209 filter.
This narrow-band filter captures Ha emission from the
galaxies at z = 2.19 + 0.02. The imaging survey has been
carried out with MOIRCS on the Subaru telescope with
the NB209 filter in GOODS-N field. The survey reached a
3o limiting magnitude of 23.6 (NB209) which corresponds
to a 3¢ limiting line flux of 2.5x 1077 ergs ' cm™2
over a 56 arcmnin® contiguous area. Also, we used the
MORICS Deep Survey (MODS) photometric catalog[1],
which contains optical (UBVi’z’, near-infrared (JHKj),
mid-infrared and X-ray data. Using these dataset, we
have identified 12 Ha emitters at z = 2.2 on the basis of
narrow-band excesses and photometric redshifts. One
of them is likely to be a AGN because a Xray emission
is detected from this object. For the seven new emitters
out of 12, including the AGN candidate, we obtained
near-infrared spectra with MOIRCS on multiobject
spectroscopy (MOS) mode. Because an emission line,
whose flux is above 3o, is detected from all of them, it
is confirmed that our criteria is effective and robust in
selecting genuine Ha emitters at z = 2.2.

The Ha line, a hydrogen’s Balmer series line emitted
from ionized gas (i.e., HII region) around hot young
stars, is one of the best SFR indicators. It has many
great advantages; being less affected by dust extinction,
providing a survey with high sensitivity, and having been
well calibrated in the local Universe. We have estimated
star formation rates (SFR) and stellar masses (M) for
individual galaxies from Ha flux and K-band magnitude.
The average SFR and My, is 27.8 M, yr ! and 4.0 x 1010
M, respectively.

The evolution of galaxies depends strongly on the
environment. Because field galaxies are antithetical to

cluster galaxies in terms of environment, we can directly
examine the environmental dependence of star formation
activity by comparing the properties of emitters among
different environments. In addition to the present general
field survey, we have estimated SFRs and stellar masses
for a large sample of star forming galaxies both in clusters
and in the other general field at various redshifts. Figure
1 indicates that the evolution of star formation activities
both in the fields and in the clusters. We find that the star
formation activity is reduced rapidly from z = 2.5 to z =
0.8 in the cluster environment, while it is only moderately
changed in the field environment. This result suggests
that the timescale of galaxy formation is different among
different environments, and the star forming activities in
high density regions eventually overtake those in lower
density regions as a consequence of “galaxy formation
bias” at high redshifts.
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Figure 1: The evolution of star formation activities of the line
emitting galaxies. Filled circles and open circles indicate
Ho emitters and [OII] emitters, respectively.
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Neutrino-heated gamma-ray bursts

KOTAKE, Kei, HARIKAE, Seiji, TAKIWAKI, Tomoya
(NAOJ)

Gamma-ray bursts (GRBs) have long attracted
the attention of astrophysicists since their accidental
discovery in 1970s. Regarding the long-duration GRBs,
there have been accumulating observations identifying a
massive stellar collapse as their origin. For their central
engines, the so-called collapsar has received quite some
interest for more than decade.

In the collapsar scenario, the central cores with
significant angular momentum collapse into a black hole.
Neutrinos emitted from the accretion disk heat matter
in the polar funnel region to launch the GRB outflows.
Paczynski (1990) pioneerlingly proposed that the energy
deposition proceeds predominantly via neutrino and
antineutrino annihilation into electron and positron (e.g.,
v+v— e~ +e”, hereafter “neutrino pair annihilation”).
There have been only a few studies pursuing the
possibility of generating jets by the energy deposition
via neutrino pair annihilation. This is mainly because
the neutrino emission from the accretion disk generally
becomes highly aspherical, thus demanding us to solve a
multidimensional neutrino transfer problem.

We have presented a numerical code and scheme for
calculating the deposition of energy and momentum via
neutrino pair annihilation in a Kerr spacetime, in which
we solve the general relativistic radiative equation along
the null geodesics[1]. The charged-current f-processes
are taken into account, which are dominant in the vicinity
of the accretion tori. With these improvements, the newly
developed code would provide a more realistic estimation
of the annihilation rates than before.

As for the hydrodynamic data (such as density,
electron fraction, and entropy), we take the ones at 9.1
s after the onset of gravitational collapse for model JO.8
(Figure 1, left panel), which show a clear accretion-
disk and BH system with the polar funnel regions along
the spin axis of the disk. The position of the inner
boundary of the computational domain is set to be 4 M,
which mimics the event horizon of the BH. We set the
Kerr parameter a* = 0.999 to mimick the extreme Kerr
geometry.

To trigger the neutrino-heating explosion, the
neutrino-heating timescale should be smaller than the
advection timescale, which is characterised by the
freefall timescale in the polar funnel regions (e.g., [2]).
This condition is akin to the condition of the successful
neutrino-driven explosion in the case of core-collapse
supernovae.

The right panel of Figure 1 depicts the ratio of
the dynamical 74y, to the heating timescales zje, for
an extreme Kerr geometry, showing that the ratio
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becomes greater than unity in the polar funnel regions.
This indicates the possible formation of the neutrino-
driven outflows there, if coupled to the collapsar’s
hydrodynamics. Our obtained results here suggest the
neutrino pair annihilation has a potential importance
equal to the conventional magnetohydrodynamic
mechanism for igniting the GRB fireballs.
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Figure 1: Left panel shows hydrodynamic configuration employed
in the ray-tracing calculation. This is the snapshot at
9.1 s after the onset of gravitational collapse for model
J0.8 when the accretion disk is in a stationary state
(see [3] for more detail). The logarithmic density (in
gcem™3, left-half) and temperature (in K, right-half) are
shown. The white solid line denotes the area where the
density is equal to 10" gecm™, representing the surface
of the accretion disk. The central black circle (=4 M..)
represents the inner boundary of our computations Right
panel is 7qyn/Thear (:the dynamical timescale 7g4y, versus
the heating timescale 7., in an extreme Kerr geometry

(left).
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Small-JASMINE: Current Status
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We have been investigating the validity of satellite
system of Small-JASMINE. There is no fatal problem
in the system at this present stage. We have changed the
observational wave-length from K-band to H-band in
2010 in order to remove the refrigerator because it is too
expensive. Accordingly we now investigate mainly the
following points for the system.

o Cooling system using Peltier device
o Attitude of the satellite
o Baffle of the telescope

In addition to the above issues, we have picked up
the following three important issues in order to achieve
the aim of Small-JASMINE project[1]. (A) Small-
JASMINE is required to measure the positions of stars
with high accuracy from the huge amount of data during
the observational period. (B) The high stabilization of the
thermal environment in the telescope is required. (C) The
attitude-pointing stability of these satellites with subpixel
accuracy is also required. Here we concentrate on these
three issues.

1 Measuring the positions of stars with high accuracy

Determination of positions of star images on a
detector with high precision is very important. We will
show the laboratory experiment that we can determine
the positions of star images on the detector with high
precision.

In order to accomplish such a precision, we take the
following two procedures. (1) We determine the positions
of star images on the detector with the precision of about
0.01 pixel for one measurement, using an algorithm for
estimating them from photon weighted means of the star
images. (2) We determine the positions of star images
with the precision of about 0.0001-0.00001 pixel, which
corresponds to that of 10 micro-arcsec, using a large
amount of data over 100000 measurements. We have
already shown the validity of the procedure (1). For the
procedure (2), we have shown the expected accuracy of
positions of stars using 100000 data by now.

2 The high stabilization of the thermal environment

Image on a detector is distorted if the telescope
expands or shrinks by the variation of the thermal
environment.

YASUDA, Susumu, UTSUNOMIYA, Shin
(JAXA)

JASMINE-WG

In order to accomplish a measurement of positions
of stars with high accuracy, we must make a model
of the distortion of the image on the focal plane with
the accuracy of less than 0.1nm. We have investigated
numerically that the above requirement is achieved if the
thermal variation is within about 1 K /0.75h. We have
investigated the validity of the following algorithm in
order to determine the positions of stars.

o Distortions of the image of the first and second order are
solved from the observational data of adjacent images.

o The displacement of higher order (higher than third
order) is small enough to neglect.

We examine the thermal structure analysis and obtain
the distortion of images on the focal plane. Then we
calculate the displacement of each order.

We have ascertained that more than third order
displacement is less than the required value of 0.1 nm.
Then, our algorithm will work well.

3 The attitude-pointing stability of the satellite

We need high precision attitude-pointing stability
with sub-pixel accuracy. Then, we develop a Tip-tilt
mirror (TTM) servo system in order to achieve a pointing
stability with an accuracy of 190 mas/7 sec. We use star
images for correction of pointing error. Now we prepare
for experiment of TTM servo system.
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Observation of a Binary Black Hole just before its Merger

IGUCHI, Satoru
(NAOJ)

In the galaxy formation process, galaxy clusters are
believed to evolve into a giant elliptical galaxy through
numerous galaxy mergers. Recent observational results
show possible evidence that BBHs exist in the center of
giant galaxies and may merge to form a supermassive
black hole in the process of their evolution. Clarifying
the BBH formation mechanism is essential for the study
of galaxy mergers in galaxy formation, as well as for the
understanding of the role of black hole mergers in the
evolution of supermassive black holes and the detection
of gravitational waves at the phase of BBH orbital decay.

We first detected a periodic flux variation on a
cycle of 93+ 1 days (Fig. 1) from the 3-mm monitoring
observations of a giant elliptical galaxy 3C 66BJ[1],
with which an orbital motion with a period of 1.05+
0.03 years had been observed[2]. The detected signal
period is shorter than the orbital period; however it
can be explained by the Doppler-shifted modulation
associated with the orbital motion of a BBH. Assuming
that the BBH has a circular orbit and that the jet axis is
parallel to the binary angular momentum (Fig.2), our
observational results demonstrate the presence of a very
close BBH that has a binary orbit with an orbital period
of 1.05+0.03 years, an orbital radius of (3.9+1.0)x 107
pc, an orbital separation of (6.17%$)x 1073 pc, the larger
black hole mass of (1.2783) x 10° M, and the smaller black
hole mass of (7.0°¢7) x 10% M. Since it is supposed that
a black hole emits strong gravitational waves in the final
stage of merger, the decay time of a BBH estimated from
the gravitational radiation is (5.17%°) x 10? years. The
black hole merger is one of the most spectacular natural
phenomena in the universe and our observational results
show that the black hole collisions may have important
implications for the formation of a supermassive black
hole in the evolution process.
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Figure 1: (a) Peak flux monitoring data of the core of 3C 66B
at millimeter wavelength, observed with NMA (filled
squares; 93.716 GHz) and PdBI (filled circles; 86.2
GHz). (b) Lomb- Scargle periodogram of the flux
monitoring data above. The data shows the periodicity
of 93 + 1 days with a 98 % probability.
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Figure 2: Two schematic geometries of a BBH. We assume that
the BBH in 3C 66B has a circular orbit, that the jet is
linked to the accretion disk around one of the two black
holes, and that the jet axis is parallel to the total angular
momentum of the binary. The observed jet is formed by
either (a) the smaller massive black hole (with a mass of
m) or by (b) the larger massive black hole (with a mass

of M).



Photospheric Magnetic Activities triggering X-ray Microflares
around a Well-developed Sunspot

KANO, Ryouhei
(NAOJ)

Microflares, which are small energetic events in the
solar corona, are an example of dynamical phenomena
suitable for understanding energy release processes in
the solar corona. We identified 55 microflares around
a well-developed sunspot surrounded by a moat with
high-cadence X-ray images from the Hinode X-Ray
Telescope (Figure 1), and searched for their photospheric
counterparts in line-of-sight magnetograms taken with
the Hinode Solar Optical Telescope. We found opposite
magnetic polarities encountering each other around
the footpoints of 28 microflares, while we could not
find such encounters around the footpoints of the other
27 microflares. Emerging magnetic fluxes in the moat
were the dominant origin for causing the encounters
of opposite polarities (21 of 28 events; Figure 2 left).
Unipolar moving magnetic features with the negative
polarity same as the sunspot definitely caused the
encounters of opposite polarities for 5 microflares (Figure
2 right). The decrease of magnetic flux, i.e., magnetic
flux cancellation, was confirmed at the encountering
site in typical examples of microflares. Microflares
were not isotropically distributed around the spot; the
microflares with emerging magnetic fluxes were observed
in the direction where magnetic islands with the same
polarity as the spot were located at the outer boundary
of the moat, while the microflares with negative moving
magnetic features were observed in the direction where
magnetic islands with the polarity opposite to the spot
were located at the outer boundary of the moat. We also
found that emerging magnetic fluxes in the moat had a
unique orientation in which the same polarity as the spot
is closer to the spot than the other. These observational
results lead to two magnetic configurations including
magnetic reconnection for triggering energy release at
least in a half of microflares around the spot, and suggest
that the global magnetic structures around the spot
strongly affect what kinds of polarity encounters are
formed in the sunspot moat[1].
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Figure 1: X-ray image taken with the Hinode/XRT. Some
microflares used in the paper are shown by arrows.
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Figure 2: Microflares triggered by a emergning magnetic flux (left)
and a moving magnetic feature (right). They are shown
by arrows on the magnetograms. Brightening in Can H
line were also observed.
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Evolution of a Nuclear Gas Disk and Gas Supply to the Galactic Center

NAMEKATA, Daisuke
(Univeristy of Tsukuba)

Gas supply to galactic centers is important for
activities in galactic centers and growth of super-massive
black holes (SMBHs). To elucidate relation between
gas supply processes to galactic centers and activities
in galactic centers is also important for understanding
the evolution of galaxies. We have studied the relation
between gas supply from the Galactic disk to the central
60 pc region in our Galaxy and stellar and gas distribution
in this region. A part of our study[1] was published by
support of NAOJ. Here, we report the results of [1].

In the central 60 pc, there are three young massive star
clusters (Central cluster, Arches cluster, and Quintuplet
cluster). Each of the clusters contains a hundred of
massive stars and masses of the clusters is estimated to
be ~10% M., if we assume the Salpeter-type IMF[2]. The
Central cluster exists within the central 1 pc and the other
clusters exist at the projection distance of 30 pc from the
Galactic center. How these clusters are formed remains
unclear. At the radius of 2-5 pc, there is also a massive
molecular gas ring called the circumnuclear disk (CND).
Its mass is estimated to be <10°M[3]. How the CND
is formed and how the CND is related with the Central
cluster are uncertain. The clusters have similar ages,
indicating that the clusters are formed simultaneously by
the same process. In [1], we consider the possibility that
the CND and the star clusters are formed simultaneously
by the evolution of a self-gravitationally unstable gas disk
(hereafter, the nuclear gas disk) whose radius is much
larger than the radius of the CND. We assume that gas is
supplied from the Galactic disk to the nuclear gas disk
continuously.

In order to investigate this possibility, we performed
high resolution two-dimensional hydrodynamic
simulations of the nuclear gas disk taking into account
selfgravity and radiative cooling. All the simulations are
carried out on Cray XT4 af CfCA of NAOJ.

The evolution of the nuclear gas disk is as follows.
The outer part of the nuclear gas disk frist becomes
self-gravitationally unstable by the gas supply from the
Galactic disk. By self-gravitational instability, small
gas clumps with the mass of =103 M, are formed in
the outer part of the nuclear gas disk. These gas clumps
coalescences into more massive gas clumps. These
massive gas clumps gravitationally interacts with each
other and exchange their angular momentum. By this,
angular momentum transfer is induced in the nuclear gas
disk and gas is supplied to smaller radii. The typical mass
of massive gas clumps are 10*-10° M. We found that
these massive gas clumps can reach the Galactic center
without being destroyed by strong tidal force produced
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by the SMBH and the nuclear star cluster. Figure 1 shows
the migration of a massive gas clump to the Galactic
center.

Recently, low angular momentum cloud capture by
the SMBH is proposed as the formation mechanism
of the Central cluster[4]. They showed that in order to
reproduce the observations, the mass of the gas clump
must be comparable to 10*-10° M. These masses are
consistent with the mass of the gas clumps that migrate
to the Galactic center in our simulations. Thus, the
selfgravitational instability of the nuclear gas disk may
explain the origin of gas clump assumed in[4].

-2

-40 —-30 -20 —-10 O 10 20 30 40
x [pc]

Figure 1: Migration of a massive gas clump to the Galactic center.
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Subaru Telescope Detects Clues for Understanding the Origin of
Mysterious Dark Gamma-Ray Bursts

HASHIMOTO, Tetsuya OHTA, Kouji Aoki, Kentaro, TANAKA, Ichi
(NAOJ) (Kyoto University) (NAOJ)
YABE, Kiyoto KAWALI, Nobuyuki Subaru GRB Team
(Kyoto University) (Tokyo Institute of Technology)

Gamma-ray bursts (GRBs) are one of the most
profound mysteries in current astronomy. A low-
metallicity single-star explosion scenario is generally
being accepted as a explanation of the origin of GRBs
in theory[1] and observation[2]. However adding to the
complexity of understanding GRBs are “dark GRBs”,
which have extremely faint afterglows and/or cannot be
detected in the optical band, are particularly elusive and
have rarely been investigated, even though they may
make up close to half of all GRBs.

The opportunity to know more about dark GRBs
came on March 25, 2008 when a dark GRB without its
optical afterglow. Only 9 hours after the burst, we used
the Subaru Telescope, mounted with its Multi-Object
Infrared Camera and Spectrograph (MOIRCS), to obtain
nearinfrared images of the field around the GRB and
unveil its mysterious nature, the only detection of a
GRB host galaxy and its afterglow in the near-infrared
(Figure 1). The rapid observational system of the Subaru
Telescope, its strong light-gathering power, and near-
infrared observations with its wide-field instrument
facilitated this successful discovery. Theoretical models
predict much brighter GRB afterglows than the relatively
faint afterglow that our images detected in the near-
infrared wavelength. We propose that our findings
demonstrate that a large amount of dust around the GRB
strongly suppressed the brightness of the afterglow in the
optical and near-infrared wavelengths. A high-metallicity
environment typically produces a very dusty environment
like this. Did it do so in this case?

To explore this question, we followed-up our
research about a year after our initial observation. We
used the Subaru Prime Focus Camera (Suprime-Cam)
to obtain optical images of the GRB’s field that could
be used to investigate the properties of the host galaxy.
We successfully detected the host galaxy, this time in
the optical band. This allowed us to examine various
properties of the host galaxy by comparing the observed
brightness of the GRB host in various wavelengths with
model spectra of the galaxy. We found that this host
galaxy has a stellar mass comparable to that of the Milky
Way and is one of the most massive GRB host galaxies.
More massive galaxies generally tend to show higher
metallicity[3]. We calculated the expected metallicity of
the host galaxy by relating its stellar mass to metallicity
and found that its expected metallicity is by far the
highest among metallicities previously confirmed for

GRB host galaxies[4].

How, then, could we explain our findings? A
lowmetallicity single-star explosion scenario does not
align with the current our findings that the host galaxy
of this dark GRB has high metallicity. Our findings
open the possibility that dark GRBs may originate from
a type of explosion process other than that of the more
wellinvestigated GRBs. A binary-star merger scenario
[5] has been proposed in the past as another possible
explanation for the origin of GRBs. Since this scenario
can account for the occurrence of GRBs in high-
metallicity environment, we point out the possibility
that this dark GRB originated in a binary-star system.
Our results demonstrate that research on dark GRBs is
an important key to revealing the origin of the whole
population of GRBs.

We may even throw light on the hypothesis[6] that a
GRB within the Milky Way may be responsible for the
mass extinction that occurred on Earth about 435 million
years ago during the Ordovician Period. Until now, this
explanation was deemed unlikely because of the high-
metallicity environment of the Milky Way[7].

Figure 1: Afterglow of the dark GRB and its host galaxy taken
with the Subaru Telescope’s MOIRCS. Image (a) was
taken 9 hours after the burst. Image (b) was taken 34
hours after the burst. Image (c) shows the afterglow after
image (b) is subtracted from image (a). A green circle
in (a) shows the uncertainty of the position of the X-ray
afterglow.
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Near-infrared spectroscopy of massive star-forming galaxies atz ~2
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We have obtained near-infrared (near-IR) spectra of
a sample of BzK-selected, massive star-forming galaxies
(sBzKs; [1]) at 1.5 < z < 2.3 that were obtained with
OHS/CISCO at the Subaru telescope and with SINFONI
at the VLT[2]. Among the 28 sBzKs observed, Ha
emission was detected in 14 objects, and for 11 of them
the [N 11] 16583 flux was also measured. Multiwavelength
photometry[3] was also used to derive stellar masses and
extinction parameters, whereas Ha and [N 11] emissions
have allowed us to estimate star-formation rates (SFR),
metallicities, ionization mechanisms, and dynamical
masses.

In order to enforce agreement between SFRs from
Ha with those derived from rest-frame UV and mid-
infrared, additional obscuration for the emission lines (that
originate in H 1 regions) was required compared to the
extinction derived from the slope of the UV continuum.

We have also investigated the stellar mass-metallicity
relation (Figure 1), as well as the relation between stellar
mass and specific SFR (SSFR), and compared them to the
results in other studies. At a given stellar mass, the sBzKs
appear to have been already enriched to metallicities
close to those of local star-forming galaxies of similar
mass. At the similar redshift range, the sBzKs presented
here tend to have higher metallicities compared to those
of UV-selected galaxies, indicating that near-infrared
selected galaxies tend to be a chemically more evolved
population.

The sBzKs show SSFRs that are systematically higher,
by up to ~ 2 orders of magnitude, compared to those of
local galaxies of the same mass. The relation between
SSFR and stellar mass of Ha detected sample is consistent
with that for so-called main-sequence star-forming
galaxies at z~ 2 derived through multiwavelength SED
modeling[4] and radio stacking analysis[5] with a couple
of outliers reaching very high SSFRs similar to those of
submillimeter selected galaxies which are thought to be
in violent star-forming phases driven by stochastic events
like major merger.

The empirical correlations between stellar mass and
metallicity, and stellar mass and SSFR are then compared
with those of evolutionary population synthesis models[6]
constructed either with the simple closed-box assumption,
or within an infall scenario. Within the assumptions that
are built-in such models, it appears that a short timescale
for the star-formation (~100 Myr) and large initial gas
mass appear to be required if one wants to reproduce both
relations simultaneously.

040 | 1 Scientific Highlights

. ) ) ) ) ) j T ) ) ) T 4

9.4F i + .

9.2F {- .

i o o 1

_ L o0 [ ]

% 9.0} ° o2 {b .} - .

e : o %o e 1

¥ 88 o % ¥ 3 ]

+ L '. ° ././'/ ]

C‘j 8.Gj (o) ® /.. 7

[ & © h

84°%  °.% ]

[ e’ e o ]

gafe 7 ° ]

8.0: (/4‘ P R R R R R ]
9.0 9.5 100 105 11.0 115 12.0

log(M,/M.,)

Figure 1: Mass-metallicity relation for sBzK galaxies in this study
(filled square) compared with UV-selected z ~ 2 galaxies
(green dot-dashed line; [7]), z~ 0.7 galaxies (cyan
circles; [8]), and local galaxies from SDSS (orange solid
line; [9]).
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Distance Measurement of Star-Forming Region IRAS 05137+3919
in Far Outer Galaxy
HONMA, Mareki, HIROTA Tomoya, KAN-YA, Yukitoshi, KAWAGUCHI, Noriyuki

KOBAYASHI, Hideyuki, KURAYAMA, Tomoharu, SATO, Katsuhisa
(NAOJ)

Star forming regions in far outer Galaxy are inter-
esting targets because they can be used to trace extent
of the Galaxy disk and also because they provide a
laboratory to study how star formation occurs in an
extreme environment with less metallicity and without
presence of spiral arm. So far several star-forming
regions are expected to exist in the far outer Galaxy
with a Galacto-centric distance larger than 15kpc[1],
and extensive studies have been conducted for some
of these potential star-forming regions in the far outer
Galaxy[2]. However, their distance estimates were based
on kinematic distances and/or assumed luminosities of
young stars. Therefore, it is still highly uncertain whether
these star-forming regions are indeed located in such
a distant area, and hence astrometric confirmations are
definitely required.

As an astrometric observation of such a star-forming
region in the far outer Galaxy, we have monitored an H,O
maser source associated with star forming region IRAS
05137+3919, which is located toward the anti-center
direction (/=168°) with its kinematic distance of 12 kpc.
Although H,0O maser spots in IRAS 05137+3919 are
relatively variable in flux, we have determined a parallax
of 7=0.086+0.027 mas (see Figure 1), corresponding
to a source distance of D = 11.6 33kpc[3]. The parallax
detection is only 3-0 level and thus the uncertainty
is fairly large. Nevertheless, from this result we can
strongly constrain on the minimum distance of IRAS
05137+3919, which is 8.3 kpc at 90% confidence level.
This can be seen from the bottom panel of figure 1, where
a parallax significantly larger than 0.1 mas is inconsistent
with observations. The parallax obtained in this study is
basically consistent with the previous distance estimate
of 12 kpc based on kinematic distance. Assuming the
Galaxy center’s distance of Ry=28.5kpc, the minimum
distance of 8.3 kpc is converted to a minimum Galacto-
centric distance of 16.7 kpc (again at 90% confidence
level). Therefore, the present study provides the first
astrometric confirmation that there indeed exists a star-
forming region in the far outer Galaxy.

The minimum distance obtained in this study is
beyond the distance of spiral arm that is measured based
on astrometry (such as Outer arm, corresponding to
~13 kpc toward the direction of IRAS 05137+3919).
This result indicates that star formation process there is
triggered by other mechanism rather than spiral shocks,
imposing an interesting question on how stars form in the
outer region of the Galaxy.
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Figure 1: Maser spot motions in IRAS 05137+3919 along the
East-West direction. Top panel shows the observed
motions of 6 spots (sum of parallax and proper motion),
and bottom panel is the parallax components after
removing the proper motions. Curves show the best-fit
results.
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Connection of SuperMassive Black Hole and galaxy in Active galaxy

OI, Nagisa, IMANISHI, Masatoshi, IMASE, Keisuke
(The Graduate University for Advanced Studies/NAOJ)

Active Galactic Nuclei (AGNs) emit the bulk of
their large luminosity (> 10'°L). An engine of AGN is
believed the release of gravitational energy generated by
a mass-accreting onto SuperMassive Black Hole (SMBH)
and conversion to radiative energy. Recent observations
have revealed that formation of galaxies and SMBHs are
related to each other. Since a tight correlation between
masses of bulges (stellar masses) and SMBHs has been
found, understanding the mechanism of connection
between AGN and host galaxy is important to uncover
the histories of SMBH and galaxy formations. However
since size of host galaxy is more than 1000 times
larger than that of AGN, it is difficult to connect them
directly. It is more likely that kinematics and/or energy is
interact with each material locally, then the relationship
between AGN and galaxy might be made, so that
understanding of relationship of them at a galaxy center
continues to play an important role. Some theories of the
physical mechanism at a galaxy center predict different
relationships between AGN and nuclear starburst
activities. To distinguish these theories, it is necessary to
study AGNs over a wide AGN luminosity range including
lowluminosity AGNs.

Infrared (IR) spectroscopy at A =2—4 um is effective to
investigate the nuclear starbursts, because effects of dust
extinction are small. Furthermore, Polycyclic Aromatic
Hydrocarbons (PAH) emission feature, found in this IR
wavelength range, can be used to distinguish between an
emission of starbursts and AGN, because the feature are
seen only in a starburst, but not in an AGN (due to PAH
destruction by AGN’s strong X-ray radiation). Moreover,
the CO absorption features in this IR wavelength range
can be used to estimate contributions an emission of
stellar and AGN. These features enable us to discriminate
an emission of starbursts and of AGN spectroscopically
in an unresolved central region with spatially existing
observing facilities.

Narrow slit spectroscopy using IR spectrographs
attached to ground-based telescopes has applied
to prevent an emission of galaxy central from an
contamination by stars in an extended galaxy, and to
investigate activities of nuclear starbursts. We have
performed IR 2—4 um spectroscopy of 22 low-luminosity
nearby AGNs using the SpeX IR instrument attached
to the IRTF telescope, and estimated nuclear starburst
activities quantitatively (Fig.1). We combined our
sample with previous highluminosity AGNs[1], and then
compared the activities of nuclear starbursts with those
of AGN. As a result, we found the positive correlation
between them over a wide AGN luminosity range (Fig. 2).
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The result strongly supports the theory that nuclear
starbursts remove much more angular momentum from
materials and encourage an AGN activity, that is “nuclear
starbursts control the activity of AGN”’[2].
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Figure 1: (left): Near infrared spectrum of a starburst dominated
active galaxy. PAH emission (top) and CO absorption
(bottom) features are strong. (right): Spectrum of an
AGN dominated galaxy. Both of PAH emission and CO
absorption features are very weak.
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Figure 2: Nuclear starburst activities (ordinate) versus AGN
activities (abscissa). The more active the nuclear
starbursts activities are, the more active the AGN
activities are.
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Neutrino oscillation and expected event rate of supernova neutrinos
in adiabatic explosion model
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(University of Tokyo) (NAOJ/University of Tokyo)  (Tokyo University of Science)
SUMIYOSHI, Kohsuke YAMADA, Shoichi

(Numazu College of Tschnology)

There are a lot of problems concerning to the
mechanism of core-collapsed supernova explosions and
supernova neutrinos[1]. Since 99% of the gravitational
energy of the collapsed core is released as neutrinos. Most
of neutrino oscillation parameters have been determined
by the various neutrino experiments. However, it is still
very difficult to determine three neutrino oscillation
parameters of the mass difference between 1-3 mass
eigenstates Am?;, the mixing angle 6,3, and the CP
violation phase J[2]. It is one of the most important
research topics of particle physics to determine these
parameter values, and it is expected that the neutrinos
are important keys to solve how supernova explosions
succeed.

We calculate the supernova in adiabatic explosion
model using an implicit Lagrangian code for general
relativistic spherical hydrodynamics[3,4]. The numerical
tables of Shen’s equation of state (EOS) and Timmes’s
EOS are adopted for the high and low density matters
in this code, respectively. We solve the time evolution
of the neutrino wave function along the density profile
of our result, and we obtains survival probabilities
of the neutrinos. The neutrinos change their flavors
at resonance of neutrino oscillations, and the shock
propagation influences the resonance. In the case of the
normal hierarchy (the inverted hierarchy), the survival
probabilities of v, (¥.) are influenced by the shock
wave[5]. Using these survival probabilities, we obtain
the energy spectra of the neutrinos passed through the
exploding supernova. We calculate expected event rates
of the supernova neutrinos with Super-Kamiokande (SK)
and SNO [4].

The expected event rates depend on 6,3, and the
influence of the shock wave appears when sin? 26,;
is larger than 1073. The neutrino signals for the shock
propagation is decreased compared with the case without
shock. We define time-dependent ratio of the events of
high-energy to low-energy neutrinos,

_the number of high-energy neutrinos (1)

Rx= the number of low-energy neutrinos

where x refers to SK or SNO. The time-dependent
ratio shows clearer signal of the shock propagation that
exhibits remarkable decrease by at most factor ~2 for v, in
inverted hierarchy, whereas it exhibits smaller change by
~10% for v, in normal hierarchy (Figure 1). Both ratios
Rgk and Rgyo increase with sin? 26,5 . For a given 3, the

(Waseda University)

ratios with shock are smaller than the ratios without the
shock. Therefore, observing time-dependent ratio of the
neutrino events thus would provide a piece of very useful
information to constrain @5 and the mass hierarchy, and
eventually help understanding the propagation how the
shock propagates inside the star.
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Figure 1: Left panels are Rgy in the normal hierarchy, and right
panels are Rgy in the inverted hierarchy for sin? 20,5 =
102, 1073, 10 and 107 from top to bottom. Solid and
dashed lines are the calculated results with and without
shock wave, respectively.
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Origin of rare isotope Ta-180 in supernova-neutrino nucleosynthesis
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The astrophysical origin of an isotope, '*Ta”, has
remained an unsolved problem. This isotope has two
unique features. First this is the rarest isotope in the solar
system. Second the ground state decays by £ decay with
a half-life of 8.15 hr, whereas an excited state is a long-
lived isomer with a half-life of > 10" yr. This nucleus
is bypassed by the major nucleosynthesis mechanisms
of the s and r processes. Thus exotic processes have
been proposed but they have only underproduced the
abundance of the rarest isotope '*°Ta[1,2]. The most
popular scenario in recent times is the production in the
v process via the '8!Ta(v, v'n)'¥Ta and "*Hf(v,, €)'*'Ta
neutrino reactions in core-collapse supernovae[3,4].
However, they overproduce the '®°Ta solar abundance.
They noted that the observed '%"Ta abundance can not
be inferred from their calculations until the branching
between the long-lived isomer and the ground state is
known.
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Figure 1: Schematic view of nucleosynthesis of '®Ta.

In the v process, low-spin excited states in '3°Ta are
predominantly populated from '8°Hf by Gamow-Teller
transitions and subsequently decay preferentially to the
1" ground state. However, in a high temperature photon
bath of supernovae, the meta-stable isomer is excited
from the ground state by (y,y’) reactions through highly
excited states. Moreover, the transition rate between the
ground state and the isomer is affected by the changing
temperature. Therefore, the final isomeric branching ratio
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should be evaluated by a time-dependent calculation.

We have proposed a model that the excited states
of '8%Ta as consisting of two sets of nuclear states: 1)
the ground state structure, which consists of the ground
state plus the excited states with strong transitions to the
ground state; and 2) the analogous isomeric structure
(see Fig. 1). For T9=0.1-1.0 all excited states lower than
a few hundred keV are populated. After the freezeout
each excited state decays to either the ground state or
the isomer. In the transitional region, strongly connected
states are only partly thermalized and two structures are
linked between the weak y transitions. We calculate the
time-dependent calculation based on the two structure
model taking into account previously measured linking
transitions.

We finally obtain the isomer residual ratio of 0.39 at
the freeze-out. It should be noted that this ratio is almost
independent of the astrophysical parameters such as
the supernova neutrino energy spectrum, the explosion
energy, the temperature time constant, and the peak
temperature in the v process layers. With this ratio we
can reproduce the solar abundance of '®°Ta by neutrino
nucleosynthesis and an electron neutrino temperature of
kT =4MeV[5,06].
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A New Type of Small-Scale Downflow Patches in Sunspot Penumbrae

KATSUKAWA, Yukio
(NAOJ)

It has been known that high-speed outward flows,
called Evershed flows, take place along magnetic field
lines in a sunspot penumbra. High resolution and high
precision spectro-polarimetric observations with Hinode
have provided lots of knowledge on relationship between
filamental magnetic structures and the Evershed flows in
penumbrae, which helps to understand how the highspeed
flows are driven by strong interaction between inclined
fields and convection. In contrast, Hinode has revealed
that there are small-scale flows in and around a sunspot
that cannot be explained by the Evershed flows and has
not been realized before.

The penumbral flow studied in this paper is one
of the flow structures newly discovered with Hinode.
Observations with the Spectro-Polarimeter (SP) aboard
the Solar Optical Telescope (SOT) clearly show existence
of patchy downflow structures in a penumbra which are
different from the Evershed flows[1]. Sunspot magnetic
fields consist of vertical and horizontal magnetic
components with respect to the solar surface, and they
form interlaced magnetic field configuration. The patchy
structures associated with the downflow have a size of
300-400 km, and are located within the vertical magnetic
component. While the flow structures associated with
the Evershed flow typically have duration of tens of
minutes to one hour, the newly discovered downflows are
relatively transient phenomena and have duration of only
a few minutes. The small size and short duration probably
made it difficult to find the downflow patches in previous
observations. Analysis of polarized spectrum line profiles
reveals that the velocity of the downflow is about 1 km/s
in the lower photospheric layer, and is almost zero in the
upper photosphere.

The penumbral downflows have importance because
some of the downflows are temporally and spatially
coincident with the chromospheric brightenings above
the penumbra. It is expected that magnetic reconnection
between the vertical and horizontal magnetic fields
generates bi-directional jets; the downward flow is
observed in the photosphere, and the upward flow is
observed in the chromosphere as a transient brightening.
In this case, the finding of the downflows strongly
supports that magnetic reconnection takes place in
the photosphere. On the other hand, no counterpart is
detected in the chromosphere for some of the downflows.
One reason is that the observation does not have enough
temporal resolution to detect temporal coincidence of the
transient downflows and the brightenings. Some of the
downflows are observed to appear after disappearance of
the Evershed flows, which suggests that cooled materials

JURCAK, Jan

(Academy of Sciences of the Czech Republic)

drain down along magnetic fields after interruption
of heat transport by the Evershed flow. The process is
possibly related with the disappearance of the filamental
magnetic fields[2]. It is required to acquire a simultaneous
observation of the photosphere and the chromosphere
with high temporal resolution to get a better grasp on the
cause of the downflows.
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Figure 1: Sunspot penumbra observed with the Hinode Spectro-
Polarimeter (SP). Here are shown maps of contin- uum
intensities (/eft top), intensities of circular polarization
(right top), red shifts of the circular polarization (/eft
bottom), and chromospheric brightenings seen in Can H
Itergrams (right bottom). The red contours indicate down
ow patches, and the arrows indicate the chromospheric
brightenings coin- cident with the down ows.
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Latest model calculation of big bang nucleosynthesis catalyzed
by a long-lived massive particle
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In standard big bang nucleosynthesis (BBN) with
the baryon-to-photon ratio inferred from WMAP, "Li
is produced mostly as 'Be (Fig. 1a, dashed lines). Sub-
sequently, 'Be is transformed into "Li by electron capture.
A problem of standard BBN is a discrepancy between
the predicted and observed abundances of © 9 7Li[1].
One of solutions is catalysis reactions by negatively
charged massive particles X s[2]. We solve numerically
the nonequilibrium nuclear and chemical reaction
network for this X -catalyzed BBN[2] with improved
reaction rates derived from rigorous quantum many-body
calculations[3]. We adopt all of their rates, and choose
their "Bey(p, y)*By rate for an infinite X~ mass case.

Figure 1 shows a result of BBN calculation[4]. The
X~ particles recombine with "Be at Ty ~ 0.5. The "Bey
(Fig. 1b) is then destroyed by the "Bex(p, y)*By reaction,
primarily through the atomic excited state of 8B[5],
and secondarily through the atomic ground state *B*(17,
0.770 MeV)y composed of the *B*(1*, 0.770 MeV) nuclear
excited state and an X [6]. At Ty ~ 0.1, the X particles
bind to “He. Then, the reaction *Hex(d, X")°Li operates,
and °Li and SLiy (after the recombination) are produced.
Neutral X-nuclei, i.e., py, dy, and ty, mainly react with
“He nuclei to lose their X~s leaving “Hey. The abundances
are, therefore, kept low. Their nuclear reactions are thus
not important.

The *Bey(p, y)°By reaction through the °B*2 atomic
excited state is weak because its resonance energy is large
[3]. The resonant *Bey(n, X7)’Bey reaction through the
state “Be"(1/2%, 1.684 MeV)y is not likely to operate since
the state is estimated to be not a resonance but a bound
state located below the ®Bey+ n threshold[3].

We assume that the present cold dark matter (DM)
was partly produced by the decay of X* particles, i.e.,
Ypm = Yy. Using the WMAP-CMB constraint on the
cold DM density and the X~ abundance needed for a
solution to the Li problems, a limit on the mass mpy is
derived. Comparing this mass to the suggested allowed
region, e.g., 40 GeV < mpy < 200 GeV from the CDMS
experiment, implies that only an X~ particle which decays
via the weak interaction can have existed with sufficient
abundance to reduce the "Li produced in BBN (see Fig. 6
of [2] for this case).

In this revised model there is no signature in the
abundances of nuclei heavier than Be. We predict that
the primordial °Be abundance in the allowed parameter
region is negligible, Be/H < O(107%), and far less
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than the most stringent upper limit of *Be/H < 10714[7].
Bey is destroyed through the process *Bex(p, °Li)*Heyx
[2]. Another isobar, i.e., By can be produced without
experiencing the decays. The decay of the X, however,
induces reactions °By — p + 8Be + (decay products) since
the °B is unstable to the proton decay. The °Be production
through °By is, thus, not possible

log(X, Y, A/H)

log(A/H)

Figure 1: Abundances of normal (a) and X-nuclides (b) as a
function of temperature Ty = 7/(10°K). The parameters
are the abundance ratio of X to baryon Yy = ny/n;, = 0.05
and the lifetime 7, = co. This is reprinted from[1].
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Discriminating Planetary Migration Mechanisms by the SEEDS Project
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Planetary orbits reflect their migration history. It
is now known that there are many exoplanets with
eccentric and/or highly tilted orbits. Those exoplanets are
considered to migrated through planet-planet scattering
or the Kozai migration. It is difficult, however, to
discriminate these two migration mechanisms, since the
both mechanisms predict eccentric and/or highly tilted
orbits. To discriminate the two migration mechanisms, it
it necessary to search for counterparts of their migration
(e.g., giant planets for planet-planet scattering or a distant
companion for the Kozai migration). We thus started
high-contrast direct imaging observations for eccentric
or tilted planetary systems in the SEEDS (Strategic
Explorations of Exoplanets and Disks with Subaru)
project.

We first observed a retrograde planetary system
HAT-P-7, for which the Subaru telescope found the
retrograde orbit of HAT-P-7b in 2009[1], with the
HiCIAO (High Contrast Instrument for the Subaru Next
Generation Adaptive Optics) onboard the Subaru. We
found that there are two companion candidates around the
HAT-P-7 system (see Figure 1)[2]. Although it is not yet
known whether those candidates are physically associated
with HAT-P-7 or not, if associated, those companions
are M stars and separated by at least 1000 AU. We then
calculated whether those companion candidates can cause
the Kozai migration for the inner retrograde planet. We
found that it is impossible for the companion candidates
to cause the Kozai migration in the presence of an outer
planet around the retrograde planet (reported by [3]). As
a result, we conclude that it is the most plausible that the
retrograde planet HAT-P-7b has migrated through planet-
planet scattering. The SEEDS project will conduct this
kind of observations for dozens of planetary systems to
discriminate planetary migration mechanisms.

Figure 1: An image of HAT-P-7 taken with the Subaru HiCIAO.
Two companion candidates are detected around
HAT-P-7. The field of view is 12" x 12". North is up and
east is to the left.
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Nano-JASMINE Ready to Launch!
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Nano-JASMINE is almost complete except for the
final arrangements (Figure 1). The satellite is due for
launch in the current fiscal year (2011)[1]. The bus part of
Nano- JASMINE satellite was developed at the Nakasuka
laboratory, University of Tokyo, which has considerable
experience in developing very small satellite systems.
The mission part of the satellite was developed jointly
by the National Astronomical Observatory and Kyoto
University. The developed satellite will be launched from
the Alcantara Space Launcher onboard the Cyclone-4
rocket, which has been developed by Uclaina[2].

Figure 1: The Nano-JASMINE flight model in the ATC large clean
room after experiments of optical alignments.

Nano-JASMINE is the first in a series of astrometry
satellites promoted by the JASMINE project office.
Although the satellite’s telescope has a diameter of only
5cm, it will survey the entire sky in the zw-band (0.6—
1.0 um) during its 2-year operational life. It is expected
that the satellite will measure more than 60,000 stars of
magnitude less than 7 with an accuracy of less than 3
mas[3]. The European Space Agency (ESA) HIPPARCOS
performed similar observations approximately 20
years ago; our mission can benefit from the large time
gap between the HIPPARCOS observations and our
observations, which will help us to measure accurately
the proper motion of a large number of stars. Because the
various techniques employed to achieve precise stellar
positioning used in this mission will also be used in
subsequent JASMINE missions, it is a great opportunity
for the JASMINE team to verify and evaluate these
techniques using real satellite data.
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After the launch, we will use the Mizusawa 10 m
antenna and the new 3 m antenna installed atop the 7th
building of the engineering department at the University
of Tokyo. We are now in the process of installing data
transfer instruments at both these antenna stations, and
are developing data transfer software. In the preliminary
stages of satellite operation, the necessary satellite sever
control will be performed from the Kiruna tracking
station, located in the northern part of Sweden. The
Kiruna tracking station, which is located inside the Arctic
Circle, ensures a longer visibility time. Therefore, it is
suitable for this mission because our satellite will be
launched to a sun-synchronized orbit.

Analysis of the data acquired by Nano-JASMINE is
complicated because the amount of data is enormous and
all data must be solved integrated. GAIA, promoted by
the ESA, has the same observation approach. It is known
that GAIA’s analysis tool can be used for analyzing
Nano-JASMINE data[4]. The GAIA team has welcomed
the use of their tool for analyzing Nano-JASMINE data,
because they are interested in validating their tool with
real satellite data. We have reached a memorandum of
cooperation with the ESA for analyzing Nano- JASMINE
data.
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Performance evaluation of Nano-JASMINE telescope flight model
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Nano-JASMINE is a very small, 35-kg mass, satellite
for space astrometry[1,2], which will be launched by
Cyclone-4 rocket from Brazil in 2011. The satellite
is developed by National Astronomical Observatory
of Japan, Kyoto University and University of Tokyo.
Nano-JASMINE mounts a 5-cm effective diameter
telescope and a time-delay integration (TDI) controlled
fully depleted charge coupled device (FDCCD) image
sensor which is sensitive to wavelength of zw-band
(600<A<1000nm). Nano-JASMINE will perform
firsttime demonstrations and experimentations for Japan
astrometry mission in space. These trials are targeting
for Japan Astrometry Satellite Mission for Infrared
Exploration (JASMINE)[3]. By Nano-JASMINE mission,
we are also going to measure positions of ten or twenty
thousands of stars of zw < 7.5 mag for all-sky with an
accuracy of about 3 milli-arcsecond.

Astrometry is a field of observational astrophysics
that measures positions and proper motions of stars
on the celestial sphere, and determines the distances
to stars from the earth using trigonometric parallaxes
due to earth orbit around the sun. Space telescopes for
astrometry have much more advantage than ground-
based telescopes; because of the effect of atmospheric
motions, observed star images are blurry in the case of
ground-based observations. Therefore, HIPPARCOS was
launched by ESA in 1989, and observed about hundreds
of thousands of star positions around the all-sky with
one milli-arcsecond angular accuracy. In 2011, almost
22 years have passed since the end of the HIPPARCOS
mission. Then, the errors in proper motions have
accumulated over the years; the individual motions of
stars and their uncertainties are large enough to degrade
the HIPPARCOS data during these two decades of blank.
Therefore, the Nano- JASMINE mission is beneficial.

Currently, satellite functional tests, which include
electrical integration tests, vibration tests, thermal
vacuum tests, and radiation tests, have almost finished,
and long duration operational tests are in the process in
preparation for the launch in August 2011. In this paper,
we report a result of performance evaluation of mission
system: a measurement of wave front error for the
telescope.

If there are mirror surface errors for the telescope,
such errors cause optical aberrations. Accordingly, shapes
of point spread functions (PSF) are distorted, and the
centroids of stellar images will be changed from true
positions. Total budget for root mean square (RMS)
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wave front error is 4/14 at 2=800nm. The wave front
error was measured for each mirror surface by use of
a Zygo interferometer. The results are shown in Fig. 1.
The total RMS wave front errors are both /17 at 4 =
800 nm for upper and lower optical system. We also
directly measured total wave front error for the fabricated
telescope, which was placed in vacuum chamber and
cool downed to 223 K, which is equal to the operating
temperature on the orbit. As a result, the total RMS wave
front errors are /19 and 4/21 for upper and lower optical
system, respectively. This result indicates that the error
level fulfills the requirement so that the telescope is given
assurance for diffraction-limited performance on the
orbit.

474 469

Figure 1: Top left: the flight model of Nano-JASMINE. Top right:
the flight model of the telescope mirrors; M1 and M2 are
hyperboloid mirrors as a primary mirror and a secondary
mirror, respectively. M3 ~ M4 are flat mirrors. Bottom:
wave front error of each mirror surface.
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Inclined Orbits Prevail in Exoplanetary Systems
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Since the discovery of the first exoplanet in 1995,
scientists have identified more than 500 exoplanets,
planets outside of our solar system, nearly all of which
are giant planets. Most of these giant exoplanets closely
orbit their host stars, unlike our solar system’s giant
planets, like Jupiter, that orbit the Sun from a distance.
Accepted theories propose that these giant planets
originally formed from abundant planet-forming materials
far from their host stars and then migrated to their current
close locations. Different migration processes have been
suggested to explain close-in giant exoplanets.

Disk-planet interaction models of migration focus
on interactions between the planet and its protoplanetary
disk, the disk from which it originally formed. Sometimes
these interactions between the protoplanetary disk and
the forming planet result in forces that make the planet
fall toward the central star. This model predicts that the
spin axis of the star and the orbital axis of the planet
will be in alignment with each other. Planet-planet
interaction models of migration have focused on mutual
scatterings among giant planets. Migration can occur
from planet scattering, when multiple planets scatter
during the creation of two or more giant planets within
the protoplanetary disk. While some of the planets scatter
from the system, the innermost one may establish a final
orbit very close to the central star. Another planet-planet
interaction scenario, Kozai migration, postulates that the
long-term gravitational interaction between an inner giant
planet and another celestial object such as a companion
star or an outer giant planet over time may alter the
planet’s orbit, moving an inner planet closer to the central
star. Few-body interactions, including planetplanet
scattering and Kozai migration, could produce an inclined
orbit between the planet and the stellar axis.

Overall, the inclination of the orbital axes of close-
in planets relative to the host stars’ spin axes emerges as
a very important observational basis for supporting or
refuting migration models upon which theories of orbital
evolution center. We have conducted observations with
the Subaru Telescope to investigate these inclinations
for several systems so far. We measured the Rossiter-
McLaughlin (hereafter, RM) effect of the systems and
found evidence that some of their orbital axes incline
relative to the spin axes of their host stars.

The RM effect refers to apparent irregularities in
the radial velocity or speed of a celestial object in the
observer’s line of sight during planetary transits. Unlike
the spectral lines that are generally symmetrical in
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measures of radial velocity, those with the RM effect
deviate into an asymmetrical pattern. Such apparent
variation in radial velocity during a transit reveals the
sky-projected angle between the stellar spin axis and
planetary orbital axis. Subaru Telescope has participated
in previous discoveries of the RM effect, which we have
investigated for over ten exoplanetary systems thus far.
Among the observed planetary systems, we newly found
that TrES-4b has a well-aligned orbit[1], whereas XO-
4b[2] and HAT-P-11b[3] have highly inclined orbits (see
Figure 1). The latest observational results about the RM
effect, including those obtained independently of the
findings reported here, suggest that about one-third of the
observed systems have highly inclined planetary orbits.
The few-body scenario of migration, whether caused by
planet-planet scattering or Kozai migration, rather than
the planetdisk scenario could account for their migration
to the present locations.

Figure 1: Illustration of the HAT-P-11 System Based on Obser-
vations from Subaru Telescope.

References
[1] Narita, N., et al.: 2010, PASJ, 62, 653-660.
[2] Narita, N., et al.: 2010, P4SJ, 62, L61-L65.
[3] Hirano, T., et al.: 2011, PASJ, 63, S531-S536.



Short Lifetime of Protoplanetary Disks in Low-metallicity Environments
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In order to understand protoplanetary disk evolution
and planet formation in a wider range of environments
than previously studied, we explored the lifetime of
protoplanetary disks in the outermost Galaxy (R, = 15
kpc), which are known to have a very different metallicity
from the solar neighborhood, [M/H] ~ —1 dex.

We obtained the deep near-infrared (NIR) images of
six young clusters that are located in the outer Galaxy
with known metallicity of [O/H] ~—0.7 dex using Subaru
8.2m telescope[1]. We derived disk fraction for each
cluster (Figure 1) and estimated disk lifetime in the
environments (Figure 2). As a result, we found that disk
fraction of the low-metallicity clusters declines rapidly
in <1 Myr, which is much faster than the ~5-7 Myr
observed for the solar-metallicity clusters, suggesting
that disk lifetime shortens with decreasing metallicity
possibly with an ~107 dependence[2].

Since the shorter disk lifetime reduces the time
available for planet formation, this could be one of the
major reasons for the well-known “planet-metallicity
correlation”, which states that the probability of a star
hosting a planet increases steeply with stellar metallicity.
The reason for the rapid disk dispersal could be the
increase of the mass accretion rate, and/or the effective
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Figure 1. The way of deriving disk fraction for an example
cluster, the Cloud 2-N cluster. Disk fraction is defined
as the frequency of NIR excess stars (located in orange
highlighted region) within a young cluster.

KOBAYASHI, Naoto
(University of Tokyo)

TOKOKU, Chihiro
(Tohoku University)

far-ultraviolet and/or X-ray photoevaporation due to the
low extinction; however, another unknown mechanism
for the outer Galaxy environment could be contributing
significantly. Although more quantitative observational
and theoretical assessments are necessary, our results
present the first direct observational evidence that can
contribute to explaining the planet-metallicity correlation.
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Figure 2: Disk fraction as a function of cluster age. JHK disk
fractions of the young clusters with low metallicity
are shown by red filled circles, while those of young
clusters with solar metallicity are shown by black filled
circles. The black line shows the disk fraction evolution
under solar metallicity, while the red arrow shows the
proposed JHK disk fraction evolution in low-metallicity
environments.
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Circumstellar disks are usually formed around young
stars and are intricately tied to the origin of planets (e.g.,
[1]). Giant planets have been considered to form via gas
accretion onto rocky cores in such disks (e.g., [2]), which
can successfully explain “normal” giant planets like
ours. However, recent direct detections of companions
with masses of a few up to a few tens of M, at distances
>20AU, beyond what had been thought to be the planet
forming zone (e.g., [3]), pose a challenge for the standard
core-accretion scenario where planets are formed in-situ.
Thus, information on the detailed structures of the inner (
<50AU) regions of protoplanetary disks is crucial.

We report high-resolution 1.6 um polarized intensity
(PI) images of the circumstellar disk around the Herbig
Ae star AB Aur at a radial distance of 22 AU (0715) up
to 554 AU (3785)[4], which have been obtained by the
high-contrast instrument HiCIAO with the dual-beam
polarimetry. We revealed complicated and asymmetrical
structures in the inner part (<140 AU) of the disk, while
confirming the previously reported outer (» >200AU)
spiral structure. We have imaged a double ring structure
at ~40 and ~100 AU and a ring-like gap between the two
(Fig. 1). We found a significant discrepancy of inclination
angles between two rings, which may indicate that the
disk of AB Aur is warped. Furthermore, we found seven
dips (the typical size is ~45 AU or less) within two rings,
as well as three prominent P/ peaks at ~40 AU. The
observed structures, including a bumpy double ring, a
ring-like gap, and a warped disk in the innermost regions,
provide essential information for understanding the
formation mechanism of recently deteced wide-orbit (r
>20AU) planets.

* Based on data collected at the Subaru Telescope, which is operated by the
National Astronomical Observatory of Japan.
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Figure 1: P/ image with a coronagraphic occulting mask of 073
diameter (left) and the features (right). Central position
(0, 0) is the stellar position. The outer and inner rings
are denoted by the dashed ellipsoids. The solid ellipsoid
indicates the wide ring gap. The dashed circles (A to G)
represent small dips in the two rings. The filled diamond,
circle, and square represent the geometric center of the
inner ring, ring gap, and outer ring, respectively. The
field of view in both images is 2”0 by 2”0. The solid
circle in the left-bottom inset represents the spatial
resolution of 0706.
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The circumstellar disks of gas and dust around newly
formed stars are believed to be the birthplaces of giant
planets. In some protoplanetary disks, evidence of gaps
or inner cavities has been revealed through analysis of
the infrared spectral energy distribution (SED; e.g., [1])
or interferometry at infrared (e.g., [2]) or millimeter
wavelengths (e.g., [3]). These objects have been termed
“transitional” disks, since they are thought to represent a
transitional state of partial disk dissipation between the
protoplanetary disk stage and the debris disk stage.

We present H- and K;-band imaging data resolving
the gap in the transitional disk around LkCa 15, revealing
the surrounding nebulosity[4]. We detect sharp elliptical
contours delimiting the nebulosity on the inside as well
as the outside, consistent with the shape, size, ellipticity,
and orientation of starlight reflected from the far-side
disk wall, whereas the near-side wall is shielded from
view by the disk’s optically thick bulk. We note that
forward scattering of starlight on the near-side disk
surface could provide an alternate interpretation of
the nebulosity. In either case, this discovery provides
confirmation of the disk geometry that has been proposed
to explain the spectral energy distributions (SED) of
such systems, comprising an optically thick disk with
an inner truncation radius of 46 AU enclosing a largely
evacuated gap. Our data show an offset of the nebulosity
contours along the major axis, likely corresponding to a
physical pericenter offset of the disk gap. This reinforces
the leading theory that dynamical clearing by at least
one orbiting body is the cause of the gap. Based on
evolutionary models, our high-contrast imagery imposes
an upper limit of 21 My,, on companions at separations

* Based on data collected at the Subaru Telescope, which is operated by the
National Astronomical Observatory of Japan.

outside of 0”1 and of 13 My, outside of 02. Thus, we
find that a planetary system around LkCa 15 is the most
likely explanation for the disk architecture.

Figure 1: Ellipse fits to the inner and outer boundaries of the
scattered light nebulosity seen in the HICIAO H-band
LOCI image after median filtering on the spatial scale of
5 pixels 1 FWHM and derotation by —29.3° (based on
the position angle of 150.7 in [5]). The inner (orange)
and outer (red) ellipses are offset from the star along the
major axis by 51 mas and 57 mas and rotated by —4° and
—3°, respectively. Their centers are marked by orange
and red plus signs, respectively, while the star’s position
is indicated by a white plus sign.
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Outflow in a Luminous Quasar AKARI J1757+5907
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Over the past decade it has been regarded that the
mass of the black hole and the mass of the galactic bulge
has the tight correlation. The black hole mass is ~0.1% of
the bulge mass[1]. The outflow phenomena of gas is one
of processes which may connect the growth of galactic
bulge and black hole. Active black holes is capable to
blow out gas in the host galaxies and may suppress
the star formation activities (e.g., [2]). In fact outflow
phenomena are ubiquitous among the galaxies which
possess active black holes. The blueshifted absorption
lines are the sign of the outflow. However, it has been
still unclear the details of outflow phenomena around
the black hole. The basic knowledge of the outflow
are vague: How much amount of gas has been blown
out? How long does the outflow last? Does the outflow
significantly affect the star formation in the host galaxy?

We selected a luminous quasar, AKARI J1757+5907
as the target. This quasar was discovered during the
follow-up observations of AKARI mid-infrared All-Sky
Survey|[3,4]. The follow-up low-resolution spectroscopy
revealed that AKARI J1757+5907 is a z = 0.615 quasar
that shows blueshifted absorption lines. Its apparent
magnitude is 15th and very suitable for high resolution
spectroscopy of absorption lines. More than three hours
integration was done with HDS attached to the Subaru 8.2
m telescope. The resolving power was R ~ 36000.

Our high resolution spectroscopy revealed that the
absorption consists of 9 distinct troughs (Figure 1).
We can measure accurate column densities of Her1*,
Fen and Mg for the troughs at ~ —1000kms™!. We
use photoionization models to constrain the ionization
parameter, total hydrogen column density, and the
number density of the outflowing gas. These constraints
yield lower limits for the distance, and mass flow rate
for the outflow of 3.7 kpc, and 70 M, yr !, respectively.
This distance contrasts with the previous understanding
of the outflow which occurs at the close to the black hole.
The our derived mass flow rate and the velocity is similar
to those recently discovered in massive post-starburst
galaxies[5].

This research has been published in “Outflow in
Overlooked Luminous Quasar: Subaru Observations of
AKARI J1757+5907” PASJ, 63, S457 (2011).
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Figure 1: Outflow troughs in AKARI J1757+5907. Ordinate is a
normalized flux density, and abscissa is velocity from
the systemic redshift (z = 0.61525). Blended parts are
denoted as dotted spectra. The dashed vertical line
indicates the position of the blue component of [O 1II]
emission line of this quasar. The velocity of that [O III]
corresponds to the trough at ~—1000 kms™'.

References

[1] Héring, N., Rix, H.-W.: 2004, ApJ, 604, L89.

[2] Di Matteo, T., Springel, V., Hernquist, L.: 2005, Nature, 433,
604.

[3] Ishihara, D., et al.: 2010, A&A, 514, Al.

[4] Murakami, H., et al.: 2007, PASJ, 59, 369.

[5] Tremonti, C. A., Moustakas, J., Diamond-Stanic, A. M.: 2007,
ApJ, 663, L77.



Magnetic Energy Dissipation in the Quter Crust of Neutron Stars

TAKAHASHI R. Hiroyuki
(NAOJ)

Pushed by the accumulating observations of radio
pulsars and accreting neutron stars (NSs), extensive
studies have been performed to understand the evolution
of magnetic fields in neutron stars. The radio pulsars are
generally categorized into two classes: young (< 107yr)
pulsars with the magnetic field strength B~ 10'""3 G, and
the old millisecond radio pulsars, which have magnetic
field strength as low as 103 G. While most radio
pulsars are isolated objects, the millisecond pulsars are
predominantly in binaries, suggesting that the magnetic
fields decay with time, perhaps by an accretion of matter
from the binary companion.

For the isolated radio pulsars, it remains as an open
question whether the NS magnetic fields do or do not
decay with time. Recently, the discovery of magnetars,
which would be a isolated NS with stronger magnetic
fields (B ~ 103 G) has provided evidences for magnetic
energy dissipation in neutron star[1], whose timescale is
~10Myr[2]. At present, these ideas and new observations
seem to favor the existence of the magnetic field decay in
the isolated NSs.

Goldreich & Reisenegger[3] proposed a pioneering
model of the magnetic field decay inside NSs, in which
the large scale magnetic field is affected by the Hall
turbulence. The magnetic energy is transported to the
smaller scale due to the Hall cascade, leading to the
dissipation via the Ohmic dissipation. The existence of
Hall turbulence and the cascading process are numerically
confirmed by electron Magnetohydrodynamic (EMHD)
simulations[4]. However, the dissipation process, which
should govern the magnetic field decay in NSs, cannot be
treated consistently due to the MHD approximations.

In this paper, we perform Particle-In-Cell (PIC)
simulations aiming to understand the decaying process in
NSs[5]. Since the Maxwell equations and the equations
of motion of plasma particles are consistently solved in
PIC simulations, we can study the dissipation process
without introducing phenomenological parameter (i.e.,
the electric resistivity).

Figure 1 shows numerical results of PIC simulations.
Color shows the magnetic energy of turbulent fields and
white curves denote for the magnetic field lines at the
initial (left) and final (right) states. The initial magnetic
field is consist of the uniform field that models the global
field penetrating the NS and of the turbulent field that
would be originated from the Hall cascade. The energy
of initially imposed turbulent field is transported to the
smaller scale through whistler waves. Since whistler
waves propagate almost parallel to the global magnetic
field lines, the cascading process becomes anisotropic.

When the turbulent energy is cascaded down to the
electron inertial scale, the magnetic energy is dissipated
and the electrons are heated. The electrons with lower
energy are heated in parallel to the magnetic field
due to the Landau damping, while the electrons with
higher energy is heated perpendicular to the magnetic
field lines due to the cyclotron resonance. These two
dissipation mechanisms make the electron distribution
function anisotropic. Such the anisotropy of electron
temperature is observed in magnetars, suggesting that the
plasmas near the surface of NSs is heated by dissipation
processes described above. Since the time scale of these
dissipation processes is much shorter than the observed
decay timescale, we speculate that the decay time scale is
determined by the cascading time.
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Figure 1: Numerical results of PIC simulations. Color and curves
show the turbulent magnetic field energy and magnetic
field lines at the initial (left) and final (right) states.
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Constraints on the neutrino mass and the primordial magnetic field

YAMAZAK], Dai G.
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KAJINO, Toshitaka
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Recently cosmological observations and ground
experiments constrain the neutrino-mass of order < 0.1—
1 eV. If the velocities of such finite-mass neutrinos with
the finite-mass are enough large, the time evolution of
density fluctuations in the neutrinos free-streaming scale
will be impeded. Therefore it is very important to limit
the neutrino mass. At the same time, magnetic fields have
been observed in clusters of galaxies with a strength of
0.1-1.0 uG. One possible explanation for such magnetic
fields in galactic clusters is the existence of a primordial
magnetic field (PMF) of order 1 nG whose field lines
collapsed as the cluster formed. The PMF could have
influenced a variety of phenomena in the early universe
such as the cosmic microwave background (CMB)[1],
and the formation of the large scale structure (LSS)[2].

In this regard, the alternative normalization parameter
og 1s of particular interest as a measure of large-scale
structure effects. It is defined as the root-mean-square
of the matter density fluctuations in a comoving sphere
of radius 84 'Mpc. It is determined by a weighted
integral of the matter power spectrum. Observations
which determine og provide information about the
physical processes affecting the evolution of density-
field fluctuations and the formation of structure on
cosmological scales.

In this article, We consider the effect of a PMF on o3
and compare theoretically deduced values for og with the
observed range. In this way we show that the degeneracy
between the effects of a PMF and that of a finite neutrino
mass on the matter density fluctuations can be effectively
broken by combining the analysis with the CMB data at
higher multipoles. We thus obtain not only insight into the
underlying physical processes of density field fluctuations
in the presence of a PMF, but also place new constraints
on the amplitude and spectral index of the PMF and the
sum of neutrino mass[3].

Figure 1 shows the constraints on the PMF parameter
B, and the sum of neutrino masses Xm, for various fixed
values of ng and ranges of oy as the caption. The expected
parameters of the PMF from the combined analysis of the
CMB and observed magnetic fields in galactic clusters
is B;<2.0nG(lo) and <3.0nG(20), while the expected
value of oy based upon observations is 0.75 <03 <0.85.
For this range of o3, the sum of the neutrino masses is
constrained to be 3’y m, < 0.11 eV without the PMF. On
the other hand, considering the PMF, from Fig. 1, the sum
of the neutrino masses is constrained to be )y m, < 0.24
eV on ng=—1.5 and <0.6¢eV on ng = —2.5 for N, = 3.
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This is a larger upper limit than that deduced previously
because the effect of the PMF cancels the effect of
neutrinos on the density fluctuations.

We confirm that the upper limit on the neutrino mass
from oy in the presence of a PMF is heavier than without
a PMF even if we consider the matter contributions. We
also have shown that the prior limited range on the sum
of neutrino masses and PMF parameters is within the
expected range for og from observations of the LSS. In
principle, by applying our method to future observations
it will be possible to obtain not only the upper but also
the lower limits to the neutrino mass from cosmology in
the presence of a PMF.
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Figure 1: Excluded and allowed regions of ranges for oy in the
parameter plane of PMF amplitude B, vs. mass of
neutrinos Y., _ym,. ng is the power-law spectral index
of the PMF. All painted Regions indicate ranges of o
as 0.75<04<0.85 and gray, sky blue and blue ragions
show B, > 3.0nG, 2.0nG < B, <3.0nG and B, < 2.0nG,
respectively.
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A Novel Jet Model: Magnetically Collimated,
Radiation-Pressure Driven Jet

TAKEUCHI, Shun
(Kyoto University)

Relativistic jets from compact objects are ubiquitous
phenomena in the Universe, but their driving mechanism
has been an enigmatic issue over many decades. There
are two models proposed: magnetohydrodynamic (MHD)
jets which are driven by the magnetic process[1] and
radiation-hydrodynamic (RHD) jets which are powered
by the strong radiation-pressure force[2].

In the MHD jets, the magnetic effects work to
accelerate and collimate the jets. However, we should
remark that most of the previous MHD disk-jet
simulations assumed that the underlying accretion flows
are radiatively inefficient accretion flow (RIAF)[3,4]. The
MHD jets launched from the RIAF can not account for
the highly relativistic jets of the Galactic microquasars,
since their high luminosities implies that the central black
holes are surrounded by the luminous accretion disks.
The luminous (super-Eddington) accretion flows drive
the RHD jets. However, the opening angle of the RHD
jets is thought to be relatively wide, since the there is no
effective collimation mechanism.

Here, we propose a new type of jets, radiationmag
netohydrodynamic (RMHD) jets, based on our global
RMHD simulation of luminous accretion flow onto a
black hole shining above the Eddington luminosity[5].
In Figure 1, the accretion flow (the gas mass density,
brown) and the RMHD jet in which velocities exceed
the escape velocity (the velocity, white, blue) are plotted.
The high-speed jet (~0.6¢—0.7¢) is represented by blue.
White lines indicate the magnetic field lines. The zz-
component of the radiation-pressure tensor (color), PF,
overlaid with the radiation-pressure force vectors (arrows)
on the meridional plane is projected on the left wall
surface, while the magnetic pressure from the azimuthal
component of the magnetic field (color), B; /8x, overlaid
with the Lorentz force vectors (arrows) on the meridional
plane is projected on the right wall surface.

We find that the RMHD jet can be accelerated up to
the relativistic speed by the radiation-pressure force and
is collimated by the Lorentz force of a magnetic tower,
inflated magnetic structure made by toroidal magnetic
field lines accumulated around the black hole, though
radiation energy greatly dominates over magnetic energy.
This magnetic tower is collimated by a geometrically
thick accretion flow supported by radiation-pressure
force. This type of jet may explain relativistic jets from
Galactic microquasars, appearing at high luminosities.

OHSUGA, Ken
(Graduate University for Advanced Studies / NAOJ)

MINESHIGE, Shin
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Figure 1: Bird’s-eye view of the luminous accretion flow and
the associated RMHD jet. The RMHD jet (blue) is
accelerated by the strong radiation-pressure force from
the super- Eddington disk (brown) and is collimated by
the Lorentz force of a magnetic tower (white lines).
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Formation of Terrestrial Planets from Protoplanets
under a Realistic Accretion Condition

KOKUBO, Eiichiro
(NAOJ)

It is generally accepted that the final stage of
terrestrial planet formation is the giant impact stage
where protoplanets or planetary embryos formed by
oligarchic growth collide with one another to form planets
[1,2]. This stage has been mainly studied by N-body
simulations. So far all N-body simulations have assumed
perfect accretion in which all collisions lead to accretion.
However, this assumption would be inappropriate for
grazing impacts that may result in escape of an impactor
or hit-and-run. By performing Smoothed-Particle
Hydrodynamic (SPH) collision simulations, [3] estimated
that more than half of all collisions between like-sized
protoplanets do not simply result in accumulation of a
larger protoplanet, and this inefficiency lengthens the
timescale of planet formation by a factor of 2 or more,
relative to the perfect accretion case. The accretion
inefficiency can also change planetary spin. [4] found
that under the assumption of perfect accretion, the
typical spin angular velocity of planets is as large as the
critical spin angular velocity for rotational instability.
However, in reality, the grazing collisions that have high
angular momentum are likely to result in a hit-and-run,
while nearly head-on collisions that have small angular
momentum lead to accretion. In other words, small
angular momentum collisions are selective in accretion.
Thus, the accretion inefficiency may lead to slower
planetary spin, compared with the perfect accretion case.

We clarify the statistical properties of terrestrial
planets formed by giant impacts among protoplanets
under a realistic accretion condition[5]. We derive an
accretion condition for protoplanet collisions in terms of
collision parameters, masses of colliding protoplanets
and impact velocity and angle, by performing collision
experiments with an SPH method. We implement the
realistic accretion condition in N-body simulations
and probe its effect to further generalize the model of
terrestrial planet formation. We derive the statistical
dynamical properties of terrestrial planets from results
of a number of N-body simulations and compare the
results with those in [6] and [4] where perfect accretion is
adopted.

For the standard protoplanet system, the statistical
properties of the planets obtained are the following.
About half of collisions in the realistic accretion model do
not lead to accretion. However, this accretion inefficiency
barely lengthens the growth timescale of planets. The
numbers of planets and Earth-sized planets are (n) ~3-4
and (n;) ~ 2, respectively. The growth timescale is about
6-7 x 107 years. The masses of the largest and second-
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largest planets are (M) ~ 1.2 M, and (M,) ~0.7 M. The
largest planets tend to form around (a;) ~ 0.8 AU, while
a, is widely scattered in the initial protoplanet region.
Their eccentricities and inclinations are ~0.1. These
results are independent of the accretion model. The RMS
spin angular velocity for the realistic accretion model
is about 30% smaller than that for the perfect accretion
model that is as large as the critical spin angular velocity
for rotational instability (Fig. 1). The spin angular
velocity and obliquity of planets obey Gaussian and
isotropic distributions, respectively, independently of the
accretion model.
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Figure 1: Average spin angular velocity of all planets formed in
the 50 runs of the realistic (circle) and perfect (square)
accretion models is plotted against their mass M with
mass bin of 0.1 M. The error bars indicate 1-o and the
dotted line shows w,,. [5]
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N-body Simulation of Planetesimal Formation
Through Gravitational Instability of a Dust Layer in Laminar Gas Disk

MICHIKOSHI, Shugo, KOKUBO, Eiichiro

(NAOJ)

In the standard scenario of planet formation,
planetesimals are the precursors of planets. Their
formation process is one of the unsolved problems of
the planet formation theory. Beginning with micron-
sized dust grains, they grow to centimeter size in a
protoplanetary disk via collisional agglomeration. The
least understood growth phase is growth from centimeter
size to kilometer size.

One of the possible models for planetesimal formation
is the gravitational instability model. A very thin and
dense layer of settled dust aggregates in the mid-plane of
the protoplanetary disk may be gravitationally unstable.
Then the gravitational collapse of the dust layer occurs,
and kilometer-sized planetesimals are formed directly.
This scenario has the advantage of a very rapid formation
timescale, which is on the order of the Keplerian time.

The linear analyses of the gravitational instability of
dust layers have been performed extensively[1]. However,
the nonlinear stage of the gravitational instability has not
been studied well. We have investigated the planetesimal
formation by gravitational instability by local N-body
simulations[2,3]. In this study, we have considered the
effect of gas drag force[4].

According to the linear analysis of gravitational
instability without gas drag force, the stability of the disk
is characterized by Toomre’s Q value. When Q < 1, the
disk is unstable. On the other hand, the linear analysis
with gas drag force shows that the dust layer is always
secularly unstable although Toomre’s Q value is larger
than unity.

In the initial stage, the growth time of the gravitational
instability is longer than the timescales of the dust
sedimentation and the decrease of the velocity dispersion.
Thus, the velocity dispersion decreases and the disk
shrinks vertically. As the velocity dispersion becomes
sufficiently small, the gravitational instability finally
becomes dominant.

We found that the the formation process is divided
into three stages qualitatively: the formation of wakelike
density structures, the creation of planetesimal seeds, and
their collisional growth.

The top-right panel of Figure 1 shows the first stage
of the planetesimal formation. The non-axisymmetric
density structures appear. These structures are well-
known in the dense planetary rings, which are caused by
the gravitational instability.

As shown in the left-bottom panel of Figure 1, in the
dense part of wakes, the wakes break into many fragment
due to self-gravity. These are the planetesimal seeds.

INUTSUKA Shu-Ichiro
(Nagoya University)

After the formation of planetesimal seeds, the rapid
collisional growth begins. Several large planetesimals are
formed and absorb almost all small particles.
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Figure 1: The snapshots of the N-body simulation of the plane-
tesimal formation at # = 0.0 T (top-left), # = 0.4 T (top-
right), ¢ = 0.8 Ty (bottom-left), z = 1.2 T (bottom-right),
where T is Keplerian period.
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Light Element Synthesis in Core-collapse Supernovae

NAKAMURA, Ko
(NAOYJ)

YOSHIDA, Takashi, SHIGEYAMA, Toshikazu

(University of Tokyo)

KAJINO, Toshitaka
(NAOJ / Graduate University for Advanced Studies)

Most of elements lighter than iron are synthesized via
thermonuclear burning reactions in stars. Light-element
isotopes such as Li, Be, and B (LiBeB) are, however,
not produced in stellar burning phase because of the
absence of stable nuclei with mass number of 8 and the
fragility of 7Li against hot proton. They are known to
be produced from some cosmological and astrophysical
processes: 'Li from big bang nucleosynthesis; “Li and ''B
from asymptotic giant branch (AGB) stars and novae;
and all stable isotopes of LiBeB from Galactic cosmicray
(CR) nucleosynthesis. Another possible candidate is
the neutrino-induced nucleosynthesis in core-collapse
supernovae, where a fraction of neutrinos emitted form
a proto-neutron star would interact with stellar materials
and produce ''B in inner C-rich shells and Li in He-rich
envelopes (Figure 1).

The supernova neutrino process is necessary to
account for the high ''"B-to-'°B ratio observed in
meteoritres. We investigated the neutrino process in
Type Ic supernovae (SNe Ic), which should be terminal
explosion of massive stars without H and He envelopes,
to evaluate accurately the contribution of the neutrino
process to Galactic Li(Be)B. Previous studies were
limited in Type II explosions and this is the first report on
the neutrino process in SNe Ic.

We consider a very energetic explosion of a 15 M,
C/O star with the explosion energy E. = 3 x 1032erg
corresponding to SN 1998bw. The explosion is simulated
with 1-dimensional special-relativistic hydrodynamic
code and nucleosynthesis is calculated as a postprocess.
We assume a supernova neutrino model that neutrino
luminosity decreases exponentially with a time scale of
3 s and that the neutrino temperature of each species does
not change with time.

Our results[1] show that light elements are produced
via the neutrino process both in the innermost region
and in the outer envelope. In the innermost region, *He
coming from a-rich freezeout is excited by neutrinos then
decays to *H and 3He, followed by a-capture reactions to
produce ’Li and "Be. In the outer layers, neutral current
reactions of neutrinos produce !'B (and ''C). SNe Ic can
produce LiBeB also by spallation reactions[2]. Resulting
yield of "B from our SN 1998bw model with total
neutrino energy of 3 x 103 erg is about 1.6 x 1076 M,
which is comparable to the value estimated from typical
SNe IT model[3].

However, the frequency of highly energetic SNe Ic is
quite low and borons in meteorites should be dominated
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by those that originated from SNe II and Galactic
CRs. Contribution from SNe Ic might be outstanding
in metaldeficient stars because an SN Ic progenitor is
surrounded by its wind material and the light elements
produced in the explosion are likely to be inherited
directly by next generations of stars, which would show
high BeB abundances as a Be-rich halo star HD106038

[4].

EBe

uridatie]

Li

IHe

*H

Figure 1: Nuclear reaction chain associated with LiBeB. left:
Reactions in H and He burning. right: Neutrino-induced
reactions producing 'Li and ''B.
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Quantum Statistical Corrections to
Astrophysical Photodisintegration Rates

MATHEWS, Grant J.
(University of Notre Dame)

BALANTEKIN, A. B.
(University of Wisconsin)

Tabulated rates for astrophysical photodisintegration
reactions make use of Boltzmann statistics for the
photons involved as well as the interacting nuclei. In
this work[1] we have derived analytic corrections for
the Planck-spectrum quantum statistics of the photon
energy distribution. These corrections can be deduced
directly from the detailed-balance condition without
the assumption of equilibrium as long as the photons
are represented by a Planck spectrum. Moreover we
have shown that these corrections affect not only the
photodisintegration rates but also modify the conditions
of nuclear statistical equilibrium as represented in the
Saha equation. We deduced new analytic corrections to
the classical Maxwell- Boltzmann statistics which can
easily be added to the reverse reaction rates of existing
reaction network tabulations.

The key expressions in this work are the determination
of revised thermonuclear reaction rates as,

Az = (1+R)[Na(ov(T9))"],, o)

GGy —-11.605Q/Ty
G3(1+612) ’
where Ty is the temperature in units of 10°K, N, is
Avagadro’s number, [N4{(ov(Ty))*] is the tabulated
thermonuclear reaction rate[2] in units of cm® mol™' s/,
O is in units of MeV, and /i is the reduced mass in atomic
mass units. There is also a revised Saha equation of NSE
3/245/2

X 9.8685 x 10°(1Ty)*?

X1 X
12— 98685 x 10°(1 + R)————
X; p
GGy _yie0soimy ) ?)
G3(1 +612)

The quantity R in the Egs. (1) and (2) is the new
correction for the difference between Maxwell Boltzmann
and Planckian statistics for the photons. We have shown
[1] that this correction factor can be written

N L INGov Ty /)]y gos-nyors
R = ; 132 [Na{ov(T9))*] ¢ )

The advantage of writing the expression this way is that it
can be quickly deduced from existing reaction rate tables
such as REACLIB[2].

The deviation of photodisintegration and NSE due to
quantum statistics may impact the evolution of explosive
nucleosynthesis environments for which one can
encounter nuclei with small photodissociation thresholds,

KAJINO, Toshitaka
(NAOJ/University of Tokyo)

PEHLIVAN, Yamac

(Mimar Sinan Fine Arts University)

KUSAKABE, Motohiko
(University of Tokyo)

e.g. near the neutron or proton drip lines. To the extent
that such nuclei are beta-decay waiting points, for
example, the altered statistics will affect the timescale for
the build up of abundances. Another possible application
of the corrections deduced here is for the ionization
equilibrium of atomic or molecular species with a low
ionization potential in stellar atmospheres.

We have examined possible effects of these cor-
rections on the r-process, the rp-process, explosive silicon
burning, the y-process, and big bang nucleosynthesis. We
find that, in most cases one is quite justified in neglecting
these corrections. The correction is largest for reactions
near the drip line for an r-process with very high neutron
density, or an rp-process at high-temperature[1] .

136Cd(n,y)137Cd
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oot L 111
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Figure 1: Correction factor R for the reverse rate of the **Cd(n, )
37Cd reaction relevant to the r-process abundance peak
near 4 =130 for a high neutron-density environment.
This was generated from Eq. (3) using the REACLIB
compilation[2]. For typical r-process temperatures, 7, ~
1-2, the correction is ~6%.
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Origin of Chirality of the Amino Acids

BOYD, Richard N.

(Lawrence Livermore National Lab., University of California)

KAJINO, Toshitaka
(NAOJ/University of Tokyo)

Half a century ago it was demonstrated by Miller
[1] and Urey that at least some of the 20 amino acids on
which we depend for life could be produced in a spark
discharge in a chemical environment that may have
existed early in the Earth’s history. Thus the model of
such an environment in a lightning storm became the
accepted means for producing amino acids on Earth.
However, the amino acids have been found to have a left-
handed chirality, whereas the Miller-Urey mechanism
produces equal numbers of left- and right-handed
molecules. Furthermore, amino acids have been found
in meteorites[2], and those that have a preferred chirality
had more lefthanded molecules than right-handed
molecules (at a level of 10%). Several mechanisms have
been suggested as being the means by which the amino
acid chirality is established. One widely accepted one
involves circularly polarized light impinging on the
molecules that are produced on Earth, although circularly
polarized x-rays in the interstellar medium have also been
suggested as a driver of chirality.

However, during the past several years, we have
developed a model[3,4] for establishing amino acid
chirality in the interstellar medium by selective molecular
destruction of one chirality by neutrinos from a
supernova. In this model, the strong magnetic field from
the protoneutron star would orient the N nuclei that
are common to the amino acids to produce a significant
fraction of those nuclei with their spins aligned with the
neutrino spin. Neutrino helicity is a conserved quantum
number, which is aways —1 for neutrinos and +1 for
antineutrinos, namely the symmetry of left- or right-
handedness is maximally broken in nature.

Angular momentum conservation requires that
the v + N — !4C + ¢" reaction (v denotes an electron
antineutrino) requires transfer of one unit of angular
momentum from the neutrino wave function when the
spins are aligned, whereas the reaction could proceed
with no angular momentum transfer when the spins are
not aligned. This inhibits the reaction by roughly an
order of magnitude for the aligned case, skewing the
magnetic substate distribution in favor of one “N spin
configuration and, therefore, one molecular chirality[5].
The intense magnetic field also modifies the antineutrino
cross sections, thereby creating an antineutrino flux that is
asymmetric by 3%][6]. This combination of effects would
create a small chirality preference; we estimate it to be a
maximum of 1 x 1075,

While the Galactic supernovae are not capable
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of processing all the molecules in the galaxy, several
mechanisms exist for amplifying this chirality preference,
and for spreading it throughout the Galaxy. It is also
believed[3,4] that once a chirality preference was
established on Earth, more amplification would drive that
preference to homochirality.

=}

B

Figure 1: Schematic diagram of the magnetic fields, B, sur-
rounding a nascent neutron star and the spins of the N
nuclei, Sy, and of the neutrinos, Sv, emitted from the
collapse of the supernova that created the neutron star.
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Recurrent Planet Formation and Intermittent Protostellar Outflows

MACHIDA, Masahiro
(Kyushu University)

Since 1995, over 550 exo-planets have been discovered.
It is considered that a large fraction of exo-planets are the
gas giant planet. Recently, some planets were observed
by SUBARU telescope with direct image. They orbit at
>10AU far from the central star. However, the classical
planet formation theory cannot explain the formation of
such planets. To understand the formation of such planets,
we need to consider the formation of the circumstellar
disk, in which planet forms. In this study, we investigated
the formation of the circumstellar disk from the prestellar
cloud stage. As the initial state, we adopted the spherical
cloud. Then, we added the rotation and magnetic field
comparable to the observation to this cloud.

As a result of calculation, we found that dissipation
of the magnetic field is closely related to the formation of
the gas giant planet[1]. Our previous studies showed that
the first core that is formed before the protostar formation
is directly transformed into the circumstellar disk after the
protostar formation[2,3]. At the moment of the birth of
the protostar, the circumstellar disk is more massive than
the protostar and is gravitationally unstable. However,
when the initial cloud is very weakly (or no) magnetized,
a spiral structure develops in the circumstellar disk, and
it effectively transfers the angular momentum outward.
Then, the gas in the circumstellar disk falls onto the
central star and the surface density gradually decreases.
Therefore, the circumstellar disk becomes stable against
gravity and suppresses fragmentation or the gas giant
planet formation.

On the other hand, when the magnetic field dissipates
in the circumstellar disk, fragmentation occurs and the
gas giant planet appears. The circumstellar disk has a
lower surface density in the outer disk region where
the ionization degree is relatively high and magnetic
field is well coupled with neutral gas. Thus, the angular
momentum in such region effectively transfers by the
magnetic braking, and the gas can flow into the inner
disk region. In addition, the magnetic field drives the
protostellar outflow as shown in Figure 1. The magnetic
field is decoupled from the neutral gas in the inner
disk region, because higher surface density lowers the
ionization degree. In such a region, the magnetic field
dissipates by the Ohmic dissipation. As a result, the
angular momentum transfer due to the magnetic field
is not effective. Thus, the gas accumulates and the disk
surface density continues to increase because the gas
flows from the outer region. Finally, the disk becomes
highly unstable against the gravity and fragmentation
occurs to form the gas giant planet. However, after
fragmentation, the protoplanet falls onto the protostar

because the massive disk gravitationally interacts with
protoplanet. After the falling, fragmentation occurs and
protoplanet appears again. The planet formation and its
falling onto the protostar last until the infalling gas is
depleted. It is considered that the planet appeared just
before the infalling envelope is depleted evolves into
the gas giant planet orbiting the region far from the
central star. In addition, protoplanet’s motion disturbs
the protostellar outflow. The protostellar outflow
synchronizes with the orbital motion of the protoplanet.
We may confirm the existence of the protoplanet and its
orbital motion from the intermittent outflow.

Figure 1: Gas giant planet formation due to the gravitational
instability in the protoplanetary disk. Color and lines
represent the gas density and magnetic field line,
respectively. The yellow structure above the disk
indicates the protostellar outflow.
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Dust and Chemical Abundances of the Sagittarius Dwarf Galaxy
Planetary Nebula Hen2-436

OTSUKA, Masaaki, MEIXNER, Margaret

(STScl)

HYUNG, Siek
(Chungbuk National University)

We have estimated elemental abundances and dust
mass of the planetary nebula (PN) Hen2-436 in the
Sagittarius (Sgr) spheroidal dwarf galaxy using ESO/VLT
FORS2, Magellan/MMIRS, and Spitzer/IRS spectra.

We have detected candidates of fluorine [F 11114790,
krypton [Kri]16826, and phosphorus [P1]A7875 lines
and successfully estimated the abundances of these
elements for the first time. These elements are known
to be synthesized by neutron capture process in the He-
rich intershell during the thermally pulsing AGB phase.
We present a relation between C, F, P, and Kr abundances
among PNe and C-rich stars. The detections of F and Kr
in Hen2-436 support the idea that F and Kr together with
C are synthesized in the same layer and brought to the
surface by the third dredge-up (Fig. 1).
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Figure 1: (a): The [F/Ar]-[C/Ar] diagram. The typical error is
indicated by the cross (the same for the other diagrams).
BoBnl is a Sgr PN. (b): The [P/Ar]-[C/Ar] diagram. (¢):
The [Kr/Ar]-[C/Ar] diagram.

To investigate the status of the central star of the PN,
nebula condition, and dust properties, we construct a
theoretical spectral energy distribution (SED) model to
match the observed SED with CLoupy. By comparing
the derived luminosity and temperature of the central star
with theoretical evolutionary tracks, we conclude that the
initial mass of the progenitor is likely to be ~1.5-2.0 M,
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and the age is ~3000 yr after the AGB phase. The observed
elemental abundances of Hen2-436 can be explained
by a theoretical nucleosynthesis model with a star of
initial mass 2.25 M., Z=0.008 and LMC compositions.
We have estimated the dust mass to be 2.9 x 1074 M,
(amorphous carbon only, Fig.2a) or 4.0 x 107* M
(amorphous carbon and PAH, Fig.2b). Based on the
assumption that most of the observed dust is formed
during the last two thermal pulses and the dust-to-gas
mass ratio is 5.58 x 1073, the dust mass-loss rate and
the total mass-loss rate are <3.1x10.8 M, yr ! and
<5.5x10.6 M, yr!, respectively. Our estimated dust
mass-loss rate is comparable to a Sgr dwarf galaxy AGB
star with similar metallicity and luminosity[1].
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Figure 2: The predicted SED from CLoupy modelings (blue lines).
The observed data are indicated by the black lines
or circles. In the inner small boxes we plot the radio
data and the predicted SED. (a) The predicted SED by
CLoupy considering amorphous carbon only. () The
predicted SED considering amorphous carbon and PAH
grains.
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Polarization Interferometric nulling coronagraph
for high-contrast imaging

MURAKAMI, Naoshi
(Hokkaido University)

NISHIKAWA, Jun, TAMURA, Motohide

(NAOJ)
TAKEDA, Mitsuo

(The University of Electro-Communications)

We propose a novel nulling interferometer based on
polarization interferometry, which we call a polarization
interferometric nulling coronagraph (PINC), for direct
detection of extrasolar planets[1]. The PINC is a fully-
symmetric modified Michelson interferometer using
polarizing beam splitters (PBS), in which achromatic
half-wave plates (HWP) such as Fresnel rhombs are
installed. Two crossed polarizers (£45°) are also installed
in front of and behind the interferometer. The HWPs
provide an achromatic z-phase difference between two
light beams from subapertures (SA;, SA,) extracted from
a telescope pupil, and eliminate an on-axis star light
(Fig. 1, top).

From Jones calculus, the achievable contrast of the
PINC has been estimated to be about 107'% at 5 1/D over a
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Figure 1: (Top) A principle and (bottom) a laboratory simulator of
the PINC.
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wavelength range from 1.6 to 2.2 um. We also carried out
laboratory experiments on the PINC using two laser light
sources (wavelengths of 4 = 532 and 671 nm). Figure
1(bottom) shows a picture of the laboratory simulator of
the PINC. As the HWPs, we used commercially-available
Fresnel rhombs made of BK7. Figure 2a,b shows results
of the laboratory experiments. As a result, we obtained
a halo suppression level of about 107 at 5 A/D for both
wavelengths.

The experimentally acquired contrast curves
(Fig. 2a,b) were well fitted to those of the computer simu-
lations assuming a phase aberration of 3 nmrms and
an optical-path difference (OPD) error of 3.7 nm (Fig.
2a’,b’). Thus it is expected that higher contrasts will be
realized by introducing a high-performance OPD control
and an extreme adaptive optics system.
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Figure 2: Experimental results of laboratory demonstrations: (leff)
acquired coronagraphic images and (right) radial profiles
of coronagraphic images obtained by (a,b) experiments
and (a’,b’) numerical simulations.

Reference
[1] Murakami, N., et al.: 2010, Appl. Opt., 49, D106.

I Scientific Highlights |



Speckle level suppression using an unbalanced nulling interferometer
in a high-contrast imaging system

YOKOCHLI, Kaito

(Tokyo University of Agriculture and Technology / NAQOJ)

NISHIKAWA, Jun, TAMURA, Motohide
(NAOYJ)

TAKEDA, Mitsuo

(The University of Electro-Communications)

High-contrast imaging systems with a stellar halo
suppression level of 107'° are required for direct detection
of Earth-like extra-solar planets. Here 4/10000 rms
wavefront quality is required for the optics to suppress
the speckle level, and a coronagraph will be used to
reduce the diffracted light of a parent star.

We investigated a novel high-contrast imaging system
with an unbalanced nulling interferometer (UNI) followed
by phase and amplitude correction (PAC) adaptive
optics (AO), which not only can reduce starlight but also
can suppress the speckle level by a virtual wavefront
correction beyond the limit of the AO performance[1].

The present system consists of four stages, i.e., a
first AO, the UNI, the PAC AO, and a final coronagraph
(Fig. 1). In the experiments the UNI adopted a modified
lateral shearing Mach-Zehnder interferometer which
we call PINC (Polarization Interferometric Nulling
Colonagraph[2]. We did not use the first AO here. We
confirmed that the aberrations of the input wavefront
were sufficiently magnified by the UNI, cf., /100 rms
to A/16 rms, thanks to the amplitude difference between
the two wavefronts which were split and combined in the
UNIL

Next at the PAC AO system, the magnified aberrations
were effectively corrected in amplitude and phase with
two deformable mirrors (Boston Micromachines Corp.)
to the initial aberration level of /100 rms (Fig.2). Here
the electric field distribution was suppressed to 4/550 rms
virtually by the product with the reduced mean amplitude
after the UNI, although the observed aberration level
was identical to the initial wavefront (AO performance).
According to the pupil plane field, the suppression level
of the speckle pattern at the focus of the final coronagraph
(3D Sagnac nulling interferometer) was 7.0 x 10™*, which
was 0.073 times reduction from the initial (AO-limited)
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Figure 1: Schematic of coronagraph optics with UNI (unbalanced
nulling interferometer).
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level 0f 9.5 x 1073,

Thus we demonstrated that the wavefront correction
after the aberration magnification by the UNI can reduce
the wavefront aberrations and the speckle level beyond
the limit of the AO performance, and the UNIPAC would
be an effective wavefront correction method in high-
contrast imaging systems.
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Figure 2: Electric field changes with the UNI (unbalanced nulling

interferometer) and PAC (phase amplitude correction)
processes.
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Outburst of Comet 217P/LINEAR

SARUGAKU, Yuki ISHIGURO, Masateru
(ISAS/JAXA) (Seoul National University)
UENO, Munetaka, USUI, Fumihiko WATANABE, Junichi
(ISAS/JTAXA) (NAOJ)
Comet 217P/LINEAR is a short-period comet detected Reference
by the Lincoln Near-Earth Asteroid Research program [1] Sarugaku, Y., et al.: 2010, 4pJ, 724, L118-L121.
as the name indicates. The discovery was on 2001 July [2] Watanabe, J.-L., et al.: 2009, PASJ, 61, 679-685.

11, and was confirmed as a Jupiter family comet having
a period of 7.8 years. Because the most recent perihelion
passage was expected on 2009 September, we monitored
this comet with the Kiso 105 cm Schmidt Telescope.
The images revealed a day-by-day variation of the 217P/
LINEAR shape, indicating an outburst occurred. Since
our observation started before the outburst event, we
examined the morphological evolution of the expanding
dust cloud produced by the outburst[1]. It was found that
the dust cloud expanded at a velocity of 120-140ms~
! and that the comet became brighter by 1.7-2.3 mag.
Using the observational result, we estimated that the
onset time was 2009 October 13.4, and that the total mass
released by the outburst was in the range of 10°-10°kg.
No fragments or split nuclei brighter than 18.5 mag
(1.1 km in radius) were confirmed in our observations.
Compared with other outbursts[2], we concluded that it
was a relatively small event for an outburst.
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Figure 1: Rc band images of 217P/LINEAR observed on 2009 October 11-15, and 17. Sky brightness is subtracted. The upper right boxes
show close up images near nuclei with contour lines of 10743, 10749, 1073, 1039, and 10> Wm2sr ! um™ from the outer side.
The arrows in the October 13 image indicate the Sun direction (Sun), the angular momentum vector (L), and comet movement (v) on
the projected plane, respectively. The appearances of 217P/LINEAR on October 11 and 12 were similar, but clearly changed day by
day after October 13. It was found that the dust cloud expanded and was blown away by the radiation pressure.
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