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PREFACE

We present the annual report of achievements by NAOJ

through the FY 2003.

Since its successful completion in 2000, the 8.2m aperture

Subaru telescope at Mauna Kea, Hawaii has been released a

number of remarkable observing results such as continuous

renewal of record of the most distant galaxies ever observed,

and detailed structure of proto-planetary disks, etc., as one of

the leading ground-based optical/IR telescopes. The VERA

(VLBI Experiment of Radio Astrometry) is accumulating

observational test to achieve super-high spatial resolution for

the long-term program which aims to map the whole our

Galaxy by means of three-dimensional distance measurements of maser sources. The develop-

ment of SOT, on-board SOLAR-B, a 50-cm aperture space optical telescope for observations

of detailed solar surface structure which will be launched in 2006 by collaboration with JAXA,

is approaching its final stage. The “Four-Dimensional Digital Universe” project which aims to

open a novel means for education, PR and research is attracting a strong public interest. The

NAOJ, a core national institute for astronomy in Japan, has been developing activities in wide

areas based on its unique character as an inter-university research institute including all fields

of ground based astronomy and related sciences  : Details are presented in the text.

A big news in the FY 2003 is the allocation of the 8-year ALMA construction budget for

NAOJ by the Government. From the FY 2004 Japan will join the world-scale cooperative con-

struction of ALMA with Europe and North America toward the full operation from 2011 to

open the unknown part of the universe. One of the important concepts of ALMA is a big jump

in spatial resolution to achieve 0.01 arc-sec in sub-millimeter wavelength region which had

been proposed and developed by Japanese radio astronomers’ community for many years. The

ALMA will conduct cutting-edge observations to reveal the process of planetary formation

around a number of stars shining in the night sky, to develop our understanding of the material

evolution throughout the history of expanding universe, and to find objects and phenomena

which we never know without ALMA.

In 1982 NAOJ (the then Tokyo Astronomical Observatory, University of Tokyo) started the

world-level mm-wave astronomy by establishing of the Nobeyama Radio Observatory

equipped with the 45-m mm-wave telescope and the mm-wave interferometer. At the same

time we started the discussion and development toward the next generation radio telescopes.

The plan firstly based on the idea of large mm-wave interferometer with 30 element antennas

(LMA), then had been developed to LMSA (Large MM- and Submm-wave Array) by empha-

sizing the astronomical importance of the sub-mm wave capability. Now the plan is going to be

realized as a huge “world telescope” ALMA by global cooperation . We NAOJ will do our best

for the successful completion and operation of this exciting project.

The NAOJ started its new history as a member institute of an inter-university research

agency NINS (National Institutes of Natural Sciences) from April 2004. The NINS is a new

research organization covering wide area of natural sciences; universe, energy, material, life

and human physiology, and it aims to develop novel fields and activities in the science. Also

such reorganization of research institutes in Japan to independent agencies from organizations

      



directly belonging to the government aims to add more freedom to operational activities in

those institutes for their scientific research of world level. Based on this viewpoint the NAOJ

started serious discussion from 2001 aiming to construct new internal structure and operation

system for our better activities as a research agency. After two years examination phase the

proposal was accepted in September 2003 by the community through the comprehensive dis-

cussions, and the NAOJ started its new internal structure and operation system from April 1,

2004. The outlines of the new system are as follows.

1) Adoption of the project system. All observatories, facilities and groups in NAOJ except

the theoretical astrophysics group are defined as “project” with various scales in size and term.

Each project should make its mission, life and leadership clear, and all projects are reviewed

yearly. This is to strengthen and heighten the moral, motives and efficiency for scientific

achievements in each project under the limited resources of NAOJ. All the project should be

built under the leadership of scientists(bottom-up). Small scale projects to develop novel meth-

ods/fields are also encouraged.

2) To ensure the above direction we strengthen the management structure to support direc-

tor general, renew the personnel management system for research and engineering employee,

and widen the acceptable position of the contracting staff members to make possible to invite a

variety of talented people for projects, management, and support.

The NAOJ had achieved a number of successful developments and science in the past two

decades, and had extended cooperative scientific activities with domestic and overseas commu-

nities widely. We continue our best efforts to reveal the universe we live, and to serve

humankind in the field of science, technology, education and intellectual adventure.

 

Director General of NAOJ
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A laser interferometer gravitational wave detector

TAMA300 has performed nine times of data takings (DT)

from 1999 up to now. In August 2000, the world's best sen-

sitivity ( / Hz5 10 21# in strain) was achieved (M. Ando

et al. 2001, Phys. Rev. Lett., 86, 3950). The shot noise level

has been reduced after the implementation of the power

recycling in December 2001, according to which the total

sensitivity of the detector is improved up to

/ Hz2 10 21# . The observable distance, at which neutron

star binaries with 1.4M9 yield S/N=10, was extended from

33kpc to 73kpc. The strain sensitivity of the interferometer

is shown in Figure 1. The sensitivity reached the shot noise

limit at the frequencies higher than 1kHz.

Figure1: Strain sensitivity of the interferometer.

Since gravitational wave signals are detectable through

24 hours, we had developed an automatic and crew-less

operation system. The auto lock system recovers the servo

loops to control the interferometer automatically. The pro-

gramming language has been changed from C to National

Instruments LabVIEW, which enabled to code a complicat-

ed sequence with multi-thread easily.

Figure 2 shows the operational status of the interferom-

eter in DT9. This observation was placed as an internation-

al collaboration run. The period of the run was coordinated

with the S3 run of LIGO in USA and GEO600 in Germany.

Green lines indicate the period when the interferometer was

operated and the analyzable data was taken. Total observa-

tion time was 558 hours.

Figure2: Operational status of the interferometer in DT9.

In the first half of the run (Nov. 28–Dec. 19, 2003), the

interferometer was operated only in the nighttime except

weekends because of terrible vibrations caused by con-

structions around the site. The run was interrupted during

Dec. 20–24 due to the power failure. In the latter half (Dec.

25, 2003–Jan. 10, 2004), three times of continuous opera-

tions longer than 24 hours were achieved (the longest time

was 28 hours) owing to good environments in the New

Year's holidays. The sensitivity was better than that in the

first half, and such a sensitivity was kept up. As for the sta-

bility and the duty rate of the detector, the automatic opera-

tion system shows its ability with the newly complemented

functions such as the automatic adjustment system for the

interferometer, the emergency-call system to expert people

via the mobile phone, the remote operation system, etc. In

the case that the interferometer was not recovered automat-

ically, the expert people called by the mobile phone con-

firmed the status of the interferometer through the internet

and recovered the interferometer with the remote operation

soon.

Interferometer Gravitational Wave Detector TAMA300
Automatic Operation and International Collaboration Run

FUJIMOTO, Masa-Katsu, KAWAMURA, Seiji, YAMAZAKI, Toshitaka
TAKAHASHI, Ryutaro, ARAI, Koji, TATSUMI, Daisuke, FUKUSHIMA, Mitsuhiro

SATO, Shuichi, TSUNESADA, Yoshiki, and the TAMA Collaboration
(Division of Astrometry and Celestial Mechanics, NAOJ)
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Integration of flight model Solar Optical Telescope
(SOT) is nearly completing, which is to be carried aboard
the JAXA/NAO solar observing satellite SOLAR-B (the
launch is scheduled in the summer of 2006).  The SOT is
aiming at observing the solar atmospheric structures, espe-
cially solar magnetic structures, with a diffraction-limited
resolution of 0.2 to 0.3 arcsec and polarization accuracy
better than 10 3- which are difficult to keep during observa-
tion with ground-based instruments. The SOT consists of
two separate optical structures: the Optical Telescope
Assembly (OTA) being manufactured in Japan and the
Focal Plane Package (FPP) by NASA, USA. The OTA is
made of an aplanatic Gregorian telescope of 50 cm effec-
tive aperture and other indispensable auxiliary optical com-
ponents such as a heat dump mirror, a secondary field stop-
mirror, a collimataing lens unit, a polarization modulation
unit and a tip-tilt mirror for image stabilization.

The integration of OTA-FM started in November, 2003,
in a newly-built clean room of NAOJ. The framework of
OTA was a truss of CFRP which had been used and proved
in a proto-model OTA. Flight model optical components
were individually examined and demonstrated optical per-
formance better than allocated optical error budgets. Then,
assembly and fine alignment of optical components on the
truss were carried out by using the method well-established
in the proto-model integration. As a result, the optical
assembly was successful; OTA has small optical (coma and
defocus) aberration enough to be acceptable for diffraction-
limited performance in zero-gravity condition, which was
estimated by the average of both measurements in OTA
pointing upward and downward.

In the next, we are performing opto-thermal test in
which OTA is put in a vacuum chamber and given temper-
ature distributions expected on orbit. The purpose of this
test is to confirm that additional wavefront error and defo-
cus due to thermal deformation of structure are in accept-
able ranges. Furthermore, end-to-end optical tests for OTA
combined with FPP is planned in the summer of 2004 by
actual sun observations. The sunlight can be fed to SOT in
the clean room of NAOJ by a 90 cm heliostat installed on
the roof in October, 2003.

Upon the integration, we have been much cautious in
all the contaminant doubtful materials and spent consider-
able time in selection of low outgassing material, grease

removing cleanings and baking out of most structure mate-
rials except for optical components, because contamination
of optical surfaces and resulted degradation of photon
through-put are one of the most crucial for the success of
the telescope. Since assembly of deployment mechanisms
for two doors (top-door at telescope entrance and side-door
at heat dump window) and installation of heaters and tem-
perature sensors are progressing satisfactorilly, final inte-
gration will be completed in the summer of 2004.

References

[1] Suematsu, Y.: 2003, Solar-B: Status of Project, The Proc. of the IAU

8th Asian-Pacific Regional Meeting,  ASP Conf. Proc., 289, 37–44.

Solar-B/Optical Telescope Flight Model is Coming Up
SUEMATSU, Yoshinori, ICHIMOTO, Kiyoshi, SHIMIZU, Toshifumi, OTSUBO, Masashi

NAKAGIRI, Masao, NOGUCHI, Motokazu,  TAMURA, Tomonori, KATO, Yoshihiro
HARA, Hirohisa, MIYASHITA, Masakuni, TSUNETA, Saku

(NAOJ)
KATSUKAWA, Yukio, KUBO, Masahito, SAKAMOTO Yasushi

(Univ. of Tokyo)

Figure1:OTA-FM is being hoisted out of an integration tower into

another support frame for installation of heaters, temperature

sensors, cables, and envelopes after the initial optical assembly

and test (in the clean room of NAOJ).

Figure2:Upside-down OTA-FM is being hoisted down to lower part of

a vacuum chamber for opto-thermal test (in the clean room of

NAOJ).
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Discovery of a Planetary Companion to the G-type Giant Star
HD 104985

SATO, Bun'ei, ANDO, Hiroyasu, TAKEDA, Yoichi, NOGUCHI, Kunio
(Division of Optical and Infrared Astronomy, NAOJ)

KAMBE, Eiji
(National Defense Academy)

IZUMIURA, Hideyuki, MASUDA, Seiji, WATANABE, Etsuji, KOYANO, Hisashi
MAEHARA, Hideo, NORIMOTO, Yuji, OKADA, Takafumi, SHIMIZU, Yasuhiro

YANAGISAWA, Kenshi, YOSHIDA, Michitoshi
(Okayama Astrophysical Observatory, NAOJ)   

WADA, Setsuko
(The University of Electro-Communications)

OKADA, Norio URAGUCHI, Fumihiro
(Advanced Technology Center, NAOJ) (Subaru Telescope, NAOJ)

We have carried out a precise Doppler survey of G-type

giants in order to search for planets around intermediate-

mass stars ( . M1 5 5+ 9) and to understand the formation

and evolution of planetary systems around them. G-type

giants are slow-rotators and have many sharp lines in their

spectra and their surface activities are relatively low in con-

trast to their younger counterparts on the main-sequence,

which would allow us to detect planets around them by pre-

cise radial velocity measurements. We are now monitoring

about 300 G–K giants using HIgh Dispersion Echelle

Spectrograph (HIDES) and an iodine absorption cell at

Okayama Astrophysical Observatory. In this article, we

report the first result from our survey, the discovery of a

planetary companion around G-type giant star HD 104985

(G9III). This is the first planetary candidate around G-type

giants and the third one around evolved giants.

The radial velocity of HD 104985 has been monitored

since 2001 March, and it is found to show a large variation

with a significant periodicity. The variability can be well

fitted by a nearly circular orbit with a period

. .P 198 2 0 3!= days, a velocity semiamplitude

K 161 21 != m s 1, and an eccentricity . .e 0 03 0 02!=

(Fig.1). Since HD 104985 is identified as a photometrically

stable star from the Hipparcos measurements and the

observed period is at least 2 orders of magnitude larger

than expected in the case of radial pulsation, it is unlikely

that rotational modulation or pulsation is the cause of the

variability. Adopting a stellar mass of 1.6M 9, we obtain for

the companion a mass .sinm i 6 32 = M J and a semimajor

axis .a 0 78= AU (Fig.2). A probable upper limit of 3 M 9

to the stellar mass yields .sinm i 9 62 = M J, which still falls

within the planetary mass regime. The estimated primary

mass of 1.6 M 9 for HD 104985 corresponds to a progenitor

with spectral type from early F to late A on the main

sequence. The surrounding disks of such massive stars may

have lifetimes shorter than those of lower mass stars, and

the existence of gas giant planets around such stars would

constrain the time scale and mechanism of giant planet for-

mation.

References

[1] Kambe, E. et al.: 2002, PASJ, 54, 865.

[2] Sato, B. et al.: 2003, ApJ, 597, L157.

Figure2:Artist’s concept of the planetary system around HD 104985

compared with the solar system.

Figure1:Observed radial velocities of HD 104985 (dots). The Keplerian

orbital fit is shown by the solid line. The rms deviation to the

fit is 23.5 m s 1.
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The formation and evolution of the large-scale cluster-
ing of galaxies, as seen in the present-day universe, are
central issues in cosmology. Observations of galaxy clus-
tering in the distant universe give us great clues to this
issue, including how galaxies were formed in the underly-
ing dark matter.

Here we report the discovery of a large-scale structure
of Lyman a emitting galaxies (LAEs [1]) at .z 4 86= based
on wide-field imaging with Suprime-Cam on Subaru [2].
We observed a 30 45#l l area of the Subaru Deep Field in a
narrow band (NB711, Cm =7126Å and FWHM=73Å)
together with the R and il bands. We isolate from these data
43 LAE candidates down to NB711 .25 5= mag using color
criteria (Fig.1). Follow-up spectroscopy of five of the 43
candidates suggests that the contamination by low-z objects
is + 20%.

We find that the LAE candidates are clustered in an
elongated region on the sky of 20Mpc in width and 50 Mpc

in length at z=4.86 (Fig.2), which is comparable in size to
present-day large-scale structures (we adopt

). This elongat-
ed region includes a circular region of 12Mpc radius of a
higher surface overdensity ( 2=dv ), which may be the
progenitor of a present-day cluster of galaxies.

Assuming this circular region to be a sphere with a spa-
tial overdensity of 2, we compare our observation with pre-
dictions by Cold Dark Matter models. We find that an

.0 30=X flat model with .0 98=v predicts the number of
such spheres consistent with the observed number if the
bias parameter of LAEs is as high as b 6- . This value sug-
gests that the typical mass of dark haloes hosting LAEs at
z 5- is of the order of M1012

9. Such a large mass poses an
interesting question about the nature of LAEs.

References
[1] Hu, E. et al.: 1998, ApJ, 502, L99.

[2] Shimasaku, K. et al.: 2003, ApJ, 586, L111.

Figure1:Two-color diagrams for continuum color (R-i) and narrowband
excess color (Ri-NB711), where ( )/Ri R i 2/ + is a continu-
um magnitude. Left panel: Tracks of model galaxies at differ-
ent redshifts. The red lines indicate model LAEs, while the
other lines are for foreground galaxies (z 2# ). The yellow star
marks show Galactic stars. Right panel: Colors of the detected
objects. The large circles indicate 43 LAE candidates, among
which the red ones have spectroscopic observations while the
small dots are for the other objects. Our LAE selection criteria
are outlined by a pink line.

Figure2:Sky distribution of 43 LAE candidates. Areas of relatively
poor quality have been trimmed. Brighter candidates are
shown by larger circles. The dotted, dashed, and solid lines
correspond to contours of a surface overdensity of 0, 1, and 2,
respectively.Five objects with spectroscopic redshifts are
marked with A E- .

Discovery of a Large-Scale Structure at Redshift 5-
SHIMASAKU, Kazuhiro, OUCHI, Masami, OKAMURA, Sadanori, DOI, Mamoru,

KIMURA, Masahiko, MIYAZAKI, Masayuki, SEKIGUCHI, Maki
(University of Tokyo)

KASHIKAWA, Nobunari,KAWABATA, Koji,YAGI, Masafumi, YAMADA, Toru, YASUDA, Naoki
(NAOJ)

FURUSAWA, Hisanori, KOMIYAMA, Yutaka, MIYAZAKI, Satoshi, OHYAMA, Yoichi
(Subaru Telescope, NAOJ)

HAMABE, Masaru
(Japan Women's University)

HAYASHINO, Tomoki, MATSUDA, Yuichi, SHIOYA, Yasuhiro, TAMURA, Hajime,TANIGUCHI, Yoshiaki
(Tohoku University)

KODAIRA, Keiichi NAKATA, Fumiaki OHTA, Kouji
(SOKENDAI) (University of Durham) (Kyoto University)
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Ultraluminous infrared galaxies (ULIRGs), discovered
with the IRAS all sky survey, radiate very large luminosi-
ties ( 12

9>L L10 ) as infrared dust emission, and thus posses-
sextremely powerful energy sources hidden behind dust.
High-redshift ULIRGs dominate the cosmic infrared back-
ground emission, and so have been used to trace the dust-
obscured star formation rate, dust content, and metallicity
in the early universe, by assuming that these ULIRGs are
powered by starburst activity. However, the most important
issue, namely, whether the dominant energy sources of
ULIRGs are starbursts or dust-obscured AGNs, is still
unclear.

If powerful AGNs are present and obscured by dust in a
torus geometry, their signatures are easily detectable,
because a large amount of AGN's radiation escapes along
the torus axis. However, since nuclear regions of ULIRGs
are very dusty, AGNs resident in the majority of ULIRGs
may be deeply embedded in dust along all sightlines. It is
fundamental to detect such buried AGNs and quantitatively
determine their energetic importance. For these purposes,
observations at wavelengths of low dust extinction are
clearly a powerful way. One of such wavelengths is ther-
mal infrared 3–4 nm. Extinction at 3–4 nm is as low as that
at 5–13 nm. Furthermore, starburst and AGN emission are
clearly distinguishable based on the spectral shapes; A star-
burst always shows strong 3.3 nm Polycyclic Aromatic
Hydrocarbons (PAH) emission, while if the equivalent
width of the 3.3 nm PAH emission is substantially smaller
than that of a starburst, and strong dust absorption features
are also detected, then a powerful buried AGN is required.
Finally, in a starburst, the energy sources and dust should
be spatially well mixed, while the energy source is more
centrally concentrated than the dust in a buried AGN. In the
former case (starburst), there are upper limits to the optical
depths of dust absorption features at 3–4 nm, but they can
be large in the latter case (buried AGN) [1].

Using these methods, we have succeeded in providing
strong evidence for buried AGNs, which had previously
been undetected with other methods, in several ULIRGs,
and in quantitatively determining the energetic importance
of buried AGNs (Figure 1). The presence of a powerful
AGN in a bright ULIRG, UGC 5101, has been confirmed
with subsequent X-ray observations (Figure 2), clearly-
demonstrating the reliability of our 3–4 nm spectroscopic
energy diagnostic method [2].

Figure1:3-4 nm spectra of two ULIRGs that show strong evidence of

buried AGNs (UGC 5101 and IRAS 00188–0856). The equiva-

lent widths of the 3.3 nm PAH emission is significantly weak-

er than those of starbursts, and 3.1 nm absorption by ice-cov-

ered dust (below the dashed continuum line) as well as 3.4 nm

absorption by bare dust (below the solid continuum) are detect-

ed. The large optical depths of these absorption features are

incompatible with a starburst, but favors a buried AGN. Since

3–4 nm continuum is dominated by hot dust with T + 1000K

at the innermost part of the surrounding dust, these optical

depths probe dust column toward the buried AGNs.We found

that the dereddened AGN luminosities could account for the

bulk of the infrared luminosities of these ULIRGs.

Figure2:X-ray spectrum of UGC 5101 obtained with XMM. In the

upper panel, the higher and lower plots are EPIC PN and MOS

spectra, respectively. Soft X-ray emission at 0.5–2 keV is dom-

inated by thermal emission from starbursts. At >3 keV, a clear

excess above the thermal emission is recognizable, which is

interpreted as emission from a buried AGN. The absorption-

corrected AGN luminosity is sufficiently large, as was estimat-

ed from the thermal infrared 3–4 nm spectrum.

References
[1] Imanishi, M., and Maloney, P. R.: 2003, ApJ, 588, 165.

[2] Imanishi, M. et al.: 2003, ApJ, 596, L167.

Buried AGNs in Ultraluminous Infrared Galaxies
IMANISHI, Masatoshi MALONEY, Philip

(Division of Optical and Infrared Astronomy, NAOJ) (University of Colorado)
TERASHIMA, Yuichi, ANABUKI, Naohisa, NAKAGAWA, Takao 

(ISAS)
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According to the current unification paradigm of active
galactic nuclei (AGNs), Seyfert 2 galaxies (which do not
show broad optical emission lines) are believed to contain
AGNs obscured behind dusty tori. Since the dusty tori are
rich in molecular gas, they are plausible sites for starbursts
to occur. However, the true nature of these starbursts is still
unclear. To understand the properties of the compact (<300
pc in size) nuclear starbursts, by disentangling from extend-
ed star-formation activity in host galaxies, slit spectroscopy
is effective.

In particular, 3–4nm slit spectroscopy can provide an
excellent tool not only for detecting the compact nuclear
starbursts, but also for making quantitative estimates of
their luminosities. First, the 3.3nm polycyclic aromatic
hydrocarbon (PAH) emission feature is detected only in
starbursts and not in AGNs, making its luminosity a good
measure of starburst activity. Second, the 3.3nm PAH
emission from starbursts is intrinsically so strong that the
signatures of even weak compact nuclear starbursts are
detectable in normal (S/N + 20) spectra. Third, the effects
of dust extinction are much lower than at shorter wave-
lengths, and in a few selected Seyfert 2 galaxies, it has
actually been confirmed that the magnitudes of the compact
nuclear starbursts are reasonably quantifiable from the
observed (not extinction-corrected) 3.3nm PAH luminosi-
ties [1].

We have applied this successful 3–4nm slit spec-
troscopy to 32 Seyfert 2 galaxies in the CfA and 12nm
samples (Figure 1), and found the following main conclu-
sions, based on this statistically meaningful sample number
[2].

(1) The signatures of the nuclear starbursts were detect-
ed in one-third of the observed Seyfert 2 galaxies.
However, in the majority of them, the equivalent widths of
the 3.3nm PAH emission feature were much smaller than
those observed in starburst galaxies, suggesting that the
3–4nm fluxes are dominated by AGNs and not by the
nuclear starbursts.

(2) The 3.3nm PAH to infrared dust emission luminosi-
ty ratios were so small that the compact nuclear starbursts
contribute only insignificantly to the infrared luminosities
of Seyfert 2 galaxies.

(3) The 3.3nm PAH emission luminosities were statisti-
cally correlated with some indicators of AGN powers;
IRAS 12nm and 25nm luminosities, and nuclear N-band (m
= 10.6nm) luminosities (Figure 2). These correlations are
consistent with some theoretical models predicting that the
presence of the nuclear starbursts in the torus can enhance

the mass accretion rate onto a central supermassive black-
hole, and thereby increase the AGN luminosity.

(4) Dust absorption features at 3.1nm (by ice-covered
dust) and 3.4nm (by bare dust) were generally weak, sug-
gesting that dust extinction toward the 3–4nm continuum
emitting hot (1000K) dust at the innermost part of the torus
is relatively modest, AV <50-60 mag.
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Compact Nuclear Starbursts in the CfA and
12 nm Seyfert 2 Galaxies

IMANISHI, Masatoshi
(Division of Optical and Infrared Astronomy, NAOJ)

Figure2:The ordinate is the 3.3nm PAH emission luminosities mea-

sured in our slit spectra and reflects the absolute magnitudes of

the compact nuclear starbursts. The abscissa is some luminosi-

ties that are thought to trace AGN powers. (a) IRAS 12nm

luminosities. (b) IRAS 25nm luminosities. (c) Nuclear N-band

luminosities measured with ground-based aperture (<10 arcsec)

photometry. In all the plots, statistical correlations are found,

suggesting that AGN and nuclear starbursts are physically

closely related.

Figure1:Examples of 3–4nm spectra of Seyfert 2 nuclei. The abscissa is

observed wavelength in nm, and the ordinate is Fm in 10 15 W

m 2 nm 1. The left source shows a clear 3.3nm PAH emission

feature, while the spectrum of the right source is nearly fea-

tureless, with no detectable 3.3nm PAH emission.
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Ultraluminous infrared galaxies (ULIRGs) radiate
quasar-like luminosities (> L1012

9) as infrared dust emis-
sion, and thus possess extremely powerful energy sources
hidden behind dust. Estimating what fraction of the
infrared luminosities are powered by starburst and AGN
activity individually is important to understand the dust-
obscured AGN–starburst connections.

To estimate an AGN contribution, an indicator which
can trace AGN power, by disentangling from star-forma-
tion activity, is required.  Two useful indicators currently
known are (1) broad hydrogen emission lines in the optical
and near-infrared domains and (2) X-ray emission at E >

2keV. First, broad emission lines whose line widths are
larger than 1500km s 1 in full-width at half maximum
(FWHM) are believed to originate in high-velocity gas
around an AGN, but are difficult to be produced with phe-
nomena related to star formation. Next, 2–10 keV emission
from an AGN is much stronger than star-formation. In
many optically-selected dust-unobscured type-1 AGNs, the
luminosities between 2–10 keV and broad line emission are
correlated. If this correlation holds also for ULIRGs, then
both of these indicators can be used to estimate the contribu-
tions from AGNs to the infrared luminosities of ULIRGs.

Although putative AGNs in the majority of ULIRGs are
deeply buried in dust and gas, some fraction of ULIRGs
happen to possess modestly dust obscured AGNs along our
line-of-sight and show detectable near-infrared broad emis-
sion lines. If X-ray absorption is also modest
( < cmN 10H

24 2) toward the AGNs in these ULIRGs, then
we can detect direct 2–10keV X-ray emission from the
AGNs and thus estimate absorption-corrected X-ray lumi-
nosities with sufficient accuracy. We have performed X-ray
observations of ULIRGs with such modestly-dust-obscured
AGNs (Figure 1) and compared their 2–10keV to broad
line luminosity ratios with optically-selected type-1 AGNs
[1]. We found that in ULIRGs the absorption-corrected
2–10keV luminosities are underluminous by an order of
magnitude, with respect to the broad line luminosities
(Figure 2).  Based on some independent energy diagnostic
methods, it is more likely that the AGNs in ULIRGs are
underluminous in X-rays with respect to their overall spec-
tral energy distributions, than that their broad lines are
overluminous.

Possible reasons for the X-ray underluminosity include
(1) at the dusty nuclear regions of ULIRGs, X-ray emission
from AGNs is significantly suppressed for some reasons,
(2) the detected 2–10 keV emission suffer from partial

absorption by foreground compact (smaller than the X-ray
emitting regions), clumpy, and Compton-thick
( > cmN 10H

24 2) material, and (3) the 2–10 keV emission
we detected is not directly transmitted components from
the AGNs, but is scattered components by ionized gas. In
any case, estimated AGN contribution from the observed
2–10keV spectra will substantially underestimate the actual
AGN luminosities in ULIRGs. There are some ULIRGs,
which are consistently suggested to be AGN-powered by
some independent methods, but are argued to be starburst-
powered from X-ray observations due to weak X-ray emis-
sion. This contradiction may come from the X-ray underlu-
minosity from AGNs in ULIRGs.
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Figure2:Comparison between absorption-corrected 2–10keV X-ray

luminosity (ordinate) and extinction- uncorrected broad optical

Ha emission line luminosity (abscissa). Open circles are opti-

cally-selected type-1 AGNs. Filled squares are ULIRGs, whose

locations are systematically at the lower-right side of the type-

1 AGNs. For ULIRGs, the optical Ha luminosities are estimat-

ed with a conservative case-B theory, so that the actual posi-

tions should be even righter than the current plots.

Additionally, while dust extinction of broad lines are negligible

in type-1 AGNs, that may be significant in ULIRGs. If we cor-

rect for this dust extinction correction, the plots of ULIRGs

will move even to the right, increasing their deviations from

the type-1 AGNs.

Figure1:X-ray spectra of two ULIRGs with detectable broad emission

lines (Mrk463 and IRAS 05189-2524), obtained with XMM.

In the upper panel, the upper and lower plots are EPIC PN and

MOS data, respectively. In both sources, spectral excess at E L
2 keV is attributed to the X-ray emission from the AGNs, and

absorption is estimated to be < cmN 3 10H
23 2# .
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Linear polarization of chromospheric lines including
the H line observed in solar flares is interpreted as impact
polarization. The impact polarization is produced by accel-
erated high-energy particles, which precipitate into the
chromosphere. Protons are preferable to produce the impact
polarization, because they have heavy mass and easily pen-
etrate into the chromosphere. Therefore, observations of
impact polarization gives a rare chance to detect protons in
solar flares, and have been considered to be very important
for studying protons in solar flares.

There are some former observations of impact polariza-
tion. However, compared with the abundance of hard X-ray
observations, polarization observations are few, and the
behavior of protons in flares is not yet clear. Therefore, we
installed a polarimeter into the H imager of the Solar
Flare Telescope at Mitaka, which is operated by the
Division of Solar Physics. As shown in Figure 1, a rotating

/2 waveplate is placed just before the H Lyot filter. The
images taken with the CCD camera are integrated in real-
time, and polarization image sets are taken every 4s.
Therefore, high-cadence imaging polarimetry in the H line
became possible with this polarimeter. We started a regular
observation with this polarimeter to obtain a number of
samples of impact polarization observations in 2002 July.
We carry out not only the polarimetry, but also the high-
cadence imaging at the H center and the H off-band
imaging for the Doppler velocity analysis.

Among the flares observed so far, a C5.8 flare on 2002
October 14 showed a particularly significant linear polar-
ization [1]. This flare is a gradual one, which was accompa-
nied by a filament eruption [Figures 2(a) and 2(b)]. The
maximum degree of polarization of this flare exceeds 1%,
and the orientation of the polarization is approximately per-

pendicular to the flare ribbons, as shown in Figure 2(c).
These results can be explained with the assumption that the
observed polarization is impact polarization produced by
accelerated protons. Downward motion of the H emitting
layer of the flare kernels, which is generally accepted as the
reaction to the chromospheric evaporation, was also
observed. Both the polarization and the downward motion
show the tendency that they exhibit a significant signal dur-
ing the rise phase of kernel brightenings. This fact suggests
that not only the downward motion but also the polariza-
tion is closely related to the heating agent of the chromos-
phere. The hard X-rays observed by the Reuven Ramaty
High Energy Solar Spectroscopic Imager (RHESSI) show a
thermal component, which corresponds to the loop-top
high-temperature source shown in Figure 2(b), but there is
no detectable power-law component due to accelerated
electrons. Therefore, protons are presumed to be not only
the cause of the polarization, but also a possible candidate
of the principal heating agent in this flare, which lacks
high-energy electrons.
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H Impact Polarization Observed in a Gradual Flare
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Figure1:The Solar Flare Telescope and the layout of the H polarime-

ter including the rotating waveplate modulator.

 

 

 

 
  

 

Figure2:Images of the flare on 2002 October 14 and a polarization map

and a Dopplergram.  (a) A pre-flare image showing the fila-

ment before the eruption. (b) The two-ribbon flare occurring

after the filament eruption. The contours show the hard X-ray

source observed with the RHESSI. (c) A polarization map

(left-side) and a Dopplergram (right-side) of the region indicat-

ed by a rectangle in panel (b).  Ticks in the polarization maps

show the orientation and the degree of the polarization. In the

Dopplergram, white patches in the flare ribbon correspond to

the red shift.
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Image stabilizers and adaptive optics systems are now
under operation in many ground-base solar telescopes to
remove the seeing effect.  In both types of the systems,
optical components are actively controlled on the basis of
the image displacement signals.

In the solar observation, the image displacement should
be calculated by the correlation calculation between the ref-
erence image and the live image. The live image is shifted
step by step, and the displacement which gives the maxi-
mum correlation is searched. The huge amount of the cor-
relation calculation was the biggest problem in the correla-
tion tracking of the solar observation. However, personal
computers (PCs) nowadays have enough performance to
carry out the correlation calculation with a sufficiently high
rate. Therefore, the combination of a PC and our real time
software system for solar observation can realize the corre-
lation tracking system.

We have developed a image stabilizing system based on
the real-time correlation tracking with a high-speed CCD
camera, of which the frame rate is 955 frames s 1.  In this
system, the image displacement is calculated in every
frame and a plane mirror attached on a piezo tilt-mount is
controlled to cancel the displacement.  An example of the
comparison between the motion of the non-stabilized
image for 1s and the (residual) motion of the stabilized
image is shown in Figure 1. The striking effect of the

image stabilization can be seen. The residual RMS fluctua-
tion of the stabilized image is only 0.08 pixel (1pixel corre-
sponds to 1 square-arcsec), while the non-stabilized image
wobbles within several arcseconds. The spectra of the
image motions are shown in Figure 2. The image motions
up to several tens of hertz are suppressed by the image sta-
bilization.  Figures 1 and 2 show the behavior of the image
stabilizer for only 1s, but our image stabilizing software
can be used for the long-duration automatic tracking.  The
reference image is renewed every 10s, and in the case of
troubles such as the cloud passing and the piezo mount
reaching the limit, the mirror automatically returns to the
origin and the tracking is resumed.

As mentioned above, the correlation tracking technique
is common in the image stabilizer and the adaptive optics.
Then we construct an experimental Shack-Hartmann sensor
with the same CCD camera with 955 frames s 1 to evaluate
the performance of a PC as the controller for the adaptive
optics.  Even though the PC used for the evaluation is not a
new one (Pentium III 1.2 GHz), it can carry out the correla-
tion tracking calculation for 4#4 subapertures of the Shack-
Hartmann image with the rate of 955 frames s 1.  In the
case of the half frame rate, the number of subapertures
increases to 6#6.  This result indicates that a low-order
adaptive optics systems, which is under operation in some
of the solar observatories, can be easily realized with our
software system and a faster PC.  Now we are developing
an adaptive optics system for solar observations.

Correlation Tracking Image Stabilizer for
Ground-Base Solar Observations

HANAOKA, Yoichiro
(Division of Radio Astronomy, NAOJ)

Figure2:Spectra of the motion of the sunspot in the stabilized (red lines)

and the non-stabilized cases (black lines).  The spectra of the x-

and y-motions are shown in the upper and the lower panels.
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Figure1:Red line: Motion of the stabilized sunspot image (residual error

of the correlation tracking) for 1000 frames, which corresponds

to about 1s. Black lines: Motions of non-stabilized sunspot

images. Two cases are shown with solid and dotted lines.

Upper and lower panels show the motion along the x- and y-

axes, respectively.  The sunspot image used for the experiment

is shown in the inset.
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Jets/outflows in a variety of objects are associated with
accretion disks. Among such objects ranging from X-ray
binaries to quasars, young stellar objects (YSOs) provide
the most easily observable examples. Indeed, many YSOs
exhibit beautiful collimated jets at optical-IR wavelengths,
and energetic molecular outflows at radio wavelengths.
Understanding the mechanism of mass accretion and ejec-
tion in these systems is one of the fundamental open prob-
lems in contemporary astrophysics.

Accretion cannot proceed unless excess angular
momentum is removed from surrounding materials, and
there is growing evidence that the jet/outflow plays an
important role for this process. Popular magneto-hydrody-
namic models (magneto-centrifugal wind models) explain
this physical link as follows; Magnetic and centrifugal
forces act together to launch the jet/wind along magnetic
field lines from the accretion disk, or interface between
stellar magnetosphere and circumstellar disk. The magnetic
field lines act as solid wires close to the star, and rotate
together with the circumstellar disk. These accelerate the
flow particles outwards and upwards in a `bead-on-a-wire'
fashion. In this way angular momentum is channeled away
from the disk through the outflow. This fascinating picture
cannot easily be tested, since the process should occur on
very small scales, which neither the Hubble Space
Telescope (HST) nor adaptive optics on Subaru can resolve
directly.

These models predict the presence of poorly collimated
streamlines surrounding a well-collimated jet. In other
words, a collimated jet observed at optical-IR wavelengths
may be only a limited portion of the entire flow close to the
outflow axis. The presence of an ''unseen'' wide-angled
component has been suggested by the presence of a cavity
in the molecular envelope, shock-heated molecular hydro-
gen along a cavity wall, a broad range of morphology of
molecular bipolar outflows, and so on. Direct detection of
such a flow component is desired to test the validity of the
above models, and also understand the nature of molecular
bipolar outflows.

The large diameter of Subaru and the high sensitivity of
its infrared spectrograph (IRCS) allowed us to detect mole-
cular hydrogen emission associated with a missing wide-
angled wind. Fig. 1 shows the spectra of H2 emission
observed in DG Tauri, one of the most active T Tauri stars
known. These emission lines exhibit a blueshifted line pro-
file and spatial extension towards the extended jet, indicat-
ing that the emission is associated with outflowing gas.
(Absence of redshifted emission is explained by obscura-
tion of the counterflow by a circumstellar disk.) As shown
in Fig. 2, the observed velocity and spatial scale are well
explained if we regard this flow component as an outer
extension of the kinematic structure observed in forbidden
line outflow. This indeed agrees with model predictions of
the magneto-centrifugal wind scenario.
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Figure2:Centroidal velocities of emission features observed across the
DG Tau outflow. The data for forbidden line emission were
obtained with the Hubble Space Telescope by Bacciotti et
al.[2]. The dots for molecular hydrogen are based on our
Subaru data. The figure suggests that the H2 and forbidden line
emission originate from different components of the same
flow, i.e., a fast and partially ionised component near the axis
and a slow molecular component surrounding it.

Figure1:Near-IR H 2 emission in DG Tauri observed at 8.2-m Subaru
[1].  The emission features are blueshifted by 15 km s 1 from
the systemic velocity, indicating that the observed emission is
associated with outflowing gas. The asterisks indicate photos-
pheric absorption features. Our seeing-limited observations
show that the 1-0 S(1) emission is offset by 0 .̋2 from the star
towards the extended jet, and a typical width of +0.̋6 perpen-
dicular to the jet. Correcting the inclination to the line of sight,
these indicate a flow length and width of +40 and +80AU,
respectively. The line flux ratios indicate an excitation temper-
ature of +2000K.

Detection of a Warm Molecular Wind in DG Tauri: a Milestone for
Understanding the Mechanism of Mass Accretion and Ejection
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We numerically investigate the long–time evolution of

density perturbations after the first appearance of caustics

in an expanding cosmological model with one–dimensional

‘single–wave’ initial conditions. Focusing on the

time–intervals of caustic appearances and the spatial distri-

bution of caustics at subsequent times, we find that the

time–intervals of caustic appearances approach a constant,

i.e., their time–subsequent ratio converges to 1; it is also

found that the spatial distribution of caustics at a given time

features some universality rules, e.g., the ratio between the

position of the nearest caustic from the center and that of

the second nearest caustic from the center approaches a

constant. Furthermore we find some rules for the mass dis-

tribution for each caustic. Using these universality con-

stants we are in the position to predict the spatial distribu-

tion of caustics at an arbitrary time in order to give an esti-

mate for the power spectral index in the fully–developed

non–dissipative turbulent (‘virialized’) regime.

We have argued that the system of caustics displays

some universality, after some time, with respect to regulari-

ty of time–intervals in the appearances of caustics, and the

spatial distribution of caustics at subsequent times.

First, we have noticed the existence of a rule for the

time–intervals of the appearances of caustics: the ratio of

intervals quickly approaches 1, a fact that we have made

plausible.

Second, we have found some rules hidden in the spatial

distribution of caustics: the ratio between a position of the

nearest caustic from the center and that of the second near-

est caustic from the center ( , )/ ( , )R X N N X N N1 21= - -

approaches a value of around .0 15, where ( , )X i j is the

position of a caustic, as the i–th position of a caustic at the

time when the j–th caustic appears. 

Furthermore, the ratio between the nearest caustic from

the center at the (N–1)th appearance of a caustic and that at

the Nth appearance of a caustic ( , )/R X N N X12= -

( , )N N2 1- - attains a value of around .0 3.

Third, we have found a rule for the mass distribution

for each caustic, that is, we have derived the density distri-

bution of a cluster. The mass distribution for each caustic

can be fit to a line with the geometric progression of ratio

.0 5. 

Furthermore, using the above constants, we have found

the smoothed density profile, and finally have evaluated the

power index of the power spectrum in the ‘virialized’

regime to be .0 73- . This value is different from 1- that is

determined by the density profile around one singular

point.

The discovery presented in this research note, namely

that there exist remarkable rules for the distribution of

caustics, points towards several interesting theoretical

implications for long–term properties of self–gravitating

systems. As in studies of dynamical systems we here deal

with a hierarchy of bifurcations. A fruitful way to explore

universality properties further is to use renormalization

group techniques similar to those developed for the

Feigenbaum scenario of pitchfork bifurcations. With this

note we have just provided a hint to the existence of uni-

versal constants. A detailed renormalization group and

fixed point analysis is needed to support these findings. In

this context an interesting question remains open: the exis-

tence of chaotic regimes. 

Besides this theoretical interest we think that our results

may be useful to check the accuracy of numerical simula-

tions concerning their stability under long–time integration.
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Figure1:Spatial positions of caustics at the N–th appearance of caustics.
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r-Process Abundance Universality and Actinide Cosmochronology
OTSUKI, Kaori, MATHEWS, G. J. KAJINO, Toshitaka

(University of Notre Dame) (Division of Theoretical Astrophysics, NAOJ)

The heavy radioactive actinide nuclei, U and Th are
generated by rapid neutron capture process (i.e., r-process).
These nuclide have half lives
[ ( ) . , ( ) . ]t tU yr Th yr4 47 10 1 40 10/ /1 2

238 9
1 2

232 10# #= =
which are comparable to the cosmic age. The inferred
abundance of U and/or Th can be used to estimate stellar
ages. The stellar ages are given by;

. ( ( / ) ( / ) )log logT Th Eu Th Eu Gyr46 7 T0= -D ,

. ( ( / ) ( / ) )log logT U Th U Th Gyr21 8 T0= -D ,

where the index 0 denotes the initial production ratio, while
the index T refers to the presently observed value.

Metal-deficient stars are believed to be the oldest stars
in the Galaxy.Their age can be regarded as the Galactic age
and a lower limit to the cosmic age. Dozens of observations
of r-process elements in metal-deficient halo stars have
been reported which show a >Z 56 abundance distribution
pattern similar to the Solar-system r-process distribution
(e.g.,[1]). This feature is called ''the universality of the r-
process''. Because of this universality, it is believed that r-
process elements for >Z 56 formed in the same ratio and
their astrophysical origin is unique. The Th/Eu chronome-
ter has applied for these metal-deficient stars and indicates
reasonable ages(e.g.,[1]). However, the extremely r-process
enhanced, metal-deficient star CS31082-001was reported
to show quite high Th/Eu ratio [2]. Although it shows a
similar abundance distribution for < <Z56 80 elements,
the Th/Eu ratio is higher than in the Sun. The Th/Eu
chronometer shows this star is younger than the Sun in
spite of its low metallicity ([Fe/H]+ –2.9). HDS group
found two other metal-deficient stars which also show high
Th/Eu ratio[3]. These observations imply that the heaviest
r-process elements in these stars were generated with dif-
ferent production ratios and these elements could be
formed in different nucleosynthesis environments.

We investigated r-process nucleosynthesis in various
environments. For this study, we assume steady-state flow
as a general model for the r-process nucleosynthesis envi-
ronment. We calculated r-process nucleosynthesis in vari-
ous combinations of the dynamical timescale dynx , the
entropy S, the electron fraction Ye, and boundary tempera-
ture Tb. Differences in these parameters mean different
density and temperature profiles, which results in different
neutron-seed ratios and/or different paths of the r-
process[4][5]. For details of our calculation, see [6].

The results are shown in Fig.1. Our results show that
the abundance distribution for the < <Z56 80 elements is
almost independent of the nucleosynthesis environment as
long as there are enough neutrinos to form 3rd peak ele-
ments. However, Th/Eu production ratio strongly depends

upon the nucleosynthesis environment. In these calcula-
tions, the beta-decay flow into stable nuclei occurs after
almost all neutrons have been depleted. Hence, the final
abundance distribution was controlled by beta-delayed neu-
tron emission rather than neutron-capture path. This seems
to be the main reason of the universality between the peak
elements which hold in theoretical calculations.

The observed universality does not mean a unique
Th/Eu production ratio. This introduces an uncertainty into
the use of the Th/Eu chronometer as a means to estimate
the ages of the metal-deficient stars. On the other hand, the
U/Th chronometer seems to be a good chronometer. We
found the U/Th production ratio is almost independent of
the nucleosynthesis environment if there were enough neu-
trons to reproduce the observed abundance distribution
when they formed. Unfortunately, there are several uncer-
tainties in the nuclear physics models. It is also difficult to
detect U in metal-deficient stars. More experimental, obser-
vational, and theoretical studies for r-process nucleosynthe-
sis are desired.
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Figure1:Dependence of the nucleosynthesis yields upon various para-

meters of the astrophysical environment. Closed circles show

observed elemental abundances in CS22892-052 [1].
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We carried out spectropolarimetric observations

of SN 2003dh/GRB 030329 in 2003 May and its properties

are investigated through a comparison with spectra of the

Type Ic hypernovae SNe 1997ef and 1998bw [ ]1 .

(Hypernovae being a tentatively defined class of SNe with

very broad absorption features: these features suggest a

large velocity of the ejected material and possibly a large

explosion kinetic energy.)

It is shown that the spectrum of SN 2003dh obtained on

2003 May 8 and 9, i.e., 34–35 rest-frame days after the

GRB (for .z 0 1685= ), are similar to those of SN 1997ef

obtained 34 42- days after the fiducial time of explosion

of that SN. The match with SN 1998bw spectra is not as

good (at rest 7300–8000Å), but again spectra obtained

33 43- days after GRB 980425 are preferred. This indi-

cates that the SN may have intermediate properties between

SNe 1997ef and 1998bw. The time of explosion of SN

2003dh is then constrained to be between 8- and 2+ days

of the GRB, making this the first case to link the identity of

GRB and hypernova both in space and in time. The Si and

O P-Cygni lines of SN 2003dh seem comparable to those

of SN 1997ef, which suggests that the ejected mass in SN

2003dh may match that in SN 1997ef. More recently,

Mazzali et al. reported that the ejecta mass of SN 2003dh is

found to be M8+ 9 which is somewhat less than in other

two hypernovae [ ]2 . 

Polarization was marginally detected at optical wave-

lengths and it is consistent with measurements of the late

afterglow, implying that it mostly originated in the inter-

stellar medium of the host galaxy. However, further spec-

tropolarimetric observation of bright SNe of similar class is

required to confim the interpretation.
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Figure1:Comparison of spectra of SNe 2003dh (black), 1997ef (green)

and 1998bw (red).
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We obtained late-time optical spectroscopy of the Type

Ia SN2002ic on 2003 June 27.6 UT [1] with the Faint

Object Camera and Spectrograph on the Subaru Telescope.

The spectrum has an epoch of + 222 rest-frame days after

explosion[2].

The spectrum is shown in Figure 1 with line-identifica-

tions and compared with those of SNe 1997cy [3] and

1999E[4]. Strong H emission indicates an interaction

between the expanding SN ejecta and an H-rich CSM (see

[2] for early-time observations). The late-time spectrum of

SN 2002ic resembles those of SNe 1997cy and 1999E,

though the latter were originally classified as Type IIn SNe.

The three SNe also have similar luminosities, suggesting

that they are the same phenomenon and that the CSM is

also similar. We proposed a new classification, Type IIa

SNe, for these events.

The observed line profiles and line ratios were analyzed

within the ejecta-CSM interaction scenario. The emission

in H Balmer, [O III], and He I lines, and in permitted Fe II

blends, resembles the spectra of the Type IIn SN 1987F [5]

and of Seyfert 1 galaxies. A high-density, clumpy CSM is

inferred. Strong, very broad [CaII]/Ca II and [O I]/O I

emissions imply that not all the outer SN ejecta were decel-

erated in the interaction, suggesting that the CSM is aspher-

ical. This asymmetric scenario is consistent with spectropo-

larimetical observations [6].
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Figure1:Spectrum of SNe 2002ic (red thick lines; 222+ days) com-

pared with those of SNe 1997cy (blue thinlines) and 1999E

(green dashed line)
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Recently, Yoshida et al.[1] found a very large region of
ionized gas extending around a Seyfert 2 galaxy in the
Virgo Cluster, NGC 4388. This very extended emission-
line region (VEELR) has a size of 35 kpc and is located
preferentially toward the northeastern side of the galaxy.
Here we report the results of deep optical spectroscopy of
the VEELR of NGC 4388 using FOCAS of the Subaru
Telescope[2].

The Ha radial velocities of most of the filaments of the
region are highly blueshifted with respect to the systemic
velocity of NGC 4388. The velocity field is complicated,
and from the kinematic and morphological points of view,
there seems to be several streams of filaments: low-velocity
filaments, with radial velocities v relative to the systemic
velocity of the galaxy of roughly 100- km/s; high-velocity
(v + -300 km/s) filaments; and a very high velocity (v + -
500 km/s) cloud complex (Fig.1).

The emission-line intensity ratios of the VEELR fila-
ments are well explained by power-law photoionization
models with solar metal abundances, suggesting that the
Seyfert nucleus of NGC 4388 is the dominant ionization
source and that the VEELR gas has moderate metallicity.
In addition to photoinozation, shock heating probably con-

tributes to the ionization of the gas. In particular, the fila-
ments outside the ionization cone of the Seyfert nucleus are
mainly excited by shocks. The predicted shock velocity is
200 300- km/s, which is comparable to the velocities of
the filaments.

We conclude that the VEELR was formerly the disk gas
of NGC 4388, which has been stripped by ram pressure due
to the high-speed ( 2000+ km/s) collision between the hot
intracluster medium (ICM) and the galaxy. The velocity
field and the morphology of the VEELR closely resemble
snapshots from some numerical simulations of this process.
In the case of NGC 4388, the ram pressure stripped gas,
which is normally seen as extended HI filaments, happens
to be exposed and ionized by the power-law radiation from
the Seyfert nucleus, and so can be seen as optical emission-
line gas (Fig.2). The ram pressure probably caused active
star-formation in the disk of the galaxy, also. Interaction
between the outflow induced by the disk star-formation and
the ram pressure stripped gas stream well explains the
properties of extended radio emission and the morphology
of faint Ha filaments.
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Figure1:Velocity field of the VEELR of NGC 4388 overplotted on the

Ha+[N II] image. Schematic lines indicating individual groups

of filaments/clouds are overlaid.

Figure2:Schematic draw of the structure of the emission-line regions

around NGC 4388.
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We report on a strong outburst of the W 49N H O2

maser observed with VERA in 2003 October[1].
As a part of VERA's phase-referencing performance

test [2], observations of the W 49N and OH43.8-0.1 H O2

maser pair were performed with an interval of about one
month. During the course of the observations, a strong
maser outburst has occurred in W49N, and we have suc-
cessfully detected this outburst with VERA. Figure 1
shows the spectral evolution of W49N H O2 maser at 22
GHz, with a strong outburst around day of year 281 and
294 at .V 30 7LSR=- km/s. The peak intensity was
.7 9 104# Jy, being one of the strongest outbursts observed

in W49N so far.
We have also mapped the W49N H O2 maser using

VERA array on the day of year 294, and successfully iden-
tified the outburst maser spot. Figure 2 shows the maser
spot distribution in W49N, and the arrow on the right map
shows the location of the outburst spot. Interestingly, the
spot is on the arc-like structure, which is likely to be a
shock front powered by forming stars, indicating possible
link between the maser outburst and shock phenomenon.

Further monitoring observations of the spot motions in
the arc-like structure will allow us to understand more
deeply the mechanism of maser outburst. Also, we are per-
forming astrometric measurements of the separation of the
two sources (W49N and OH43.8-0.1), and further observa-
tions will allow us to evaluate astrometric capability of the
VERA system.
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Figure2:Maser spot distribution in W49N on day of year 294 in 2003.

Right panel shows the extended map of the central maser clus-

ter, and the arrow indicates the position of outburst spot.

Figure1:Spectral evolution of W49N H O2 maser. Vertical arrow corre-

sponds to 10
4 Jy. Dates of observations (day of year) are also

indicated.
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During the recent Leonids storm, several short-duration

“outbursts” in which more than 20–40 meteors appeared in

a few seconds, have been reported[1][2]. The meteors in

these events were extremely localized within a few hundred

km, which should be caused by clusters of meteoroids. The

existence of such clusters indicates the fragmentation of

meteoroids during orbital motion in interplanetary space.

Considering the extent of the spatial distribution, the frag-

mentation should have occurred at around the perihelion

passage of the meteoroids just before encountering the

Earth. This may cause a possible enhancement of smaller

meteoroids, even in old dust trails. A possible example of

similar clusters in the past meteor storm of Giacobinids is

also noted. Such phenomena may be generally observed in

strong meteor storms.
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Figure1:The Leonid meteor storm in 2001 over Japan. Photo by M.

Tsumura.
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We performed Ha imaging observations of 22 luminous
infrared galaxies (LIRGs) to investigate how the distribu-
tion of star-forming regions in these galaxies is related to
galaxy interactions and global star-forming properties[1].
Observations were made with the Kyoto tridimensional
spectrograph I attached at the Cassegrain focus of the
Okayama Astrophysical Observatory 188cm telescope.

Based on correlation diagrams between Ha flux and
continuum emission for individual galaxies (figure 2), a
sequence for the distribution of star-forming regions was
found: very compact (+ 100pc) nuclear starbursts with
almost no star-forming activity in the outer regions (type
1), dominant nuclear starbursts K 1kpc in size and a small-
contribution from the outer regions (type 2), nuclear star-
bursts L 1kpc in size and a significant contribution from the
outer regions (type 3), and extended starbursts with rela-
tively faint nuclei (type 4).

These classes of star-forming region were found to be
strongly related to global star-forming properties such as
star-formation efficiency, far-infrared color, and dust
extinction (e.g., figure 3). There was a clear tendency for
the objects with more compact distributions of star-forming
regions to show a higher star-formation efficiency and hot-
ter far-infrared color.

We also found that the distribution of star-forming
regions was weakly but clearly related to galaxy morpholo-
gy: severely disturbed objects had a more concentrated dis-
tribution. The sequence of the distribution of star-forming
regions and its relation to morphological properties suggest
that, as the interaction proceeds, star formation in outer
regions fades out and nuclear starburst becomes dominant.
It is also notable that an appreciable fraction of the sample
objects were dominated by extended starbursts (type 4),
which is unexpected in the standard scenario of interaction-
induced starburst galaxies. Therefore, it may be crucial to
determine the triggering mechanism of star-formation in
these objects in order to better understand star-forming
activity in LIRGs.
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Figure1:Examples of Ha and continuum images. The scale bar repre-
sents 5 kpc.

Figure2:The ordinate represents log Ha surface brightness
( secergs cm arc1 2 2 ) and the abscissa log continuum sur-
face brightness (ergs cm1 2 Å secarc1 2 ). The continuum
surface brightness increases leftward, so the galaxy nucleus
corresponds to the left edge of the diagram. The small dots rep-
resent Ha and continuum surface brightness measured at each
position. In the top panel of each diagram, the distribution of
integrated Ha flux from each continuum surface brightness bin
is shown.

Figure3:IRAS color-color diagram for the sample objects. The different
types of objects show different flux ratios.
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We report the near-infrared imaging of pre-main-
sequence (PMS) star HD 150193A with the stellar corona-
graphic camera and the adaptive optics (AO) on the Subaru
8.2-m Telescope [1].

The disk structure is now ubiquitous around low-mass
T Tauri stars and intermediate-mass Herbig Ae stars. In
order to understand the formation process of extra-solar
planetary systems, it is important to study the spatial struc-
ture of disks where planets are most likely formed as a by-
product of star formation process. However, few disks have
been spatially resolved so far because of the observational
difficulty: both high-resolution and high-contrast are
required to image the small and faint structure in the vicini-
ty of the central bright star. Therefore, we have initiated
AO imaging of PMS stars with the coronagraphic camera
CIAO on the Subaru Telescope, which is one of the most
suitable instruments for direct imaging of disks.

HD 150193A is a relatively old Herbig Ae star with its
mass of M2+ 9 and its age of 6 Myr. Previous observations
suggest the presence of abundant circumstellar dust around
HD 150193 which led us to observe this nearby (d = 150
pc) source: the circumstellar dust mass was estimated to be
0.01 M 9 in the submilliter observations [2], and [3] margin-
ally resolved HD 150193A with 2 mn speckle holography.
It is also notable that HD 150193 is a binary with a T Tauri
companion star HD 150193B, which enables us to investi-
gate the disk properties in the multiple system. 

The H-band (1.65 mn ) observations were carried out in
2002 July. The AO was utilized, giving the spatial resolu-
tion of 0.̋1. We occulted HD 150193A with a mask whose
diameter was 0.̋5. In order to detect the faint structure, we
observed the reference star without any circumstellar mate-
rial using the same AO and coronagraphic configurations,
then subtracted the reference star image from each of HD
150193A and B. 

We detected the disk around HD 150193A extending
from the edge of the coronagraphic mask at 50 AU to about
190 AU. The surface brightness and size of the disk are
similar to those of other resolved disks around Herbig Ae
stars. While, no circumstellar matter was detected around
the companion star. This is consistent with the observation-
al trends that the circumprimary disk have larger mass than
that of the circumsecondary disk, and that the properties of
circumprimary disks in wide binary systems are compara-
ble to those of the disks around single stars [4]. Further
detailed study of this typical binary HD 150193 could con-
tribute the understanding of disk evolution and planet for-
mation in binary systems. 
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Figure1:Circumstellar disk around HD 150193A. The scattered light by

dust grains was detected in the H-band. The occulting mask

has a diameter of 0.̋5 but inner 0.̋8 region (black circle) is pho-

tometrically unusable. A gray filled circle represents the T

Tauri companion star located at 1.̋1 from the primary. The con-

tours are overplotted starting from 64 to 6.4 mJy arcsec 2 in

steps of 0.5 magnitude. Dotted lines indicate the directions of

secondary spider pattern.

Figure2:Azimuthally averaged radial profile of the circumprimary disk

around HD 150193A (filled circles). The profile is averaged

along the elliptical path with P.A. = 358% and ellipticity = 0.79,

assuming that the disk is circular. The profile is well fitted by a

power-law with the index of .4 6- (dashed line). Profile around

the companion is also shown (open circles), azimuthally aver-

aged in the southern half region.
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Collapse and fragmentation of the rotating magnetized
molecular cloud is studied by using 3D MHD Nested Grid
simulations[1].

To study the evolutional processes of the molecular
cloud, we assume a cylindrical gas cloud with rotation axis
and magnetic field being parallel to the cylindrical axis and
add the axisymmetric and non-axisymmetric perturbation
for collapse and fragmentation of cloud. For adopting the
Nested Grid method, we calculate the cloud evolution with
15 orders of magnitude for density ( cm10 102 17 3- ) and 5
orders of magnitude for spatial scale(10 106- AU). We
parameterize the magnetic field strength, rotation speed and
the amount of initial non-axisymmetric perturbation. We
calculated 51 different models by vector parallel supercom-
puter VPP5000 at Astronomical Data Analysis Center,
National Astronomical Observatory of Japan.

As a result, the cloud evolutions are classified into the
following three types: (1)Core, (2)Bar Fragmentation, and
(3)Ring Fragmentation. Figure 1 shows the final state of
the typical Bar Fragmentation (left panels) and Ring
Fragmentation (right panels) models. When the elongated
bar is formed in the isothermal collapse phase, fragmenta-
tion occurs in the adiabatic accretion phase. In Bar
Fragmentation models, the fragments are easy to merge
owing to their small orbital angular momenta, while strong
outflows are driven by their large spin angular momenta.

On the other hand, when the axisymmetric disk is formed
and the non-axisymmetry does not grow sufficiently in the
isothermal collapse phase, the disk deforms into a ring and
fragments in the adiabatic accretion phase. The fragments
formed by Ring Fragmentation have large orbital angular
momenta but small spin one. For this reason, they seem to
become a binary system, although the weak outflows are
driven.

Figure 2 shows the axis ratio (x-axis:degree of the bar
at z=0 plane), oblateness (y-axis:degree of the disk) and
core shape at the final state. Four thick (dotted) lines indi-
cate the evolutions of the cloud shape in the isothermal col-
lapse (adiabatic accretion) phase. From these lines, we
found that (i)disk forms early in the model with initial large
rotation speed and strong magnetic field, (ii)the non-
axisymmetry evolves only after the disk formation. From
distribution of symbols in Figure 2, we found that the bina-
ry formation conditions are (i) the sufficiently thin disk is
formed (oblateness >4) and (ii) the central region  has the
small axis ratio (<1) or sufficiently large axis ratio (>10) in
the isothermal collapse phase. 
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Figure2:The axis ratio and oblateness are plotted when the gas at the
cloud center becomes adiabatic. The abscissa indicates the axis
ratio and the ordinate is the oblateness. Fragmentation occurs
above the horizontal dashed line (oblateness>4). The domains
in large circles mean that fragmented cores survive to form
binary or multiple stars. The solid(dotted) lines represent the
evolutional tracks for some typical parameters. The symbols
denote the shape of the adiabatic core when the fragmentation
occurs or the calculation ends. Thick-line and filled symbols
represent the cores which experience fragmentation.
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Figure1:Two typical models of the adiabatic core are plotted (bar:left,
ring:right). Density (contour and false color) and velocity vec-
tors (arrows) are plotted on x=0 plane (lower panels) and on the
z=0 plane (upper panels). The elapsed time, the maximum den-
sity, grid level and scale length are also plotted. Thick lines in
the upper panels denote the contour line of the adiabatic core,
while those in the lower panels mean the isovelocity curves rep-
resenting the outflow region.
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We report discovery of four new brown dwarf (BD)

candidates including three L-type from a brown dwarf

search in the Pleiades open cluster in five optical and near

infrared (NIR) bands [1].

In the Pleiades cluster which is one of the best clusters

for a BD search, about 20 M-type BDs have been identified

by optical surveys, however, there is only one known L-

type BD (Roque25; [2]). L-type BDs are too cool to detect

in optical wavelengths. So we have carried out a BD survey

in both the optical and NIR of an area of 23#14l l of the

central region of the Pleiades cluster, which has not yet

been surveyed because of the existence of large extinction.

The NIR survey was made with SIRIUS on the UH 2.2 m

telescope and the optical survey was made with Wide Field

Camera on the Isaac Newton Telescope.

In Fig. 1, most objects are concentrated in the region of

reddened main sequence (reddening band), and a number of

extended sources spread upward and some point sources

exist on the right hand of the reddening band. Objects

spread upward are likely to be galaxies reddened with

extinction and K-corrections (dotted lines). Because the

theoretical isochrones for BDs extend toward right hand of

the reddening band, 12 objects (c01 12+ ) in this region

are selected as candidates. Among them, four objects lie on

the theoretical isochrones in the colour-magnitude diagram

(In Fig. 2), so we identified them as Pleiades BD candi-

dates (PL-1+ 4). The estimated mass of faintest one, PL-4,

is around 0.028 M 9, which is maybe the lowest mass object

found so far in the Pleiades cluster.

The SED of PL-1 is consistent with a mid to late-M

spectral type, PL-2 and PL-3 with late-M to early L types,

and PL-4 with an early-mid L type (fig. 3). The result of

this work shows that the combination of optical and NIR

survey is effective for a L-type BD search.
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Figure1:The ,sJ K i J- -l colour-colour diagram for all detected
objects. Small dots are point sources and open circles are
extended sources. The thick solid and dashed curves are the
loci of main sequence and red giant stars. The thin dashed and
dot-dashed lines are the 125 and 120 Myr isochrones of the
NextGen model (inappropriate for L-type) and Dusty model
(inappropriate for early M-type), respectively. Numbers with
tick marks denote masses in solar mass units.

Figure2:The ,J i K-l colour-magnitude diagram. Filled circles are BD
candidates and dotted arrows are estimated maximum redden-
ing vectors. Other symbols are as in Fig. 1.

Figure3:The SEDs for four BD candidates. Solid and dashed lines rep-
resent the SEDs with no extinction and with possible maxi-
mum extinction, respectively. Dotted lines are SED templates
made from field BDs.
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We investigate evolution of  Damped Lyman a(DLA)
systems in the hierarchical structure formation scenario[1].
DLA systems, which have been associated with cold gas
(HI column densities >N cm2 10HI

20 2# ) in protogalactic
disks, provide some advantages in the investigation of vari-
ous characteristics of primordial galaxies. Recent measure-
ments of metal abundance unaffected by dust depletion can
provide good evidence for understanding the processes of
metal pollution and revealing the connection between DLA
systems and galaxies. For example, the metallicities is typi-
cally /Z 109 and it exhibits milder evolution at redshift

< <z1 4. Furthermore, DLA systems have other observa-
tional properties that the HI column density distributions
follow a single-power law.

We here investigate the evolution of DLA systems in
our semi-analytic model taking into account merging
processes of dark halos, star formation processes and so on.

We can consistently show the metallicity evolution and
the column density distribution for reasonable models
which also reproduce fundamental properties of local
galaxy population[2]. This result suggests that the chemical
evolution of DLA systems can be consistently reconciled
with the observational features of typical galaxies.  We
conclude that DLA systems primarily consist of sub-L*

and/or dwarf galaxies (e.g., B-band magnitude M 17+ -
mag, HI-gas mass M109+ 9, circular velocity V 90c +
km/s). This picture shows strong conflict with the classical
one in which DLA systems are relatively massive galaxies
like our Galaxy. We also compare our results with other
theoretical studies and discuss some advantages in the
investigation of DLA systems[1].

Based on this study, we proceed to investigate the evo-
lution of DLA systems as follows.

(1) DLA systems at low redshifts. Recently, ground-
based and HST images have revealed various properties of
host galaxies of DLA systems (DLA galaxies) especially at
redshift <z 1. We focus on the low-redshift DLA systems.
As a result, DLA galaxies primarily comprise low surface
brightness (LSB) dwarf galaxies(surface brightness
22 27- mag arcsec 2, size 3+ kpc, star formation rate

/M yr10 2+ 9 )[3].
(2) Radio observations of DLA systems. Recent radio

observations reveal new properties of DLA systems such as
abundance of hydrogen molecules. We explore some possi-

bilities for studying DLA systems by radio observations
based on radio properties which agree well with our
results[3].

(3) DLA-galaxy surveys at high redshift. Recent sur-
veys of DLA galaxies at redshift >z 3 presented that DLA
galaxies exhibit fundamental properties of Lyman-break
galaxies[4]. In autumn 2004, we have a plan to observe
DLA galaxies at high redshifts with ESO investigators and
to clarify the connection between DLA galaxies and
Lyman-break galaxies.
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Figure2:DLA column density distribution (solid line:best model)

Figure1:Metallicity of cold gas in DLA systems as a function of red-
shift (soild line: best model)
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Toward General Relativistic Gauge Invariant Nonlinear Perturbation
NAKAMURA, Kouji

(Graduate Univiversity for Advanced Studies/NAOJ)

This research is concerning about general framework of
general relativistic nonlinear perturbation theory, which
will have many physical applications. We report the part[1]
of this research.

General relativity is based on the concept of general
covariance. Intuitively, general covariance states that there
is no preferred coordinate system in nature. This is based
on the philosophy that the choice of coordinate system
have nothing to do with natural phenomena. If we choose
one coordinate system, we can observe the natural phenom-
ena in terms of this coordinate system, and if we choose
another coordinate system, we observe the same phenome-
na by different way.

On the other hand, the Einstein equation in general rela-
tivity is a set of nonlinear equations, but many exact solu-
tions to this equation are known[2]. However, these exact
solutions are most often too idealized to properly represent
the realm of natural phenomena. In such situations, the per-
turbative approach is one of the powerful techniques to
investigate physical systems and is one of the popular tech-
niques in any theory of physics. In general relativistic per-
turbations, gauge freedom, which is unphysical degree of
freedom, arises due to general covariance. To obtain physi-
cally meaningful results, we have to fix these gauge free-
dom or to extract gauge invariant part of perturbations.

In linear perturbation theory, this “gauge freedom” is
regarded as the freedom of the infinitesimal coordinate
transformation. This understanding of “gauge freedom” is
correct when we concentrate only on the linear order.
However, it is known that this understanding of gauge free-
dom is not enough in nonlinear perturbations.

To explain the notion of “gauge freedom”, we have to
remind what we are doing in the perturbation theory. In per-
turbation theory, we always treat two spacetime manifold.
One is the “physical spacetime” which we try to describe by
perturbation theory and another is the “background” which
is prepared for perturbations. Further, in perturbation theory,
we always write the equation in the form

Q (“p”) = ( )Q p0 + ( )Q pd . (1)

This gives the relation between the variable Q on the physi-
cal spacetime and its background value Q0 and the variable

Qd on the background. Qd is called the perturbation of Q
from Q0.

However, through Eq. (1), we are implicitly assuming
that there exists a point identification map between the
physical spacetime and the background. This is called a
“gauge choice” in perturbation theory [3]. Namely, Q in
Eq. (1) is a field on the physical spacetime and the point
“p” is on this spacetime. On the other hand, the background
value Q0 of Q and its deviation Qd from Q0 in Eq. (1) are

fields on the background and the point p is on this back-
ground. Since we regard that Eq. (1) is for fields, the points
“p” and p should be same.

If there is a preferred coordinate system on both these
spacetimes, we can accomplish this identification using this
preferred coordinate system. However, there is no such
coordinate system due to general covariance and the gauge
choice is not unique when we consider theories in which
general covariance is imposed. This arbitrariness is just
“gauge freedom” of perturbations. This freedom is arisen
by the relation between the physical spacetime and the arti-
ficial background. Hence, this gauge freedom should have
nothing to do with physical quantities which appear in
observations or in experiments. Actually, some linear order
variables which is independent of this gauge freedom relate
variables in observations. These are called gauge invariant
variables.

Based on this understanding of “gauge freedom”, we
propose the systematic procedure to find gauge invariant
variables for gravitational field in nonlinear perturbation
theory with two infinitesimal parameters. Further, we have
shown that we can always find the gauge invariant quanti-
ties for nonlinear perturbations of an arbitrary physical
variables by using gauge variant part of the spacetime met-
ric. In our proposal, we do not specify anything about the
background nor physical meaning of parameters for pertur-
bations. This implies that our proposal is applicable to any
theory in which general covariance is imposed and has
many applications. One of applications is already published
in literature[4].
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Figure1:The “physical spacetime” M e is described by the perturbation
on a “background” M 0 with an infinitesimal parameter e. The
correspondence of the points of these two spacetime  manifold
is arbitrary and this is “gauge freedom”.

      



The Local Group dwarf irregular galaxy NGC 6822 is
located at about 500 kpc from our Galaxy and is a well-
studied galaxy in an isolated environment. Similar to many
dwarf irregular galaxies, it is also embedded in an HI gas
envelope which is more extended than the main stellar
body of the galaxy observed in the optical wavelength [1]
(see Fig. 1). However, the star formation activity in the gas
envelope has not been studied extensively so far.  We
therefore carried out an observation with Subaru Prime
Focus Camera (Suprime-Cam) to cover the entire gas enve-
lope down to unprecedented depth [2].

Since stars are well resolved by Suprime-Cam beyond
the limiting magnitude of existing surveys,  the data enable
us to investigate the spatial distribution of each stellar pop-
ulation over a very wide field of view. The old stellar popu-
lation is distributed in a nearly circular area out to 15+ l
and comprises the main stellar body of the galaxy as seen
in Fig. 1. On the other hand, blue young stellar population
traces the HI gas envelope very well, suggesting that the
star formation activity had also occurred in the gas enve-
lope (Fig. 2). The age of the blue stellar population is esti-
mated to be 180+ Myr from the color-magnitude diagrams
for SR-1,2 regions (shown in Fig. 2). The age is consistent
with the time of the onset of the recent star formation
observed in the central region of the galaxy.

Since the surface brightness of the blue stellar popula-
tion in the gas envelope is 27 mag arcsec 2 even at the
brightest region, it is first discovered by Suprime-Cam
which has wide and deep observation capability. To make
use of the capability of Suprime-Cam, we are planning to
observe several nearby dwarf irregular galaxies,  aiming to
reveal; whether the star formation activity in the extended
gas envelope is universal for all dwarf irregular galaxies or
not, how the star formation activity in the extended gas
envelope affects  the evolution of dwarf irregular galaxies,
what the origin of the gas envelope around dwarf irregular
galaxies is.
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Figure2:Distribution of blue stellar population
( C < . , . < < .B R M0 5 3 5 0 5B- - ; mainly B- to A-type main
sequence stars). The area is the same as Fig. 1. Note that the
central part of the galaxy, where stars are crowded, is excluded
from present analysis (hence the center of the figure is blank). 

Figure1:The HI density map taken from de Blok & Walter (2000) over-
laid on the Digitized Sky Survey image. The HI gas envelope
is more extended than the stellar body of the galaxy and has
complicated structures such as arm, hole and cloud. Our survey
fields are represented by red lines.
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The solar corona consists of ubiquitous loops represent-
ing magnetic fieldlines. Recent observations with Yohkoh,
SOHO, and TRACE have revealed that individual coronal
loops have different temperatures ranging from 1 to 5 MK.
Hot (T 2 5= - MK) loops seen in Yohkoh/SXT images
and cool (T 1+ MK) loops seen in SOHO/EIT and TRACE
images have different appearances and do not coincide in
position. We investigate what kind of magnetic properties
in the photosphere makes such a difference in the coronal
temperature.

Since the heating energy is supplied from the footpoints
of the coronal loops along magnetic field lines, it is critical-
ly important to investigate magnetic properties at and
around the footpoints of the coronal loops. However, it is
difficult to identify footpoint positions unambiguously with
the SXT because the hot SXT loops are diffuse and dark
near their footpoints. We overcome the difficulty by using
moss structure observed with the TRACE, which is low-
lying EUV structure located at the base of the hot loops. It
is necessary to use measurement of photospheric magnetic
fields as precise as possible because the heating of the
corona does not depend on the magnetic flux alone (e.g.
sunspot umbrae). We employ the Advanced Stokes
Polarimeter (ASP) at the National Solar Observatory
(NSO).

The photospheric magnetic parameters (field strength,
inclination, and magnetic filling factor) in the moss regions
(i.e. footpoints of the hot SXT loops) are compared with
those in the footpoint regions of the cool TRACE loops.
The footpoints of the both loops have magnetic fields
whose strength is 1 – 1.5 kG and the orientation is nearly
vertical to the surface. The most significant difference is
discovered in the magnetic filling factor, which is defined
by the fraction of an ASP pixel filled with a magnetized
atmosphere. The moss regions, i.e. the footpoints of the hot
loops, have significantly lower filling factor than the foot-
points of the cool loops.

Magnetic fields are not uniformly distributed in the
photosphere, but are clusters of strong and fine magnetic
elements.  If we assume that the magnetic elements have
the same field strength and spatial size, the observed mag-
netic filling factor can be interpreted to be proportional to
the surface number density of the magnetic elements. Low
filling factor observed in the moss regions corresponds to a
low number density of the magnetic elements. The lower
number density with larger photospheric motion would
provide enhanced coronal heating by efficient braiding of
coronal magnetic fields, and leading to the hot loops. On

the other hand, concentrated magnetic elements with small-
er velocity fields may not allow efficient braiding, resulting
in less heating for the cool loops.
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Figure2:Percentage of the area covered by (a) the moss

(hot loops)and (b) the footpoints of the cool loops

as a function of the magnetic filling factor.

Figure1:(a)Cool (1MK) corona observed with TRACE,

and (b) the hot (>2MK) corona observed with

Yohkoh/SXT.
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Gravity data of the planets and satellites are provided
by radio tracking of spacecraft. In the case of the Moon,
however, the gravity studies have a difficulty, that is, direct
tracking data are unavailable at farside because of the lunar
synchronous rotation. The Lunar Prospector (LP) carried
out detailed gravity measurement in average altitude of 30
km at the end of the mission. Though the gravity data have
a potential of deriving high resolution gravity map, previ-
ous works such as LP165 gravity model [1], which adopted
spherical harmonic expansion, could not achieve it because
of the farside gravity data gap.

In this study, we have made lunar nearside free-air
gravity anomaly map through direct inversion of LP LOS
(Line-of-Sight) acceleration data (Fig. 1a) [2]. We also per-
form terrain correction directly for the LOS data using
Clementine grid topography data, and the corrected data are
processed with same procedure as the free-air gravity
anomaly in order to obtain Bouguer gravity anomaly map
(Fig. 1b). These two maps achieve 24 km resolution at
lunar surface, and are the highest resolution lunar gravity
maps at present.

To take advantage of the high-resolution, we investigate
compensation state of craters and mascons in detail.
Among these gravity anomaly maps, the Bouguer gravity
anomaly is useful to study relatively shallow interior since
it is supposed to be free from gravity signals of the surface
topography. The compensation state mainly controlled by
two factors, (1) size of the crater, and (2) elastic thickness
of lithosphere. Thus, the compensation state inferred from
the Bouguer gravity anomaly map enable us to estimate the
thickness of lithosphere at the time of crater formation.

The compensation states of craters and mascons are
evaluated as a mass deficit. Figure 2a shows mass deficits
of medium-sized craters, 60 – 300km in diameter. It repre-
sents the mass deficits are almost zero; the lithosphere was
enough rigid to support these medium-sized craters. Next,
we calculate mass deficits of large impact basins, 200
–1,000 km in diameter, and compared the results with
Moho topography model for the purpose of estimating
lithospheric thickness beneath them. It is found from Fig.
2b that the lunar lithosphere was as thick as 20 – 60 km at
the time of the mascon formation.

These results will be an important constraint for thermal
history of the Moon, because the thickness of lithosphere
notably depends on the temperature.
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Figure2:Observed (circles) and calculated (curves) mass deficits associ-
ated with medium-sized craters (a) and mascons (b) from
Bouguer anomaly. Thickness of the lithosphere, Te, was 20 –
60 km at the time of mascon formation.

Figure1:The free-air (a) and Bouguer (b) gravity anomaly maps from
direct inversion of the LP LOS data. Resolution of these maps
are 24km.
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We report our measurement whose purpose was to eval-
uate the observational impact of the scattered light from the
laser beam on other telescopes whose field of view happens
to cross the laser beam[1].

The scattered light from the sodium laser beam at the
wavelength of 589 nm (D2 line) projected from the Keck II
telescope towards 70 arcsecond north of the star,
SAO99809, was measured using the wavefront sensor of
Subaru Adaptive Optics[2] on December 24, 2001 (Hawaii
Standard Time). The projected laser power was 17 W and
beam diameter was 48 cm. The actual flux level measured
when the Subaru Telescope was pointing at elevation
angles of 45 and 60 degrees was roughly equivalent to 19.5
magnitude per square arcsecond calibrated by a standard
star magnitude in R band (See figure 1).

The results of measurements were shown to be consis-
tent within a factor of 2 with theoretical estimation based
on the laser beam flux and the efficiency of Rayleigh scat-
tering due to molecules and Mie scattering of aerosols in

the atmosphere, which was evaluated by the combination
of AERONET database[3] of Mauna Loa Observatory and
our measured data of dust counter at the Subaru Telescope.
We also found that about 90 % of the scattered light was
due to Rayleigh scatter, since the number density of aerosol
is quite stable and small. Our measurement, for which the
scattered height is about several hundred meters, shows that
the surface brightness of the laser beam is no brighter than
the sky background 45 degrees away from the full
moon[4]. Although the impact of this scattered light
depends on the type of observation, many observations
could be performed without significant deterioration.

We also estimate the effect of scattered light for other
telescopes at Mauna Kea (See figure 2). The disturbance to
astronomical observations could be most significant, when
the optical axis of the telescope and the center of the laser
beam collide at an altitude of around 8 kilometers.
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Figure2:Calculated surface brightness of other telescopes at Mauna Kea
in the case of the first collision of our measurement. The sur-
face brightness becomes larger when the telescope diameter is
smaller. This is because that the surface brightness increases
linearly with the telescope diameter while the sky background
increases by the square of telescope diameter. Also the surface
brightness becomes larger for the closer telescope from Keck
II, because the overlapped laser beam with the telescope beam
is getting longer.

Figure1:Measured surface brightness profiles of the scattered light dur-
ing three observed transits of the Keck II laser beam. We esti-
mated the surface brightness of the scattered light by calculat-
ing the total flux at the pupil plane normalized by the area size
of field stop. This is equivalent to the surface brightness at the
telescope focal plane. While the sky background is to 20.4
mag/arcsec2, the surface brightness increases to 19.5 mag/arc-
sec2 when the laser beam collides with Subaru Telescope beam.
The dip in the middle of the light curve is due to the vignetting
of secondary mirror.
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Probing the star-formation activity in galactic or sub-
galactic systems in the early universe is important for
understanding both the history of galaxies and the origin of
cosmic reionization. Recent advances in deep optical imag-
ing capability with 8-10m class telescopes enabled new
searches for star-forming galaxies beyond redshift 5. The
surveys for emission-line galaxies with narrow-band filters
have an intrinsic limitation in redshift coverage, and hence
the survey volumes are often not large enough to ensure
sufficient robustness for success. In order to increase the
survey volumes and to reach the faint limiting magnitude,
we need wide-field CCD cameras on 8-10m class tele-
scopes. Suprime-Cam mounted at the prime focus of the
8.2m Subaru Telescope, provides a unique opportunity for
wide-field (a 34 27#l l field of view), narrow-band imaging
surveys for emission-line objects at high redshift.

We performed a deep optical imaging survey using a
narrow-band filter (NB921) centered at 9196=m Å
together with il and z l broadband filters covering an

minarc814 2 area of the Subaru Deep Field. Although the
help of any gravitational lensing is highly useful for inves-
tigating faint high-z objects, it is also important to search
for high-z LAEs in a so-called blank field for an unbiased
study.

We obtained a sample of 73 strong NB921-excess
objects based on the following two color criteria:

>z NB921 1-l and > .i z 1 3-l l . We then obtained optical
spectroscopy of nine objects in our NB921-excess sample,
and identified at least two Lya emitters at

. .z 6 541 0 002!= and . .z 6 578 0 002!= , each of which
shows the characteristic sharp cutoff together with continu-
um depression at wavelengths shortward of the line peak.
The latter object is more distant than HCM-6A at .z 6 56= ,
which is the most distant known object that has been found
so far.

These new data allow us to estimate the first meaning-
ful lower limit of the star-formation rate density beyond
redshift 6; .5 2SFR #+t M yr10

4 1
9 Mpc 3. Since it is

expected that the actual density is several times higher than
this value, our new observation reveals that a moderately
high level of star formation activity already occurred at

.z 6 6+ .
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Figure1:Thumbnail images of the two well-defined LAEs, (a) SDF
J132415.7 + 273058 and (b) SDF J132418.3 +271455. The
size of each image is 10 10#ll ll, and north is up and east is to
the left.

Figure2:Rest-frame UV spectra of two LAE candidates between 1200Å
and 1230Å. The spectra of SDF J132415.7 + 273058 and SDF
J132418.3 + 271455 are shown in panels (a) and (b), respec-
tively. The combined spectrum of these two LAEs is shown in
panel (c). A trial of the profile fitting with a combination
between emission and absorption is shown by the red line.
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We proposed new methods to monitor a satellite-to-
satellite 4-way link to make the first direct measurement of
Doppler frequency above the lunar far-side [1].

The Japanese lunar explorer SELENE will be launched
in 2006. It consists of 15 mission instruments, and will
make various observations all over the Moon. The lunar
gravity field in the far-side will be directly measured for
the first time. It is achieved by relaying a stable frequency
signal between a ground station and the main orbiter by a
relay satellite when the main orbiter is above the far-side. 

This method is called “4-way Doppler method” since
the stable frequency signal travels on four paths between
the ground station and the main orbiter via the relay satel-
lite [2]. The relay satellite has the high orbit with peri-lune
height of 2,400 km, while the height of the main orbiter is
100 km. The orbit of the main satellite is affected by the
small irregularity of the lunar gravity field. On the contrary,
the irregularity changes the orbit of the relay satellite little
because of its high orbit. Thus, the high order and degree
gravity coefficients are estimated by 4-way Doppler mea-
surements.

In order to perform a 4-way measurement, the frequen-
cy signal transmitted from every satellite has to be coherent
with the transmitted stable frequency signal from the
ground station. For this reason, all the satellite has a PLL
(phase locked loop). However, the relay satellite cannot
relay telemetry signals since the weight and electric con-
sumption of the satellite is quite limited. 

We can not know directly the PLL status onboard the
main orbiter from the telemetry signal when the main
orbiter is above the far-side. Thus, the new methods to
monitor a satellite to satellite 4-way link are required.

There are some methods other than telemetry to know the
PLL status from the down-link signal. We noticed that the
frequency stability of the down-link signal depends on the
PLL status. The down-link signal is highly stable when the
PLL is locked. On the other hand, its stability is two orders
worse than that of the locked down-link signal when the
PLL is unlocked. We compared the advantages of these
methods mutually by the simulation of Doppler frequencies
when the PLL is locked or un-locked. We propose the fol-
lowing new methods to monitor a satellite-to-satellite 4-
way link.

(1) To calculate Doppler frequency variation of the
returned signal. When the variation exceeds a certain level,
the PLL is decided to be un-locked.

(2) To calculate Doppler rate variations of the returned
signal. When the variation exceeds a certain level, the PLL
is decided to be un-locked.

(3) The grand station periodically sweeps the frequency
of the transmitting signal. When the spectrum at the sweep
period exceeds a certain level, the PLL is decided to be
locked. These three method can be easily performed for a
few tens seconds without any prediction of Doppler fre-
quency and its rate. 
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Figure1:4-way Doppler measurement system. Figure2:Allan standard deviation.
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We report on the development of the light weight mir-

ror by employing the Carbon-fiber-reinforced Carbon com-

posite material (hereafter referred to as C/C). Future large

aperture optical-IR telescopes require very light-weight pri-

mary mirror. While the lightweight mirrors are being devel-

oped around the world, the technology appears not to be

mature enough for the optical and near infrared wave-

lengths.

We choose C/C, which has such attractive properties as

high specific rigidity, almost zero-CTE thermal expansion,

and no dimensional change due to moisture-absorption. We

stress that the light-weight honeycomb sandwich panel has

been already developed for C/C. Our finite element analy-

sis indicates that a 3.5m diameter C/C mirror for the optical

telescope can be built with total weight under 200kg.

Reflective surface with optical quality is developed on

the C/C surface by depositing a thick (about 100 microme-

ter) electroless nickel plating layer (Kanizen) with high-

precision cutting and polishing. Figure 1 shows the 15cm

aperture C/C spherical mirror, which is made to establish

the fabrication process of the curved C/C mirror. The figure

error (deviation from sphere) of the substrate before plating

reaches 7 micron rms. 

Given the complex structure of the C/C mirror, we mea-

sure the figure change with temperature. The mirror is

located in the temperature oven for measurement with an

interferometer located outside. Figure 2 shows the thermal

deformation. Top panel is the wavefront error (WFE) map

with 50 degree C subtracted by that with 23.6 degree C.

This WFE map is then divided into three components with

different spatial frequency (bottom panels).

Two significant improvements are made based on the

maps. First, we succeed to reduce the thermal deformation

of the high spatial frequency (period+ 2mm), which is due

to the braiding of the carbon-fiber bundles by employing

thinner fiber bundles. Second, the thermal deformation of

the middle spatial frequency (honeycomb pattern, period +

6mm) is also reduced by adopting the thicker (3mm) sub-

strate [1]. 

We believe that this is the first attempt to make the ultra

light weight mirror with C/C. Further improvement is being

pursued.
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Figure1:C/C spherical mirror (15cm aperture).
Figure2:Thermal deformation of C/C spherical mirror (evaluation area is 5.6cm aperture,

=633nm).

      



33

Most solar flares are accompanied by signatures of
highly accelerated electrons, yet the acceleration process
and its role in flares remains a mystery. In many flares
these nonthermal electrons are shown to contain enough
energy to drive the entire flare. Yet a significant minority
of flares show little or no evidence for nonthermal elec-
trons, suggesting the existence of alternative energy release
and transport mechanisms. We report an observation of a
solar flare where neither hard X-ray nor radio emission
shows any sign of accelerated electrons [1].

The flare was observed by a balloon-borne hard X-ray
spectrometer [2,3] newly developed at NAOJ. This instru-
ment is composed of sixteen . mm10 10 0 5# # cadmium
telluride (CdTe) semiconductor detectors, and  has an ener-
gy range of keV15 120- with an energy resolution of
keV3 at keV60 .

The flare occured at 06:41 UT on 24 May 2002 in the
on-disk active region NOAA 9963. It was also observed by
the Nobeyama Radio Polarimeters (NORP), and partially
by the RHESSI satellite. The observed light curves are
shown in figure 1.

The observed HXR spectra was fitted to two models, a
single-temeprature thermal model and a pure power law
spectrum (figure 2). While both models are consistent with
the data, the best fit spectral index of the nonthermal
(power law) model is an unusually high values, e.g. .8 3 for
the  06:41:50––06:43:30 time interval. The temperature of

the best-fit thermal models are in a more reasonable range,
e.g. . MK37 8 for the same time range. The RHESSI spec-
trum for the same time period was also analyzed, and the
result was shown to be inconsistent with the nonthermal
model and consistent with the thermal model.

The NORP data shows two features, the impulsive
emission in the . GHz3 75 band and more gradual emission
in .9 4 and GHz17 bands. The impulsive feature was suc-
cessfully modeled as thermal gyrosynchrotron from the
thermal component seen in the HXR data. The gradual
component was also successfully modeled from GOES
SXT data, using the source size obtained by SOHO EIT.
Therefore the radio and X-ray data are consistent if all
observed emission are assumed to be thermal. Furthermore,
we calculated the energy of an unseen nonthermal compo-
nent assuming it just below the detection threshold
throughout the flare. This was found to be less than the
peak thermal energy content of the SXR source. This
shows the nonthermal electrons cannot be the sole energy
source for creating the SXR source.
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Figure2:Balloon HXR spectrum integrated over 06:41:50––
06:43:30 (size of crosses indicate 1v error bars), and fit
results to purely thermal spectrum (solid line) and
power law spectrum (dashed line).

Figure1:Top: GOES soft X-ray light curve. Middle: Nobeyama
Radio Polarimeters (NORP) lightcurves. Bottom: bal-
loon HXR light curve.
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Understanding the evolution of the Active Galactic
Nuclei (AGN) population is a crucial key to reveal the for-
mation history of massive black holes found at the centers
of nearby galaxies. Hard X-ray survey of AGNs is less
affected by absorption to the nucleus, thus useful to reveal
the whole population of AGNs and examine their cosmo-
logical evolution.

We conducted optical follow-up observations of hard
X-ray sources found by X-ray satellite, ASCA, mostly using
University of Hawaii 2.2m telescope and Kitt Peak 2.1m
telescope, and with Subaru telescope for faintest objects.
We revealed natures and redshifts of optical counterparts of
almost all of the hard X-ray sources [1][2]. Combining the
high-completeness hard X-ray AGN sample with an AGN
sample obtained by the Chandra deep survey, we examined
the fraction of obscured AGN as a function of luminosity
and the cosmological evolution of the AGN luminosity
function [3]. The fraction of obscured AGN decreases with
increasing luminosity. For AGNs with luminosity compara-
ble to Seyfert galaxies, the fraction of the obscured AGNs
is about 60%, but for more luminous AGNs, i.e. QSOs, the
fration is 30%. If we explain the results based on the uni-
fied scheme of Seyfert galaxies, the opening angle of the
dust torus of QSOs is larger than that of Seyfert galaxies on
average. The AGN number density in each luminosity bin
which derived from cosmological evolution of AGN lumi-
nosity function shows that the number density of QSOs
peaks at redshift of 2, which is consistent with the results

from optical QSO surveys, but that of Seyfert galaxies
peaks at lower redshift, +1 (Figure 1). This may indicate
that larger black holes are formed at higher redshift.

We also conducted near-infrared spectroscopic observa-
tion of an obscured QSO found in the ASCA surveys with
Subaru/IRCS. Although the amount of X-ray aborption is
large, the near-infrared spectrum shows strong broad Ha

emission line [4] (Figure 2). Near-infrared imaging obser-
vations of ASCA AGNs with UH 2.2m telescope also
revealed that the optical to near-infrared colors of X-ray
obscured AGNs are not so red [5]. These results indicate
the dust extinction observed in the optical is not as large as
that expected from the amount of the X-ray absorption. The
gas and dust composition around the nucleus can be differ-
ent from that of inter-stellar matter in the Galaxy.
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Figure1:Cosmological evolution of number density of AGNs in each
luminosity bin. The points with error bars represent the results,
and the lines indicate results of fitting for the data points with
the luminosity-dependent density evolution model.

Figure2:X-ray spectrum of an obscured QSO, AXJ08494+4454,
obtained with Chandra (Upper). Optical and near-infrared
spectra of the QSO taken with Subaru/FOCAS and IRCS
(Lower). The near-infrared observation revealed strong broad
Ha emission line.
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We investigate the dependence of the supernova neutri-
nos emitted during supernova explosions on the ejected
masses of the light elements such as Li7 and B11 and the
heavy r-process elements[1]. We adopte a common neutri-
no luminosity model for the light element and r-process
element synthesis. The total neutrino energy Eo and the
decay time of the neutrino flux xo are adopted as parame-
ters. The energy spectra of the supernova neutrinos are
assumed to obey Fermi distribution. The temperature of

,on x and ,on xr , T ,, ,o on x n x is set to be 8 MeV and the tempera-
tures of eo and eor are set to be 3.2 MeV and 5.0 MeV.

We used the supernova explosion model of a 16.2 M 9

star corresponding to SN 1987A [2]. The obtained ejected
masses of Li7 and B11 are roughly proportional to the total
neutrino energy and scarcely depend on the decay time of
the neutrino flux (see Fig. 1). The r-process nucleosynthe-
sis was calculated using the neutrino driven wind models of
a 1.4 M 9 neutron star [3]. The obtained r-process abun-
dance pattern mainly depends on the peak neutrino lumi-
nosity which is proportional to /E xo o. A small peak neutri-
no luminosity is favorable for the reproduction of the r-
process abundance pattern of the solar system composition.

There is an overproduction problem of B11 in the
Galactic chemical evolution: the supernova contribution of

B11 evaluated from the supernova nucleosynthesis theory is
overproduced by a factor of 2.5 to 5.6 compared to the
Galactic chemical evolution models [5][6]. On the other
hand, the total neutrino energy is almost equal to the gravi-
tational energy of a typical neutron star, i.e., about 3 1053#
ergs. We reproduce the ejected mass of B11 evaluated from
the Galactic chemical evolution models when we decrease
the neutrino temperature T ,, ,o on x n x from 8MeV to 6MeV and
set the decay time of the neutrino flux xo as 9s. The r-
process abundance pattern has been also well reproduced
with the same supernova neutrino model. Small neutrino
temperature about 6MeV can reproduce the Galactic chem-
ical evolution of both of the light element and the r-process
element synthesis.
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Figure2:The r-process abundance pattern in the case of 
MeV and E 3 10

53
#=o ergs, 9=xo s. Stars indicate the

observed abundance pattern of the r-process elements[4]

Figure1:The dependence of neutrino parameters on the ejected B11

mass. Horizontal and vertical axes indicate the total neutrino
energy and the ejected B11 mass. The energy (MeV) and the
time (s) in parenthesis are the temperature of ,o n x, ,o n x

r and the
decay time of the neutrino flux. The horizontal shaded region
is the range evaluated from Galactic chemical evolution mod-
els of the light elements. The vertical shaded region is the
range evaluated from the gravitational energy of a neutron star.
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The heating mechanism of the solar corona is not yet

fully understood, but so far two competing models have

been proposed. One is the microflare hypothesis, and the

other is the wave hypothesis. In the framework of the wave

model, it is crucially important to know what kind of waves

exist in the solar corona.

The observations of waves in the corona have been

made in two ways. One is to observe the Doppler shift in

coronal emission lines, and the other is to observe the

intensity of either the emission lines or of the electron scat-

tering continuum. Although it is easier to measure the

intensity than the Doppler shift, the intensity observation is

subject to variations in sky conditions. So far many reports

appeared claiming the detection of oscillations in line or

continuum intensities, but they are not truly believed.

In the present analysis, we combined the data of the

coronal emission line at 5303Å (the so-called coronal green

line) from the Lomnicky Stít observatory in Slovakia (alti-

tude 2632m) and from the Norikura Solar Observatory

(altitude 2876m), NAOJ. The Lomnicy Stít data were

obtained with a 20cm aperture coronagraph with a photo-

electric photometer. The 25cm aperture coronagraph with a

spectrograph at Norikura was used to obtain the spectra

(and therefore the Doppler shift and line intensity) of the

green line. The joint observation was carried out on 2000

October 24, with a time difference of two hours.

The background sky intensities from Slovakia and from

Norikura showed different power spectra, indicating differ-

ing sky conditions at the two sites. The line intensity data

from the two observatories, however, showed a similar

peak in power spectra, centered around a period of 3–5

minutes. The Doppler shift data from Norikura also showed

a similar behavior. Therefore, the existence of intensity

oscillation was of no doubt. However, the intensity varia-

tions showed coherence over a large spatial scale which is

hard to interpret. 
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Figure1:The intensity variation of the coronal green line observed at Norikura. The abscissa is time and the ordinate is the coordinate along the slit of the
spectrograph. The left-hand-side panel is the raw data, and the right-hand-side panel shows low-pass filtered data in which short time-scale phe-
nomena are enhanced.
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1. Introduction
New clean room (192m2) was completed in the

Advanced Environment Test building on the spring of
2003. The clean room is equipped with the checkout room
on the second floor looking over the clean room to general-
ly support the activities in the clean room. The nominal
cleanliness is 100,000. The class indicates the number of
particles with size larger than 0.5 per cubic feet. We
extensively clean up the clean room and equipment to be
brought into the clean room immediately after its comple-
tion. The clean room turns out to have performance of
approximately class 100 with 10 personnel working in the
clean room. 

On February 2003, the heliostat (Fig. 6) was completed
on the roof top of the building, and we can introduce the
light from the sun and stars into the clean room through the
glass window on the ceiling without breaking the cleanli-
ness. Since May 2003, this clean room has been heavily
used to construct and test the Optical Telescope Assembly
to be aboard the Solar-B satellite. The beam size is approxi-
mately 50 cm. This is a unique feature of the NAO clean
room.

Figure1: Clean Room.

2. Environmental maintenance of the clean room
Needless to say, dusts and organic materials (gas) are

extremely hazardous for space optical hardware. We are
taking the following precautions to maintain the clean envi-
ronment: 
(1) continuous monitoring of number of floating particles

in air (particle contamination), 
(2) regular monitoring of molecular contamination with
witness glass located on the walls of the clean room,
(3) control of the temperature and humidity (20±0.2℃,
45±2%), 
(4) folding (accordion) booth for carrying-in equipment and
unpacking, 
(5) maintenance of air condition system including the addi-
tion of the high-performance particle filters for air coming
from outside to maintain the positive pressure of the clean
room, 
(6) cleaning and dust check of equipment carried into the
clean room with black light, 
(7) regular cleaning of the floor and prompt exchange of
the filled garbage boxes in the clean room.

Regarding (4), the clean room is unfortunately not
equipped with a dedicated room for unpacking. Thus, we
developed the foldable booth located inside of the entrance
door, and the carry-in procedure is as follows: We open the
entrance door, and bring containers inside. The area con-
nected to the door is separated from the clean room with
the unfolded booth with curtain. We clean the hardware
after closing the door in the booth. The booth is then folded
to the width of 1m not to dominate the area of clean room,
and instruments are moved into the clean room. This
sequence enables us to completely separate the dirty out-
side from the clean room. 

Regarding (5), when the air condition system had to be
turned off for the critical measurement such as the mea-
surement with an interferometer to eliminate the effect of
vibration, cleanliness class more than 100,000 was record-
ed. This was due to the air that was introduced from outside
through the built-in filter, whose performance is apparently
not acceptable. In order to improve the quality of the air,
we installed the HEPA filter, resulting in a significant
improvement with cleanliness class<200 (0.3 m particles).

With these efforts, we can usually achieve class 100
(0.3 m particles). Furthermore, Optical Telescope
Assembly has been kept in the clean booth (27m2) located
in the clean room. The cleanliness class in the clean booth
is less than 50 when there are several workers inside the
booth and 0 when there are no personnel inside.

New Clean Room for Space Instrumentation
NOGUCHI, Motokazu, NAKAGIRI, Masao, SUEMATSU, Yoshinori, TSUNETA, Saku

(Solar Physics Division, NAOJ)
KUBO, Masahito

(University of Tokyo/Solar Physics Division, NAOJ)

      



3. Monitoring the cleanliness
The number of floating particles is being measured by

particle counters. Fig. 2 shows the time variation of number
density of >0.3 m particles in the clean booth, and Fig. 3
shows that of >0.5 m particles for the period when optical
alignment of Solar-B optical telescope assembly is done
from 6 May to 26 May 2004. From these data, periodic
day-night variation can be read. Sometimes over 1,000 was
recorded, because the air conditions of the clean booth was
turned off to remove the effect of vibration during interfer-
ometer measurement. Some of these peaks corresponds to
the timing when containers were brought from outside. Fig.
4 shows the histogram of 0.5 m particles, and indicates
that for 90% of the time cleanliness class was less than 5.
Even when approximately 10 persons were working in the
clean room, the class was almost less than 10. Fig. 5 shows
the long-term monitoring on the number of 0.3 m parti-
cles. Although the cleanliness factor was sometimes close
to 100,000 for short duration as mentioned previously, it is
usually about 100. (From the end of January to the begin-
ning of February 2004, the particle counter was out of order
so there is no data for the period.)

Figure2: Time variation of the number density (0.3 m particles).

Figure3: Time variation of the number density (0.5 m particles).

Figure4: Histogram of the number density (0.5 m particles).

Figure5: Long-time variation of the number density (0.3 m particles).

Figure6: Heliostat
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Chazy introduced oscillatory solutions of the gravita-

tional three–body problem as a logical consequence in the

classification of final motions. Sitnikov proved the exis-

tence of this type of motion in the three-dimensional

restricted three–body problem with masses m m 01 2!= and

m 03= . The demonstration of this existence was named the

Sitnikov problem.

Sitnikov considered the situation in which two bodies

with equal mass move in elliptic orbits in the x-y plane. The

center of mass is located at the origin. The third body

moves along the z axis. Sitnikov proved that there is a set

of initial conditions whose orbits survive the first ejection

after the first syzygy (the line connecting two primaries)

crossing (that is, the orbits do not escape), there is a subset

of initial conditions whose orbits survive the second ejec-

tion, and so on, and that there are orbits whose ejection dis-

tances grow indefinitely. He proved that there exist initial

conditions such that the distance ( )r t of the third body from

the origin does not grow monotonically although its supre-

mum increases without bound. These conditions are those

of an oscillatory orbit. The Sitnikov problem has been

extended by Alekseev, Easton and McGehee. The existence

of oscillatory orbits in other three-body systems was veri-

fied with the aid of numerical integration. Many references

are in Ref[1].

The orbits of the accelerator mode[2] in the standard

mapping corresponds to escape orbits in three–body prob-

lems. The accelerator mode appears as soon as the last

Kolmogorov–Arnold–Moser curve disintegrates. In the

vicinity of an orbital point of the accelerator mode, there

exist points of non–Birkhoff periodic orbits which, in the

language of the three–body problem, are ejected to various

distances. Therefore we hypothesize the existence of oscil-

latory orbits if orbits of the accelerator mode exist. We

prove that this hypothesis is correct. The detailed proof is

contained in Ref[3].

The standard mapping we consider is defined on a

cylinder:

, ( ),sin mody y a x x x y 2n n n n n n1 1 1= + = + r+ + +

where a is a positive parameter.

Here we show briefly the procedure of our proof. We

take any accelerator mode from the dynamical order rela-

tion obtained in Ref[2]. Next we prove the existence of the

non–Birkhoff type doubly symmetric periodic orbits in the

vicinity of this accelerator mode. These orbits go together

with the  accelerator mode but return back. The initial point

of the oscillartoy orbit is obtained as the accumulation

point of these orbits.

The system containing oscillatory orbits seems to have

the following characteristic property. There is a point z0

such that the orbit starting at this point goes to infinity as  t

goes to infinity; that is, an escape orbit exists. Further there

exists an initial point z 0l in a neighborhood of z0 such that

the orbit starting from z 0l goes far from z 0l but eventually

comes back to z 0l . The initial point of an oscillatory orbit is

located in the vicinity of z0 and z 0l . It is important to make

clear the necessary and sufficient conditions for the exis-

tence of oscillatory orbits. This is a future problem.
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Chemical composition of metal-deficient stars provide
with a unique opportunity to study the nucleosynthesis
processes in the early Galaxy. Analyses of isotope abun-
dances, in addition to elemental abundances, in these stars
are expected to make a significant progress in the under-
standing of details of the processes. As the first step of this
challenge, we have obtained high-resolution (R 105+ )
spectra of several metal-deficient stars with Subaru/HDS,
and made analysis of the Eu II lines, which show relatively
large isotope ( Eu and Eu151 153 ) splittings.
(1)The Eu151 fraction in r-process-enhanced stars is slightly
smaller than 50% (left figure), in agreement with that in
solar system material. The elemental abundance pattern of
heavy nuclei in these stars are well known to agree with
that of the solar-system r-process component, and the
agreement has been confirmed in isotopic level for Eu [1].
(2)The Eu151 fractions in two stars with s-process element-
excesses are 55-60% (left figure)[2]. While more than 90%
of Eu in solar-system material originates from the r-
process, the majority of Eu in these stars is estimated to be
yielded by the s-process from the abundance patterns of
heavy elements. The present analysis derived, for the first
time, an observational constraint on the Eu isotope ratio
produced by the s-process. Since the Eu isotope is signifi-

cantly affected by the branching at Sm151 , the isotope ratio
can be a probe to investigate the temperature and neutron
density in the s-process site. Our model calculation of the
s-process, adopting the recent nuclear reaction rate shows
that the observed Eu isotope ratio can be well explained by
neutron density of 107 9 cm 3 and temperature of
kT 10 30= - keV (right figure). Future progress in the
quality of the observational data and nuclear reaction rates
will enable us to study the condition of the s-process in
evolved intermediate-mass stars (AGB stars), i.e., to esti-
mate the contribution of the process during the thermal
pulse (high temperature and high neutron density) and that
between the pulses (low temperature and low neutron den-
sity). The present study shows that detailed analyses of Eu
isotope ratio will provide a new observational constraint on
the recent complicated s-process and AGB models.
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Figure1: left: A Eu II line of the r-process-enhanced star HD6268 (upper panel) and those of the s-process-enhanced stars LP625-44 and CS31062-050.
Solid lines show synthetic spectra calculated assuming the best-fit Eu isotope ratios, and dotted and dashed lines indicate the ones assuming
10% differences of Eu151 fraction. right: Eu151 fraction as a function of neutron density calculated by the s-process model for 30keV(squares),
20keV(triangles), 15keV(circles), and 10keV(asterisks). The observational result for LP625-44 is shown by the hatched area.
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A New Precession Formula
FUKUSHIMA, Toshio 

(Public Relations Center, NAOJ)

Modifying J. G. Williams' formulation [1], we devel-
oped a new scheme to express the precession and nutation
in an arbitrary inertial frame of reference. It gives the pre-
cession-nutation matrix as the product of four rotation
matrices as

( ) ( ) ( ) ( )NP R R R R1 3 1 3e= - - } { cr r
and the precession one similarly as

( ) ( ) ( ) ( )P R R R R1 3 1 3e= - - } { cr r r r .

Here (1) {r and cr are the angles to specify the location
of the ecliptic pole of date in the given inertial frame, (2) }
and }r are the true and mean ecliptic angles of precession
around the ecliptic pole of date and counted clock-wise
from the direction to the z-axis of the given inertial frame,
respectively, and (3) e and er are the true and mean obliqui-
ties of the ecliptic with respect to the y-x plane of the
given inertial frame, respectively. Note that

,and where ande e e e/ /+ +} } } }D D D Dr r are the
usual nutations in longitude and in obliquity, respectively.

As a result, reference frames referred to the true or
mean equator and equinox of date are explicitly described
in the ICRF by using the newly introduced precession
angles and the usual nutation angles. Although the expres-
sion of nutation matrix is unchanged as

( ) ( ) ( )N R R R1 3 1e e= - - }D r ,

we recommend the usage of the above form of NP instead
of preparing P and N separately because of faster evalua-
tion. The formulation is robust in the sense it avoids a sin-
gularity caused by finite pole offsets near the epoch. Facing
the singularity is inevitable in the pre-2003 IAU formula-
tion.

By using the new formulation, we created a new set of
precession formulas [2]. First, we adopted a numerical
determination of the motion of ecliptic in DE405 [3] to
specify the polynomial expressions of cr and {r in the iner-
tial sense. Next, we selected a recent theory of the forced
nutation of the non-rigid Earth, SF2001, [4], to express }D
and eD in a compact and precise trigonometric series
expansion. Then we converted the true pole offsets
observed by VLBI for 1979-2000 to the offests in the two
precession angles, }r and er . As their first approximation,
we used Ah and Af of Williams (1994). From the converted
offsets, we determined the best-fit polynomial expressions
of the corrections to the approximations as well as the
equinox correction. We judged from a weighted least
square method that linear corrections are sufficient. Thus
we determined the polynomial expressions of }r and er as
well as the equinox correction E to the IAU 1976 formula-
tion. Combining these with the above formulas of planetary
precession, we determined the mean celestial pole offset at
J2000.0 as

( . . )X mas17 12 0 010 !=-r , ( . . )Y mas5 06 0 020 !=-r .

By shifting the base reference frame from the ICRF to
the mean equator and equinox at J2000.0, we derived the
best-fit polynomials of the classic precession quantities,
sin sinA Ar P , sin cosA Ar P , Ar , AP , pA, A} , A~ , A| , Ae ,

Ag , zA, and Ai . They are provided in Table 1 of Fukushima
(2003) as well as all the existing formulas given in the liter-
ature.

As a by-product, we estimated the speed of general pre-
cession in longitude at J2000.0 as

p = (5028.7955 ! 0.0003)˝ /Julian century,

the mean obliquity at J2000.0 in the inertial sense as

( 0e )I = (84381.40621 ! 0.00001)˝,
and that in the rotational sense as

( 0e )R = (84381.40955 ! 0.00001)˝.
Also, by adopting a best estimate of the theoretical value of
the geodesic precession,

pg = (1.9196 ! 0.0003) /̋Julian century,

we determined the dynamical flattening of the Earth from
the precession constant as

H d = (3.2737804 ! 0.0000003) 10 3# .

From the classic polynomial expressions derived in the
above, we evaluated the effect of the sense in defining the
ecliptic. The resulting polynomial forms of the new preces-
sion angles in both the rotational and inertial senses are, as
well as the derived classic precession quantities, summa-
rized in [4]. These constitute a new set of the fundamental
expressions of the precession quantities.

If the concern is the minimization of modification of
the pre-2003 IAU formulation, the readers may use the
updated classic quantities as well as the frame adjustment
at the epoch.

Note that, although we have called }r and er the luni-
solar precession in this article, they are meant to include the
effect of the geodesic precession. In spite of our presenta-
tion of precession quantities in both senses, one should
understand that those in the inertial sense are of primary
nature and the expressions in the rotational one were
derived from them.

Refrences
[1] Williams, J. G.: 1994, Astron. J., 108, 711.

[2] Fukushima, T.: 2003, Astron. J., 126, 494.

[3] Harada, W., and Fukushima, T.: 2004, Astron. J., 127, 531.

[4] Shirai, T., and Fukushima, T.: 2001, Astron. J., 121, 3270.

      



42

The process of star formation from metal-free gas is
investigated by following the evolution of accreting proto-
stars with emphasis on the properties of massive objects.
The main aim is to establish the physical processes that
determine the upper mass limit of the first stars. Although
the consensus is that massive stars were commonly formed
in the first cosmic structures, our calculations show that
their actual formation depends sensitively on the mass
accretion rate and its time variation. Even in the rather ide-
alized case in which starformation is mainly determined by
M acco , the characteristic mass scale of the first stars is rather
uncertain. We find that there is a critical mass accretion
rate M M yr4 10crit

3 1#- 9o that separates solutions with
<M Macc crito o in which objects with mass M100& 9 can form,

provided there is sufficient matter in the parent clouds,
from others ( >M Macc crito o ) where the maximum mass limit
decreases as M acco increases. In the latter case, the protostel-
lar luminosity reaches the Eddington limit before the onset
of hydrogen burning at the center via the CN-cycle. This
phase is followed by a rapid and dramatic expansion of the
radius, possibly leading to reversal of the accretion flow
when the stellar mass is about 100 M 9.

Under a realistic time dependent accretion rate that
starts at high values ( M yr10 2 1+ 9 ) and decreases rapidly
in the high mass regime ( >M M90 9) ), the evolution fol-
lows the case of <M Macc crito o and accretion can continue
unimpeded by radiation forces. Thus, the maximum mass is
set by consideration of stellar lifetimes rather than by pro-
tostellar evolution. In this case, the upper limit can be as
high as M600+ 9.

We consider also the sensitivity of the results to the
presence of heavy elements with abundances in the range
Z Z5 10 5#= 9 to Z5 10 3# 9. The main evolutionary
features of protostars are similar to those of metal-free
objects, except that the value of M crito increases for metal-
enriched protostars. Since the accretion rate is lower in a
slightly polluted environment, the condition <M Macc crito o is
expected to be more easily met. We find that for metallici-
ties below Z10 2+ 9, where radiation forces onto dust
grains in the flow are negligible, a slightly metal-rich gas
favors continued accretion and the formation of very mas-
sive stars.
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Formation of the First Stars by Accretion
OMUKAI, Kazuyuki PALLA, Francesco

(Division of Theoretical Astrophysics, NAOJ) (Arcetri)

Figure2:HR diagram for primordial protostars. For comparison, we also
show the locus of the metal-free ZAMS stars as computed by
Marigo et al. [3] for <M M100 9) and by Bromm et al. [2] for
higher masses. The dotted lines show the temperature and
luminosity at the stellar surface.

Figure1:Mass-radius relations for metal-free protostars evolving with
an accretion rate / , / , ,M M1 4 1 2 1 2acc fid=o o (from top to bottom).
The dashed line is for M Macc fid=o o , where the fiducial value is

.M M4 4 10fid
3

#= 9
o yr 1.   The filled circles indicate the

onset of H-burning via the CN-cycle. 

      



43

The initial mass function (IMF) of metal-free stars that

form in the initial starburst of massive (virial temperatures

>104K) metal-free protogalaxies is studied. In particular,

we focus on the effect of H2 photodissociation by pre-exist-

ing stars on the fragmentation mass scale, presumedly

determined by the Jeans mass at the end of the initial free-

fall phase, i.e., at the so-called “loitering phase,” character-

ized by the local temperature minimum. Photodissociation

diminishes the Jeans mass at the loitering phase, thereby

reducing the fragmentation mass scale of primordial

clouds. Thus, in a given cloud, far ultraviolet (FUV) radia-

tion from the first star, which is supposedly very massive

( M103+ 9), reduces the mass scale for subsequent frag-

mentation. Through a series of similar processes the IMF

for metal-free stars is established. If FUV radiation exceeds

a threshold level, the star-forming clumps collapse solely

through atomic cooling. Correspondingly, the fragmenta-

tion scale drops discontinuously from a few times M10 9 to

sub-solar scales. In compact clouds (< .1 6 kpc for clouds of

gas mass M108
9), this level of radiation field is attained,

and sub-solar mass stars are formed even in a metal-free

environment. Consequently, the IMF becomes bi-modal,

with peaks at a few tenths of M 9 and a few times 10M 9.

The high-mass portion of the IMF, ( )mhighp ) , is found to be

a very steep function of the stellar mass m),

m) " )( )mhigh
5p . Therefore, the typical mass scale of

metal-free stars is significantly smaller than that of the very

first stars. In the Appendix we study the thermal instability

in collapsing primordial prestellar clumps, and discuss why

the thermal instability occuring during the three-body H2

formation does not appear to manifest itself in causing fur-

ther fragmentation of such clumps.
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Figure2:The initial mass function of metal-free stars in clouds of
M M10cl

8
= 9.  Shown are the results for the cloud length

scale of 300pc (solid line), 500pc (dotted line), 1000pc (short-
dashed line), and 3000pc (long-dashed line).

Figure1:The fragmentation mass scale as a function of the dilution fac-
tor W, which parametrizes the FUV radiation density.
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The first light imaging observation of a cluster of galax-

ies A851(CL0939+4713) at redshift 0.4 with the Subaru

SuprimeCam revealed its superb imaging capability with

limiting magnitude R=28 in 1 hour exposure [1]. A remark-

able ERO (Extremely Red Object) found in this observa-

tion, ERO J094258+4659.2 with R–K=7.5, was originally

considered to be a gravitationally lens stretched image of a

background elliptical galaxy as the major axis of this image

is aligned with the equipotential surface of the lensing clus-

ter.

However, following detailed imaging and spectroscopic

studies have shown that this is an S0-like galaxy with expo-

nential luminosity profile, rather than a lensed elliptical

with de Vaucouleurs' law, without recent star forming

activity and located in a field environment at redshift 1.5

[2].

Although this is a single case of finding an S0-like

galaxy at such a high redshift, this finding places an impor-

tant constraint on the galaxy formation scenario as ERO

J094258+4659.2 is likely to be a galaxy with dynamically

relaxed disk component of evolved stars without a conspic-

uous young population. The ordinary scenario of tidal strip-

ping of disk galaxy to form an S0 in a cluster environment

cannot explain the origin of ERO J094258+4659.2, as it is

in a field environment at redshift 1.5.  Usual CDM scenario

shows the formation of massive galaxies takes place at red-

shift < 1 by successive merging of tiny galaxies. However,

the lack of spectroscopic evidence of recent star forming

activity in this galaxy and the very well relaxed luminosity

profile of this galaxy imply that such a major merger event,

if any, should have taken place long ago in this galaxy,

meaning the epoch of formation of this galaxy much earlier

than redshift 1.5.

HST proposal to observe this galaxy was granted for

cycle 13.

References

[1] Iye, M. , Iwamuro,F., Maihara,T., et al.: 2000, Publ.Astron.Soc.

Japan, 52, 9.

[2] Iye, M., Shimasaku, K., Miyazaki, S. et al.: 2003, Astrophy. J., 590,

770.

An S0-like Galaxy Found at Redshift 1.5
IYE, Masanori, KASHIKAWA, Nobunari, IMANISHI, Masatoshi, SAITO, Yoshihiko

(NAOJ, Optical & Infrared Astronomy Division)
MIYAZAKI, Satoshi, SIMPSON, Chris

(NAOJ, Subaru Telescope)
CHIBA, Masashi

(NAOJ, Astrometry and Celestial Mechanics Division)
SHIMASAKU, Kazuhiro

(Univ. Tokyo) and others

Figure1: Multi band images of ERO J094258+4659.2(left) and its exponential luminosity profile(right)
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We consider a brane-world cosmology whereby the

universe is described as a three-brane embedded in a five-

dimensional anti-de Sitter (AdS5) bulk spacetime, and

explore cosmological implications of dark matter as mas-

sive particles trapped on a brane. It is an unavoidable con-

sequence of this cosmology that massive particles are

metastable and can disappear into the bulk dimension.

Here, we assume that a massive dark matter particle (e.g.

the lightest supersymmetric particle) has the shortest life-

time 1C for disappearing into the bulk. The energy flow of

dark matter particles into the bulk induces a back reaction

from the background gravitational field in the bulk and

generates the ''dark radiation'' on the brane. As an example,

Figure 1 illustrates the evolution of a a simple flat,

, disappearing dark matter cosmology with 

Gyr. This cosmology separates into four characteristic

regimes identified on Figure 1. These are: I) The usual

early radiation dominated era; II) a dark-matter dominated

era; III) a late dark radiation dominated era ; and IV)

Eventually, a baryon-dominated regime also exists.

This new paradigm will change the standard thermal

history of the universe mainly in two ways. First, more

dark matter particles in the past change the expansion histo-

ry of the universe and lead the stronger decelerating expan-

sion in the early universe. Second, the disappearance of

dark matter particles results in the increasing ratio of dark

matter density to that of baryon with look back time to the

past. We examine cosmological constraints on this new

paradigm and show that disappearing dark matter is consis-

tent (at the 95% confidence level) with all cosmological

constraints, i.e. present observations of Type Ia supernovae

at the highest redshift, trends in the mass-to-light ratios of

galaxy clusters with redshift, the fraction of X-ray emitting

gas in rich clusters, and the spectrum of power fluctuations

in the cosmic microwave background. The result of our

standard 2| goodness of fit to the data sets are depicted in

Figure 2. In this figure, XK means the energy density in

cosmological constant (K) in critical density units, for

example. We find a minimum 2| per degree of freedom of

.0 61r
2=| for 341=C Gyr for Cluster /M L data, which is an

improvement over the fit with a fixed /M L (assumed in

standard cosmology) for which .0 67r
2=| . The Type Ia SN

implies .0 94r
2=| for .0 31=C Gyr, which is to be com-

pared .0 96r
2=| for a standard CDMK cosmology.

Combining recent cosmic microwave background measure-

ments by WMAP, a best 2v concordance region is identi-

fied corresponding to a mean lifetime for dark matter  dis-

appearance of 15 801# #C Gyr. Should the dark-matter

mass m0 ever be known, this would give a new limit on the

five dimensional Planck mass to

( / ) ( / ) ( / ~ )M M m TeV Gyr4 15/ /
5 4 0

1 2 1 1 6. C .
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figure1: Illustration of the energy densities with scale factor in models
with dark-matter decay into the extra dimension.

figure2: Contours of constant 2| in the 
1

C
-

vs. XK plane. Lines drawn
correspond to 1, 2, and 3v confidence limits for fits to the magnitude-
redshift relation for Type Ia supernovae, the mass-to-light ratios of
galaxy   clusters,  and constraints from the CMB. The dashed lines indi-
cate contours of constant X as labeled. The dark radiation contribution
can be deduced from the figure, via 1 B= - - -X X X XK

      



46

1. Refereed Publications

Abazajian, K., Adelman-McCarthy, J. K., Agueros, M. A.,
Allam, S. S., Anderson, S. F., Annis, J., Bahcall, N. A.,
Baldry, I. K., Bastian, S., Berlind, A., Bernardi, M.,
Blanton, M. R., Blythe, N., Bochanski, J. J. Jr., Boroski,
W. N., Brewington, H., Briggs, J. W., Brinkmann, J.,
Brunner, R. J., Budavari, T., Carey, L. N., Carr, M. A.,
Castander, F. J., Chiu, K., Collinge, M. J., Connolly, A.
J., Covey, K. R., Csabai, I., Dalcanton, J. J., Dodelson,
S., Doi, M., Dong, F., Eisenstein, D. J., Evans, M. L.,
Fan, X., Feldman, P. D., Finkbeiner, D. P., Friedman, S.
D., Frieman, J. A., Fukugita, M., Gal, R. R., Gillespie,
B., Glazebrook, K., Gonzalez, C. F., Gray, J., Grebel, E.
K., Grodnicki, L., Gunn, J. E., Gurbani, V. K., Hall, P.
B., Hao, L., Harbeck, D., Harris, F. H., Harris, H. C.,
Harvanek, M., Hawley, S. L., Heckman, T. M.,
Helmboldt, J. F., Hendry, J. S., Hennessy, G. S.,
Hindsley, R. B., Hogg, D. W., Holmgren, D. J.,
Holtzman, J. A., Homer, L., Hui, L., Ichikawa, S.,
Ichikawa, T., Inkmann, J. P., Ivezic, Z., Jester, S.,
Johnston, D. E., Jordan, B., Jordan, W. P., Jorgensen, A.
M., Juric, M., Kauffmann, G., Kent, S. M., Kleinman, S.
J., Knapp, G. R., Kniazev, A. Y., Kron, R. G.,
Krzesinski, J., Kunszt, P. Z., Kuropatkin, N., Lamb, D.
Q., Lampeitl, H., Laubscher, B. E., Lee, B. C., Leger, R.
F., Li, N., Lidz, A., Lin, H., Loh, Y., Long, D. C.,
Loveday, J., Lupton, R. H,. Malik, T., Margon, B.,
McGehee, P. M., McKay, T. A., Meiksin, A., Miknaitis,
G. A., Moorthy, B. K., Munn, J. A., Murphy, T.,
Nakajima, R., Narayanan, V. K., Nash, T., Neilsen, E. H.
Jr., Newberg, H. J., Newman, P. R., Nichol, R. C.,
Nicinski, T., Nieto-Santisteban, M., Nitta, A.,
Odenkirchen, M., Okamura, S., Ostriker, J. P,. Owen, R.,
Padmanabhan, N., Peoples, J., Pier, J. R., Pindor, B.,
Pope, A. C., Quinn, T. R., Rafikov, R. R., Raymond, S.
N., Richards, G. T., Richmond, M. W., Rix, H., Rockosi,
C. M., Schaye, J., Schlegel, D. J., Schneider, D. P.,
Schroeder, J., Scranton, R., Sekiguchi, M., Seljak, U.,
Sergey, G., Sesar, B., Sheldon, E., Shimasaku, K.,
Siegmund, W. A., Silvestri, N. M., Sinisgalli, A. J.,
Sirko, E., Smith, J. A., Smolcic, V., Snedden, S. A.,
Stebbins, A., Steinhardt, C., Stinson, G., Stoughton, C.,
Strateva, I. V., Strauss, M. A., SubbaRao, M., Szalay, A.
S., Szapudi, I., Szkody, P., Tasca, L., Tegmark, M.,
Thakar, A. R., Tremonti, C., Tucker, D. L., Uomoto, A.,
Vanden Berk, D. E., Vandenberg, J., Vogeley, M. S.,
Voges, W., Vogt, N. P., Walkowicz, L. M., Weinberg, D.
H., West, A. A., White, S. D. M., Wilhite, B. C.,
Willman, B., Xu, Y., Yanny, B., Yarger, J., Yasuda, N.,
Yip, C., Yocum, D. R., York, D. G., Zakamska, N. L.,
Zehavi, I., Zheng, W., Zibetti, S., and Zucker, D. B.:
2003, The First Data Release of the Sloan Digital Sky
Survey, Astron. J., 126, 2081-2086.

Abe, F., Bennett, D. P., Bond, I. A., Calitz, J. J., Claret, A.,

Cook, K. H., Furuta, Y., Gal-Yam, A., Glicenstein, J.-F.,
Hearnshaw, J. B., Hauschildt, P. H., Kent, D., Kilmartin,
P. M., Kurata, Y., Masuda, K., Maoz, D., Matsubara, Y.,
Meintjes, P. J., Moniez, M., Muraki, Y., Noda, S., Ofek,
E. O., Okajima, K., Philpott, L., Rattenbury, N. J., Rhie,
S. H., Sako, T., Sullivan, D. J., Sumi, T., Terndrup, D.
M., Tristram, P. J., Yanagisawa, T., Yock, P. C. M.:
2003, Probing the atmosphere of a solar-like star by
galactic microlensing at high magnification, Astron.
Astrophys., 411, L49－L496.

Abe, S., Yano, H., Ebizuka, N., Sugimoto, M., Kasuga, T.,
Watanabe, J.: 2003, Twin Peaks of the 2002 Leonid
Meteor Storm Observed in the Leonid MAC Airbone
Mission, Publ. Astron. Soc. Japan, 55(3), 559-565.

Ajiki, M., Taniguchi, Y., Fujita, S. S., Shioya, Y., Nagao,
T., Murayama, T., Yamada, S., Umeda, K., and
Komiyama, Y.: 2003, A Subaru Search for Lyα Emitters
at Redshift 5.7, Astron. J., 126, 2091－2107.

Akiyama, M., Ueda, Y., Ohta, K., Takahashi, T., and
Yamada, T.: 2003, Optical Identification of the ASCA
Medium Sensitivity Survey in the Northern Sky: Nature
of Hard X-Ray-Selected Luminous Active Galactic
Nuclei, Astrophys. J. Suppl. Ser., 148, 275－315.

Akiyama, M.: 2003, Minor Planet Observations [886
Susono], MPC, 49585, 10.

Akiyama, M., Ueda, Y., Ohta, K., Takahashi, T., and
Yamada, T.: 2003, ASCA AGN optical identifications
(Akiyama+, 2003), VizieR On-line Data Catalog, 148,
275.

Amenomori, M., Ayabe, S., Cui, S. W., Danzengluobu,
Ding, L. K., Ding, X. H., Feng, C. F., Feng, Z. Y., Gao,
X. Y., Geng, Q. X., Guo, H. W., He, H. H., He, M.,
Hibino, K., Hotta, N., Hu, Haibing, Hu, H. B., Huang, J.,
Huang, Q., Jia, H. Y., Kajino, F., Kasahara, K.,
Katayose, Y., Kawata, K., Labaciren, Le, G. M., Li, J.
Y., Lu, H., Lu, S. L., Meng, X. R., Mizutani, K., Mu, J.,
Nanjo, H., Nishizawa, M., Ohnishi, M., Ohta, I., Ouchi,
T., Ozawa, S., Ren, J. R., Saito, T., Sakata, M., Sasaki,
T., Shibata, M., Shiomi, A., Shirai, T., Sugimoto, H.,
Taira, K., Takita, M., Tan, Y. H., Tateyama, N., Torii, S.,
Tsuchiya, H., Udo, S., Utsugi, T., Wang, B. S., Wang,
H., Wang, X., Wang, Y. G., Xue, L., Yamamoto, Y.,
Yang, X. C., Ye, Z. H., Yu, G. C., Yuan, A. F., Yuda, T.,
Zhang, H. M., Zhang, J. L., Zhang, N. J., Zhang, X. Y.,
Zhang, Y., Zhaxisangzhu, and Zhou, X. X.: 2003, Multi-
TeV Gamma-Ray Flares from Markarian 421 in 2000
and 2001 Observed with the Tibet Air Shower Array,
Astrophys. J., 589, 242－249.

Ando, M., Arai, K., Takahashi, R., Tatsumi, D., Beyersdorf,
P., Kawamura, S., Miyoki, S., Mio, N., Moriwaki, S.,
Numata, K., Kanda, N., Aso Y., Fujimoto, M.-K.,
Tsubono K., Kuroda K., and the TAMA collaboration:
2003, Methods to characterize non-Gaussian noise in
TAMA, Class. Quantum Grav., 20, S697－S709.

Aoki, W., Ryan, S. G., Iwamoto, N., Beers, T. C., Norris, J.

II   Publications, Presentations

      



E., Ando, H., Kajino, T., Mathews, G. J., Fujimoto, M.
Y.: 2003, Europium Isotope Ratios in s-Process
Element-enhanced Metal-poor Stars: A New Probe of the
151Sm Branching, Astrophys. J., 592, L67－L70.

Araya, E., Hofner, P., Goldsmith, P., Slysh, S., and Takano,
S.: 2003, A C-Band Spectral Scan of IRC +10 2゚16,
Astrophys. J., 596, 556－560.

Ariyoshi, S., Matsuo, H., Otani, C., Sato, H., Shimizu, H.,
Matsunaga, T.,  and Noguchi, T.: 2003, Nb-Based
Superconductiing Tunnel Junctions as Submillimeter-
Wave Direct Detectors, IEEE Trans. Applied
Superconductivity, 13, 1128－1131.

Asami, A., Asher, D. J., Fuse, T., Hashimoto, N., Ibrahim,
A. I., Isobe, S., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M.: 2003,
Comet Observations [300 Bisei Spaceguard Center-
BATTeRS], MPC, 48558, 17.

Asami, A., Asher, D. J., Fuse, T., Hashimoto, N., Ibrahim,
A. I., Isobe, S., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M.: 2003,
Comet Observations [300 Bisei Spaceguard Center-
BATTeRS], MPC, 49389, 26.

Asami, A., Asher, D. J., Fuse, T., Hashimoto, N., Ibrahim,
A. I., Isobe, S., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M.: 2003,
Comet Observations [300 Bisei Spaceguard Center-
BATTeRS], MPC, 49730, 8.

Asami, A., Asher, D. J., Fuse, T., Hashimoto, N., Ibrahim,
A. I., Isobe, S., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M.: 2003,
Comet Observations [300 Bisei Spaceguard Center-
BATTeRS], MPC, 49846, 16.

Asami, A., Asher, D. J., Fuse, T., Hashimoto, N., Ibrahim,
A. I., Isobe, S., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M.: 2003, Pluto
Observations [300 Bisei Spaceguard Center-BATTeRS],
MPC, 48617, 1.

Asami, A., Asher, D. J., Fuse, T., Hashimoto, N., Ibrahim,
A. I., Isobe, S., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M.: 2003, Pluto
Observations [300 Bisei Spaceguard Center-BATTeRS],
MPC, 49276, 3.

Asayama, S., Noguchi, T., and Ogawa, H.: 2003, A Fixed-
Tuned W-Band Waveguide SIS Mixer with 4.0-7.5 GHz
IF, Int. J. of IR and MM Waves, 24, 1091－1099.

Asayama, S., Ogawa, H. Noguchi, T., Suzuki, K., Andoh,
H., and Mizuno, A.: 2004, An Integrated Sideband-
Separating SIS Mixer Based on Waveguide Split Block
for 100 GHz Band with 4.0-8.0 GHz IF, Int. J. of IR and
MM Waves, 25, 107-117.

Asayama, S., Ogawa, H., Yonekura, Y., Suzuki, K.,
Mizuno, A., Iwashita, H., and Noguchi, T.: 2003, A
Waveguide Band-Stop Filter as an Image Rejection Filter
for Measurement of Stratospheric Ozone, Int. J. of IR
and MM Waves, 24, 1833－1839.

Atobe, K., Ida, S., and Ito, T.: 2004, Obliquity variations of
terrestrial planets in habitable zones, Icarus, 168, 223－
236.

Bekki, K., Chiba, M.: 2004, Formation of giant globular

cluster G1 and the origin of the M 31 stellar halo,
Astrophys. J., 417, 437－442.

Brevik, I., Ghoroku, K., and Yahiro, M.: 2003, Effective
Action and Brane Running, Phys. Rev. D, 69, 064004/1－8.

Bromm, V., Yoshida, N., Hernquist, L.: 2003, The First
Supernova Explosions in the Universe, Astrophys. J.
Lett., 596, 135.

Bundy, K., Fukugita, M., Ellis, R. S., Kodama, T.,
Conselice, C. J.: 2004, A Slow Merger History of Field
Galaxies Since z~1, Astrophys. J., 601, L123－L126.

Capak, P., Cowie, L. L., Hu, E. M., Barger, A. J.,
Dickinson, M., Fernandez, E., Giavalisco, M.,
Komiyama, Y., Kretchmer, C., McNally, C., Miyazaki, S.,
Okamura, S., and Stern, D.: 2004, A Deep Wide-Field,
Optical, and Near-Infrared Catalog of a Large Area
around the Hubble Deep Field North, Astron. J., 127,
180－198.

Chen, X., Cooray, A., Yoshida, N., and  Sugiyama, N.:
2003, Can non-Gaussian cosmological models explain
the WMAP high optical depth for reionization?, Mon.
Not. R. Astron. Soc., 346, L31－L35.

Choi, M., and Tatematsu, K.: 2004, High-Resolution
Millimeter Imaging of the R Coronae Australis IRS 7
Region, Astrophys. J. Lett., 600, L55－L58.

Crew, G. B., Lamb, D. Q., Ricker, G. R., Atteia, J.-L.,
Kawai, N., Vanderspek, R., Villasenor, J., Doty, J.,
Prigozhin, G., Jernigan, J. G., Graziani, C., Shirasaki, Y.,
Sakamoto, T., Suzuki, M., Butler, N., Hurley, K.,
Tamagawa, T., Yoshida, A., Matsuoka, M., Fenimore, E.
E., Galassi, M., Barraud, C., Boer, M., Dezalay, J.-P.,
Olive, J.-F., Levine, A., Monnelly, G., Martel, F.,
Morgan, E., Donaghy, T. Q., Torii, K., Woosley, S. E.,
Cline, T., Braga, J., Manchanda, R., Pizzichini, G.,
Takagishi, K., Yamauchi, M.: 2003, HETE-2
Localization and Observation of the Bright, X-Ray-rich
Gamma-Ray Burst GRB 021211, Astrophys. J., 599,
387－393.

De Lucia, G., Kauffmann, G., Springel, V., White, S. D.
M., Lanzoni, B., Stoehr, F., Tormen, G., Yoshida, N.:
2004, Substructures in Cold Dark Matter Halos, Mon.
Not. R. Astron. Soc., 348, 333.

Deguchi, S., and Imai, H.: 2003, SiO Maser Sources within
30 pc of the Galactic Center, Astronomische
Nachrichten, 324, S1, 285－291.

Deng, J., Kawabata, K. S., Ohyama, Y., Nomoto, K.,
Mazzali, P. A., Wang, L., Jeffery, D. J., Iye, M., Tomita,
H., Yoshii, Y.: 2004, Subaru Spectroscopy of the
Interacting Type Ia Supernova SN 2002ic: Evidence of a
Hydrogen-rich, Asymmetric Circumstellar Medium,
Astrophys. J., 605, L37－L40.

Derry, P. M., O'Brien, P. T., Reeves, J. N., Ward, M. J.,
Imanishi, M., Ueno, S.: 2003, Detection of type 2 quasars
in the radio galaxies B3 0731+438 and 3C 257, Mon.
Not. R. Astron. Soc., 342, L53－L57.

Enomoto, R., Ksenofontov, L. T., Katagiri, H., Tsuchiya,
K., Asahara, A., Bicknell, G. V., Clay, R. W., Edwards,
P. G., Gunji, S., Hara, S., Hara, T., Hattori, H., Hayashi,
Sei., Hayashi, Shin., Itoh, C., Kabuki, S., Kajino, F.,
Kawachi, A., Kifune, T., Kubo, H., Kushida, J.,

47

      



Matsubara, Y., Mizumoto, Y., Mori, M., Moro, H.,
Muraishi, H., Muraki, Y., Naito, T., Nakase, T., Nishida,
D., Nishijima, K., Ohishi, M., Okumura, K., Patterson, J.
R., Protheroe, R. J., Sakurazawa, K., Swaby, D. L.,
Tanimori, T., Tokanai, F., Tsunoo, H., Uchida, T.,
Watanabe, A., Watanabe, S., Yanagita, S., Yoshida, T.,
Yoshikoshi, T.: 2003, A Search for TeV Gamma Rays
from SN 1987A in 2001, Astrophys. J., 591 L25－L28.

Famiano, A., Boyd, R. N., and Kajino, T.: 2003, Light
Element Nucleosynthesis From Jet-Cloud Interactions in
Active Galactic Nuclei, Nucl. Phys. A, 718, 392－394.

Fujimoto, H., Mochizuki, M., Mitsuzawa, K., Tamaki, T.
and Sato, T.: 2003, Ocean bottom pressure variations in
the southeastern Pacific following the 1997-98 El Nino
event, Geophys. Res. Lett., 30, 9.1－9.4.

Fujita, S. S., Ajiki, M., Shioya, Y., Nagao, T., Murayama,
T., Taniguchi, Y., Okamura, S., Ouchi, M., Shimasaku,
K., Doi, M., Furusawa, H., Hamabe, M., Kimura, M.,
Komiyama, Y., Miyazaki, M., Miyazaki, S., Nakata, F.,
Sekiguchi, M., Yagi, M., Yasuda, N., Matsuda, Y.,
Tamura, H., Hayashino, T., Kodaira, K., Karoji, H.,
Yamada, T., Ohta, K., and Umemura, M.: 2003, A Search
for Lymanα Emitters at Redshift 3.7 Astrophys. J., 125,
13－31.

Fujita, S. S., Ajiki, M., Shioya, Y., Nagao, T., Murayama,
T., Taniguchi, Y., Umeda, K., Yamada, S. F., Yagi, M.,
Okamura, S., Komiyama, Y.:2003, The Hα Luminosity
Function and Star Formation Rate at z~0.24 Based on
Subaru Deep Imaging Data, Astrophys. J, 586, L115－
L118.

Fujita, Y., Suzuki, T. K., Wada, K.: 2004, Tsunamis in
Galaxy Clusters: Heating of Cool Cores by Acoustic
Waves, Astrophys. J., 600, 650－656.

Fujita, Y.: 2003, Infant Galaxy Clusters at Low Redshifts?,
Publ. Astron. Soc. Japan, 55, 593－598.

Fujita, Y.: 2004, Pre-Processing of Galaxies before
Entering a Cluster, Publ. Astron. Soc. Japan, 56, 29－43.

Fukagawa, M., Hayashi, M., Tamura, M., Itoh, Y., Hayashi,
S., Oasa, Y., Takeuchi, T., Morino, J., Murakawa, K.,
Oya, S., and 13 coauthors: 2004, Spiral Structure in the
Circumstellar Disk around AB Aurigae, Astrophys. J,
605, L53－L56.

Fukagawa, M., Tamura, M., Itoh, Y., Hayashi, S. S., Oasa,
Y.: 2003, Near-Infrared Imaging of the Circumstellar
Disk around Herbig Ae Star HD 150193A, Astrophys. J.,
590, L49－L52.

Fukugita, M., Nakamura, O., Schneider, D. P., Doi, M.,
Kashikawa, N.: 2004, The Search for Galaxy Clustering
around a Quasar Pair at z=4.25 Found in the Sloan
Digital Sky Survey, Astrophys. J., 603, L65－L68.

Fukushima, T.: 2003, Efficient Orbit Integration by Dual
Scaling for Consistency of Kepler Energy and Laplace
Integral, Astron. J., 126, 2567－2573.

Fukushima, T.: 2003, Efficient Orbit Integration by Scaling
for Kepler Energy Consistency, Astron. J., 126, 1097－
1111.

Fukushima, T.: 2003, New Precession Formula, Astron. J.,
126, 494－534.

Fukushima, T.: 2003, Efficient Orbit Integration by Scaling

and Rotation for Consistency of Kepler Energy, Laplace
Integral, and Angular Momentum Direction, Astron. J.,
126, 3138－3142.

Fukushima, T.: 2004, Efficient Orbit Integration by Linear
Transformation for Consistency of Kepler Energy,
Laplace Integral, and Angular Momentum Vector,
Astron. J., 127, 3638－3641.

Funato, Y., Makino, J., Hut, P., Kokubo, E., and Kinoshita,
D.: 2004, The formation of Kuiper-belt binaries through
exchange reactions, Nature, 427, 518－520.

Furuya, R. S., Shinnaga, H., Nakanishi, K., Momose, M.,
and Saito, M.: 2003, A Giant Flare on a T Tauri Star
Observed at Millimeter Wavelengths, Publ. Astron. Soc.
Japan, 55, L83－L87.

Furuya, R. S., Walmsley, C. M., Nakanishi, K., Schilke, P.,
and Bachiller, R.: 2003, Interferometric Observations of
FeO towards Sagittarius B2, Astron. Astrophys. Lett.,
409, L21－L24.

Ghoroku, K., and Yahiro, M.: 2003, Scalar field localiza-
tion on a brane with cosmological constant, Class.
Quantum Grav., 20, 3717－3728.

Ghoroku, K., Nakamura, A., and Yahiro, M.: 2003,
Newton's law in de Sitter brane, Phys. Lett., B571, 223－
228.

Goto, M., Gaessler, W., Hayano, Y., Iye, M., Kamata, Y.,
Kanzawa, T., Kobayashi, N., Minowa, Y., Saint-Jacques,
D. J., Takami, H., Takato, N., Terada, H.: 2003 Spatially
Resolved 3 Micron Spectroscopy of IRAS 22272+5435:
Formation and Evolution of Aliphatic Hydrocarbon Dust
in Proto-Planetary Nebulae, Astrophys. J., 589, 419－429.

Goto, M., Usuda, T., Takato, N., Hayashi, M., Sakamoto, S.,
Gaessler, W., Hayano, Y., Iye, M., Kamata, Y., Kanzawa,
T., Kobayashi, N., Minowa, Y., Nedachi, K., Oya, S., Pyo,
T.-S., Saint-Jacques, D., Suto, H., Takami, H., Terada, H.,
and Mitchell, G. F.: 2003, Carbon Isotope Ratio in
12CO/13CO toward Local Molecular Clouds with Near-
Infrared High-Resolution Spectroscopy of Vibrational
Transition Bands, Astrophys. J., 598, 1038－1047.

Goto, T., Okamura, S., Yagi, M., Sheth, R. K., Bahcall, N.
A., Zabel, S. A., Crouch, M. S., Sekiguchi, M., Annis, J.,
Bernardi, M., Chong, S.-S., Gomez, P. L., Hansen, S.,
Kim, R. S. J., Knudson, A., McKay, T. A., Miller, C. J.:
2003, Morphological Butchter-Oemler effect in the
SDSS“Cut and Enhance”Galaxy Cluster Catalog,
Publ. Astron. Soc. Japan, 55, 739－755.

Goto, T., Yagi, M.,Tanaka, M., Okamura, S.: 2004,
Evolution of the Colour -Radius Relation and the
Morphology- Radius Relation in the SDSS, Mon. Not. R.
Astron. Soc., 348, 515－518.

Goto, T., Yamauchi, C., Fujita, Y., Okamura, S., Sekiguchi,
M., Smail, I., Bernardi, M., and Gomez, P.-L.: 2003, The
morphology-density relation in the Sloan Digital Sky
Survey, Mon. Not. R. Astron. Soc., 346, 601－614.

Greaves, J. S.,  Holland, W. S., Jenness, T., Chrysostomou,
A., Berry, D. S., Murray, A. G., Tamura, M., Robson, E.
I.,  Ade, P. A. R.,  Nartallo, R., Stevens, J. A., Momose,
M., Morino, J.-I., Moriarty-Schieven, G., Gannaway, F.,
Haynes, C. V.: 2003, A submillimetre imaging polarime-
ter at the James Clerk Maxwell Telescope, Mon. Not. R.

48

      



Astron. Soc., 340, 353－361.
Guyon, O.: 2003, Phase-induced amplitude apodization of

telescope pupils for extrasolar terrestrial planet imaging,
Astron. Astrophys., 404, 379－387.

Hamana, T., Kayo, I., Yoshida, N., Suto, Y., Jing, Y. P.:
2003, Modelling Peculiar Velocities of Dark Matter
Halos, Mon. Not. R. Astron. Soc., 343, 1312.

Hamana, T., Miyazaki, S., Shimasaku, K., Furusawa, H.,
Doi, M., Hamabe, M., Imi, K., Kimura, M., Komiyama,
Y., Nakata, F., Okada, N., Okamura, S., Ouchi, M.,
Sekiguchi, M., Yagi, M., Yasuda, N.: 2003,  Cosmic
Shear Statistics in the Suprime-Cam 2.1 Square Degree
Field: Constraints on Ωm and σ8, Astrophys. J.,
597,98－110.

Hamana, T., Ouchi, M., Shimasaku, K., Kayo, I., and Suto,
Y.: 2004, Properties of host haloes of Lyman-break
galaxies and Lyman-alpha Emitters from their number
densities and angular clustering, Mon. Not. R. Astron.
Soc., 347, 813－823.

Hanaoka, Y.: 2003, Ha Impact Polarization Observed in a
Gradual Flare, Astrophys. J., 596, 1347－1355.

Handler, G., O'Donoghue, D., Müller, M., Solheim, J.-E.,
Gonzalez-Perez, J. M., Johannessen, F., Paparo, M.,
Szeidl, B., Viraghalmy, G., Silvotti, R., Vauclair, G.,
Dolez, N., Pallier, E., Chevreton, M., Kurtz, D. W.,
Bromage, G. E., Cunha, M. S., Østensen, R., Fraga, L.,
Kanaan, A., Amorim, A., Giovannini, O., Kepler, S. O.,
da Costa, A. F. M., Anderson, R. F., Wood, M. A.,
Silvestri, N., Klumpe, E. W., Carlton, R. F., Miller, R.
H., McFarland, J. P., Grauer, A. D., Kawaler, S. D.,
Riddle, R. L., Reed, M. D., Nather, R. E., Winget, D. E.,
Hill, J. A., Metcalfe, T. S., Mukadam, A. S., Kilic, M.,
Watson, T. K., Kleinman, S. J., Nitta, A., Guzik, J. A.,
Bradley, P. A., Sekiguchi, K., Sullivan, D. J., Sullivan, T.,
Shobbrook, R. R., Jiang, X., Birch, P. V., Ashoka, B. N.,
Seetha, S., Girish, V., Joshi, S., Dorokhova, T. N.,
Dorokhov, N. I., Akan, M. C., Meistas, E. G., Janulis, R.,
Kalytis, R., Alisauskas, D., Anguma, S. K., Kalebwe, P.
C., Moskalik, P., Ogloza, W., Stachowski, G., Pajdosz,
G., and Zola, S.: 2003, Amplitude and frequency vari-
ability of the pulsating DB white dwarf stars KUV
05134+2605 and PG 1654+160 observed with the Whole
Earth Telescope, Mon. Not. R. Astron. Soc., 340, 1031－
1038.

Harada, W.,  and Fukushima, T.: 2003, Harmonic
Decomposition of Time Ephemeris TE405, Astron. J.,
126, 2557－2561.

Harada, W., and Fukushima, T.: 2004, New Determination
of Planetary Precession, Astron. J., 127, 531－538.

Hasegawa, T., Hakim, M., Kawakita, H., Obayashi, H.,
Kuranayashi, T., Nakai, T., Hyakkai, M., Arimoto,
N.:2004, New Photometric Data of Old Open Clusters in
the Anti-Galactic Center Region, Publ. Astron. Soc.
Japan, 56, 295－311.

Hasegawa, S., Murakawa, K., Ishiguro, M., Nonaka, H.,
Takato, N., Davis, C. J., Ueno, M., and Hiroi, T.: 2003,
Evidence of hydrated and/or hydroxylated minerals on
the surface of asteroid 4 Vesta, Geophys. Res. Lett., 30,
PLA2.

Hattori, T., Yoshida, M., Ohtani, H., Sugai, H., Ishigaki, T.,
Sasaki, M., Hayashi, T., Ozaki, S., Ishii, M., and Kawai,
A.: 2004, A Study of the Distribution of Star-Forming
Regions in Luminous Infrared Galaxies by Means of Ha

Imaging Observations, Astron. J., 127, 736.
Hayakawa, T., Shizuma, T., Yamauchi, T., Minehara, E.,

and Arisawa, T.: 2003, Neutron capture cross section to
186Re isomeric state, Nucl. Phys. A, 718, 665－667.

Hayakawa, T.,  Toh, Y., Oshima, M., Matsuda, M.,
Hatsukawa, Y., Shizuma, T., Katakura, J., Shizuma, T.,
Katakura, J., Iimura, H., Mitarai, S., Zhang, Y. H.,
Sugawara, M., and Kusakari, H.: 2003, High spin states
in 158Dy, Phys. Rev. D, 68, 067303－1－4.

Hayakawa, T., Toh, Y., Oshima, M., Osa, A., Koizumi, M.,
Hatsukawa, Y., Katakura, J., Matsuda, M., Utsuno, Y.,
Morikawa, T., Sugawara, M., Kusakari, H., and
Czosnyka, T.: 2003, Projectile Coulomb excitation of
78Se, Phys. Rev. C, 67, 064310－1－6.

Hayama, K.: 2004, Reducing Binary Confusion Noise,
Prog. Theor. Phys., 111, 13－28.

Hayano, Y., Iye, M., Takami, H., Takato, N., Gaessler, W.,
Minowa, Y., Wizinowich, P., Summers, D.: 2003,
Observational Impact of Scattered Light from the Laser
Beam of a Laser Guide Star Adaptive Optics System,
Publ. Astron. Soc. Pac., 115, 1419－1428.

Heinzel, G., Braxmaier, C., Schilling, R., Rudiger, A.,
Robertson, D., te Plate, M., Wand, V., Arai, K., Johann,
U., and Danzmann, K.: 2003, Interferometry for the
LISA technology package(LTP) aboard SMART-2,
Class. Quantum Grav., 20, S153－S161.

Heki, K.: 2003, Snow load and seasonal variation of earth-
quake occurrence in Japan, Earth Planet. Sci. Lett., 207,
159－164.

Heki, K.: 2004, Space geodetic observation of deep basal
subduction erosionin the Northeastern Japan, Earth
Planet. Sci. Lett., 219, 13－20.

Hirashita, H., Ferrara, A., Wada, K., Richter, P.: 2003,
Molecular Hydrogen in Damped Lyα Systems: Spatial
Distribution, Mon. Not. R. Astron. Soc., 341, L18-L22.

Hirota, T., Ikeda, M., and Yamamoto, S.: 2003, Mapping
Observations of DNC and HN13C in Dark Cloud Cores,
Astrophys. J., 594, 859－868.

Honda, M., Watanabe, J., Yamashita, T., Kataza, H.,
Okamoto, Y. K., Miyata, T., Sako, S., Fujiyoshi, T.,
Kawakita, H., Furusho, R., Kinoshita, D., Sekiguchi, T.,
Ootsubo, T., Onaka, T.: 2004, The 10 Micron Spectra of
Comet C/2002 V1(NEAT) and C/2001 RX14(LINEAR),
Astrophys. J., 601, 577－ 582.

Honma, M., Fujii, T., Hirota, T., Horiai, K., Iwadate, K.,
Jike, T.,  Kameya, O.,  Kamohara, R.,  Kan-ya, Y.,
Kawaguchi, N., Kobayashi, H., Kuji, S., Kurayama, T.,
Manabe, S., Miyaji, T., Nakashima, K., Omodaka, T.,
Oyama, T., Sakai, S., Sakakibara, S., Sato, K., Sasao, T.,
Shibata, K. M., Shimizu, R., Suda, H., Tamura, Y.,
Ujihara, H., and Yoshimura, A.: 2003, First Fringe
Detection with VERA's Dual-Beam System and Its
Phase-Referencing Capability, Publ. Astron. Soc. Japan,
55, L57－L60.

Hu, E. M., Cowie, L. L., Capak, P., McMahon, R. G.,

49

      



Hayashino, T., and Komiyama, Y.: 2004, The Luminosity
Function of Lyα Emitters at Redshift z~5.7, Astron. J.,
127, 563－575.

Ichiki, K., Garnavich, P. M., Kajino, T., Mathews, G. J.,
and Yahiro, M.: 2003, Disappearing dark matter in brane
world cosmology: New limits on noncompact extra
dimensions, Phys. Rev. D, 68, 083518.

Ichiki, K., Orito, M., and Kajino, T.: 2004, Primordial
Black-Hole Formation and New Class of Cosmic Energy,
Astroparticle Phys., 20, 499－505.

Ikeda, Y., Akitaya, H., Matsuda, K., Homma, K., Seki, M.,
Kawabata, K. S., Hirata, R., Okazaki, A.: 2004, Polarized
Hα Wings in the Symbiotic Star AG Draconis and Z
Zndromedae, Astrophys. J., 604, 357－361.

Ikuta, C., Arimoto, N., Jablonka, P.: 2003, Star formation
histories of localgroup dwarf galaxies, Astrophys. Space
Sci., 284, 589－594.

Imai, H., Horiuchi, S., Deguchi, S., and Kameya, O.: 2003,
Linear Polarization Observation of Water Masers in W3
IRS5, Astrophys. J., 595, 285－293.

Imai, H., Shibata, K. M., Marvel, K. B., Diamond, P. J.,
Sasao, T., Miyoshi, M., Inoue, M., Migenes, V., and
Murata, Y.: 2003, The Three-Dimensional Kinematics of
Water Masers around the Semiregular Variable RT
Virginis, Astrophys. J., 590, 460－472.

Imanishi, M., Maloney, P. R.: 2003, 3.1 Micron H2O Ice
Absorption in LINER-Type Ultraluminous Infrared
Galaxies with Cool Far-Infrared Colors: The Centrally
Concentrated Nature of Their Deeply Buried Energy
Sources, Astrophys. J., 588, 165－174.

Imanishi, M., Terashima, Y., Anabuki, N., Nakagawa, T.:
2003, X-Ray Evidence of a Buried Active Galactic
Nucleus in UGC 5101, Astrophys. J., 596, L167－L170.

Imanishi, M., Terashima, Y.: 2004, X-ray-Underluminous
Active Galactic Nuclei Relative to Broad Emission Lines
in Ultraluminous Infrared Galaxies, Astron. J., 127,
758－764.

Imanishi, M.: 2003, Compact Nuclear Starbursts in Seyfert
2 Galaxies from the CfA and 12 Micron Samples,
Astrophys. J., 599, 918－932.

Inada, N., Oguri, M., Pindor, B., Hennawi, J. F., Chiu, K.,
Zheng, W., Ichikawa, S., Gregg, M. D., Becker, R. H.,
Suto, Y., Strauss. M. A., Turner, E. L., Keeton, C. R.,
Annis, J., Castander, F. J., Eisenstein, D. J., Frieman, J.
A., Fukugita, M., Gunn, J. E., Johnston, D. E., Kent, S.
M., Nichol, R. C., Richards, G. T., Rix, H., Sheldon, E.
S., Bahcall, N. A., Brinkmann, J., Ivezic. Z., Lamb, D.
Q., McKay, T. A., Schneider, D. P., and York, D. G.:
2003, A gravitationally lensed quasar with quadruple
images  separated by 14.62arcseconds, Nature, 426,
810－812.

Inoue, K. T., and Tanaka, T.: 2003, Gravitational Waves
from Sub-lunar Mass Primordial Black Hole Binaries - A
New Probe of Extradimensions -, Phys. Rev. Lett., 91,
021101－021104.

Inoue, K. T., Chiba, M.: 2003, Direct Mapping of Massive
Compact Objects in Extragalactic Dark Halos, Astrophys.
J., 591, L83－L86.

Ishiguro, M., Abe, M., Ohba, Y., Fujiwara, A., Fuse, T.,

Terada, H., Goto, M., Kobayashi, N., Tokunaga, A. T.,
and Hasegawa, S.: 2003, Near-Infrared Observations of
MUSES-C Mission Target, Publ. Astron. Soc. Japan, 55,
691－699.

Ishimaru, Y., Wanajo, S., Aoki, W., Ryan, S. G.: 2004, The
Detection of Low Eu Abundances in Extremely Metal-
poor Stars and the Origin of r-Process Elements,
Astrophys. J., 600, L47－L50.

Ishitsu, I., and Sekiya, M.: 2004, The effects of the tidal
force on shear instabilities in the dust layer of the solar
nebula, Icarus, 165, 181－194.

Isobe, H., Shibata, K., Yokoyama, T., and Imanishi, K.:
2003, Hydrodynamic Modeling of a Flare Loop
Connecting the Accretion Disk and Central Core of
Young Stellar Objects, Publ. Astron. Soc. Japan, 55,
967－980.

Isobe, S., Asami, A., Asher, D. J., Fuse, T., Hashimoto, N.,
Ibrahim, A. I., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M: 2003, Minor
Planet Observations [300 Bisei Spaceguard Center－
BATTeRS], MPC, 49389, 26.

Isobe, S., Asami, A., Asher, D. J., Fuse, T., Hashimoto, N.,
Ibrahim, A. I., Nishiyama, K., Oshima, Y., Terazono, J.,
Umehara, H., Urata, T., and Yoshikawa, M: 2003, Minor
Planet Observations [300 Bisei Spaceguard Center－
BATTeRS], MPC, 49898, 2.

Ita, Y., Tanabé, T., Matsunaga, N., Nakajima, Y.,
Nagashima, C., Nagayama, T., Kato, D., Kurita, M.,
Nagata, T., Sato, S., Tamura, M., Nakaya, H., Nakada,
Y.: 2004, Variable stars in the Magellanic Clouds: results
from OGLE and SIRIUS, Mon. Not. R. Astron. Soc., 347,
720－728.

Itoh, C., Enomoto, R., Yanagita, S., Yoshida, T., Tanimori,
T., Okumura, K., Asahara, A., Bicknell, G. V., Clay, R.
W., Edwards, P. G., Gunji, S., Hara, S., Hara, T., Hattori,
T., Hayashi, Shin., Hayashi, Sei., Kabuki, S., Kajino, F.,
Katagiri, H., Kawachi, A., Kifune, T., Kubo, H.,
Kushida, J., Matsubara, Y., Mizumoto, Y., Mori, M.,
Moro, H., Muraishi, H., Muraki, Y., Naito, T., Nakase,
T., Nishida, D., Nishijima, K., Ohishi, M., Patterson, J.
R., Protheroe, R. J., Sakurazawa, K., Swaby, D. L.,
Tokanai, F., Tsuchiya, K., Tsunoo, H., Uchida, T.,
Watanabe, A., Watanabe, S., Yoshikoshi, T.: 2003,
Evidence of TeV gamma-ray emission from the nearby
starburst galaxy NGC 253, Astron. Astrophys., 402,
443－455.

Itoh, Y., Sugitani, K., Fukuda, N., Nakanishi, K., Ogura,
K., Tamura, M., Marui, K., Fujita, K., Oasa, Y., and
Fukagawa, M.: 2003, Interferometric Observations of the
T Tauri Stars in the MBM 12 Cloud, Astrophys. J. Lett.,
586, L141－L144.

Itoh, Y., Sugitani, K., Ogura, K., Tamura, M.: 2003,
Detection of Molecular Hydrogen Emission Associated
with LkHα 264, Publ. Astron. Soc. Japan, 55, L77-L81.

Iwabuchi, T., Miyazaki, S.,  Heki, K.,  Naito, I.,  and
Hatanaka, Y.: 2003, An impact of estimating tropospher-
ic delay gradients on tropospheric delay estimations in
summer using the Japanese nationwide GPS array, J.
Geophys. Res., 108, 4315.

50

      



Iwamoto, N., Kajino, T., Mathews, G. J., Fujimoto, M. Y.,
Aoki, W.: 2004, Flash-Driven Convective Mixing in
Low-Mass, Metal-deficient Asymptotic Giant Branch
Stars: A New Paradigm for Lithium Enrichment and a
Possible s-Process, Astrophys. J., 602, 377－388.

Iwamoto, N., Mathews, G. J., Fujimoto, M. Y., Kajino, T.,
and Aoki, W.: 2003, A new model for s-process nucle-
osynthesis in low-mass, low-metallicity AGB stars, Nucl.
Phys. A, 718, 193－196.

Iwamuro, F., Motohara, K., Maihara, T., Kimura, M., Eto,
S., Shima, T., Mochida, D., Wada, S., Imai, S., Aoki, K.:
2003, Infrared Spectroscopy of 15 Radio Galaxies at
2<z<2.6, Astron. J., 598, 178－189.

Iwata, I., Ohta, K., Tamura, N., Ando, M., Wada, S.,
Watanabe, C., Akiyama, M., and Aoki, K.: 2003, Lyman
Break Galaxies at z~5: Luminosity Function, Publ.
Astron. Soc. Japan, 55, 415－432.

Iye, M., Shimasaku, K., Miyazaki, S., Imanishi, M.,
Kashikawa, N., Kodama, T., Chiba, M., Saito, Y., Goto,
M., Iwamuro, F., Kobayashi, N., Okamura, S., Simpson,
C., and Terada, H.: 2003, ERO R1 in CL0939+4713 field
- Evidence for an S0-like galaxy at z=1.5, Astrophys. J.,
590, 770－777.

Ji, J., Kinoshita, H., Liu, L., Li, G., and Nakai, H.: 2003,
The Apsidal Antialignment of the HD 82943 System,
Celest. Mech. Dyn. Astron., 87, 113－120.

Ji, J., Liu, L., Kinoshita, H., Zhou, J., Nakai, H., and Li, G.:
2003, The Librating Companion in HD 37124, HD
12661, HD 82943, 47 Ursa Majoris, and GJ 876:
Alignment or Antialignment?, Astrophys. J., 591, L57－
L60.

Jiang, Z., Yao, Y., Yang, J., Baba, D., Kato, D., Kurita, M.,
Nagashima, C., Nagata, T., Nagayama, T., Nakajima, Y.,
Ishii, M., Tamura, M., Sugitani, K.: 2003, A Near-
Infrared Study of the Star-forming Region S269,
Astrophys. J., 596, 1064－1079.

Kaasalainen, M., Kwiatkowski, T., Abe, M., Piironen, J.,
Nakamura, T., Ohba, Y., Dermawan, B., Farnham, T.,
Colas, F., Lowry, S., Weissman, P., Whiteley, R. J.,
Tholen, D. J., Larson, S. M., Yoshikawa, M., Toth, I.,
and Velichko, F. P.: 2003, CCD photometry and model
of MUSES-C target (25143) 1998 SF36, Astron.
Astrophys., 405, L29－L32.

Kaifu, N., Ohishi, M., Kawaguchi, K., Saito, S., Yamamoto,
S., Miyaji, T., Miyazawa, K., Ishikawa, S.-I., Noumaru,
C., Harasawa, S., Okuda, M., and Suzuki, H.: 2004, A
8.8-50GHz Complete Spectral Line Survey toward TMC-
1 I. Survey Data, Publ. Astron. Soc. Japan, 56, 69－173.

Kamegai, K., Ikeda, M., Maezawa, H., Ito, T., Iwata, M.,
Sakai, T., Oka, T., Yamamoto, S., Sekimoto, Y.,
Tatematsu, K., Noguchi, T., Saito, S., Fujiwara, H.,
Ozeki, H., Inatani, J., and Ohishi, M.: 2003, Distribution
of the [CI] Emission in the c Ophiuchi Cloud,
Astrophys., J., 589, 378－385.

Kameno, S., Inoue, M., Wajima, K., Sawada-Satoh, S., and
Shen, Z.-Q.: 2003, Dense Plasma Torus in the GPS
Galaxy NGC 1052, Publ. Astron. Soc. Australia, 20,
134－139.

Kameno, S., Inoue, M., Wajima, K., Sawada-Satoh, S., and

Shen, Z.-Q.: 2003, Free-Free Absorption and the Unified
Scheme, Publ. Astron. Soc. Australia, 20, 213－221.

Kandori, R., Dobashi, K., Uehara, H., Sato, F., and
Yanagisawa, K.: 2003, Grain Growth in the Dark Cloud
L1251, Astron. J., 126, 1888－1895.

Kanno, A., Hiroi, T., Nakamura, R., Abe, M., Ishiguro, M.,
Hasegawa, S., Miyasaka, S., Sekiguchi, T., Terada, H.,
and Igarashi, G.: 2003, The first detection of water
absorption on a D type asteroid, Geophys. Res. Lett., 30,
PLA 2－1.

Kasuya, S., Kawasaki, M., and Sugiyama, N.: 2004,
Partially ionizing the universe by decaying particles,
Phys. Rev. D, 69, 023512.

Kato, T. N., and Takahara, F.: 2003, Probabilistic descrip-
tion of the first-order Fermi acceleration in shock waves:
time-dependent solution by the single-particle approach,
Mon. Not. R. Astron. Soc., 342, 639－650.

Kato, T., Nogami, D., and Masuda, S.: 2003, Unusual
Phase Reversal of Superhumps in ER Ursae Majoris,
Publ. Astron. Soc. Japan, 55, L7.

Kato, Y., Hayashi, M., Matsumoto, R.: 2004, Formation of
Semirelativistic Jets from Magnetospheres of Accreting
Neutron Stars: Injection of Hot Bubbles into a Magnetic
Tower, Astrophys. J., 600, 338－342.

Kawabata, K. S., Deng, J., Wang, L., Mazzali, P., Nomoto,
K., Maeda, K., Tominaga, N., Umeda, H., Iye, M.,
Kosugi, G., Ohyama, Y., Sasaki, T., Höflich, P., Wheeler,
J. C., Jeffery, D. J., Aoki, K., Kashikawa, N., Takata, T.,
Kawai, N., Sakamoto, T., Urata, Y., Yoshida, A.,
Tamagawa, T., Torii, K., Aoki, W., Kobayashi, N.,
Komiyama, Y., Mizumoto, Y., Noumaru, J., Ogasawara,
R., Sekiguchi, K., Shirasaki, Y., Totani, T., Watanabe, J.,
Yamada, T.: 2003, On the Spectrum and
Spectropolarimetry of Type Ic Hypernova SN
2003dh/GRB 030329, Astrophys. J., 593, L19－L22.

Kawakatu, N., Umemura, M., and Mori, M.: 2003, Proto-
Quasars: Physical States and Observable Properties,
Astrophys. J., 583, 85－91.

Kawakatu, N., Umemura, M., and Mori, M.: 2004, Why are
Massive Black Holes Small in Disk Galaxies ?,
Astrophys. J., 601, L21－L24.

Kawakita, H., Watanabe, J., Furusho, R., Fuse, T., Capria,
M. T., De Sanctis, M. C., Cremonese, G.: 2004, Spin
Temperatures of Ammonia and Water Molecules in
Comets, Astrophys. J., 601, 1152－1158.

Kawakita, H., Watanabe, J., Kinoshita, D., Ishiguro, M.,
Nakamura, R.: 2003, Saturated Hydrocarbons in Comet
153P/Ikeya-Zhang: Ethane, Methane,and Monodeuterio-
Methane, Astrophys. J., 590, 573－578.

Kawakita, H., Watanabe, J., Ootsubo, T., Nakamura, R.,
Fuse, T., Takato, N., Sasaki, S., Sasaki, T.: 2004,
Evidence of Icy Grains in Comet C/2002 T7 (LINEAR)
at 3.52 AU, Astrophys. J. Lett., 601, L191－L194.

Kawamura, S.: 2003, Status and Plans for Future
Generations of Ground-Based Interferometric
Gravitational Wave Antennas, Class. Quantum Grav., 20,
S127－S134.

Kepler, S. O., Nather, R. E., Winget, D. E., Nitta, A.,
Kleinman, S. J., Metcalfe, T., Sekiguchi, K., Xiaojun,

51

      



Jiang, Sullivan, D., Sullivan, T., Janulis, R., Meistas, E.,
Kalytis, R., Krzesinski, J., Ogoza, W., Zola, S.,
O'Donoghue, D., Romero-Colmenero, E., Martinez, P.,
Dreizler, S., Deetjen, J., Nagel, T., Schuh, S. L.,
Vauclair, G., Ning, Fu Jian, Chevreton, M., Solheim, J.-
E., Gonzalez Perez, J. M., Johannessen, F., Kanaan, A.,
Costa, J. E., Murillo Costa, A. F., Wood, M. A., Silvestri,
N., Ahrens, T. J., Jones, A. K., Collins, A. E., Boyer, M.,
Shaw, J. S., Mukadam, A., Klumpe, E. W., Larrison, J.,
Kawaler, S., Riddle, R., Ulla, A., and Bradley, P.: 2003,
The everchanging pulsating white dwarf GD358, Astron.
Astrophys., 401, 639－654.

Kitayama, T., Komatsu, E., Ota, N., Kuwabara, T., Suto,
Y., Yoshikawa, K., Hattori, M., Matsuo, H.: 2004,
Exploring Cluster Physics with High-Resolution
Sunyaev-Zel'dovich Effect Images and X-Ray Data: The
Case of the Most X-Ray Luminous Galaxy Cluster RX
J1347-1145, Publ. Astron. Soc. Japan, 56, 17－28.

Kobayashi, K., Tsuneta, S., Tamura, T., Kumagai, K.,
Katsukawa, Y., Kubo, M., Sakamoto, Y., Kohara, N.,
Yamagami, T., Saito, Y., and Mori, K.: 2004,
Observation of Solar Flare Hard X-Ray Spectra Using
CdTe Detectors, Adv. Space Res., 33, 1786－1789.

Kodaira, K., Taniguchi, Y., Kashikawa, N., Kaifu, N., Ando,
H., Karoji, H., Ajiki, M., Akiyama, M., Aoki, K., Doi, M.,
Fujita, S. S., Furusawa, H., Hayashino, T., Imanishi, M.,
Iwamuro, F., Iye, M., Kawabata, K. S., Kobayashi, N.,
Kodama, T., Komiyama, Y., Kosugi, G., Matsuda, Y.,
Miyazaki, S., Mizumoto, Y., Motohara, K., Murayama, T.,
Nagao, T., Nariai, K., Ohta, K., Ohyama, Y., Okamura,
S., Ouchi, M., Sasaki, T., Sekiguchi, K., Shimasaku, K.,
Shioya, Y., Takata, T.,  Tamura, H., Terada, H.,
Umemura, M., Usuda, T., Yagi, M., Yamada, T., Yasuda,
N., Yoshida, M.: 2003 The Discovery of Two Lyman-
alpha Emitters Beyond Redshift 6 in the Subaru Deep
Field, Publ. Astron. Soc. Japan, 55, L17－21.

Kodama, T., Bower, R. G.: 2003, The KS-band Luminosity
and Stellar Mass Functions of Galaxies in z~1 Clusters,
Mon. Not. R. Astron. Soc., 346, 1－12.

Koizumi, M., Seki, A., Toh, Y., Osaa, A., Utsuno, Y.,
Kimura, A., Oshima, M., Hayakawa, T., Hatsukawa, Y.,
Katakura, J., Matsuda, M., Shizuma, T., Czosnyka, T.,
Sugawara, M., Morikawa, T., and  Kusakari, H.: 2004,
Multiple Coulomb excitation experiment of 68Zn,
Multiple Coulomb excitation experiment of 68Zn, Nucl.
Phys. A, 730, 46－58.

Koizumi, M., Seki, A., Toh, Y., Oshima, M., Osa, A.,
Kimura, A., Hatsukawa, Y., Shizuma, T., Hayakawa, T.,
Matsuda, M., Katakura, J., Czosnyka, T., Sugawara, M.,
Morikawa, T., and Kusakari, H.: 2003, Multiple
Coulomb excitation experiment of 66Zn, Euro. Phys. J. A,
18, 87－92.

Komiyama, Y., Okamura, S., Yagi, M., Furusawa, H., Doi,
M., Hamabe, M., Imi, K., Kimura, M., Miyazaki, S.,
Nakata, F., Okada, N., Ouchi, M., Sekiguchi, M.,
Shimasaku, K., Yasuda, N., Arimoto, N., Ikuta, C.: 2003,
Discovery of Latent Star Formation in the Extended H I
Gas around the Local Group Dwarf Irregular Galaxy
NGC 6822, Astrophys. J., 590, L17－L20.

Kong, X., Charlt, S., Brinchmann, J., Fall, S. M.: 2004, Star
formation history and dust content of galaxies drwan
from ultraviolet surveys, Mon. Not. R. Astron. Soc., 349,
769－778.

Kono, Y., Hanada, H., Ping, J., Koyama, Y., Fukuzaki, Y.
and Kawano, N.: 2003, Precise positioning of spacecraft
by multi-frequency VLBI, Earth Planets Space, 55,
581－589.

Kosugi, G., Mizumoto, Y., Kawai, N., Yoshida, A.,
Kawabata, K.-S., Totani, T., Iye, M., Sekiguchi, K., Aoki,
K., Ohyama, Y., Aoki, W., Kobayashi, N., Komiyama, Y.,
Noumaru, J., Ogasawara, R., Sakamoto, T., Shirasaki, Y.,
Takata, T.,  Tamagawa, T., Torii, K., Urata, Y.,
Watanabe, J., Yamada, T., and Qiu, Y.: 2004, Spectral
Evolution of the GRB 030329 Afterglow: Detection of
the Supernova Nebular Phase Emissions, Publ. Astron.
Soc. Japan, 56, 61－68.

Kubo, M., Shimizu, T., and Lites, B. W.: 2003, The
Evolution of Vector Magnetic Fields in an Emerging
Flux Region, Astrophys. J., 595, 465－482.

Kuroda, K., Ohashi, M., Miyoki, S., Uchiyama, T.,
Ishitsuka, H., Yamamoto, K., Kasahara, K., Fujimoto,
M.-K., Kawamura, S., Takahashi, R., Yamazaki, T., Arai,
K., Tatsumi, D., Ueda, A., Fukushima, M., Sato, S.,
Nagano, S., Tsunesada, Y., Zhu, Z.-H., Shintomi, T.,
Yamamoto, A., Suzuki, T., Saito, Y., Haruyama, T.,
Sato, N., Higashi, Y., Tomaru, T., Tsubono, K., Ando,
M., Takamori, A., Numata, K., Aso, Y., Ueda, K-I.,
Yoneda, H., Nakagawa, K., Musha, M., Mio, N.,
Moriwaki, S., Somiya, K., Araya, A., Kanda, N., Telada,
S., Tagoshi, H., Nakamura, T., Sasaki, M., Tanaka, T.,
Oohara, K., Takahashi, H., Miyakawa, O., and Tobar, M.
E.: 2003, Current status of large-scale cryogenic gravita-
tional wave telescope, Class. Quantum Grav., 20, S871－
S884.

Kusano, K., Maeshiro, T., Yokoyama, T., and Sakurai, T.:
2003, Measurement of Magnetic Helicity Flux into the
Solar Corona, Adv. Space Res., 32, 1917－1922.

Kusano, K., Yokoyama, T., Maeshiro, T., and Sakurai, T.:
2003, Annihilation of Magnetic Helicity: A New Model
for Solar Flare Onset, Adv. Space Res., 32, 1931－1936.

Le Bertre, T., Tanaka, M., Yamamura, I., Murakami, H.:
2003, Galactic mass-losing AGB stars probed with the
IRTS II, Astron. Astrophys., 403, 943－954.

Machida, M. N., Tomisaka, K., and Matsumoto, T.: 2004,
First MHD simulation of collapse and fragmentation of
magnetized molecular cloud cores, Mon. Not. R. Astron.
Soc., 348, L1－L5.

Maeda, K., Mazzali, P. A., Deng, J., Nomoto, K., Yoshii,
Y., Tomita, H., Kobayashi, Y.: 2003, A Two-Component
Model for the Light Curves of Hypernovae, Astrophys.
J., 593, 931－940.

Maezawa, H., Tong, C. E., Noguchi, T., Matsunaga, T.,
Blundell, R., and Pan, S.-K.: 2003, An Nb-Based
Waveguide SIS Distributed Mixer Employing Coplanar
Inductor Loaded Microstrip Transformer for the 800
GHz Frequency Band, IEEE Trans. Applied
Superconductivity, 13, 668－671.

Mathews, G. J., Ichiki, K., Kajino, T., Orito, M., and

52

      



Yahiro, M.: 2003, New paradigms for primordial nucle-
osynthesis, Nucl. Phys. A, 718,15－22.

Matsumoto, T., and Hanawa, T.: 2003, Fragmentation of a
Molecular Cloud Core versus Fragmentation of the
Massive Protoplanetary Disk in the Main Accretion
Phase, Astrophys. J., 595, 913－934.

Matsumoto, T., Kamizato, T., Ogata, K., Iseri, Y., Hiyama,
E., Kamimura, M., and Yahiro, M.: 2003, New treatment
of breakup continuum in the method of continuum dis-
cretized coupled channels, Phys. Rev. C, 68, 064607/1－
10.

Matsunaga, M., Sekimoto, Y., Matsunaga, T., and Sakai, T.:
2003, An Experimental Study of Submillimeter-Wave
Horn Antennae for a Submillimeter-Wave Array, Publ.
Astron. Soc. Japan, 55, 1051－1057.

Matsunaga, T., Maezawa, H., and Noguchi, T.: 2003,
Characterization of NbTiN Thin Films Prepared by
Reactive DC-Magnetron Sputtering, IEEE Trans.
Applied Superconductivity, 13, 3284－3287.

Matsuoka, M., Kawai, N., Yoshida, A., Tamagawa, T.,
Torii, K., Shirasaki, Y., Ricker, G., Doty, J., Vanderspek,
R., Crew, G., Villasenor, J., Atteia, J.-L., Fenimore, E.
E., Galassi, M., Lamb, D. Q., Graziani, C., Hurley, K.,
Jernigan, J. G., Woosley, S., Martel, F., Prigozhin, G.,
Olive, J.-F., Dezalay, J.-P., Boer, M., Cline, T., Braga, J.,
Manchanda, R., Pizzichini, G., Levine, A., Morgan, E.,
Butler, N., Sakamoto, T., Urata, Y., Suzuki, M., Sato, R.,
Nakagawa, Y., Takagishi, K., Yamauchi, M., Hatsukade,
I.: 2004, The Gamma-Ray Burst Alert System and the
Results of HETE-2, Baltic Astronomy, 13, 201-206.

Matsushita, S., Matsuo, H.: 2003, FTS Measurements of
Submillimeter-Wave Atmospheric Opacity at Pampa la
Bola: III. Water Vapor, Liquid Water, and 183 GHz
Water Vapor Line Opacities, Publ. Astron. Soc. Japan,
55, 325－333.

Mazzali, P. A., Deng, J., Tominaga, N., Maeda, K.,
Nomoto, K., Matheson, T., Kawabata, K. S., Stanek, K.
Z., Garnavich, P. M., The Type Ic Hypernova SN
2003dh/GRB 030329, Astrophys. J., 599, L95-L98.

McHardy, I. M., Gunn, K. F., Newsam, A. M., Mason, K.
O., Page, M. J., Takata, T., Sekiguchi, K., Sasseen, T.,
Cordova, F., Jones, L. R., and Loaring, N.: 2003, A
medium-deep Chandra and Subaru survey of the 13-h
XMM/ROSAT deep survey area, Mon. Not. R. Astron.
Soc., 342, 802－822.

Minarovjech, M., Rusin, V., Rybansky, M., Sakurai, T.,
and Ichimoto, K.: 2003, Oscillations in Coronal Green
Line Intensity, Solar Phys., 213, 269－290.

Minezaki, T., Yoshii, Y., Kobayashi, Y., Enya, K.,
Suganuma, M., Tomita, H., Aoki, T., Peterson, B. A.:
2004, Inner Size of a Dust Torus in the Seyfert 1 Galaxy
NGC 4151, Astrophys. J., 600, L35－L38.

Minezaki, T., Yoshii, Y., Kobayashi, Y., Enya, K.,
Suganuma, M., Tomita, H., Aoki, T., Peterson, B. A.:
2004, Lag between the optical and NIR variabilities of
NGC 4151, Astronomische Nachrichten, 325, 256－256.

Misawa, T., Yamada, T., Takada-Hidai, M., Wang, Y.,
Kashikawa, N., Iye, M., and Tanaka, I.: 2003, Subaru
high resolution spectroscopy of complex metal absorp-

tion lines of QSO HS1603+3820, Astron. J., 125, 1336－
1344.

Miyagoshi, T.,  and Yokoyama, T.: 2003,
Magnetohydrodynamic Numerical Simulations of Solar
X-Ray Jets Based on the Magnetic Reconnection Model
that Includes Chromospheric Evaporation, Astrophys. J.,
Lett., 593, L133－L136.

Miyata, T., Kataza, H., Okamoto, Y. K., Onaka, T., Sako,
S., Honda, M., Yamashita, T., and Murakawa, K.: 2004,
Sub-arcsecond imaging and spectroscopic observations
of the Red Rectangle in the N-band, Astron. Astrophys.,
415, 179－187.

Miyazaki, A., Tsutsumi, T., and Tsuboi, M.: 2003, Flares of
Sagittarius A* at Short Millimeter Wavelengths,
Astronomische Nachrichten, 324, S1, 363－369.

Miyazaki, M., Shimasaku, K., Kodama, T., Okamura, S.,
Furusawa, H., Ouchi, M., Nakata, F., Doi, M., Hamabe,
M., Kimura, M., Komiyama, Y., Miyazaki, S.,
Nagashima, C., Nagata, T., Nagayama, T., Nakajima, Y.,
Nakaya, H., Pickels, A. J., Sato, S., Sekiguchi, K.,
Sekiguchi, M., Sugitani, K., Takata, T., Tamura, M.,
Yagi, M., Yasuda, N.: 2003, Evolution of Elliptical
Galaxies at z >

˜
1 Revealed from a Large, Multicolor

Sample of Extremely Red Objects, Publ. Astron. Soc.
Japan, 55, 1079－1103.

Miyazaki, S., Iwabuchi, T., Heki, K., and Naito, I.: 2003,
An impact of estimating tropospheric gradient on precise
positioning in summer using the Japanese nationwide
GPS array, J. Geophys. Res., 108, 2335.

Miyoshi, M., Imai, H., Nakashima, J., Deguchi, S., and
Shen, Z.-Q.: 2003, VLBA Observation of a Radio
Intraday Flare of SgrA*, Astronomische Nachrichten,
324, S1, 403－406.

Mobasher, B., Colless, M., Carter, D., Poggianti, B.,
Bridges, T., Kranz, K., Komiyama, Y., Kashikawa, N.,
Yagi, M., Okamura, S.: 2003, A Photometric and
Spectroscopic Study of Dwarf and Giant Galaxies in the
Coma Cluster - IV. The Luminosity Function, Astrophys.
J., 587, 605.－618.

Mohr, P., Shizuma, T., Ueda, H., Goko, S., Makinaga, A.,
Hara, K. Y., Hayakawa, T., Lui, Y.-W., Ohgaki, H., and
Utsunomiya, H.: 2004, s-process branching at 185W
revised, Phys. Rev. C, 69, 032801－1－5.

Moyagoshi, T., Yokoyama, T., and Shimojo, M.: 2004,
Three-Dimensional Magnetohydrodynamic Numerical
Simulations of Coronal Loop Oscillations Associated
with Flares, Publ. Astron. Soc. Japan, 56, 207－214.

Mukadam, A. S., Kepler, S. O., Winget, D. E., Nather, R.
E., Kilic, M., Mullally, F., von Hippel, T., Kleinman, S.
J., Nitta, A., Guzik, J. A., Bradley, P. A., Matthews, J.,
Sekiguchi, K., Sullivan, D. J., Sullivan, T., Shobbrook, R.
R., Birch, P., Jiang, X. J., Xu, D. W., Joshi, S., Ashoka,
B. N., Ibbetson, P., Leibowitz, E., Ofek, E. O., Meistas,
E. G., Janulis, R., Alisauskas, D., Kalytis, R., Handler,
G., Kilkenny, D., O'Donoghue, D., Kurtz, D. W., Müller,
M., Moskalik, P., Ogloza, W., Zola S., Krzesinski, J.,
Johannessen, F., Gonzalez-Perez, J. M., Solheim, J.-E.,
Silvotti, R., Bernabei, S., Vauclair, G., Dolez, N., Fu, J.
N., Chevreton, M., Manteiga, M., Suárez, O., Ulla, A.,

53

      



Cunha, M. S., Metcalfe, T. S., Kanaan, A., Fraga, L.,
Costa, A. F. M., Giovannini, O., Fontaine, G., Bergeron,
P., O'Brien, M. S., Sanwal, D., Wood, M. A., Ahrens, T.
J., Silvestri, N., Klumpe, E. W., Kawaler, S. D., Riddle,
R., Reed, M. D., and Watson, T. K.: 2003, Constraining
the Evolution of ZZ Ceti, Astron. J., 594, 961－970.

Nagano, S., Kawamura, S., Ando, M., Takahashi, R., Arai,
K., Musha, M., Telada, S., Fujimoto, M.-K., Fukushima,
M., Kozai, Y., Miyama, S., Ueda, A., Waseda, K.,
Yamazaki, T., Ishizuka, H., Kuroda, K., Matsumura, S.,
Miyakawa, O., Miyoki, S., Ohashi, M., Sato, S., Tatsumi,
D., Tomaru, T., Uchiyama, T., Kawabe, K., Ohishi, N.,
Otsuka, S., Sekiya, A., Takamori, A., Taniguchi, S.,
Tochikubo, K., Tsubono, K., Ueda, K., Yamamoto, K.,
Mio, N., Moriwaki, S., Horikoshi, G., Kamikubota, N.,
Ogawa, Y., Saito, Y., Suzuki, T., Nakagawa, K., Ueda,
K., Araya, A., Kanda, N., Kawashima, N., Mizuno, E.,
Barton, M., A., Tsuda, N., Matsuda, N., Nakamura, T.,
Sasaki, M., Shibata, M., Tagoshi, H., Tanaka, T., Nakao,
K., Oohara, K-I., Kojima, Y., Futamase, T., Asada, H.:
2003, Development of a multistage laser frequency stabi-
lization for an interferometric gravitational-wave detec-
tor, Rev. Sci. Inst., 74, 4176－4183.

Nagashima, C., Dobbie, P. D., Nagayama, T., Nakajima,
Y., Nagata, T., Tamura, M., Nakajima, T., Sugitani, K.,
Nakaya, H., Hodgkin, S. T., Pickles, A. J., and Shuji
Sato, S. S.: 2003, An optical and near-infrared search for
brown dwarfs in the Pleiades cluster, Mon. Not. R.
Astron. Soc., 343, 1263－1270.

Nagata, H., Shibai, H., Hirao, T., Watabe, T., Noda, M.,
Hibi, Y., Kawada, M., and Nakagawa, T.: 2004,
Cryogenic Capacitive Transimpedance Amplifier for
Astronomical Infrared Detectors, IEEE
Trans.Electron.Dev., 51, 270－278.

Nagata, S., Hara, H., Kano, R., Kobayashi, K., Sakao, T.,
Shimizu, T., Tsuneta, S., Yoshida, T., and Gurman, J.:
2003, Spatial and Temporal Properties of Hot and Cool
Coronal Loops, Astrophys. J., 590, 1095－1110.

Nagata, T., Kato, D., Baba, D., Nishiyama, S., Nagayama,
T., Nagashima, C., Kurita, M., Sato, S., Kato, T.,
Uemura, M., Yamaoka, H., Monard, B., Ita, Y.,
Matsunaga, N., Nakajima, Y., Tamura, M., Nakaya, H.,
and Sugitani, K.: 2003, The Infrared Counterpart of the
X-Ray Nova XTE J1720-318, Publ. Astron. Soc. Japan,
55, L73－L76.

Nakajima, T., Tsuji, T., Yanagisawa, K.: 2004, Spectral
Classification and Effective Temperatures of L and T
Dwarfs Based on Near-Infrared Spectra, Astrophys. J.,
607, 499.

Nakajima, Y., Nagashima, C., Nagayama, T., Baba, D.,
Kato, D., Kurita, M., Nagata, T., Sato, S., Tamura, M.,
Naoi, T., Nakaya, H., and Sugitani, K.: 2003, Star forma-
tion studies with SIRIUS -JHK simultaneous near-
infrared camera, Astrono. Soc. Pacific, 177－180.

Nakamura, K.: 2003, Comparison of the oscillatory behav-
iors of a gravitating Nambu-Goto string with a test string,
Prog. Theor. Phys., 110, 201－232.

Nakamura, K.: 2003, Gauge invariant variables in two-
parameter nonlinear perturbations, Prog. Theor. Phys.,

110, 723－755.
Nakashima, J., Deguchi, S., and Kuno, N.: 2004, Study of

the Bipolar Nebula IRAS 19312+1950. I. Mapping
Observations, Publ. Astron. Soc. Japan, 56, 193－205.

Nakazato, T., Nakamoto, T., and Umemura, M.: 2003, A
Spectrophotometric Method to Determine the Inclination
of Class I Objects, Astrophys. J., 583, 322－329.

Nawa, K., Suda, N., Aoki, S., Shibuya, K., Sato, T., and
Fukao, Y.: 2003, Sea leverl variation in seismic normal
mode band observed with on-ice GPS and on-oand SG at
Showa Station, Antarctica, Geophys. Res. Lett., 30,
55.1－55.4.

Neta, B., and Fukushima, T.: 2003, Obrechkoff versus
Super-Implicit Methods for the Solution of First and
Second Order Initial Value Problems, Comp. and Math.
with Appl., 45, 383

Noda, S., Takeuti, M., Abe, F., Bond, I. A., Dodd, R. J.,
Hearnshaw, J. B., Honda, M., Honma, M., Jugaku, J.,
Kan-ya, Y., Kato, Y., Kilmartin, P. M., Matsubara, Y.,
Masuda, K., Muraki, Y., Nakamura, T., Ohnishi, K.,
Reid, M., Rattenbury, N. J., Saito, To., Saito, Y., Sato,
H., Sekiguchi, M., Skuljan, J., Sullivan, D. J., Sumi, T.,
Yamada, R., Yanagisawa, T., Yock, P. C. M., and
Yoshizawa, M.: 2004, Study of variable stars in the
MOA data base: long-period red variables in the Large
Magellanic Cloud - II. Multiplicity of the period-lumi-
nosity relation, Mon. Not. R. Astron. Soc., 348, 1120.

Numata, K., Ando, M., Yamamoto, K., Otsuka, S., Kimio,
K.: 2003, Wide-band direct measurement of thermal fluc-
tuations in an interferometer, Phys. Rev. Lett., 91,
260602.

Ogata, K., Yahiro, M., Iseri, Y., Matsumoto, T., and
Kamimura, M.: 2003, New Coupled-Channel Approach
to nuclear and Coulomb breakup reactions, Phys. Rev. C,
68, 064609/1－7.

Ogura, K., Sugitani, K., Magakian, T. Yu., Movsessian, T.
A., Nikogossian, E. H., Itoh, Y., Tamura, M.: 2003, Four
Probable T Tauri Stars in MBM 12, 2003, Publ. Astron.
Soc. Japan, 55, L49－L52.

Ohishi, M., Mizumoto, Y., Yasuda, N., Shirasaki, Y.,
Tanaka, M., Honda, S., and Masunaga, Y.: 2004, A
Prototype toward Japanese Virtual Observatory (JVO),
SAINT2004, IEEE Workshop on High Performance Grid
Computing and Networking, 591－595.

Ohta, K., Akiyama, M., Ueda, Y., Yamada, T., Nakanishi,
K., Dalton, G. B., Ogasaka, Y., Kii, T., and Hayashida,
K.: 2003, Optical Identification of the ASCA Lynx Deep
Survey: an Association of Quasi-Stellar Objects and a
Supercluster at z = 1.3?, Astrophys. J., 598, 210－215.

Ohyama, Y., Taniguchi, Y., Kawabata, K. S., Shioya, Y.,
Murayama, T., Nagao, T., Takata, T., Iye, M., and
Yoshida, M.: 2003, On the Origin of Lymana Blobs at
High Redshift: Kinematic Evidence for a Hyperwind
Galaxy at z=3.1, Astrophys. J., 591, L9－L12.

Ohyama, Y., Yoshida, M.,  and Takata, T.: 2003,
Superwind-driven Intense H2 Emission in NGC 6240. II.
Detailed Comparison of Kinematic and Morphological
Structures of the Warm and Cold Molecular Gas, Astron.
J., 126, 2291－2298.

54

      



Ohyama, Y., and Taniguchi, Y.: 2004, Subaru Spectroscopy
of the Giant Lyα Nebula Associated with the High-z
Powerful Radio Galaxy 1243+036, Astron. J., 127,
1313－1317.

Oka, T., and Hasegawa, T.: 2003, Gravitational Stability of
Molecular Clouds in the Galactic Center, Astronomische
Nachrichten, 324, S1, 101－107.

Oka, T., Iwata, M., Maezawa, H., Ikeda, M., Ito, T.,
Kamegai, K., Sakai, T., and Yamamoto, S.: 2004,
Submillimeter-Wave C I Spectral Lines from the NGC
1333 Region, Astrophys. J., 602, 803－815.

Okoshi, K., Nagashima, M., Gouda, N., and Yoshioka, S.:
2004, Chemical Enrichment in Damped Ly. Systems
from Hierarchical Galaxy Formation Models, Astrophys.
J., 603, 12－22.

Omukai, K., and Kitayama, T.: 2003, Observing H2
Emission in Forming Galaxies, Astrophys. J., 599, 738－
745.

Omukai, K., and Palla, F.: 2003, Formation of the First
Stars by Accretion, Astrophys. J., 589, 677－687.

Omukai, K., and Yoshii, Y.: 2003, The Mass Spectrum of
Metal-free Stars Resulting from Photodissociation
Feedback, Astrophys. J., 599, 746－758.

Orito, M., Kajino, T., Ichiki, K., Yahiro, M., Mathews, G.
J., and Wang, Y.: 2003, BBN and CMB Constraint on
Universal Lepton Asymmetry, Quintessential Inflation,
and Brane World Cosmology, Brane World Cosmology,
Nucl. Phys. A, 719, 1－8.

Orlova, N., Korchagin, V., Kikuchi, N., Miyama, S. M.,
Moiseev, A.: 2003, Application of the global modal
approach to the spiral galaxies, Astrophys. Space Sci.,
284, 739－742.

Otsuki, K., Mathews, G. J., and Kajino, T.: 2003, R-Process
Abundance Universality and Actinide Cosmochronology,
New Astronomy, 8(8), 767－776.

Otsuki, K., Mathews, G. J., Kajino, T., Honda, S., Aoki, W.,
Aprahamian, A., and Vaughan, K.: 2003, Nuclear cos-
mochronometry and universality in the r-process abun-
dances, Nucl. Phys. A, 721, 1024－1027.

Ouchi, M., Shimasaku, K., Furusawa, H., Miyazaki, M.,
Doi, M., Hamabe, M., Kimura, M., Komiyama, M.,
Miyazaki, S., Nakata, F., Okamura, S., Sekiguchi, M.,
Yagi, M., and Yasuda, N.: 2003, Statistical Properties of
Galaxies at z = 4 and 5 in the Subaru Deep Fields,
Galaxy Evolution: Theory & Observations, Revista
Mexicana de Astronomía y Astrofísica (Serie de
Conferencias), 17, 224－225.

Ping, J., Heki, K., Matsumoto, K., and Tamura, Y.: 2003, A
Degree 180 spherical Harmonic Model For the Lunar
Topography, Adv. Space Res., 31, 2377－2382.

Poggianti, B. M., Bridges, T. J., Komiyama, Y., Yagi, M.,
Carter, D., Mobasher, B., Okamura, S., Kashikawa, N.:
2004, A Comparison of the Galaxy Populations in the
Coma and Distant Clusters: The Evolution of k+a
Galaxies and the Role of the Intracluster Medium,
Astrophys. J., 601, 197－213.

Pyo, T.-S., Kobayashi, N., Hayashi, M., Terada, H., Goto,
M., Takami, H., Takato, N., Gaessler, W., Usuda, T.,
Yamashita, T., Tokunaga, A. T., Hayano, Y., Kamata, Y.,

Iye, M.,  Minowa, Y.: 2003, Adaptive Optics
Spectroscopy of the [Fe II] Outflow from DG Tauri,
Astrophys. J., 590, 340－347.

Sadakane, K., Ohkubo, M., Honda, S.: 2003, A Differential
Abundance Analysis of the Wide Binary Pair HD 219542
A and B, Publ. Astron. Soc. Japan, 55, 1055－1014.

Saito, T. R., and Koda, J.: 2003, Acceleration Method of
Neighbor Search with GRAPE and Morton Ordering,
Publ. Astron. Soc. Japan, 55, 871－877.

Sakamoto, S., and Sunada, K.: 2003, Small-Scale Structure
of Low-Density Gas in a Dark Cloud Envelope:
Kinematic Evidence for Phase Transition?, Astrophys. J.,
594, 340－346.

Sakamoto, T., Lamb, D. Q., Graziani, C., Donaghy, T. Q.,
Suzuki, M., Ricker, G., Atteia, J.-L., Kawai, N., Yoshida,
A., Shirasaki, Y., Tamagawa, T., Torii, K., Matsuoka,
M., Fenimore, E. E., Galassi, M., Tavenner, T., Doty, J.,
Vanderspek, R., Crew, G. B., Villasenor, J., Butler, N.,
Prigozhin, G., Jernigan, J. G., Barraud, C., Boer, M.,
Dezalay, J.-P., Olive, J.-F., Hurley, K., Levine, A.,
Monnelly, G., Martel, F., Morgan, E., Woosley, S. E.,
Cline, T., Braga, J., Manchanda, R., Pizzichini, G.,
Takagishi, K., Yamauchi, M.: 2004, High Energy
Transient Explorer 2 Observations of the Extremely Soft
X-Ray Flash XRF 020903, Astrophys. J., 602, 875－885.

Sako, S., Okamoto, Y. K., Kataza, H., Miyata, T., Takubo,
S., Honda, M., Fujiyoshi, T., Onaka, T., and Yamashita,
T.: 2003, Improvements in Operating the Raytheon 320
× 240 Pixel Si: As Impurity Band Conduction Mid-
Infrared Array, Publ. Astron. Soc. Pacific, 115, 1407－
1418.

Sakurai, T., and Hagino, M.: 2003, Magnetic Helicity and
Flare Activity, Adv. Space Res. 32, 1943－1948.

Sakurai, T., and Hagino, M.: 2003, Magnetic Helicity of
Solar Active Regions and its Implications, J. Korean
Astron. Soc., 36, S7－S12.

Sato, B., Ando, H., Kambe, E., Takeda, Y., Izumiura, H.,
Masuda, S., Watanabe, E., Noguchi, K., Wada, S., Okada,
N., Koyano, H., Maehara, H., Norimoto, Y., Okada, T.,
Shimizu, Y., Uraguchi, F., Yanagisawa, K., Yoshida, M.:
2003, A Planetary Companion to the G-Type Giant Star
HD 104985, Astrophys. J., 597, L157－L160.

Sato, R., Kawai, N., Suzuki, M., Yatsu, Y., Kataoka, J.,
Takagi, R., Yanagisawa, K., Yamaoka, H.: 2003, Earliest
Detection of the Optical Afterglow of GRB 030329 and
Its Variability, Astrophys. J., 599, L9.

Sato, S., Miyoki, S., Telada, S., Tatsumi, D., Araya, A.,
Ohashi, M., Totsuka, Y., Fukushima, M., and Fujimoto,
M.-K.: 2004, Ultrastable performance of an underground-
based laser interferometer observatory for gravitational
waves, Phys. Rev. D, 69, 102005.

Sawada, T., Hasegawa, T., Handa, T., and Cohen, R. J.:
2003, A Molecular Face-on View of the Galactic Center
Region, Astronomische Nachrichten, 324, S1, 85-91.

Schneider, R., Ferrara, A., Salvaterra, R., Omukai, K., and
Bromm, V.: 2003, Low-mass relics of early star forma-
tion, Nature, 422, 869－871.

Sekiguchi, M., and Tanikawa, K.: 2004, On the symmetric
collinear four-body problem, Publ. Astron. Soc. Japan,

55

      



56, 235－251.
Selhorst, C. L., Silva, A. V. R., Costa, J. E. R., and

Shibasaki, K.: 2003, Temporal and Angular Variation of
the Solar Limb Brightening at 17 GHz, Astron.
Astrophys., 401, 1143－1150.

Seljak, U., Sugiyama, N., White, M., and Zaldarriaga, M.:
2003, Comparison of cosmological Boltzmann codes:
Are we ready for high precision cosmology?, Phys. Rev.
D, 63, 083507.

Seta, M., Hasegawa, T., Sakamoto, S., Oka, T., Sawada, T.,
Inutsuka, S., Koyama, H., and Hayashi, M.: 2004,
Detection of Shocked Molecular Gas by Full-Extent
Mapping of the Supernova Remnant W44, Astron. J.,
127, 1098－1116.

Severgnini, P., Caccianiga, A., Braito, V., Della Ceca, R.,
Maccacaro, T., Wolter, A., Sekiguchi, K., Sasaki, T.,
Yoshida, M., Akiyama, M., Watson, M. G., Barcons, X.,
Carrera, F. J., Pietsch, W., and Webb, N. A.: 2003,
XMM-Newton observations expose AGN in apparently
noramal galaxies, Astron. Astrophys., 406, 483－492.

Shigeyama, T., and Tsujimoto, T.: 2003, Accretion of Dust
Grains as a Possible Origin of Metal-poor Stars with Low
a/Fe Ratios, Astrophys. J. Lett., 598, L47－L50.

Shimasaku, K., Ouchi, M., Okamura, S., Kashikawa, N.,
Doi, M., Furusawa, H., Hamabe, M., Hayashino, T.,
Kawabata, K., Kimura, M., Kodaira, K., Komiyama, Y.,
Matsuda, Y., Miyazaki, M., Miyazaki, S., Nakata, F.,
Ohta, K., Ohyama, Y., Sekiguchi, M., Shioya, Y.,
Tamura, H., Taniguchi, Y., Yagi, M., Yamada, T.,
Yasuda, N.: 2003, Subaru Deep Survey. IV. Discovery of
a Large-Scale Structure at Redshift -5, Astrophys. J.,
586, L111－L114.

Shin, J., and Sakurai, T.: 2003, Point Spread Function of
the Soft X-ray Telescope Aboard Yohkoh, J. Korean
Astron. Soc., 36, S117－S124.

Shirasaki, Y., Kawai, N., Yoshida, A., Matsuoka, M.,
Tamagawa, T., Torii, K., Sakamoto, T., Suzuki, M.,
Urata, Y., Sato, R., Nakagawa, Y., Takahashi, D.,
Fenimore, E. E., Galassi, M., Lamb, D. Q., Graziani, C.,
Donaghy, T. Q., Vanderspek, R., Yamauchi, M.,
Takagishi, K., Hatsukade, I.: 2003, Publ. Astron. Soc.
Japan, 55, 1033－1049.

Shizuma, T., Gan, Z. G., Ogawa, K., Nakada, H., Oshima,
M., Toh, Y., Hayakawa, T., Hatsukawa, Y., Sugawara,
M., Utsuno, Y., Liu, Z.: 2004, A new isomer in 136Ba
populated by deep inelastic collisions, Euro. Phys. J. A,
20, 207－211.

Shizuma, T., Toh, Y., Oshima, M., Sugawara, M.,
Matsuda, M., Hayakawa, T., Koizumi, M., Osa, A.,
Zhang, Y. H., and Liu, Z.: 2003, Inelastic excitation of
187Re, Inelastic excitation of 187Re, Euro. Phys. J. A, 17,
159－165.

Smail, I., Chapman, S. C., Ivison, R. J., Blain, A. W.,
Takata, T.,  Heckman, T. M., Dunlop, J. S., and
Sekiguchi, K.: 2003, A vigorous starburst in the SCUBA
galaxy N2 850.4, Mon. Not. R. Astron. Soc., 342, 1185－
1193.

Soffel, M., Klioner, S. A., Petit, G., Wolf, P., Kopeikin, S.
M., Bretagnon, P., Brumberg, V. A., Capitaine, N.,

Damour, T., Fukushima, T., Guinot, B., Huang, T.-Y.,
Lindegren, L., Ma, C., Nordtvedt, K., Ries, J. C.,
Seidelmann, P. K., Vokrouhlick ý, D., Will, C. M., Xu,
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