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PREFACE

FY 1999 was the final year of the construction of the Subaru Telescope. The nine-year construction project
was completed in March 2000, including general adjustments, initial test of observational instfuments, and the ded-
ication ceremony held in September 1999. Further preparations for the partial open-use observations in 2000
are being pushed forward. The Subaru Telescope already had achieved excellent observational performance in
the course of test observations. Although the significant scientific activities are expected in the coming open-
use observation phase, the construction of the telescope was completed with great success. I would like to ex-
press my sincere appreciation to all parties concerned in this project.

The high precision VLBI network for geodesic astrometry which has been long-cherished desire of NAQJ
since its establishment had finally started its construction under the project name of VERA. This is another out-
standing progress in the FY 1999. Based on the technical development such as two-beam antenna design a-
chieved in the period of preparation, VERA will make a challenge towards the magnificent goal, which is to
figure the three-dimensional structure and gravity distribution of the whole Galactic System by means of direct dis-
tance measurement of maser sources. The VERA, as well as the RISE project which is a part of a lunar probing pro-
ject SELENE, aims at new frontier of astronomy based on the academic tradition of the group since the era of Mizu-
sawa Latitude Observatory.

In the field of radio astronomy the open use of BEARS, a 85-110 GHZ 25-beam hetherodine receiver for the 45
-meter radio telescope of Nobeyama Radio Observatory has started. The test observations of the RAINBOW
system, a seven elements mm-wave interferometer including the 45-meter Radio Telescope as one of the element
antennas were made successfully. Also in VLBI, internationl joint researchs by VSOP (Haruka) in collaboration
with the Institute for Space and Astronautical Science, and collaborative use and works by the domestic VLBI net-
work JNET were proceeded. A number of active observational researches with excellent results has been made
through the above observations. :

Various technical developments, site experiments, and the frame working of international collaboration to-
wards ALMA (Atakama Large Millimeter and sub-millimeter Array) have been made. As a forerunner of sub-
millimeter wave observations in Chile we forward ASTE plan which is to move a 10-meter sub-mm wave anten-
na to the ALMA site in collaboration with university groups.

To explore new field of astronomy the gravitational-wave detector TAMA-300 and infrared array were pro-
moted by the group of astrometry and astromechanics in Mitaka. Particularly the TAMA-300 was intensively pre-
pared to achieve the highest performance and long term operations for the first time in the world.

In solar physics, observations by the Radio Heliograph in Nobeyama and the X-ray satellite YOKQ were success-
fully contiued. Development and production of the new solar observation satellite SOLAR-B are in progress.

Number of collaborative researches including international joint works have been carried out and actively ex-
tended in the field of theoretical astrophysics.

In the Okayama Astrophysical Observatory, Advanced Technology Center and Astronomical Data Analysis
Center new plans towards the future were actively studied as well as the collaborative/open-use researches in
each facilities. The Public Relations Center which was settled in 1998, made a great advance in strengthening
public services, with expansion of the Public Relations Office.

The old facilities and instruments were converted, renewed or abandoned, on the other hand. Dodaira Astronom-
ical Observatory (with a 90-cm optical telescope) was finally closed in 1999. Also the winter inhabited operation
of the Norikura Solar Observatory started in 1998 was continued through 1999.

The above I mentioned are brief outline. Please refer the each text for details.

T

Norio KAIrFu
Director General
National Astronomical Observatory, Japan
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Completion of Subaru Telescope

Hiroyasu ANDO
(Subaru Telescope-NAO]J)

In 1991, Japan National Large Telescope (nick-
named as Subaru Telescope) project with its diameter
8.2 m was started. It has been completed in March of
2000, during which Subaru telescope received its first
light from stars in January of 1999 and its dedication
ceremony was held in September of 1999.

In the fiscal year 1999, test observation with astro-
nomical instruments was carried out extensively to
make telescope adjustment and to upgrade its perform-
ance at the level of its specifications. After assuring
the achievement of its specification, Subaru telescope
has been handed over to National Astronomical Ob-
servatory of Japan (NAQJ). The initial scientific re-
sults obtained in this phase was summarized as ele-
ven scientific papers, which was published in Publica-
tion of Astronomical Society of Japan (PAS]) (see re-
ferences).

In the fiscal year 2000, it is eagerly expected that
the open-use of Subaru telescope will be started along
with the final combination test of telescope and astro-
nomical instruments.

1. Performance of Subaru Telescope
Since the first light of Subaru telescope, telescope

M 63 (NGC 5055)

Subary

Suprime-Cam (B, V, Ha)

Ju

performance has been improved by the constant
efforts. Here we report its performance achievement
at this moment. We have not enough space here,
Then concrete numbers at Cassegrain focus is pre-
sented as a representative values.
Specification Measured values
Telescope
pointing accuracy:
tracking accuracy:

1.0 (arcsec) 0.87 (arcsec)

open
(1 minute) 0.1 0.083
(10 minutes) 0.2 0.197
(30 minutes) 0.6 0.425
Image size (total) 0.2 (FWHM) 0.13 (FWHM)

The measured values tell us a world class telescope.
However, owing to the initial defects in control
system and the fixed point system, its one fixed point
came off during operation. Now the telescope was re-
covered and the safer control system has been in-
stalled.

The improvement of image quality by the suppres-
sion of so-called dome seeing is achieved by the tem-
perature control of primary mirror and the mechani-
cal structure, air flow control by ventillation system,

Photo 1. This photo shows spiral galaxy M63
(NGC 5055) taken by Suprime-Cam
under condition of seeing size of 0.5
arcsec. It is called as “Sun Flower
galaxy” inferred from its figure. M63
is about 2400 light year far from us,
and is now active in star formation.
In this very sharp image, photo by
Suprime-Cam revealed clear tite spiral
structure and also distinctive red
spherical structure (HII region) due to
ionized gas.

818



Photo 2. Spectrum of Liner comet taken by HDS (2000.
07.04). Five minute exposure and wave length
resolution 30,000 (10 km/s). This photo is on the
second CCD image among the two. Wave length
coverage is 5100-6500A, and the left bottom is
short ward and the right top is longer one. The
continuum emission comes from the reflected
light of the Sun by the core of the comet. Many
emission lines come from the molecules at the
diffuse region around the core.

The weak emission lines at the bottom is C2
Swan band. This portion is shown in the figure,
in which the very detailed structure of the band
is clearly seen.

wind screen system and so forth. At the moment, the
measured data is now accumulated to estimate their
effects on the image quality. Some good clues to find
the solutions is now going to be revealed.

Foci positions are found to change with ambient
temperature changes during observing night. By put-
ting the steel structure model into computer and feed-
backing monitored temperatures, auto-focusing func-
tion has been confirmed to be effective. This system
will be applied to the other foci.

Tip and tilt, and chopping functions have been
tested for IR secondary mirror. Combination test of
this secondary and IR instruments are under way
now. In the next fiscal year, the very high resolution
imaging, say 0.06 arcsec will be available in near IR
region with use of large scale wave front correction
by tip-tilt function.

Adaptive optics (AQ) system is now in a final
phase. But test observation with AO will be realized
in a bit more future.

2. Situations of Observational Instruments

After rough adjustment of telescope since its first
light event, the seven first generation instruments
have been attached sequentially to each focus and re-

ceived their first light. Now fine adjustments in
optics and mechanics performances and also the evalu-
ation of detectors is carried out by data analysis.

Data storage and archive system is developed and
their functions has been checked. Data analysis
system called DASH is expected to be fully operated.
The more detailed information on seven instruments
is given below.

FOCAS (Faint Object Camera and Spectrograph): in-
strument for visible attached to the Cassegrain focus.
It is capable of imaging the extremely faint objects
and also dispersing the light into 10 to 500 colors.
From these information, motions, physical states, and
chemical compositions can be obtained. It has also abil-
ity to take about spectra of 100 objects at once.

Suprime-Cam (Prime focus wide field Camera):
visual instrument attached to the prime focus.
Subaru telescope has prime focus only among 8 m
class telescopes. So Suprime-Cam is quite unique in-
strument. Its mosaic large formatted CCD camera (2
X 5=10, unit CCD 2 kx4 k) can cover 30 arcmin field
of view. Survey observations are expected.

CIAO (Coronagraphic Imager with Adaptive
Optics): Attached to Cassegrain focus. With use of
Adaptive Optics, very high spatial resolution is
achieved. It is capable of detecting very faint objects
adjacent to the very bright objects like stars. It is ap-
plied to discover the planets around stars and the
mother galaxies to the bright QSOs.

IRCS(Infrared Camera and Spectrograph): Attached
to Cassegrain focus. With use of AQO system, very
high spatial resolution imaging and spectroscopy are
carried out. Not only star forming region may be ob-
served with high spatial resolution, but also low resolu-
tion spectroscopy of cosmological faint galaxies and
high resolution spectroscopy of interstellar matters
are capable.

COMICS (Cooled Midinfrared Camera and Spectrom-
eter): Attached to Cassegrain focus. It covers the obser-
vation for Midinfrared region (8-28 wum). In this
region, resolution of 8 m ground based telescopes rea-
ches diffraction limitted resolution. For this reason, ob-
servations for planets formation processes and circum-
stellar dust are expected.

OHS (OH-suppressed Spectrometer): Near infrared in-
strument attached to IR Nasmyth focus. OH air glow
lines may disturb the observation in this region as a
noise source. Collecting after dispersing the light in a
high resolution and suppressing such line emissions,
very faint light of galaxies can be detected free from
noise. Primordial galaxies born just after the Big
Bang are observed.
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HDS (High Dispersion Spectrograph): Visual instru-
ment attached to the optical Nasmyth focus. It has a
capability of dispersing star light into 100,000 colors.
It may reveal the tiny motion of stars, very accurate
physical states of stars, and also detailed chemical com-
position of stars. As a disperse optical element, Ech-
elle grating is adopted and mosaic CCD (1 X2=2, unit
CCD 2 kX4 k).

3. To the Regular Operation
In the next fiscal yvear, Subaru telescope is to be op-
erated for open use, whose demand from astronomi-

cal community is extremely strong. Subaru project
has been completed in March, 2000. It has been
prove that its performance mects with our specific-
ation. Our target is to polish up its performance and
to maintain it at higher level. To compete with the
other 8 m class telescopes, we should continue the con-
stant polish-up of performance and the addition of
the new functions.

Concerning the open use instruments, one or two in-
struments will be provided at first. Then the whole in-
struments is to be opened to use sequentially.



Coronagraphic Imager with Adaptive Optics (CIAO)

Yoichi IToH, Motohide TAMURA, Hiroshi SuTto, Norio Karru, Saeko S. HavasHI
(Subaru Telescope-NAO])

Koji MURAKAWA
(Univ. of Hertfordshical)

Yumiko Oasa
(University of Tokyo)

Noboru EBIZUKA
(The Institute of Physical and Chemical Research)

A near-infrared coronagraphic camera has bheen
built for use with the Subaru 8.2 m telescope and its ad-
aptive optics system.

The purpose of this instrument CIAO (Coronagra-
phic Imager with Adaptive Optics) is to obtain high-
resolution (0.06 arcsec at 2 micron) images of faint ob-
jects in close vicinity of bright objects at infrared
wavelengths. Such objects are, for example, compan-
ion brown dwarfs, extra-solar planets, circumstellar
disks around both young stellar objects and main-
sequence stars, jets and QSOs. CIAO is a 1-5 micron
camera with two focal plate scales: 22 mas/pix and

Fig. 1. The CIAO at the Cassegrain focus of the telescope.

4

11 mas/pix.

CIAO utilizes one ALLADIN II (1,024 1,024 InSh)
array manufactured by SBRC.

The camera is equipped with the standard broad-
band filters, as well as narrow-band filters.

Occulting masks whose diameter ranges from 0.1 to
3 arcsec and several types of pupil masks are select-
able.

The first light commissioning test of CIAO on the
Subaru telescope was carried out between February 9
and 16, 2000. The obeservations were without the ad-
aptive optics system and with the optical secondary
mirror.

References

Tamura, M., et al.: 1998, Proc. SPIE, 3354, 845
Itoh, Y., et al: 1998, Publ. Astron. Soc. Japan, 50, 55

Fig. 2. An H band coronagraph image of IRC 10216. The
diameter of the mask is 2 arcsec.



Development of an OH-Airglow Suppressor
Spectrograph for the Subaru Telescope

Kentaro MOTOHARA
(Subaru Telescope-NAO]J)

Toshinori MAIHARA, Fumihide IwaMURO, Takashi HARASHIMA
(Kyoto University)

We have been developing an OH-airglow suppres-
sor spectrograph (OHS), which is one of the first instru-
ments of the Subaru telescope.

In the near-infrared wavelength, especially in the J-
(1.25 ym) and H- (1.65 #zm) band, the sensitivity of the
observations is determined by non-thermal back-
ground emission from the atmosphere. Maihara, et al.
(1993) showed that most of the emission are attributa-
ble to the emission lines of OH (hydroxyl) radicals.

OHS reduces these emission lines by the procedure
shown in Fig. 2 and provides the highest sensitivity
for imaging and low-resolution spectrograph.

1. Ray from the telescope enters the slit, and then

is dispersed by a grism into wavelength-resolu-
tion of 5,5600.
2. At the focus of the dispersed ray, a mask

mirror is placed. This mirror blocks the wave-
lengths where OH lines exists.

3. The reflected ray goes through the dispersion
optics from the reverse end to be converted
into white ray again, and refocused on the focal-
plane of the back-end camera, CISCO (Moto-
hara, ef al. 1998).

20% of the wavelength coverage will be lost by the
mask mirror, but the width of the individual OH-
masks are all very narrow so the macroscopic shape
of a spectrum of a object will not be altered. On the
other hand, the background emission is expected to
be suppressed to 1/30.

Fig. 1 shows OHS mounted on the Infrared Nas-
myth focus of the Subaru telescope. Its dimension is
5mx3mx1.5m, and weight is 2.5 tons. After initial

Fig. 1. OHS mounted on the Nasmyth focus of the Subaru telescope.
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test at Mitaka in August of 1999, it was shipped to
Hawaii and reassembled on the Nasmyth stage of the
telescope in December.

OHS saw first light on February, 2000. Results of
the observations showed that the background emis-
sion is suppressed to 1/25 (Fig. 2). The transmittance
of OHS was measured to be 36%, so the limiting flux
will be /0.36 X25=3 times (1.2 mag) fainter than that
without OHS.

However, we haven't reached the sensitivity ex-
pected from above calculation, due to;

« stray light on the Nasmyth stage, which causes ad-
ditional background emission.

« incomplete shape of the mask, so suppression
factor of the background is not so high as ex-
pected.

We are now working on these problems, and try
the ultimate observations in the next observational
run.

OHS on the 8-meter telescope realize the deepest ob-
servations in J- and H-band in the world, which will
be available for common-use in the next year.

References

Maihara, T., et al.: 1993, Publ. Astron. Soc. Japan, 105, 940
Motohara, K., et al.: 1998, Proc. SPIE, 3354, 659



First Light of Subaru IRCS

Hiroshi TErRADA, Naoto KoBavasHi, Miwa GoTo

(Subaru Telescope-NAO])

After being shipped to Hilo of Hawaii on April
1999, IRCS (Infrared Camera and Spectrograph for
the Subaru Telescope) was assembled and evaluated
under cryogenic temperature at the base facility of
Subaru telescope. On February 2000, IRCS successful-
ly saw the first light on the telescope. We report the
outline of IRCS and the results of the first light.

IRCS is a standard near-infrared (1-5 micron) instru-
ment for both imaging and spectroscopy. The optics
of IRCS is optimized for high-resolution images with
adaptive optics (AQ) which is one of the strong points
of Subaru telescope. IRCS has two modes of spectros-
copy; a “low-to-medium dispersion mode (R=100-
1,000)" with grism and a “medium-to-high dispersion
mode (R=25,000-20,000)" with gratings. As for imag-
ing, there are two cameras of different pixel-scale; “58
mas camera (0.068 arcsec/pixel, field-of-view=1 arc-
min)”, which is suitable for observing with Tip Tilt
and “23 mas camera (0.023 arcsec/pixel, field-of-view
=30 arcsec)” for observing with AO. The camera
side also serves as a slit viewer for medium-to-high dis-
persion spectroscopy, so that we can observe effi-
ciently.

Thus, IRCS is a complicated instrument with many
functions and has many items to be checked. In the
first observing run, we focused on a performance evalu-
ation of IRCS itself without AO. In the following, we

Fig. 1. J, K, L’ band image of BN and IRc2 (field of view=
' 40 arcsec X 46 arcsec).
[Blue: J band (1.25 #m), Green: K band (2.2 um), Red:
L’ band (3.8 ym)]

Alan T. TOKUNAGA
(Institute for Astronomy)

show some results from the IRCS first light . Fig. 1 is
an image of “BN and IR¢2 in Orion nebula” at J (1.25
micron), K (2.2 micron), L” (3.8 micron) band with 58
mas camera. The brightest object in this image is BN
object, and IRc2 is located south-east to BN object.
Both objects are young massive infrared sources.
Some objects around IRc2 are clearly detected only in
L’ band. Deeply embedded sources in molecular cloud
can be revealed at 3 micron since extinction by inter-
stellar dust is much less in longer wavelengths. IRCS
has an excellent performance of imaging and spectros-
copy in 3-5 micron infrared region, which is still an un-
explored field in astronomy. Fig. 2 is the K band spec-
trum with high-dispersion (R=20,000) of a region
which shows the strongest emission of molecular hy-
drogen near IRc2. Most of the emission lines in Fig.
2 are attributed to shock excited molecular hydrogen
by a strong outflow from IRc2. The distorted feature
of those emission lines in Fig. 2 clearly shows the kin-
ematics (v=15 km/s) of molecular hydrogen in the
outflow.

IRCS has been selected as one of the first open use in-
struments. Now we are checking the details of IRCS
for the open use which will start forn December 2000.

Reference

Kobayashi, N., et al.: 2000, SPIE, Proc.

Fig. 2. K band spectrum of Orion nebula with high-
dispersion (R =20,000).



Subaru Telescope FOCAS First Light

Youichi OHvaMa, Kazuhiro SEKIGUCHI, Toshiyuki SAsAKI, Kiichi OKITA,

Tadafumi TARKATA, George KosuaGl
(Subaru Telescope-NAQ])

Masanori IYe, Nobunari KASHIKAWA, Motoko INATA, Kentaro AoKl, Koji KAWABATA
(Division of Optical and Infrared Astronomy-NAQO]J)

Michitoshi YosHIDA, Yasuhiro SHIMIZU
(Okayama Astrophysical Observatory-NAQJ)

Tomohiko Ozawa, Yasushi YADOUMARU  Yoshihiko Sarro, Toru Misawa

(Misato Observatory)

We have been developing the Faint Object Camera
And Spectrograph (FOCAS), which is one of the first
common-uses instruments for Subaru Telescope. It is
the main Cassegrain instrument at optical wave-
length, and was constructed especially for observing
the faintest and the most distant objects observable
only with Subaru Telescope. FOCAS provides various
observing modes, including imaging, (multi-object)
spectroscopy, and polarimetry. Although the concep-
tual design study was started back in late 1980’s, the
final design was fixed in 1997 and the actual fabrica-
tion of FOCAS began in full gear.

The main body of FOCAS was delivered at Mitaka
in April 1999. It was then furnished with its focal
plane unit providing multi-object sampling capability
and the CCD camera. Soon after the integration, it
was attached to the optical simulator at Mitaka, and
extensive tests of the optical properties, flexures, and
the functionalities of movable parts were performed

Fig. 1. FOCAS attached to the Subaru Telescope.

Noboru EBIZUKA

(The Institute of Physical and Chemical Research)

Hiroko TaAGucHI

(University of Tokyo) (Tokyo Gakugei

University)

at its inclined positions. After passing all these tests,
it was shipped to Hawaii in October and arrived at
Hilo base facility safely after two months. Extensive
tests with the optical simulator there were conducted
again to check all functions after long journey on the
ship, and the final adjustments of both hardware and
software, including the communication through the
network, were made. In middle of January 2000,
FOCAS was transported to the summit and was
finally attached to the Cassegrain focus of Subaru in
late January. The first test observation was started
on February 1 and FOCAS finally saw its first light
very successfully. An image of nearby galaxy M82
taken during this observing run was made public at
the press conference held at Mitaka, and was shown

Fig. 2.

The first-light image (M82).



in many newspapers on March 24.

Although FOCAS achieved its first light very suc-
cessfully in its imaging mode, spectroscopy and polar-
imetry modes are not vet fully tested. We also identi-
fied many items for improvement during these test ob-
servations. It will take some more time before it
works fully as a common-use instrument of Subaru

Telescope. We will devote ourselves to improve

FOCAS and to obtain some scientific outputs with it.
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Submillimeter Polarimetry of Star-Forming Regions
with the SCUBA Polarimeter 2: First Detection of
Submillimeter Polarization from T Tauri Stars

Motohide TAMURA
(Division of Optical and Intrared Astronomy:NAQ]J)
Munetake MOMOSE
(Cosmic Radio Observing Facilities of Nobeyama Radio Observatory)

Junichi MORINO
(Univ. of Tokvo)

We report a f(irst detection of polarization of the
850 micron continuum emission from two T Tauri
stars (TTSs), GM Aur and DG Tau, with the polarime-
ter for SCUBA jointly developed under UK-Japan col-
laboration. These are both single and classical TTSs.
The emission mostly comes from the compact (#r< 100
AU) accretion disks. The polarization (at about 3%
level at 3 sigma) is interpreted in terms of thermal
emission by magnetically aligned dust grains in the
disk. Thus these submillimeter polarizations probe
the magnetic field structure in the disk, while the previ-
ously reported millimeter/submillimeter polarizations
of protostars and the transitional objects from the
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J. GREAVES, A. CHRYSosTOMOU, W. HOLLAND
(Joint Astronomy Centre)

J. H. Hougn
(University of Hertfordshire)

protostars to TTSs trace the magnetic fields in the
larger envelope region. In both TTSs, the direction of
the magnetic field inferred from our submillimeter
polarizations is parallel to the plane of the compact
dust disk measured by interferometric observations,
suggesting the dominance of a toroidal magnetic field
component in the disk. The magnetic evolution of
the circumstellar environments is discussed, as well
as the constraints on the MHD models of the jets and
outflows from young stellar objects.
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Fig. 1. 850 um polarization vector superposed on the CO2-1 and 1.3 mm continuum maps. Inset is a higher resolution

continuum map. (Dutrey et al. 1998)

850 um polarization vector superposed on the 2 mm continuum map by Kitamura ef al. (1996)



Suprime-Cam: Observations at the Cassegrain
Focus of the Subaru Telescope

Yutaka Komrvama, Satoshi Mivazakr, Masafumi YAGI, Naoki YAsSUDA
(Division of Optical and Infrared Astronomy-NAOQJ)
Mamoru Doi, Hisanori Furusawa, Masaru HAMABE, Masahiko KIMURA, Fumiaki NAKATA,

Sadanori OKAMURA, Yasuhiro SAwaADA, Maki SEKIGUCHI, Kazuhiro SHIMASAKU
(University of Tokvo)

Following the successful first light of the Subaru
telescope, observations with Suprime-Cam at the casse-
grain focus had been carried out for six month.
During this first-light phase, Suprime-Cam had been
attached to the cassegrain focus and used as a test in-
strument for commissioning of the telescope, though
Suprime-Cam is designed for use at the prime focus.
Main results are observations of the cluster of galax-
ies A851 and the Ring Nebula (M57).

The cluster of galaxies A851, which is located at z
=0.4, is thought to be one of the best targets to
check the imaging capability of the Subaru telescope
since Hubble Space Telescope (HST) also observed
this cluster. The observation! proved that the
Subaru telescope can obtain deeper images than HST
though the angular resolution is not high (Fig. 1). In
addition, it is also revealed that image quality is not
so bad compared with HST from the morphological
classification of galaxies and the gravitational lensing
analysis.

The observation of the Ring Nebula (M57)%, which

Fig. 1. A851 in the R band.

was carried out as a test of the Ha filter, revealed the
fine structure of the inner and outer halos in unprece-
dented detail (Fig. 2). This image also shows the fine
structures of the other parts with a resolution com-
parable to the image taken with HST. The features
newly found in this image are thought to give more
challenges to the current strucutural model of the
Ring Nebula.

These two observations show the high imaging capa-
bility of the Subaru telescope. The commissioning of
the prime focus started from July of 1999 and we are
now preparing for the open use from this December.
Suprime-Cam, which has the widest field of view (3" X
24"y among 8-m class telescopes, is expected to pro-
duce many scientific results in the various fields from
the solar system to the cosmology.

References
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Fig. 2. Ring Nebula (M57) in the He band.
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Commencement of Operation of the TAMA300
Gravitational-Wave Detector

Masa-Katsu FujiMoTo, Seiji KawAMURA, Toshitaka YAMAZAKI, Ryutaro TAKAHASHI,

Koji Aral, Mitsuhiro FUKUSHIMA, Souichi TERADA
(Division of Astrometry and Celestial Mechanics-NAQ]J)

Masaki ANDO, Daisuke TaTsumi, Shigeo NAGANO

(University of Tokyo)

Nobuyuki KANDA
(Miyagi University of Education)

Hidevuki TacosHr and the TAMA Collaboration
(Osaka University)

TAMA300 is the 300 m interferometric gravitation-
al wave detector located on the Mitaka campus of Na-
tional Astronomical Observatory. It aims at establish-
ing techniques for sensitive and stable operation of a
long baseline interferometer, as well as at possible de-
tection of gravitational waves from coalescing com-
pact binaries or supernovae which happen to occur
within or nearby our Galaxy.

We have developed a high-power and ultra-stable
laser, very high quality mirrors and so on, which are es-
sential to the high sensitive interferometer, and

finished the construction of the detector. In the
summer of 1999, we performed the first observational
run successfully in advance of the other large-scale or
medium-scale laser interferometers in the world,
LIGO (4 km), VIRGO (3 km) and GEO (600 m). The op-
eration of the interferometer was very stable. During
the three nights' data-taking run (September 17 to 20,
1999), the interferometer was in a locked state for
about 30 hours, 94% of the total observation time.
Figure 1 shows the power fluctuation of the inter-
ferometer during the run. The longest time of con-

Operation of the TAMA300 interferometer
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Fig. 1. Power fluctuation of the TAMA300 interferometer during the data-taking run performed in September, 1999. The
interferometer was operated stably for about 30 hours, 94% of the total time.
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Fig. 2. A contour plot of SNR as a function of distance and
total mass of equal mass binaries in the case when
the position of the source on the sky and the
inclination angle of the binaries are optimal.

tinuous locked operation was more than 7 hours.

The detector output was converted to the strain
equivalent amplitude with 1% accuracy by using a
transfer function which is estimated from the calibra-
tion signal. The observation was done with the
strain sensitivity of 3x10 2//Hz around 900 Hz.
We analyzed the data by using the matched filtering,
searching for the gravitational waves from inspiral-

ing compact binaries. Fig. 2 shows a contour plot of
the signal-to-noise ratio as a function of the distance
to the source and the total mass for equal mass binar-
ies. Gravitational waves from inspiraling binary neu-
tron stars with 1.4 solar mass at 6.2 kpc distance
could be detected with signal-to-noise ratio 7.2.

The sensitivity of the interferometer was limited
by the alignment control noise from 10 Hz to 700 Hz.
The noise in the alignment control error signal causes
displacement noise through coupling with miss-
centering of the beam on the mirrors, and efficiency
asymmetries of the coil-magnet actuators. Reduction
of the electric noise in the alignment error sensor,
fine adjustment of the beam centering on the mirrors,
and a change in the alignment control servo filter
have improved the sensitivity drastically as shown in
Figure 3. The noise source limiting the floor level
(around 800 Hz to 3 kHz) has not vet been identified.
The scattered light inside the bheamsplitter tank
seems one of the origin of the floor level noise.

TAMA300 is the first to start operation in the
world and has an important role to make a search for
gravitational waves at the highest sensitivity so far
attained, and also has another important role to find
out the technical problems which limit the stability
and the sensitivity of the interferometer and to give
an outlook for further improvement.

Strain sensitivity of TAMA300
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Fig. 3. Increasing strain sensitivities of the TAMA300 interferometer in unit of 1//Hz. The target sensitivities in Phase I
and Phase 11, and expected gravitational wave sources in our Galaxy are shown together.



Galactic-Plane Survey of VLBI
Radio Sources for VERA

Mareki Honma, VERA Group
(Mizusawa Astrogeodynamics Observatory-NAQ])

VERA (VLBI Exploration of Radio Astrometry) is a
new VLBI array dedicated to phase referencing VLBIL
VERA aims at measuring the position of galactic
maser sources relative to reference extra-galactic
sources with an accuracy of 10 micro-arcsec level. In
order for VERA to observe the target maser and the
reference source simultaneously with its dual beam
system, the two objects are located within 2 degree
from each other, which requires a large number of ref-
erence sources spread over the whole sky area. While
nearly 2000 VLBI radio sources are already known
and can be used as reference sources for VERA, the
number of VLBI sources in the galactic plane was
much less than in other sky region, which makes it im-
possible to observe many maser sources in the galac-
tic plane using VERA.

In order to search for new VLBI sources in the galac-
tic plane that can be used as reference sources for
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VERA, we have conducted 22 GHz survey of compact
radio sources using the Japanese VLBI Network
(J-Net). We have detected 51 new VLBI sources within
5 degree of galactic plane. The detection of 51 new
sources has increased the number of H.O maser-
reference source pairs within 2 degrees by 130. Com-
bining other VLBI source surveys, about half of 700
H:0 masers in the northern sky area become observa-
ble with VERA. Although there are still many maser
sources which do not have reference sources within 2
degree, we will hopefully find all reference sources
that are necessary for VERA by continuing the
survey of VLBI sources like the present study.

Reference

Honma, M, ef al: 2000, Publ. Astron. Soc. Japan, 52-4, in
press

Fig. 1. Distribution of newly discovered VLBI sources in
the galactic coordinate (red circles). VLBI sources
that are already known are also plotted (sky-blue
circles).

Fig. 2. Distribution of H;O masers that have reference
sources within 2 degree. Blue spots indicate the
masers which reference sources have been found in
the present study, and green spots indicate the
masers which references are previously known.



Solar-B

Saku TSUNETA
(Division of Solar Physics-NAO]J)

The National Astronomical Observatory is develop-
ing the Solar-B (Fig. 1) onboard-instruments in collaho-
ration with the Institute of Space and Astronautical
Science (ISAS), NASA and UK PPACK. Solar-B is
ISAS's 22 nd scientific satellite, and Japan’s 3rd solar
observing satellite. The onboard instruments are
Solar Optical Telescope (Fig. 2), X-Ray Telescope, and
EUV Imaging Spectrometer. The primary mission of
Solar-B is to understand the heating of the solar
corona and the solar dynamo mechanism.

The optical telescope is able to obtain vector magnet-
ic fields with unprecedent spatial resolution of 0.2-0.3
arcsec by precision polarization measurements. The
X-ray telescope has 1 arcsecond resolution, approxi-
mately 3 times higher than the Yohkoh resolution.
The observing temperature range is wider than
Yohkoh, and thus permits us to simultaneously ob-
serve multi-temperature components of the solar
corona. EUV imaging spectrometer will obtain the in-
formation on the dynamics of the solar corona such
as bipolar inflows and outflows associated with mag-
netic reconnection. The suite of instruments allows
us for the first time to simultaneously observe both
the magnetic fields as the source of energy and its dis-
sipation. Furthermore, we anticipate to understand in-
ternal dynamo mechanism by observing buoyant mag-
netic fields coming from deep inside the Sun with the
optical telescope.

These three telescopes are jointly built by NAQ,
NASA and UK. The optical telescope is designed,
built, and tested by NAO with indusiry partners.
The focal plane package for the optical telescope is fab-
ricated by NASA, and is integrated to the main tele-
scope. The X-ray CCD camera is built and tested by
NAO with ISAS, and is integrated to the main tele-

SOLAR-B

scope fabricated by NASA.

Multiple key technologies has been developed for
the optical telescope. The fabrication and opto-
mechanical testing of the 50 cm-diameter primary
mirror with sophisticated kinematic mounting is
based on the heritage from the Subaru telescope pro-
ject. The full-scale telescope will be tested in FY 13,
and the 60 cm-diameter plain mirror (Fig. 3) for the in-
terferometric testing wascompleted. Its surface figure
reaches 5.9 nm RMS (~21,/100).

The primary and secondary mirrors has to be main-
tained with an accuracy of a micron against launch
and in orbit. To realize this difficult requirement we
extensively use the newly-developed graphite-cyanate
composite structure without any metal connection
flanges (Fig. 4). The composite material is demonstrat-
ed to have an exceptional performance. In particular,
the coefficient of thermal expansion is better than 0.1

Fig. 2. Solar Optical Telescope.

Fig. 1. Solar-B outlook.

Fig. 3. 60 cm diameter precision plain mirror.
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Fig. 4. Ultra low CTE composite material for the optical
telescope.

Fig. 5. Tip-tilt mirror for the optical telescope.

ppm/C, and exceeds that of Invar.

The requirement for image stabilization at the focal
plane is far more stringent than the spacecraft atti-
tude stability. The stability is realized with the on-
board tip-tilt mirror with piezoelectric actuator (Fig.
5). The image stabilization system is based on the tip-
tilt mirror developed for the NAO XUV Doppler Tele-
scope aboard ISAS sounding rocket launched in 1998.
The high-bandwidth tip-tilt mirror for Solar-B is be-
ing developed, and the extensive space-qualification
of the commercial piezoelectric actuators is going on.
The control computer is space-qualified 64 bit CPU
developed by NASDA.

The development of the X-ray CCD camera pro-
ceeds well. 2 kX2 k back-illuminated CCD are cooled
down to —50 to —60 C passively with a dedicated radi-
ator in orbit. The camera has a capability to mechani-
cally move the cooled CCD to position the CCD at the
best focus. The candidate CCDs for flight are ex-
tensively evaluated with the NAO soft X-ray source
and UVSOR/KEK synchrotron facilities (Fig. 6).

In order to perform various critical tests for the on-
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dose.

Fig. 8. X-Ray light source.

board instruments and components, oil-free 1.2 m¢ X
0.7 m vacuum chamber was introduced at the NAO
advanced technology center (Fig. 7). The chamber is
equipped with the shroud with controlled tempera-
ture from —70 C to 70 C, the contamination monitor
(TQCM), the residual gas analyzer, and the soft X-ray
monochrometer (Fig. 8). The facility is widely used
for the Solar-B development and other purposes.
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Detection of Circumstellar C, Swan (0,0) Band
in Carbon Stars

Hideyuki [zuMmIUuRrA, Hisashi Kovano, Kenshi YaNAcisawa, Takafumi OKADA,

Michitoshi YosHIDA, Yasuhiro SHiMIzZU, Etsuji WATANABE,

Yuji NoriMoTo, Fumihiro UracucHi, Hideo MAEHARA
(Okayama Astrophysical Observatory-NAQJ)

A new High Dispersion Echelle Spectrograph (here-
after HIDES) installed at the coude focus of the 188
cm reflector of Okayama Astrophysical Observatory,
saw the astronomical first light in the spring of 1999.
HIDES can now observe more than 1000 A in wave-
length range at one time and achieve a maximum spec-
tral resolution (A/42) of 110,000,

We have been observing blue-green spectra of
bright optical carbon stars with HIDES, achieving a
resolution of 95,000, in order to investigate their
mass loss phenomena. Recently we succeeded in de-
tecting definite circumstellar C, and its isotopomers’

Seiji MASUDA
(Kyoto University)

Swan (0,0) bands in several stars.

Circumstellar molecular absorption lines have been
well studied in the optical spectra of post-AGB stars,
while only an example, IRC+ 10216, is known to
show evidence of circumstellar molecular absorption
lines amongst carbon-rich as well as oxygen-rich red
giant stars. Because optical spectra of cool red giant
stars are very complicated due to atmospheric molecu-
lar absorption bands, detecting such circumstellar ab-
sorption lines is a very difficult task intrinsically.

Our detection of circumstellar C; Swan (0,0) bands
has been achieved by observing the C, Swan (0,0
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Fig. 1.

The spectrum around C; Swan (0,0) band head of the *C-rich carbon star RY Dra observed with HIDES at Okayama

Astrophysical Observatory. The abscissa is wavelength in A and the ordinate is relative intensity of the light. A
region from 5125A to 51704 is shown. Vertical ticks show the positions of 2C'2C lines for a line of sight velocity
with respect to LSR (Vlsr) of —15km/s. Lower ticks show the lines with lower excitation potential less than 1,000 K,
while upper ticks do those with lower excitation potential more than 1,000 K. The systemic and outflow velocities
from mm-wave CO J=1-0 line are —5 km/s and 13 km/s, respectively. Most of remaining strong lines which were
not associated with "*C'C lines are successfully assigned to isotopomers’ ('2C*C and '*C'*C) Swan (0,0) band lines.
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band head (15165) region, exploiting the high spectral
resolution as well as high sensitivity of HIDES. In
this wavelength region atmospheric C; absorption
lines are so crowded and strong that the bottoms of
the lines connect with one another and form a pseudo
continuum which lies at a very low level compared to
the true continuum. We have detected very narrow ab-
sorption lines in the pseudo continuum region (Fig.
1). The lines are assigned to Swan (0,0) bands of Cs
and its isotopomers. C: molecules at rotational levels
of which excitation potentials are lower than 1000 K
are found to be responsible for the strongest lines.
The line of sight velocities of the lines are found blue-
shifted with respect to the center of mass velocity of
the star determined by the mm-wave CO emission
lines. In each star the amount of the shift is found to
be almost equal to the expansion velocity of the circum-

stellar envelope. Observed line widths are around 4
km/s, while instrumental width is 3.2 km/s, which sug-
gests that the intrinsic line widths are smaller than 3
km/s. With these results we have concluded that the
absorption lines detected in our observations are due
to C. molecular gas in the circumstellar envelope.
We have already detected this kind of absorption
lines in several stars. It would provide new methods
to examine systematically carbon isotopic abundance,
molecular excitation temperature, and turbulent veloc-
ity of the circumstellar envelopes of carbon stars.

Reference
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Development of the 230 GHz Receivers for
the Nobeyama Millimeter Array and
the RAINBOW Interferometer

Hiroyuki IwasHITA, Toshikazu TakaHASHI, Takashi NOGUCHI,

Toshihito SHIBATSUKA, Kotaro Kouno, Ryohei KAWABE
(Division of Radio Astronomy-NAQ])

We describe the development of the 230 GHz receiv-
er systems for the Nobeyama Millimeter Array (con-
sists of six 10 m dishes) and the RAINBOW interferom-
eter, which is the combined interferometer hetween
the NMA and 45 m telescope at Nobeyvama Radio Ob-
servatory.

In 230 GHz band, important information can be ob-
tained through observations of CO (J=2—1) line, ther-

T(RX} in DBH (K]

Fig. 1. DSB Receiver noise temperatures of the 230 GHz
SIS receivers, which were developed at the
Nobeyama Radio Observatory for the NMA and the
RAINBOW interferometer, as a function of LO
frequency. The center of IF frequency is 6 GHz.
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mal emission from dust, and sc on. However, flux den-
sities of quasars, which are used as visibility calibra-
tors at interferometric observations, decrease with in-
creasing frequency. Therefore it is essential to devel-
op low noise receivers and high precision observing
systems to make synthesis observations at 230 GHz
band.

The mixer of each 230 GHz receiver is the parallel-
connected twin junction (PCTY]), developed at Nobe-
vama Radio Observatory (Shi, et al., 1997). Crossguide
coupler (25 dB coupling) was employed for LO injec-
tion. The LO source is composed of a frequency tri-
pler and a Gunn oscillator at 70 GHz band. The
vacuum window is made from a polyester film with a
thickness of 50 x#m, which is transparent and there-
fore is enable us to make alignments between beam
optics mirrors and a feed horn attached with the
mixer using a laser beam. Sideband separation is
achieved by 90 degrees phase switching of LO signal.
The IF frequency can be adjusted in the frequency
range of 4.5 GHz to 7 GHz. We can therefore make si-
multaneous observations of 2CO (J=2-1) line (230.538
GHz) and *CO (J=2-1) line (220.399 GHz) by setting
the IF frequency of about 5.1 GHz. This is the unique
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Fig. 2. The first fringe obtained from the 7 elements
RAINBOW interferometer. The observing frequen-
cy was 220 GHz, and 21 cross correlations from
each baseline are plotted; the upper panel of each
box is the visibility amplitude, and the lower panel
is the visibility phase as a function of correlator
channel number. The upper right part displays the
visibilities from the Ultra Wide-Band Correlator
(UWBC) with a 1,024 MHz bandwidth, and the lower
left group shows the 32 MHz bandwidth FX corre-
lator. The visibilities labeled as “*—G” are from the
10-45 m baselines.

capability for the 230 GHz system of Nobeyama Milli-
meter Array and RAINBOW interferometer. The re-
ceiver noise temperatures of 230 GHz receivers for
the NMA and the 45 m telescope are less than 60 K in
DSB over the tunable frequency range, and mostly
fall between 30K and 50 K. These noise tempera-
tures correspond to about 3 hy/k and 5 hv/k, where
hy/k is the quantum limit of the heterodyne mixer re-
ceivers. The lowest noise temperature is about 20 K
(2 hu/k).

The aperture efficiencies of 10 m dishes and 45 m
telescopes at 230 GHz band were determined to be
about 0.3 and 0.1, respectively, by observations of
Planets. In order to improve the efficiencies, further
panel adjustments of reflector panels based on radio
holography measurements will be performed in the
autumn of 2000, It is also planned to replace mirrors
and the sub-reflector of the 45 m telescope to improve
the efficiency.
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Fig. 3. The CO (/=2-1) maps of the starburst galaxy NGC
4527 observed with the 230 GHz receivers installed
to the Nobeyama Millimeter Array. The integrated
intensity map (top) and the intensity-weighted
mean velocity map (bottom) are displayed. The
dashed circle denotes the NMA field of view at 230
GHz (30”), and the left bottom ellipse shows the
synthesized beam (4”.7x3".8). The cross marks the
center of the galaxy.

We have successfully made synthesis observations
of CO (J=2-1) emission from three nearby starburst
galaxies (NGC 3627, NGC 3628, and NGC 4527) in the
course of test synthesis observations of the NMA at
230 GHz band. The first fringe with the RAINBOW in-
terferometer was also obtained from the observations
of the quasar 3C273. The open use observations of
the NMA 230 GHz band will start in the observing
period from November 2000.

Improvements of receiver performance, aperture effi-
ciency, and pointing accuracy should be made, as
well as the development of adoptive phase compensa-
tion method, to make more efficient operations of the
array at 230 GHz band.

Reference
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Development of Thermal Model of ILOM Telescope

Takashi TAKANEZAWA, Yusuke KoNo
(Graduate University for Advanced Studies)
Hideo HANADA, Seiitsu TSURUTA, Tsuneya TSUBOKAWA, Kazuyoshi AsaARI, Kousuke HEK],
Masatsugu OoE, Koji MAaTsuMmoTo, Hiroshi ArRAKI, Nobuyuki Kawano, Hiroshi KArouJt
(Division of Earth Rotation-NAQ])
Masaharu KawacHI, Ken-ichi FUNAZAKI
(Iwate University)

Takaaki Yokovama, Takahiro IwATA

(National Space Development Agency of Japan)

Table 1. Specifications of the ILOM telescope
Caliber 0.2m
Focal length 2m
Type PZT
Resolving power 1”7 (=500 nm)
Detector CCD
Dimension of a pixel 9um > 9 um (0.8" X0.8")
Number of pixels in array 4,096 X 4,096
Field of view lox1lo
Integration time <100s
Magnitude of target stars M<13

Final expected accuracy

0.001 of a pixel size (1 mas)
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Fig. 1.

Schematics of ILOM telescope.

We are proposing a selenodetic mission, in-situ
Lunar Orientation Measurement (ILOM) in a post-
SELENE project in order to study lunar rotational
dynamics by direct observations of the lunar physical
librations and the free librations from the lunar sur-
face with an order of 1 milli-arc-second (1 mas) accura-
cy. The main component is a compact PZT (Photo-
graphic Zenith Tube), which is suitable for a position-
ing telescope on the moon since a mercury pool set at
the middle point of the focal length compensates the
tilt of the telescope caused by thermal expansion. It
bears characteristics of a beam splitter for equatorial
stars, a CCD camera, a deep mercury pool without
copper amalgam, thermal control, three axes driving
mechanism.

PZT has a horizontal reflection surface at the

Fig. 2. Thermal model of ILOM telescope.




middle point of its focal length in order to compen-
sate a shift of focal point due to a tilt of the tube. It
is anticipated that the compensation will not be per-
fect due to thermal expansion of the objectives, the
tube and the mercury pool when the telescope is set
on the lunar surface. We developed a thermal model
in order to demonstrate the feasibility of the ILOM
telescope with 1 mas accuracy under the critical envi-
ronment of the lunar surface in cooperation with
Iwate University and National Space Development
Agency of Japan. The thermal model is composed of
a CFRP tube of 200 mm diameter and 1,100 mm long,
a slanting mirror, an optical parallel as objectives and
a mirror as a mercury pool and thermal expansion
and tilt generated by heaters put on the surface of
the tube are measured by a laser interferometer and
tiltmeters. Specifications of the ILOM telescope, Sche-
matics of the telescope and a photograph of the ther-
mal model are shown in Table 1, Figs. 1 and 2, respec-
tively.
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Publication of “Figures in Classics at the National

Astronomical Observatory’

9

Setsuko ITo
(Public Relations Center-NAQ]J)
Sakurako [CHIMURA
(The Library-NAO]J)

NAO]J has kept a number of volumes of precious
and classic books collected by Astronomical Officer of
the Tokugawa shogunate, which are called NAQ]J clas-
sics. We copied some of them into microfilms so that
researchers can refer them frequently and easily.
The list of Classics is available through the Internet
from the Library of NAQO] homepage (http://library.
nao.ac.jp/). Since Nov. 16, 1991, we started their dis

play one by one at the lobby of NAOJ] MITAKA Ad-
ministrative Building. The number of displays has
amounted to 22. This time, we have arranged these
22 displays into a color monograph titled as above.
The book contains 61 figures, their supplementary ex-
panations, and their index as well as the index of the
whole Classics.
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Subaru First-Light Deep Photometry of
Galaxies in A 851 Field

Masanori IYE
(Division of Optical and Infrared Astronomy-NAOJ)

Fumihide IwAMURO, Toshinori MAIHARA
(Kyoto University)
Satoshi MIYAZAKI
(Advanced Technology Center-NAOJ)

Sadanori OKAMURA, Kazuhiro SHIMASAKU

(University of Tokyo)

Chris SIMPSON
(Subaru Telescope-NAQO]J)

We report on the results of optical and near-infra-
red photometry of the cluster of galaxies A 851 (=Cl
0939+4713) carried out as one of the first-light obser-
vations of the 82m Subaru telescope on Mauna
Kea!. Images as sharp as 0.3 FWHM in K’ and 0.745
in R were obtained in these observations. The 3o limit-
ing magnitudes for points sources in 0.”3 seeing with
a 0.6 software aperture were shown to go down to R
=28.1, /=25.1, and K'=24.0, respectively, for about
1 hour integration. Subaru photometry of the galax-
ies in this cluster has shown in its color-magnitude
diagrams a well-defined sequence of the early-type
galaxy population that is consistent with the track pre-
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dicted for a single-burst passive-evolution model of gal-
axies at z=0.4. We attempted a morphological classi-
fication of galaxies in the Subaru R-band image using
the Ci, method?, and found that discrimination be-
tween ellipticals and spirals can be achieved fairly con-
sistently with the types assigned by MORPHs on the
HST F702W image down to R<23. A weak lensing
analysis made on the Subaru R-band image yielded a
reconstructed surface mass-density distribution that
shows a significant maximum corresponding to the
peaks of the smoothed luminosity distribution of clus-
ter galaxies and of the X-ray distribution. We found
no significant excess of faint and/or small galaxies in

HST F702W
4200 s

Fig. 1. Deep images of A851 obtained by Subaru (left) and by HST (right).
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Fig. 2 Extremely red objbct R1 discovered in the A851
field.

the putative cluster area around the z=2 quasar and
no difference in the colors for galaxies in this area
from those in the main cluster either. Two extremely
red objects (ERQ) with R-K >6 are newly identified in
the field. The colors of the reddest, disk-shaped
galaxy R1 are found compatible with those of an un-
reddened E/SO galaxy at z=1.6
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Fig. 3.

Surface mass density contour reconstructed from
weak lensing analysis of Subaru R-band image. M1
and M2 correspond to the X-ray peaks observed by
ROSAT.



Optical Identification of the ASCA Large Sky Survey

Masayuki AKIYAMA
(Subaru Telescope:NAQ])
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(The Institute of Space and

Astronautical Science)
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Toru YAMADA
(Division of Optical and Infrared
Astronamy-NAOT)

Masaaki SAKANO 1. LEHMANN G. HASINGER W. VOGES
(NASDA)

(Penn State (AIP) (MPE)

University)

8x10-17

Flux {erg cm= s A)

2x10-17

Optical Spectra

Jo00

al Hiraluid | il
5000 8000 7000 8000 9000
Wavelength (i)

Fig. 1. An example of an identification of an X-ray source identified with a broad-line AGN at redshift of 0.834.

In order to reveal the origin of the cosmic X-ray
background (CXB) in the hard X-ray band, we con-
ducted a wide-area hard X-ray source survey with an
X-ray satellite, ASCA (the ASCA Large Sky Survey,
hereafter LSS). In a 5 square degree field near the
north galactic pole, 34 X-ray sources were found in
the hard 2-7 keV X-ray band. The flux limit of the
survey is 100 times deeper than X-ray surveys before
ASCA in the X-ray band, and 20-30% of the CXB in
the hard band is resolved into a discrete sources.

To reveal nature and redshifts of these X-ray sour-
ces, we made optical photometric and spectroscopic
observations at University of Hawaii 2 m telescope on
Mauna Kea, Calar Alto 3.5 m telescope, and Mayall
4 m telescope on Kitt Peak National Observatory.
The sources were identified with 30 active galactic
nuclei (AGNs), two clusters of galaxies, and a galactic
star (an example of an object identified with a broad-

line AGN at redshift of 0.834 is shown in Fig. 1).
Only one source is still unidentified. All of the X-ray
sources that have a hard X-ray spectrum, were ident-
ified with narrow-line AGNs. It is a big mystery that
the spectrum of the CXB is significantly harder than
the typical spectra of non-absorbed broad-line AGNs,
which dominate the flux of the CXB in the soft X-ray
band. The identification of hard X-ray sources with
narrow-line AGNs suggests that the hardness of
the CXB is originate from the absorbed hard X-ray
spectra of narrow-line AGNs.

The redshift-luminosity distribution of the ASCA
I.SS AGNs is shown in Figure 2. Although we found
15 non-absorbed broad-line AGNs in the high-redshift
and high-luminosity region, we detect no absorbed
narrow-line AGN in the region. Assuming that the
number ratio of non-absorbed to absorbed AGNs
do not depend on their intrinsic luminosity and red-
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Fig. 2. Hard X-ray luminosity and redshift distribution of
ASCA LSS AGNs (large marks). Absorbed AGNs
are indicated with black dots. The solid line
represent the detection limit of the ASCA Large
Sky Survey for broad-line AGNs.

Small marks indicate the distribution of AGNs
found in the HEAQ1 A2 survey.

shifts, we expect to detect 10 absorbed narrow-line
AGNs in the high-redshift and high-luminosity range,
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even if we consider the effect of absorption. There-
fore, the non-detection of an high-redshift and high-
luminous absorbed narrow-line AGN suggests that
the number ratio changes with intrinsic luminosity
and/or redshift. Comparison with the redshift-
luminosity distribution of the shallower HEAOIL
A2 AGN sample (see the small marks in Fig. 2)
supports the luminosity dependence of the number
ratio. The deficiency of absorbed luminous AGNs is
explained by scenarios, such as absorbing matter
around luminous AGN is destroved by its radiation,
or swept away by its radiation pressure.

We are now conducting optical follow-up observa-
tions for a shallower but much wider area survey
with ASCA (ASCA Medium Sensitivity Survey). We
also have plans to do deeper surveys with Chandra
and XMM-Newton satellites and optical follow-up
observations with Subaru telescope. Combining these
results, we will reveal the cosmological evolution
of the non-absorbed broad-line AGNs and absorbed
narrow-line AGNs, separately, which should reflect
the evolution of the internal structures of AGNs from
their appearance to the nearby universe.
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Analysis of Galaxy Counts in the Subaru Deep Field

Yuzuru YOSHII
(University of Tokyo)

Tomonori TOTANI
(Division of Theoretical
Astrophysics:NAO])

The Subaru Deep Field (SDF, Maihara et al. 2000) is
one of the deepest image of the universe in the near-
infrared wavebands, and we have performed a de-
tailed analysis on the galaxy counts observed in this
field in comparison with theoretical models. Here we
report the summary of this study as well as the result
of the analysis on the deepest image in the optical
bands, i.e., the Hubble Deep Field (HDF).

It is well known that the galaxy counts include the
information of the most distant galaxies and it is one
of the most important data to study the geometry of
the universe and galaxy formation or evolution pro-
cesses. Especially, the K band where the SDF image
has been obtained is known as a useful band because
uncertainty of galaxy evolution is smaller than that
in the optical bands. On the other hand, there are
many processes which affect the galaxy counts, and
selection effects by the cosmological dimming of
surface brightness against high-redshift galaxies is
very important. Therefore, a very careful and compre-
hensive analysis is required. We have performed a
high precision analysis keeping these affairs in mind.

The standard cosmological model is now a A-
dominated flat universe. In fact, our analysis on HDF
galaxy counts and redshift distributions strongly
favors this cosmological model (Totani & Yoshii
2000). In this universe, we found that the SDF
counts, size and color distributions are well explained

Subaru Deep Fietd

Fig. 1. Image of the Subaru Deep Field.

Fumihide IwaMURO, Toshinori MAIHARA
(Kyoto University)

by a simple pure-luminosity-evolution model without
number evolution of galaxies. Therefore, the combina-
tion of HDF and SDF data gives a strong constraint
on the number evolution of elliptical galaxies which
dominate the SDF galaxies in number. It is in con-
trast that the HDF galaxies which are dominated by
late-type galaxies require some level of number evolu-
tion.

One very interesting result is an implication on the
extragalactic background light (EBL). Generally the
integration of galaxy counts gives a lower limit for
the EBL, but when the slope of the N-m relation is
flat, the extrapolation of count integration is con-
vergent and it can be considered as a measurement
rather than a lower limit. The previous reports of
K-band counts have shown considerable dispersion,
but the SDF most clearly shows this convergent
trend. We also carefully checked the possible contribu-
tion of galaxies which may have been missed in the
survey because of the selection effects, and found
that such missing galaxies are unlikely to change the
above conclusion. Therefore, it can be said that the
Subaru already resolved the bulk of K-band EBL into
discrete galaxies. On the other hand, recent direct
measurements of the K-band EBL suggest that the
EBL flux is higher than the SDF count integration by
a factor of several, and it has raised an interesting
mystery about the origin of EBL.

In the future, various follow-up observations will
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Fig. 2. K-band galaxy counts observed in the Subaru Deep
Field and fitting by a theoretical model.
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be done in the SDF, and especially redshift distribu-
tions and morphological information by adaptive
optics are desirable. We have made some predictions
for such future observations, and hope to derive
further strong scientific results in the future.
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VSOP Revealed the Plasma Cocoon around
a Radio Galaxy 0Q 208

Seiji KAMENO, Shinji HorrucHr*, Zhi-Qiang Suen', Makoto INouE, Hideyuki KoBAYASHI
(Division of Radio Astronomy-NAO]J)
Hisashi HIRABAYASHI, Yasuhiro MURATA
(The Institute of Space and Astronautical Science)

The Seyfert galaxy Mkn 668 at z=0.0768 hosts a
strong radio source OQ 208, to be also classified as a
radio galaxy. The small separation (~10 pc) of the
double lobe implies that OQ 208 is at a young stage
(~10"%yr) of evolution. This object can be a impor-
tant probe to clarify how does a radio galaxy evolve
at the initial stage. It shows a convex radio spectrum
peaked at ~3 GHz. So far, the low-frequency cut off
has been considered to be due to synchrotron self-
absorption (SSA).

We have observed OQ 208 with the VSOP (VLBI
Space Observatory Programme) at 1.6 GHz. The
image (Fig. 1) shows a double lobe separated in the
north-east to south-west direction by 7 mas (10 pc).
The radio spectra for the lobes (Fig. 2) indicate that
the double lobe becomes more asymmetric at lower
frequencies. The cut off below 3 GHz in the SW lobe
is too steep to be attained by SSA. A possible explana-
tion is that cold (T.~10°K) dense (N,~10°cm™?
plasma around the lobe like a cocoon causes free—free
absorption (FFA). The asymmetry between two lobes
is due to the slant jet axis from the line of sight,
which results in difference of path lengths in the
FFA absorber.

Our result showed that the lobe of OQ 208 may be
smothered in the cocoon. We have later observed
another 9 young radio sources, for the purpose of
verification, to obtain in supporting results.
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Fig. 1. A radio image of OQ 208 taken bh: the VSOP. Two
lobes are separated in the NE-SW direction by 10
pc. The SW lobe is ~1/60 times as faint as the NE
lobe.
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Fig. 2. Radio spectra of two lobes in OQ 208. Free—free
absorption model (solid line) better fits to the
observed flux densities than synchrotron self-
absorption model (dashed line) does, especially at
low-frequencies for the SW lobe.



Measurement of Galaxy Distance by Observing a
Maser Disk around a Massive Black Hole

J. R. HERRNSTEIN
(National Astronomical
Observatory)

Makoto INOUE, Naomasa NAKAI
(Divirion of Radio Astronomy-NAQO]J)

The accurate measurement of extragalactic dis-
tances is a central challenge of modern astronomy,
being required for any realistic description of the age,
geometry and fate of the Universe. The measurement
of relative extragalactic distances has become fairly
routine, but estimates of absolute distances are rare.
In the vicinity of the Sun, direct geometric tech-
nigues for obtaining absolute distances, such as
orbital parallax, are feasible, but such techniques
have hitherto been difficult to apply to other galaxies.
As a result, uncertainties in the expansion rate and
age of the Universe are dominated by uncertainties
in the absolute calibration of the extragalactic
distance ladder. We directly determined the distance
to a LINER/Seyfert 2 NGC4258 by observing a
HyO-masering compact (rin=0.16 pc) disk circulary
rotating around a massive (3.9xX107 Mo) black hole
with a rotating speed of 1080 km/s (Miyoshi et al.
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Fig. 1. Secular drift of the systemic maser fatures.
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1995). The observations of the maser emission were
made from 1994 to 1997 with VLBA. We determined
the distance by two methods; 1) comparing the appar-
ent (4.7 mas) and linear (0.16 pc) size of the inner
radius of the disk (0.16 pc) determined from the meas-
ured secular drift (9.3+£0.3 km/s) of the line of sight
velocity, and 2) measuring the proper motion of the
maser spots (31.5£1gas). The two distances well
conincides each other and we get 7.20.3 Mpc which
is the most precise absolute extragalactic distance yet
measured and is likely to play an important role in
future distance-scale calibrations.
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29



Statistical Study of Gas-transport in Spiral Galaxies

Kazushi SAKAMOTO, Sachiko K. OKUMURA, Sumio [SHIZUKI
(Division of Radio Astronomy-NAQ])

Stellar bars in spiral galaxies have long been be-
lieved to transport interstellar gas to galactic center
[1]. This gas-transport has been regarded as a trigger
to active phenomena in galactic centers such as star-
burst [2]. Furthermore, recent theoretical studies pre-
dict that the gas transport, which redistributes mass
within galaxies, would cause secular morphological
evolution of disk galaxies through distraction of bars
and growth of bulges [3]. We need to statistically
study the relation between stellar bars and gas distri-
bution in disk galaxies in order to shed more light on
these predictions on the gas transport and evolution
of galaxies.

We used Nobeyama and Owens-Valley millimeter-
wave interferometers to observe molecular gas in the
central regions of 20 nearby spiral galaxies [4]. We
measured the degree of gas concentration in each
galaxy by combining our data with single-dish obser-
vations of the disks of the galaxies. The degree of
gas concentration is then compared to the bar proper-
ty of each galaxy. We discovered that molecular gas
is more highly concentrated to the center in galaxies
with prominent bars than in galaxies without such
bars (see Figure below). This means that bars are
indeed effective in radially transporting gas in spiral
galaxies, and that more than half of the gas at the
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center of barred galaxies were transported there from
outside by bars. The correlation, along with the
estimated rates of gas consumption due to star forma-
tion, also sets a limit on the timescale of possible bar
dissolution.

The present study is the first one that statistically
proved a correlation between global gas distribution
in galaxies with their bar properties. It is getting clear-
er from such studies that disk galaxies are evolving
systems with large amount of gas being transported
within them by the action of bars. Although it took
us almost 10 years to collect the data of 20 galaxies,
recent progress of radio telescopes and forthcoming
powerful instruments such as LMSA/ALMA will
soon enable us extensive statistical study with a
much larger sample.
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Degree of gas concentration is measured in
barred (red) and unbarred (blue) galaxies.

(left) Mean surface density of molecular gas in
galactic disk (abscissa) is compared to the
mean surface density of molecular gas in the
central kiloparsec (ordinate). Gas is more
concentrated toward the center in galaxies to
the upper-left of the plot.

(right) Ratio of the two surface densities.
Galaxies with higher gas concentration are on
the upper part of the plot.

It is evident that barred galaxies have higher
degrees of gas con- centration than unbarred
galaxies.

1 A Kolmogorov-Smirnov test pro- ved that the
difference is stati- stically significant.
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Spectroscopic Observation of NGC 6240
with CISCO and Subaru Telescope

Youichi Ouvama, Tadafumi TAKATA, Tomonori Usubpa, Kentaro MOTOHARA,

Toshiyvuki Sasaki, George Kosucl, Ryvusuke OGASAWARA, Junichi NOUMARU
(Subaru Telescope:NAO])

Michitoshi YOSHIDA
(Okayama Astrophysical Observatory-NAQOJ)

Yoshihiko SAITO
(University of Tokyo)

Hiroko TAGucHI
(Tokyo Gakugei University)

Masatoshi Imanisui, Masanori IYE, Yoshihiko Mi1zumMoTo,

Masahumi Yacl, Yoshihiro CHIKADA
(Division of Optical and Infrared Astronomy-NAQOJ)

Noboru EBizukA
(Communications Research Laboratory)

NGC 6240 is a luminous infrared galaxy (LIG) at a
distance of 98 Mpc. It consists of two merging galax-
ies (northern and southern nuclei), and is very
famous for its unusually luminous molecular hydro-
gen (Hz) emission at 2.1 yum. LIGs often show strong
H. emission as a result of AGNs (Active Galactic
Nuclei) and/or the burst of star formation. However,
in the case of NGC 6240, such mechanisms cannot
explain the huge H: luminosity, and the global shock
driven by the galaxy-galaxy collision between the
two nuclei is believed to be a main energy source.

We performed K-band spectroscopic observation of
NGC 6240 with CISCO attached to the Cassegrain
focus of Subaru Telescope. The strong H; emission is
detected over about 3.3 kpc region around the two
nuclei. We found the following properties: The peak
position of Hz emission is located at slightly south
of the midpoint between the two nuclei, and this posi-
tion corresponds spatially to the midpoint between
the molecular gas concentration and the southern
nucleus. Based on the line-ratio analyses, the excita-
tion mechanism of H; is found to be pure thermal
at most positions. The Hy velocity field shows the
following three components: a blue-shifted compo-
nent (~—250km s with respect to V..), which is
recognized as a distinct “C’-shape distortion in the
velocity field around the southern nucleus; a high-
velocity blue-shifted “wing” component (~—1000 km
s~! with respect to Vs.); and a component indicating
possible line splitting of ~500 km s . These com-
plex velocity structures are difficult to be explained
by a simple galaxy rotation curve. Rather, we show

Fumihide IwAMURO, Tomoyuki TAGUCH],
Ryuji HATA, Toshinori MAIHARA

(Kvoto University)

that these properties can be reproduced by the strong
shock between the interstellar medium and the
expanding shell-like structure around the southern
nucleus. In this model, the “C’-like feature forms
because the red-shifted part of the emission suffers
from heavy dust extinction around the southern
nucleus. However, around the southern part of
the southern nucleus, we can see both blue- and red-
shifted emission components because of the smaller
extinction. This kind of large-scale expanding struc-
ture with strong shocks can be naturally explained
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Fig. 1. K-band spectra around the two nuclei (S nuc. and N
nuc.). Relative positions along the slit are shown at
each spectrum in units of arcsec.
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by the “superwind”, which is the galaxv-scale outflow
of the ionized gas driven by Kkinetic energy released
from numerous supernova explosions at the nucleus.
Since a large amount of molecular gas is located be-
tween the two nuclei as a result of the dynamical
effect of the merging, the superwind expands non-
symmetrically, and the strong shock-excited Hy; emis-
sion with higher-than-usual efficiency is emitted at
the interface between the superwind and the interga-
lactic gas.

Our new superwind model is essentially different

from the current standard model of the global shock
driven by galaxy-galaxy collision. It is now clear that
the superwind activity plays an important role
to produce unusually strong H, emission. These
findings were made possible with the much higher
sensitivity and the spatial resolution of CISCO and
Subaru Telescope.
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Evolution of Beryllium and Boron in the
Inhomogeneous Early Galaxy

Takeru K. Suzukr, Yuzuru YOSHII
(University of Tokyo)

A model of supernova-driven chemical evolution of
the Galactic halo, recently proposed by Tsujimoto,
Shigeyama, & Yoshii (1999, ApJL, 519, 63), is extend-
ed in order to investigate the evolution of light cle-
ments such as Be and B (BeB), which are produced
mainly through spallative reactions with Galactic
cosmic rays (GCRs). In this model each supernova
(SN) sweeps up the surrounding interstellar gas into a
dense shell and directly enriches it with ejecta which
consist of heavy elements produced in each Type II
supernova with different progenitor masses. We pro-
pose a two-component source for GCRs such that
{\it both} interstellar gas and fresh SN ejecta en-
gulfed in the shell are accelerated by the shock wave.
The released GCRs travel much faster than the expan-
sion of the shell, and thus produce the BeB elements
far outside the shell which will be incorporated in
subsequent formation of shells arising from later SNe.
As a result, stars formed from coeval shells are
predicted to show a large scatter in the abundance of
heavy elements, while exhibiting BeB abundances
similar to that in the gas, with no appreciable scatter.
This indicates that, contrary to heavy elements,
stellar BeB abundances might be used as a good age
indicator in the inhomogeneous Galactic halo.

The production of BeB at early epochs is domi-
nated by the primary process through spallation of
heavy GCRs, though being a minor component in the
bulk of the GCR composition at present. We have
calculated the frequency distribution of long-lived
stars in the log (BeB/H)-[Fe/H] plane and find that
the contour of constant frequency covering a range
of —3<[Fe/H]< —1 in this plane is consistent with
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Toshitaka Kajino
(Division of Theoretical Astrophysics-NAOJ)

the observed linear trend between BeB and Fe. We
show from our calculations that there is an intri
guing possibility of distinguishing between standard
and non-standard Big-Bang nucleosynthesis models if
BeB abundances in several hundred halo stars are
observed in the future.
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Fig. Color-coded frequency distribution of long-lived stars in
the log (Be/H)—[Fe/H] plane, convolved with a Gaussian
having\sigma=0.15 dex for hoth log(Be/H) and [Fe/H].
The primorial Be abundance is taken from the SBBN model,
and is indicated by the dashed line. The five contour lines,
from the inside to the outside, correspond to those of
constant probability density 1072 107% 107% 107% and 1078
in unit area of\Delta [Fe/H]=0.1\times\ Deltalog (Be/H)=
0.1. The thick line shows the log(Be,/H)—[Fe/H] relation for
the gas for our standard choice of fcr=0.01; the lines in the
inset show those for various values of fcr. The crosses
represent the data with observational errors taken from
Boesgaard et al. (1999).



Structure and Evolution of the Galactic Halo

Shinya WanNajo*

(Division of Theoretical Astrophysics:NAQO])

The chemical compositions of long-lived stars
provide us clues for the enrichment history of our
Galaxy. Recent observations of metal-poor halo stars
show intrinsic large dispersions in chemical abun-
dances, especially for neutron-capture elements (Fig.
1). These dispersions may indicate that the interstel-
lar medium (ISM) was not mixed well at the very
early epoch. These facts imply that the heavy ele-
ments in metal-poor stars come from a few super-
novae. If star formations are induced by supernova
explosions, newly formed stars should contain the
supernova products as well as metals in the ISM.
With this assumption, we construct a new chemical
evolution model of our Galaxy, and aim to under-
stand the star formation history of our Galaxy at the
beginning.

We assume star formations are induced by each
supernova. Chemical compositions of newly formed
stars are obtained by mass average of the ‘snow-
plowed’ ISM and the supernova products. The chemi-
cal evolution of the ISM is calculated by a 1l-zone
model, losing gas through accretion onto the disk.
We set the mass range of SNII progenitors as 8-
60M@, but stars of 8-10Mg are assumed to produce
Neutron-capture elements are produced
R-elements are

no irom.
by r-, main s-, or weak s-processes.
primary and are supposed to be produced by SNII,
whereas s-elements are produced in AGB stars or
SNII as secondary. The stellar mass ranges for the
sites of each process are regarded as parameters. The
masses of produced r-elements are assumed to be con-
stant, regardless of progenitor mass.

Eu is regarded as a representative of r-process.
Major candidates for r-process sites are 1) prompt
shock of SNII of 8-10Mg with O-Ne-Mg cores and 2)
neutrino winds of SNII by massive stars>10Mas.
Thus in models, masses of r-process sites are assumed
as SNII of a) 8-10Ms, b) =230Mg and ¢) =10Ma. As
shown in Fig. 2, the case a) can explain well the
enhancement of Eu. This trend can be also seen in
the case b). In case of lower mass SNII, increases of
[Eu/Fe] with [Fe/H] also appears. In future observa-
tions, if such low [Eu/Fe] stars are detected, we can
determine the r-process site. On the other hand, all

* Present position: Sophia University

Yuhri [sHIMARU
(University of Tokyo)

SNII produce Eu with similar yields as in the case c),
high [Eu/Fe] cannot be reproduced. In conclusion,

the observed dispersions indicate that star formations

are induced by SN explosions. In this case, the r-
process site should be in SNII 1) which produces less
Fe (a), or 2) whose number fraction is enough small
(b).

To summarize, we have constructed an inhomo-
geneous enrichment model ofthe Galactic Halo. The
observed ~300-fold dispersions in chemical abun-
dances of metal-poor stars are explained by star forma-
tions inducedby supernova explosions. Comparing
the model predictions with observations, we have
shown that r-elements must be produced by super-
nova of 8-10Me or =30Mg stars.
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Detection of Lead in an s-Process-rich
Very Metal Poor Star

Wako Aoki, Hiroyasu ANDO
(Division of Optical and Infrared Astranomy-NAQ])

J. E. NORRIS
(The Australian National University)

We report the detection of the Pb [ 4057.8A line in
the very metal-poor ((Fe/H]=—2.7), carbon-rich star,
LP 625-44. We determine the abundance of Pb (([Pb/
Fe]=2.65) and 15 other neutron-capture elements.
The abundance pattern between Ba and Pb agrees
well with a scaled solar system s-process component,
while the lighter elements (Sr—Zr) are less abundant
than Ba. The enhancement of s-process elements is in-
terpreted as a result of mass transfer in a binary
system from a previous AGB companion, an interpreta-
tion strongly supported by radial velocity variations

{ LP625—44

I 1 . I 1 .
4057.4 4057.6 4057.8 40358
: T

T
C522957-027

CH CH

[ S -
4057.4 4057.6 4057.8 4058
Wavelength (A)

4058.2

Fig. 1. Comparison of the observed (dots) and synthetic
(lines) spectra near Pb I 4057.8A, In the upper
panel, LP 625-44 is shown along with the four
synthetic spectra for [Pb/Fe]=0.0, 2.35, 2.65 and
2,95, The atomic and molecular species that
strongly contribute to the absorption are also
labelled. For comparison, and for a check on
possible contamination from molecular lines, the
spectrum of CS 22957-027, and the synthetic
spectrum for [Pb/Fe]=0.0 are shown in the lower
panel.
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(The Open University)
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of this system.

The detection of Pb makes it possible, for the first
time, to compare model predictions of s-process nucleo-
svnthesis in AGB stars with observations of elements
between Sr and Pb. The Pb abundance is significan-
tly lower than the prediction of recent models
(Gallino ef al.), which succeeded in explaining the met-
allicity dependence of the abundance ratios of light
s-elements (Sr-Zr) to heavy ones (Ba-Dy) found in previ-
ously observed s-process-enhanced stars. This sug-
gests that one should either (a) reconsider the underly-
ing assumptions concerning the "“C-rich s-processing
site (**C-pocket) in the present models, or (b) investi-
gate alternative sites of s-process nucleosynthesis in
very metal-poor AGB stars.
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Fig. 2. The abundances of heavy elements as a function of
atomic species for LP 625-44, The thick solid line
indicates the main s-process component, while the
thin line indicates the r-process component. The
dotted line represents the total solar abundance,
All abundance patterns are normalized to the
observed Ba abundance of LP 625-44,



New Nuclear Reaction Flow towards r-Process
Nucleosynthesis in Supernovae: A Critical Role
of the Light Neutron-Rich Nuclei 1<Z<10

Mariko TERASAWA
(University of Tokyo)

Kohsuke SumMmivosHI, Isao TANIHATA
(The Institute of Physical and Chemical Research)
Toshitaka KAjJINO
(Division of Theoretical Astrophysics-NAQ])

G. MATHEWS
(The University of Notre Dame)

We study the role of light neutron rich nuclei in r-
process nucleosynthesis in supernovae. Most previous
studies of the r-process elements have concentrated
on heavy unstable nuclei. Although the nuclear reac-
tion network included a few thousand heavy nuclei,
only limited reaction flow through low-mass nuclei
near stability has been used. However, in neutrino-
driven winds, the initial condition is a high-entropy
hot plasma consisting of neutrons, protons, and elec-
tron-positron pairs experiencing an intense flux of
neutrinos. Light-mass nuclei as well as heavy nuclei
are expected to play important roles in the produc-
tion of seed nuclei and r-process elements. Thus, we
have extend the nuclear reaction network up to the
neutron drip line for Z<10, and connected it with
the larger network for Z=10. In the present nucleosyn-
thesis study, we adopt a wind model of massive SNell
explosion to study the effects of this extended
network. We find that a new nuclear-reaction flow
path opens in the very light neutron-rich region.
This new nuclear reaction flow can change the final
heavy-element abundances by as much as one order
of magnitude. (This is the abstract of a refrence [3].)
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Fig. 1. Final abundances as a function of mass number in
the present r-process calculations. The solid line is
the result obtained by using “full network” and the
dotted line comes from using the “small network”.
Data points are solar systems r-process abundances
in arbitrary unit from Kdppeler et al. (1989).
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High-Energy Neutrinos from Gamma-Ray
Bursts and Magnetars

Akira TokuHisa, Toshitaka KAJINO
(Division of Theoretical Astrophysics-NAOJ)

Gamma-ray bursts (GRBs) are presumed to be pow-
ered by still unknown central engines for the time-
scales in the range 1 ms~a few seconds. We propose
that the GRB central engines would be a viable site
for strong meson synchrotron emission if they were
the compact astrophysical objects such as neutron
stars or rotating black holes with extremely strong
magnetic fields H~10'*-10"G and if protons or
heavy nuclei were accelerated to ultra-relativistic
energies of order~10"-1022eV. We show that the
charged scalar mesons like 7~ and heavy vector mesons-
like p, which have several decay modes onto 7™, could
be emitted with high intensity a thousand times
larger than photons through strong couplings to
ultra-relativistic nucleons. These meson synchrotron
emission processes eventually produce a burst of
very high-energy cosmic neutrinos with 102 eV <E,.
These neutrinos are to be detected during the early
time duration of short GRBs.

A heavy meson, T which consists of b6 quarks,
could be also produced by meson synchrotron radia-
tion. T has a considerable decay branching ratio into
%, which subsequently decays into neutrinos. We
calculated the spectra of r and g neutrinos, taking
into account the effect of energy loss of parent cha-
rged leptons (v, ¢*). The spectrum of t neutrinos
was found to be harder than that of g neutrinos, reflect-
ing the shorter decay life of 7. We proposed that the
difference in the spectra between 7 and g neutrinos
could be a signature that the meson synchrotron radi-
ation actually takes place.

We have also estimated the intensity of high
energy neutrinos from giant bursts of SGR based on
some assumptions for simplification, and showed that
if the burster is located at ~1 kpc from the Earth, a
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Fig. 1. Calculated total intensities, I, of the synchrotron
emission of wvector photon (dot), scalar n” meson
(solid), vector p® meson (dash), and vector T (thick
solid) as a function of the synchrotron parameter x.
x=H/HyE/M,, where H is the field strength of the
magnetic field in units of Hy=15X10* G, and E is
the proton energy in units of M,e*=938 MeV.

few tens of high energy neutrinos per burst might be
observed by a typical ground based neutrino detector
with the detection probability being taken into
account.

We conclude that the meson synchrotron radiation
is an important process in astrophysical sites where
strong magnetic fields and high energy hadrons coex-
ist.
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r-Process Nucleosynthesis and Neutrino
Process in Supernovae

Kaori Otsuxki, Hideyuki TaGosHI
(Astronomical Data Analysis Center-NAQ])
Toshitaka Kajino, Shin-ya WanNajo
(Division of Theoretical Astrophysics:NAO]J)

The r-process is a neutron-capture process to pro-
duce elements heavier than iron. The r-process
elements are presumed to be produced in an explo-
sive environment. Unfortunately, however, astrophys-
ical site of the r-process nucleosynthesis has been
poorly known, although several candidate sites are
proposed and being investigated theoretically. Neutr-
ino-driven wind from young hot neutron star, which
is formed by supernova explosion, is one of promis-
ing candidate for r-process nucleosynthesis.

Although there are several numerical simulations
of the neutrino-driven wind, results are very different
from one another, depending on models and methods
adopted in literature. A numerical simulation by Woo-
sley et al. can successfully explain the solar system r-
process abundances, but the others can not reproduce
their result because of shortage of entropy.

We use spherical symmetry steady state flow in
Schwarzschild geometry as simple model of neutrino-
driven wind. Exploring wide parameter region which
determines the expansion dynamics of the wind
(Figure 1), we find interesting physical conditions
which lead to successful r-process nucleosynthesis.
The conditions which we found realize in the neutrino-
driven wind with very short dynamic time scale
Tayn™~7 ms and relatively low entropy S~140. We
carry out r-process nucleosynthesis calculation on
these conditions and confirm quantitatively that the
second and third r-process abundance peaks are
produced in the neutrino-driven wind (Fig. 2).

Reference

1) Otsuki, K, Tagoshi, H, Kajino, T., Wanajo, S.; 2000, Astro-
phys, J., 538, 429

3rd peak // /
—2.0M
100 //// // ' O
- 4
2nd peak g i T
// T //
/ o e 14N
Sk] i YT am
3 - /t-"/ ,,‘ #
: 7 ! //-- r 4
o ) Pl o ]
- ) ' <
80 '.—-j’/‘) T \ L=10"sfus/s
—anS? 4 e \
& L=10 y T .
/ 1 X
L=9x10" \
0 A\ L=10"
L=7x10™  L=Sx10”
. . .
.00 a.01 0.1 1
1
T [sec
aynl>¢]

Fig. 1. Relation between entropy per baryon S and
dynamic time scale 74y, for various combinations of
the neutron star mass and the neutrino luminosity.

solar system r—process abundances

k)

y A %
& LT 2 L5

i SpTe s
-2 ¥ e, g

ae

log Y

our results

N Ly 5 ) 1 TR R
120 140 160 180 200 220 24

1 1
[ 20 40 &0 80 100

MASS NUMBER

Fig. 2. Final r-process abundances of the shortest 4, in
Fig. 1 (blue} compared with the solar system
r-process abundances (green). The solar system
r-process abundances are shown in arbitrary unit.

37



Interaction of the Supernova Remnant
W28 with the Molecular Cloud

Yuji ARIKAWA
(Graduate. University. for Advanced Studies)
Ken'ichi TATEMATSU, Yutaro SEKIMOTO
(Division of Radio Astronomy-NAQIJ)
Tadayuki TAKAHASHI
(The Institute of Space and Astronautical Science)

The structure of the shocked layer between the
supernova remnant (SNR) and a molecular cloud was
resolved for the first time. Observations toward W28
were carried out with the James Clerk Maxwell Tele-
scope (JCMT) in J=3-2 CO at 345 GHz and with the
Nobeyama 45 m radio telescope in J=1-0 CO at 115
GHz. We have detected the broad molecular line emis-
sion clearly. It is very likely that this broad emission
represents shock accelerated molecular gas due to the
interaction of the SNR W28 with a molecular cloud.
The OH maser spot (Claussen et al. 1997) is found to
be located at the shock front. It becomes clearer that
the 1720-MHz OH maser is a good probe of the SNR-
cloud interaction (see also Frail & Mitchell 1998).
Figure shows the spatial distribution of the un-
shocked gas (blue) and shocked gas (red) in the J=3-
2 CO emission. It is shown that the unshocked gas is
displaced by 0.4-1.0 pc outward with respect to the
shocked gas. The distribution of the molecular gas is
strongly correlated with the radio continuum “ridge”,
suggesting compression of magnetic fields due to the
SNR-cloud interaction.
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2 Millimeter Observations of Bright-Rimmed
Clouds with IRAS Point Sources

Koji SUGITANI
(Nagoya City University)

Hiroshi MATSUO
(Advanced Technology Center-NAQ]J)

Makoto NAKANO
(Oita University)

Motohide TAMURA
(Division of Optical and Infrared Astronomy-NAQ])

We have made 2 mm continuum observations of 15
bright-rimmed clouds (BRCs) associated with IRAS
point sources and S140 with the Nobeyama Bolome-
ter Array (NOBA) mounted on the 45 m telescope of
Nobeyama Radio Observatory on 1997 January 9-13
(Sugitani et al. 2000). The center of the bandpass 1
ter was 150 GHz and the bandwidth was 30 GHz.
The beam size (FWHM) of the telescope was 12
arcsec. The details of NOBA have been reported in
Kuno et al. (1993).

Continuum emission was detected in ve BRCs and
in S140. These five BRCs are known to be associated
with near-infrared YSO clusters, mostly on the side
facing toward the exciting star(s) and, therefore, are
likely the sites of small-scale sequential star forma-
tion (Sugitani, Tamura, & Ogura 1995 and 1999;
Ogura & Sugitani 1999). The detected emission
peaks of these five sources correspond to the IRAS
positions within the positional errors, and the IRAS
sources are considered to be protostars (Class 0/1-like
sources) that were formed most recently in the BRCs.
Four of them are clearly extended more than the tele-
scope beam, suggesting the presence of circumstellar
structures. The circumstellar masses derived from
the 2 mm continuum are 5-90 Msun which are more
massive than those of the nearby Class 0/1 objects
(<~1Msun, e.g.,). This fact and the relatively large
bolometric luminosities of these objects suggest that
the mass of the cluster or star(s) most recently
formed in these BRCs could be higher than those of
the previously formed stars found in the near-
infrared cluster. The comparisons with previous obser-
vations of Bok globules unassociated with bright
rims and other objects are discussed. Most notewor-
thy is that the ratios of the bolometric luminosity to
the circumstellar mass are signi cantly higher for
these BRCs than for Bok globules.

We also compared our 2 mm continuum map of
S140 with those obtained with JCMT in the submilli-
meter wavelengths (Minchin, Ward-Thompson, &
White 1995) to performance of the NOBA system. Min-
chin et al. (1995) made submillimeter observations at

450, 800, and 1100 microns. The features in their
maps at the three wavelengths are essentially the
same but slightly different, probably because of the
different beam sizes and samplings. Our 2 mm map is
very similar to their maps, particularly to that at 800
micron, where the JCMT beam is nearly the same as
ours (Fig. 1). These suggest good performance of the
NOBA system.
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Fig. 1. DSS-1I image and 2 mm continuum map of S140.
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A Deep Near-Infrared Survey of the
Chamaeleon I Dark Cloud Core

Yumiko Oasa
(University of Tokyo)
Motohide TAMURA
(Division of Optical and Infraved Astronomy-NAQJ),

Kohji SUGITANI
(Nagoya City University)

We have carried out a deep near-infrared imaging
survey to search for low-mass voung stellar objects
(YSOs) in the densest star-forming core of the Chamael-
eon I dark cloud. Our observations cover an area of
30 arcmin? including an early B9 star (HD 97300)
and an outflow source (HM 23). The 10 sigma limit-
ing magnitudes are 18.1, 17.0, and 16.2 mag at J, H,
and K, respectively, which is sensitive enough to pro-
vide a census of the embedded stellar population
down to substellar objects in the cloud. Source classi-
fication is performed based on the near-infrared (NIR)
color-color diagram. Many of the YSO candidates
with NIR excesses are more than 7 mag fainter than
typical T Tauri stars in the same cloud. Some of
them are even fainter than the known brown dwarfs
in the Pleiades. The luminosities of newly identified
YSO candidates and the recent evolutionary models
for very low mass objects suggest that they appear
to be substellar, if their typical age is assumed to be
similar to that of classic T Tauri stars or, namely, 1
Myr with an upper limit of 10 Myr. Therefore it is

Fig. 1. K-bard image at the Chamaeleon cloud core.

Jo-Luminosity Function of YSOs in Chamaeleon 1

highly likely that young brown dwarfs form in this 5 r . . - —
molecular cloud core. The J-band luminosity func- i Completeness Limit
tion of the YSO candidates does not appear to turn 2l T-Tauri iYOUﬂg Brown
over down to the completeness limit. In the Chamael- Stars : Dwarfs ==
con I dark cloud core, stars form in a clustered mode ‘
characterized by both a high star formation efficiency 3 F == .68 i ik .
and high stellar density such as in the rho Oph core. N R d( )
Reference 2t :
Qasa, Y. Tamura, M. and Sugitani, k.. 1999, Astrophys. [, :
526, 376-343. L i
0 1‘ ~ =
0 10 12

6
Jo [mag]

Fig. 2. J-band luminosity function of the Class II like YSO
Candidates.
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Theoretical Studies of Star Formation Processes

Shu-ichiro INUTSUK A, Hideya UEHARA, Hiroshi KovyaMma, Hirohiko MASUNAGA
(Division of Theoretical Astrophysics-NAQJ)

Toru TSURIBE
(Kyoto University)

Dynamical collapse of rotating molecular clouds
due to the gravitational instability is investigated by
using three-dimensional numerical hydrodynamical
calculations (Tsuribe & Inutsuka 1999a). The condi-
tion for disk fragmentation is derived by systematic
numerical experiments for various initial density
distributions, rotations, temperatures, and amplitudes
of perturbation. We have also shown that we can pre-
dict the fragmentation condition by a semianalytic
model that treat an axial ratio of an isodensity con-
tour in the central region of clouds (Tsuribe &
Inutsuka 1999b). The fragmentation process during
gravitational collapse of molecular clouds is one of
important basic processes that has not been well under-
stood yet. This problem is also important to under-
stand the property of IMF (Initial Mass Function) and
formation of binary stars. As a first step we in-
vestigated the collapse of rotating isothermal clouds
in detail. A semianalytic spheroid model and three-
dimensional self-gravitating hydrodynamics are used
to find out the criterion that predicts the outcome
after the collapse of initially uniform-density rigid-
rotating spheres. The geometrical flatness of the iso-
density contour in the central region is shown to be
a good indicator to predict whether the cloud
fragments or not. The criteria derived by the three-
dimensional calculations and the semianalytic model
agree well in the ao, Bo diagram, where @, and £, are
the ratio of the thermal and rotational energy to the
gravitational energy, respectively. The warm clouds
(@0 >0.5) converge to the runaway collapsing self-
similar solutions without fragmentation before the
central core formation. Dependence on the initial
rotation parameter Sy is found to be small.

We have also investigated the protostellar evolu-
tion (a molecular cloud core, the first core, and the
second core) by using the spherically-symmetric
radiation hydrodynamical calculations (Masunaga &
Inutsuka 2000a). The evolution of the resultant
spectral energy distribution is directly compared with
obsevations. The molecular line profiles from the
protostellar objects are also obtained by accurate
radiative transfer calculations (Masunaga & Inutsuka

2000Db).

In addition to the above works, the fundamental
processes in the formation of molecular clouds are
investigated in detail (Koyama & Inutsuka 2000).
Application to the primordial star formation is also
developed (Uehara & Inutsuka 2000).
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Three Dimensional Motions of Molecular Outflows
Revealed by Relative Proper Motions of
Water Masers in W3 IRS5

Hiroshi IMmAI Tetsuo Sasao, Makoto MivosHl

(Division of Earth Rotation:NAQ]J)

Shuji DEGUCHI
(Division of Radio Astronomy-NAQ])

Technology Corporation)

We have made multi-epoch VLBA observations of
water masers in the massive-star forming region W3
IRS5. We measured radial velocities and proper
motions of 108 water maser features during three
observing sessions. The masers are clustered in two
groups which are associated with at least two differ-
ent outflows. Positions of the outflow origins are
close to the hyper-compact radic continuum sources,
which are clustered within a scale of 6000 AU. The
continuum sources are probably driving sources of
the outflows. We performed a 3-dimensional kinemat-
ic model analysis of the maser motions in one of the
two outflows, assuming a spherically symmetric
expanding flow. We obtained a distance to the W3
IRSH region as 1.83%=0.14 kpc. The directions of the
two outflows are roughly in the north-south direc-
tion, which is not significantly different from the direc-
tion of the global outflow seen in CO (J=2-1) emis-
sion. This suggests that the massive-star cluster in
the W3 IRS5 region was created during formation of
hierarchical structure in a parent molecular-cloud
core. Such a structure is expected to preserve the
angular momentum vector during star-formation proc-
ess, which may be along the directions of the present
outflows. (See the abstract in the following paper.)
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Spatial distribution of water maser features and
compact radio continuum sources, and 3-dimen-
sional motions of the water maser features in W3
IRS5. An origin of a cone shows the maser feature
position. Direction and length of the cone show the
direction and magnitude of the proper motion per
year (X 325), respectively. The cone opening angles
are fixed to all maser features independent of
uncertainty of the motion vector. The red and blue
cones indicate the red-shifted and blue-shifted
maser features, respectively, with respect to the
assumed systemic velocity. The cone with the
larger inclination from the figure screen indicates
the larger radial velocity relative to the systemic
velocity, or the larger absolute value of the raidal
velocity with respect to the transverse velocity.
The radio continuum sources previously mapped
are shown as contours.



Global Structure of the Interstellar Matter Revealed
by High Resolution Hydrodynamical Simulations

Kei-ichi WADA

(Division of Theoretical Astrophysics-NAOJ)

We have developed a high resolution two-dimen-
sional hydro-dynamical code, and using this code we
have succeeded in reproducing the globally stable,
multi-phase structure of the interstellar matter (ISM),
in which star formation and stellar energy feedback
are explicitly included. We solve the basic equations
using a high-accuracy Euler mesh code with 1024%~
40967 grid points. We have found that the porous den-
sity structure and turbulent-like velocity structure
are formed as natural consequences of non-linear evo-
lution of gravitational and thermal instabilities in the
self-gravitating, rotationally supported gas disk!. The
maximum density contrast is 107, and log-normal prob-
ability density distribution is achieved over five
decade in density. In our simulations, evolution of
the supernovae in the inhomogeneous, turbulent, rotat-
ing media and interaction between the SNe and the
ISM are consistently followed®?. A globally stable
multi-phase ISM, in which filamentary and clumpy
structure and low-density cavities are a characteristic
feature, is formed with a hot component of 10°% K
gas that is a direct consequence of the energy input
from the feedback (Fig. 1). We also applied this
method to the gas in the central region of nearby Sey-
fert galaxy, NGC 4303, and found that the observed
two-armed but flocurrent spiral-like dust-lanes which
are revealed by the recent high resolution observa-
tions by HST, can be naturally explained by our
models (Fig. 2). We found that the gas accretion rate
to the nuclear region (R<8pc) is ~0.01 Mgyr ' on
average, and that the nuclear stellar bar observed by
the near infrared contributes to form the spirals. How-
ever the spirals are not simple, smoothed shocks, but
are formed from many filaments and dense clumps as
those in the observations.
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Log-scaled density and temperature distribution of
the ISM in a quasi-steady state in the central 2 kpc
region of a galaxy. The units are Mg yr ? for the
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nuclear region of Seyfert galaxy NGC 4303. The
two global spirals are caused by the outer Lindblad
resonance due to a nuclear stellar bar whose scale is
~ 200 pc.
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Numerical Study of Star Formation: Bipolar Outflow
from Rotating Magnetized Clouds and Angular
Momentum Problem of New-born Stars

Kohji ToMISAKA

(Division of Theoretical Astrophysics-NAOJ)

Star formation has been a long target of theoretical
and observational astrophysics. Multiplicity of new-
born stars (single, binary, or triplet stars) and the
initial mass function as well as the mass, angular
momentum and magnetic flux of respective stars
should be explored by studying the contraction of
the interstellar clouds.

There has been existed so called “angular momen-
fum problem of new-born stars.” That is, the specific
angular momenta of pre-main sequence stars are
~10"® times smaller than that of the parent molecu-
lar cloud cores. If the angular momentum of the molec-
ular cloud core were to be conserved during its contrac-
tion, the core would cease to collapse before its size
reaches ~0.01 pc.

Recently, we have explored the bipolar molecular
outflow plays an important role to this problem from
numerical MHD simulations of the collapse of rotat-
ing isothermal clouds.

Before the central density reaches 10'%cm* the
gas is essentially isothermal and the core experiences
the run-away collapse forming a pseudo-disk (a disk
which is not in a force balance). See Figure 1 left
panels. However, as collapse proceeds, the thermal
radiation from the dusts, which cools the gas isother-
mally, becomes trapped in the central part of the core
and an adiabatic hvdrostatic core is formed. The
outer isothermal gas continues accrete on to the
adiabatic core. As the gas rotates around the adiaba-
tic core, toroidal magnetic field component By is ampli-
fied due to the rotation motion. The Lorentz force in
the ¢-direction transports the angular momentum
from the accreting disk gas to the outflow gas. Final-
ly the outflow gas which brings the excess angular
momentum is collimated and ejected (Figure 1 right
panels). As a result, the specific angular momentum
of the adiabatic core and thus a new-born star is red-
uced to the wvalue found in the pre-main sequence
stars. Interaction between the rotation and magnetic
fields seems to play an important role to determine
the angular momentum of the new-born stars.
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Fig. 1.

Isothermal run-away collapse (left) and accretion
flow associated with the outflow (right). The upper
panels are side views and the bottom are pole-on
views. The blue surfaces represent iso- density
surfaces, and arrows indicate the velocity vectors.
Red lines represent the magnetic fields, whose
distribution change greatly from the isothermal
run-away collapse phase to the acc- retion stage.
The diameter is approximately equal to 300 AU and
the time elapsed from the left to the right is
approximately 1000 yrs.



Mid-Infrared Observations of the Red-Rectangle with
COMICS Attached on the SUBARU Telescope

Takashi MivaTa, Takuya YAMASHITA, Kyoko NAKAMURA
(Subaru Telescope-NAOJ)
Hirokazu KaTtaza
(The Institute of Space and Astronautical Science)
Yoshiko OkamMoTo, Shigeyuki Sako, Shinya Takugo, Takashi ONAKA
(University of Tokyo).

We have developed a new instrument COMICS
(COoled Mid-Infrared Camera and Spectrometer) atta-
ched on the SUBARU telescope. This is optimized for
mid-infrared wavelengths (8-26 micron), and has both
imaging and spectroscopic capabilities. Its spatial
resolution can be achieved to be 0.3 arcseconds at
10 micron which is comparable with the diffraction
limited resolution of the SUBARU telescope. On
December 1999, COMICS was taken to the summit of
the Mauna Kea, and succes fully obtained its first
image (the “First Light”). In this first run, we made
sepctroscopic observations of the Red Rectangle in
the N-band to demonstrate its performances.

The Red Rectangle is a Carbon-rich Proto-Planetary
Nebula (PPN) associated with AO type stars HD44179.

Fig. 1. COMICS attached on the SUBARU Telescope.

It shows the strong unidentified infrared (UIR) emis-
sions, and is one of the most studied sources of them.
Especially, it is suitable for investigating spatially
distribution and variety of the UIR features, because
it is near (330 pc) from the earth.

The high spatial resolution of the COMICS reveals
that spectra vary as its distance from the central star.
In the nebula region (distance from the central star
>0.8 arcsec=260 AU), the UIR features at 7.7, 8.6,
11.27, and 12.7 micron dominate the spectra, while
the continuum is relatively very weak. On the other
hand, the continuum emission is observed very promi-
nent in the central region (distance<( 0.8 arcsec). It
can be represented by a blackbody emission with
temperature of 300 K. There, the UIR features are
relatively weak. The features at 8.6 and 11.27 micron
disappear, and two weak features at 11.0 and 11.9
micron which are not seen in typical UIR emissions
arise.

Similar features as this 11.0 micron feature have
been detected in the central region of a reflection
nebula NGC1333 (Sloan ef al. 1999) and a Herbig Ae/
Be star WL16 (DeVite ef al. 1998). Sloan et al. (1999)
suggested that this feature can be attributed to be
PAH cation. PAH molecules would be usually ionized
near central stars, and emit the 11.0 micron feature.

The 11.9 micron bump may be attributed to the
duo CH out-of-plane bending mode. Although this
mode is usually weak and possibly smeared into the
plateau emission in astronomical objects, the ob-
served feature is prominent and isolated. This could
be caused by smaller size distribution of the UIR carri-
ers.
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Origin of Helical Coronal Disturbances from the Sun

Kuniko Horl
(Solar Radio Observing Facilities of Nobeyama Radio Observatory-NAQJ)
Sachiko AKIYAMA
(Graduate University of Advanced Studies)

Hiroki Kurokawa, Taro MORIMOTO
(Kyoto University)

By combining data from the Nobeyama Radiohelio-
graph and the LASCO coronagraph aboard the SoHO
spacecraft, we report two helical coronal disturbances
accompanying white-light coronal mass ejections
(CMEs). These are activated prominences at the base,
rotating around each vertical axis while moving on
the solar surface with projected speeds of =50 km
s . The activity continues in a CME core and in a nei-
ghboring streamer growing over 6 Rg. Neither flare
activity nor radio bursts were observed during the
two events. We suggest that the apparent presence/
absence of a CME core depends on the density of the
eruptive material associated with the CME. (Abstract
of Hori 2000)
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! Present Position Mullard Space Science Laboratory, Uni-
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Fig. 1. Structural evolution of the 1999 February 9 CME.
The quadrant image of the Sun in upper three
frames are from NoRH 17 GHz, wherecas the other
images are from LASCO C2. The edge of the C2
occulting disc (2Rg) is represented by the black line
in the bottom right corner. Time is indicated at
upper right in UT. All images are shown with the
same scale.
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High-Energy Electrons in Double-Loop Flares

Yoichiro HANAOKA
(Division of Redio Astronomy-NAO])

We studied the fast temporal variations in the bright-
ness of the radio and hard X-ray sources of three
double-loop flares observed with the Nobeyama Radio-
heliograph, Yohkoh, and CGRO/BATSE. As shown
in Figure la, in such flares, the main radio/hard
X-ray source is located near to one of the footpoints
of a large overlying loop, where a small, newly emerg-
ing loop appears and the two loops interact, and the
remote source is located at another footpoint of the
large loop. Figure 1b schematically shows the config-
uration of the emerging loop and the overlying loop.
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The following results were obtained from the analy-

sis:
(1

) The main source and the remote source basical-
ly show a correlated brightness fluctuation in radio
and hard X-rays, but the rapid fluctuation of the bright-
ness of the remote source lags behind that of the
main source for about 500 ms. This result is evidence
that the electron-acceleration region is close to the
main source and, therefore, it is most presumable that
the high-energy electrons in the double-loop flares are
accelerated in the interaction region of the two loops.
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correlation coefficient between two of the rapidly fluctuating compeonents shown in (c).

the main source.
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(a) Soft X-ray image of a double-loop flare on 1993 June 7 overlaid by white contours showing the 17 GHz radio
image and black contours showing the hard X-ray image. (b) Schematic drawing of the flare loops. (¢) Changes in the
hard X-ray and microwave intensities of the 1993 June 7 flare. (d) Relation between the assumed delay and the
The thick lines show the
correlation coefficients between the time variation of the remote source and that of the main source, and the thin
lines show the correlation coefficients between the time variation of the main source and another time variation of



(2) The brightness of the hard X-rays from the
main source and that of the microwaves from the
remote source fluctuate highly, but the microwaves
from the main source fluctuate less. This result
means that the microwave-emitting electrons are effec-
tively trapped at the main source region.

[This is based on the abstract of a paper by Ha-
naoka, Y. (1999, PAS], 51, 483)]
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Microwave Measurements of Magnetic
Fields in the Solar Atmosphere

A. GREBINSKIJ, G. B. GELFREIKH
(Pulkovo Astronomical Observatory/RAS)
Kiyvoto SHIBASAKI
(Solar Radio Observing Facilities of Nobeyama Radio Observatory-NAQO])

The solar atmosphere is filled with hot plasma. Charg-
ed particles in the plasma are gyrating around active
region magnetic fields. Gyrating charged particles in-
teract (emit and absorb) with electromagnetic waves.
Generally, any EM waves can be expressed by the com-
bination of right-handed-circular (R) and left-handed-
circular (L) polarized waves. When the EM waves pro-
pagate through the atmosphere filled with the magne-
tized plasma, the absorption coefficients of R and L
waves differ. This is caused by the interaction of the
gyrating electron around the magnetic field and the

circular EM wave. By measuring the difference of
the circular polarization of the EM waves generated
and propagated through the active region atmos-
phere, we can estimate the line-of-sight magnetic field
strength in the atmosphere. As the magnetic field is
the energy source of solar activities in the atmos-
phere, direct measurement of the field strength is
very important for the studies of solar activities.

In optical or infrared observations, polarization
around spectral lines is used to measure magnetic
field strength. Available lines are formed in the

NoRH 17GHz r+| 9-Jun-1995 04:50:00.984 UT
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The radio image of the active region AR7877 observed by the Nobeyama Radicheliograph on June 9, 1995. The radio
intensity is displayed in pseudo color and the circular polarization degree in contours. The radio brightness of the

quiet sun is 10,000 K and the brightest part in the active region is 30,000 K. The contour levels of the circular

polarization degree are in every 2 percent. The red lines represent N polarity and the vellow lines represent S

polarity. The field of view is 8 arc min. (EW) by 5 arc min. (NS).
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lower atmosphere: the photosphere or the chromo-
sphere. Magnetic fields in the upper atmosphere need
to be extrapolated from the measured at the lower
height with some assumptions. In the microwave
region, measurements are done in continuum and we
can measure directly the magnetic field in the upper
atmosphere: the transition region and the corona.

The Nobeyama Radioheliograph (NoRH) observes
the Sun with both R and L waves at 17 GHz. We can
synthesize full disk images of the Sun in R and L, or
intensity (I) and circular polarization (V). The ratio
V /I (circular polarization degree) is directly related to
the line-of-sight magnetic field strength of the atmos-
phere where the emission is generated. Intensity
images at 34 GHz can be used to know the opacity of
the atmosphere around 17 and 34 GHz, which is impor-
tant for the conversion from the circular polarization
degree to the magnetic field strength. When active
regions are located on the disk, we can measure the
magnetic field in the upper chromosphere and transi-
tion region, where most of the microwave emission
comes from. By combining with the RATAN-600
observation of active regions with wider spectral
range, we can determine the 3-D distribution of the
magnetic field strength. Above the limb, we can meas-
ure the height distribution of the magnetic field.

50

The attached figure shows the distribution of the
17 GHz intensity (I) by pseudo color and the circular
polarization degree (V/I) by the contour lines of the
active region observed on June 9, 1995. The intensi-
ty peak is located at the polarity reversal line, not on
the sunspot. This shows that the emission is due to
the thermal plasma contained in the coronal loop
which connects the opposite polarity regions, not by
the gyroresonance due to the strong magnetic field.
The measured magnetic field strength around (a), (b),
and (c¢) are 150, 110, and 60 Gauss respectively. The
magnetic field strength at the photosphere measured
at Beijing observatory were 320, 320, and 160 Gauss
respectively.
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Solar Microwave Bursts with Sub-Second
Time Structures

A.T. ALTYNTSEV
(Foreign Research Fellow-NAOJ)

Hiroshi NAKAJIMA
(Division of Radio Astronomy-NAOQOJ)

Toshiaki TAKANO
(Chiba University)

G. V. RUDENKO
(Institute of Solar-Terrestrial Physics, Russia)

Study of solar bursts with fast time variations is
important from a viewpoint of particle acceleration.
Microwave observations are expected to contribute
essentially in this aspect, because they are sensitive
to non-thermal electrons. We presents preliminary re-
sults of analyses of solar microwave bursts at 17 GHz
with sub-second time structures observed by the
Nobeyama Radioheliograph (NoRH) with temporal
resolution of 50 ms or 100 ms.

About 7% of bursts detected by NoRH contained
bursts with fast time variations of less than ls dura-
tion (FWHM). Microwave and hard X-ray time pro-
files of the 1992 September 7 event are shown as one
of typical examples in Figure 1. We can see excellent
correlation between both time profiles, suggesting
that these sub-second bursts can be interpreted in
terms of gyrosynchrotron radiation.

Sub-second time structures with high amplitude
variations were observed in most cases when their
flux densities were less than 10 sfu (in all cases when
their flux densities were less than 50 sfu). We carried
out a detailed analysis of one event and found that
sub-second bursts were observed only in the onset
phase accompanied by weak microwave emission,
and that later, time differences between successive
peaks increased with increasing flux density.

The fastest rise and fall times of sub-second bursts
are less than 100 ms. This result can impose some
restrictions on mechanisms of electron acceleration in
solar flares.

It was shown in Figure 2 that sub-second bursts
with high amplitude variations were generated by
directly precipitating electrons from one footpoint
with stronger magnetic fields of a highly asymmetric
loop. Trapping effect is very small in this magnetic
configuration, and therefore, microwave emission
from the footpoint does not lose information on
electron acceleration.

Sub-second bursts did not show any clear source
shift from peak to peak. This suggests that electrons
are successively accelerated rather in the similar

region.
References

Altyntsev, A. T., Nakajima, H., Takano, T, and Rudenko, G.
V.: 2000, Solar Physiecs, 195, in press.

Nakajima, H.: 2000, Astronomical Society of the Pacific Confer-
ence Series, 206, 313-317.

5.7 GHz Smooth 0.15 s

. ,.M o ‘Ml W«nm

17 GHz

Flux, s.fu.

-
1 FTSETTIT

Flux, s.f.u.
w
T

o
RAERIIRRE AR RLA RE L

LM \ oAt i, /\

-

E [ 25-50 keV

_m' /mw Mr\:vww’k/\ﬂ s USMMML

50-100 keV A

Mm mﬂ\m&m

w

TRTSITIINTETTINT] INEL LOUTAT)

10 Counts

Counts
[ R I-

10"

z)

100-300 ke¥ Smocth 0.15 s

a:

i / y WM 2\l WW Ty

05:08:20 o5: 09 25 05:09:30 05:09:35 05:09:40
Uate 92,/08/07

Time profiles of microwave and hard X-ray bursts
with sub-second time structures for the 1992
September 7 event. Microwave and hard X-ray
time profiles are very similar.

10" Counts

ki
T

Fig. 1.

L L

140 4

120 7

100

80

B0

401

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Contours of microwave brightness temperature
(left) and radial components of calculated coronal
magnetic fields (right) both of which are overlaied
on a Yokoh/SXT image.

51



Polarimetric Imaging and Color of the Inner
Coma of Comet Hale-Bopp

Reiko FurusHO
(The Institute of Physical and Chemyuical Research)
Bunji SUZUKI
(Misato Technical High School)
Naotaka YAMAMOTO

(Science University of Tokyo)

Hideyvo KAWAKITA
(Gunma Astronomical Observatory)

Toshiyuki Sasaki, Tomio KURAKAMI
(Subaru Telescope-NAO])
Yasuhiro SHIMIZU
(Okayama Astrophysical Observatory-NAQO])

Comet Hale-Bopp (C/199501) is one of the bright-
est comets during latest 30 years. Optical-imaging pol-
arimetry of the comet Hale-Bopp was performed on
1997 March 17, using the Okayama Optical Polarim-
etry and Spectroscopy system (OOPS), which was
mounted on the 91-cm reflector at Okayama Astro-
physical Observatory. Using two different narrow-
band filters for the continuum, color maps and polariza-
tion maps of dust particles of comet Hale-Bopp were
obtained. The center wavelength of the filter for
shorter wavelength is 526.1 nm, and that for longer
wavelength is 714.5 nm.

A dust “jet” structure (also called ‘arc structure’)
was seen in the intensity, polarization, and. color
maps (see Fig 1). Please note that the polarization
degree of the arc structure was higher than in other
parts of the coma, and the color of the arc structure
was bluer compared to other coma regions. This fact
may indicate the smaller dust grains are richer in the
dust jet than other parts of the coma.
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Fig. 1. Intensity map, color map, and polarization map of
comet Hale-Bopp.
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TV Observation of the Leonid Meteor Shower
in 1998: No Strong Activity over Japan
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Since the parent comet returned in 1998, the
Leonid meteor shower was expected to show a higher
than usual activity. Because the epoch of the nodal
crossing corresponded to about 20h UT on Novem-
ber 17 in 1998, many expeditions, including NASA’s
Leonids Multi-Instrument Aircraft Campaign, were
performed in Asia. In order to monitor the activity of
the Leonid, and to participate in the Campaign, we
carried out a high-sensitivity TV observation at the
Nobeyama Radio Observatory, from 15h 20m UT
through 20h 24 m UT on 1998 November 17.

This camera comprised an image intensifier (Hama-
matsu Optical Co. type V1366P) along with a mono-
chromatic CCD camera (KP-MI1, Hitachi-Denshi, Ltd.).
A 35-mm camera lens (Nikon Nikkor 50 mm F/1.2)
was used as the objective lens. This system gives a
field of view of 16.6X11.9 degrees, along with a limit-
ing magnitude of 8 under the best sky condition.

The activity of the Leonid increased from Novem-
ber 16. Many bright meteors were witnessed in
Europe. This was the activity peak by half a day
earlier than expected. During our observation, the
activity was still recognized. We detected 58 Leonid
meteors, along with 99 sporadic meteors. The peak
of the activity, as expected around 20 h UT, was not
clearly observed. The average influx rate of meteor-
oids was 1.4X10 ®km %! (mag<-+8) during our
observation, which indicated no strong activity over
Japan.
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Fig. 1. Time variation of the number of Leonid meteors
detected in our TV observation on 1998 November
17. The dash-dotted line is the raw number of
meteors observed in a 30-min interval, and the solid
line is the number after a correction for the radiant
point elevation. The dotted line is the elevation of
the radiant point.
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Millimeter Continuum Observations of
Parent Comets of Meteor Storms
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The 2 millimeter continuum observations of parent
comets of meter storms, P/Tempel-Tuttle and P/Giaco-
bini-Zinner, were made with a bolometer array in-
stalled on the 45 m radio telescope at the Nobeyama
Radio Observatory. P/Tempel-Tuttle was observed
on January 16, 1998, near its closest approach to the
earth, and P/Giacobini-Zinner was observed Novem-
ber 5 and 8, 1998. The maps obtained showed no
signal from these comets greater than 12.0 m]Jy for P/
Tempel-Tuttle and 174 mJy for P/Giacobini-Zinner
(3\sigma). Using the same assumptions in Jewitt and
Mathews (1997, AJ, 113, 1145), we estimated that the
mass upper limits in the 12 arcsec beam were 7.50E9
kg and 6.2E10 kg for P/Tempel-Tuttle and P/Giacobi-
ni-Zinner respectively. Meteoroids in meteor storms
are submillimeter to centimeter size dust grains
which are ejected from the cometary nuclei by their
out gassing process. Millimeter and submillimeter
continuum observations are suitable to detect ther-
mal emissions from such larger dust particles while
optical and infrared observations are - difficult to
observe large size particles, because of contamina-
tions by gas emission lines in visible wavelength
region and by thermal emissions from much ab-
undant small grains in the coma at mid-infrared
region. In the radio wavelength, the thermal emis-
sions from submicron to micron size dust particles
are relatively weak due to their low thermal emissivi-
ty. We performed 2 mm continuum observations of
two meteor storm parents, P/Giacobini-Zinner and P/
Temple-Tuttle to estimate the total mass production
rate from these comets and to investigate the develop-
ment of the meteor storms. Comet P/Temple-Tuttle
is known to the parent comet of the Leonid meteor
storm and comet P/Giacobini-Zinner is known to the
parent of the Giacobinid (or Draconid) meteor storm.
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Our millimeter continuum observations were made
with the Nobeyama Bolometer Array (NOBA) mount-
ed on the focus of the 45 m radio telescope of the
Nobeyama Radio Observatory. The frequency of the
NOBA is 150 GHz (2 mm) and the band width is 30
GHz.

We observed comet P/Tempel-Tuttle on January
16, 1998. The heliocentric distance of the comet was
1.20 AU, and the geocentric distance was 0.36 AU at
our observation. The 3 sigma r.m.s. noise level of the
map was 12.0 mJy and we could not find any flux
concentrations vicinity of the predicted position of
the comet.

Comet P/Giacobini-Zinner was observed on Novem-
ber 5 and 8, 1998. The heliocentric distances were
1.06 and 1.05 AU, and the geocentric distances were
0.90 and 0.89 AU. The obtained radio continuum
map showed no cometary signals brighter than the 3
sigma upper limit of 17.4 mJy.

We estimated the mass upper limit of the dusts in
the beam from the observed flux density upper limit,
using a model by Jewitt and Mathews (1997). The
resulting dust mass upper limits using the above defini-
tion are 7.5E9 kg and 6.2E10 kg for P/Tempel-Tuttle
and P/Giacobini-Zinner respectively. The derived
upperlimits of the dust production rates are 2.4E4
kg/s and 7.9E4 kg/s for P/Tempel-Tuttle and P/
Giacobini-Zinner, respectively. These production rate
upper limits are 2 orders lower than that of C/Hale
Bopp (Jewitt and Mathews, 1999).
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Movement of the Amurian Plate
Determined by Space Geodesy
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According to the plate tectonic theory, Japan is
a typical island arc. The Pacific Plate subducts at
the Japan Trench from the east and the Philippine
Sea Plate subducts at the Nankai Trough from the
south. This process is responsible for the recurrence
of interplate earthquakes at trenches. Inland thrust
earthquakes that occur in Northeast Japan can be
understood in the same framework: they release the
east-west compressional crustal stresses caused by
the subducting Pacific Plate. On the other hand, tecton-
ic backgrounds of island earthquakes in Southwest
Japan, e.g. the 1995 Hyogoken-Nanbu Earthquake,
have been unknown. These earthquakes have mecha-
nisms showing east-west compression and north-
south extension. If this stress is due to the subduct-
ing Philippine Sea Plate, the compression should be
in northwest-southeast rather than east-west. It is
mechanically unlikely, either, that the subducting
Pacific Plate far to the east is responsible for this
stress field.

We analyzed data of permanent Global Positioning
System (GPS) stations deploved in Eastern Asia over
the last few years, and found that an extensive region
covering the northeastern China, Korean Peninsula,
southeastern Russia, behaves as a rigid body independ-
ent from the Eurasian Plate (Heki et al, 1999). This
“Amurian Plate” moves by about 1cm/year east-
ward with respect to the Eurasian Plate, and the lake
Baikal, Russia, marks the divergent boundary be-
tween them. The Amurian plate collides with the
North American Plate to the east by about 2 cm/yr
along the boundary running from Sakhalin, the
eastern margin of the Japan Sea, down to central
Japan. From GPS point velocities we found that the
east-west convergence at the central Japan is ac-
comodated by southward extrusion of the landmass
rather than crustal uplift (Mivazaki and Heki, in
press), a process similar to the eastward extrusion of
continental blocks (the Amurian Plate itself is one of
those) due to the northward movement and collision
of the Indian subcontinent with Eurasia. Although

less active than on the Pacific coast, there recur large
thrust earthquakes along the eastern margin of
the Japan Sea, as seen by the 1983 Nihonkai-Chubu,
and the 1993 Hokkaido-Nansei-Oki earthquakes. Qur
study provided a quantitative basis for the plate
convergence along this margin, which will be of impor-
tance for future hazard assessment in this zone.

Fig. 1. Movement of the Amurian Plate ralative to the
Eurasian Plate estimated from continuous GPS
stations. Thick arrows indicate GPS points, and the
black ones indicate points which are considered to
be in the stable interior of the Amurian Plate and
used in estimating the kinematic parameters of the
plate {error ellipses show one sigma errors). Thin
arrows show velocities at grid points calculated
using the obtained kinematic parameters of the
Amurian Plate (error ellipses are obtained by letting
the parameter uncertainties propagate into velocity
errors).
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The Vernier Scale Adopted in Astronomical
and Land-Survey Instruments Produced
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KUME Eizaemon Michikata (1780-1841) was a low-
ranking vassal who served the Sanuki (now Kagawa
prefecture) domain (“Han”) of the Shikoku island, and
had well been known before World War II as an ingen-
ious inventor of firearms and artillery products
as well as a developer of a modern salt farm in the
Sakaide district of the domain. At his age of nineteen
(1789), Kume learned for four years astronomy and
land-survey techniques under the supervision of
HAZAMA Shigetomi, one of the shognal astronomers.
Although, because of this, a considerable number of as-
tronomical and land-survey instruments and relating
historical documents produced by him in the 1810s
are left in the Sakaide district, none of his concrete
achievements in the field have ever been known.

Recently we had a chance to make an extensive
investigation of the instruments and documents
preserved at the Kamada Corporation Museum in
Sakaide city. We found that Kume was the first and
probably the only one throughout the Edo period
in Japan to make a precision octant (navigational
instrument) as early as in 1806, and one of the first to
understand the principle of the Vernier scale and its
importance in astronomy and land-survey engineer-
ing. He also made for the first time applications of
the Vernier scale to the Chihei-gi (transit instrument)
and the Shogen-gi (quadrant). With these instru-
ments, Kume performed in 1806 an official land-
survey tour of the whole Sanuki domain, about
which we estimate the accuracy in his azimuth meas-
urements to be 2-3. These values were twice more
accurate than the accuracy in the INO Tadataka's
reputed whole Japan land-survey expedition done in
1801-1817; Ino and the contemporary shognal astrono-
mers all then continued to use the diagonal sub-scale,
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Fig. 1. Octant produced by M. Kume.

Fig. 2. Chihei-gi (transit instrument).



which had long time ago been replaced by the Verni-
er scale in Europe, because of its superiority in conven-
ience and accuracy.

Although a few famous science historians such as
MIKAMI Yoshio and YAMAMOTO Issei visited the
Kamada Museum in the 1930-40s to examine Kume's
astronomical works, it seems that they were totally
unaware of the fact that Kume made extensive applica-
tions of the Vernier scale in his instruments. In this

respect, we believe that Kume deserves to be highly
estimated, though he has long been neglected in the
Japanese history of astronomy and land-survey.
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