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PREFACE

We report here the achievements by NAOJ during the
financial year 2002. Please find the details in each field
presented in the following text sections .

The NAOJ started its history as an inter -university
national research institute in 1988. During the followed 15
years the NAOJ had pushed forward the frontier in various
fields of astronomy by developing and operating top level
observational facilities ; the Radio Heliograph at Nobeyama
for solar activity monitoring , the 8.2-m Subaru Telescope at
Mauna Kea, Hawaii for optical and IR observations , four
20-m aperture high performance antennas of the VERA
project at Mizusawa , Kagoshima , Chichi <Jima and Ishigaki <Jima for VLBI astrometry . Also
new bases to respond to the varying requests from scientific and public communities had been
founded at headquarters in Mitaka , Tokyo , by establishing the super computer system for the
theoretical simulation astrophysics , the world first gravitational telescope  TAMA -300, the
Advanced Technology Center for astronomical engineering , and the Public Relations Center
for a variety of outreach activities . Such improvements of research platforms and scientific
activities of the NAOJ throughout these 15 years are quite high and successful . Sincere
thanks to the community , staff members and leaders for their tremendous efforts.

As mentioned above, the NAOJ is promoting manifold fields of astronomy and astro
physics including various ground -based astronomy and theoretical astrophysics . Another
role of NAOJ as an inter -university national research institute is to provide top Jevel facilities
for university scientists as well as to represent the Japanese astronomy and astrophysics on
behalf of astronomical community in Japan . Based on these characteristics the NAOJ has
been promoting the research and education of astronomy , and tried to respond to the strong
public interest about the universe .

The observations of the universe are now growing rapidly . One of the most epoch -
making progresses is a sequential discovery of extra-solar planets since 1995. The astronomy
is entering into the era to observe and study the numerous number of planets and even the
evidence of life on them. Another exciting new observational data from WMAP are
revealing the early history of the expanding universe and suggested the existence of “dark

energy”. The observational cosmology is getting more excitement through the activities of
8-m class telescopes including the Subaru Telescope which is rewriting the distance record of
the remote galaxies . The construction of the ALMA , an extremely large mm and sub-mm
wave telescope array atop the Atacama Plateau in northern Chile will start soon. Japan
(NAOJ ) will also join the construction , and the ALMA will be the first telescope which is
jointly constructed by the world -wide cooperation . The full operation of ALMA will start
in 2011.



The reorganization of all Japanese national universities and inter -university research
institutes to be independent agencies from April FY2004 is another major subject for NAQJ .
Intensive discussions are ongoing in NAOJ and among the brother institutes to create a
flexible and active organization for powerful research in wide area of natural sciences .

s

Norio Kaifu
Director General
National ~Astronomical  Observatory of Japan



The First Stellar

Fringes Observed with Mitaka

Optical /

IR Array (MIRA 4.2) 30m Baseline

YOSHIZAWA |, Masanori , OHISHI , Naoko , SUZUKI , Shunsaku
MATSUDA , Ko, KUBO , Koichi , INASHITA , Hikaru
(Division of Astrometry and Celestial Mechanics , NAOJ )
NISHIKAWA  , Jun, TORIl , Yasuo KOTANI , Takayuki
(Division of Optical and Infrared Astronomy , NAOJ ) (Univ . of Tokyo )
SATO , Koichi FUKUSHIMA |, Toshio YOKOI , Takuya
(Division of Earth Rotaion , NAOJ ) (Public Relations Center , NAOJ ) (Hosei  Univ )

The first detection of stellar fringes with MIRA 4.2
(Mitaka oprical /IR Array second phase ) was achieved on
a night of June 2002 during the observations of Vega (¢
Lyr)) 100 After the first detection , many fringe observa -
tions were carried out successfully using Vega and Deneb
(@ Cyg) until December 2002 (Figure 1).

MIRA 4.2 is an optical interferometer for high spatial
resolution stellar observations consisting of two 30cm
siderostats that are placed separated by 30m to each other
(Figure 2). The suitable range of apparent stellar diame -
ter to be observed with MIRA 4.2 is between 2 and 4
milli -arcsecond at 800nm wavelength . The first action
for developing the components of MIRA 4.2 began in
1995. Then baseline construction and laboratory setup
were started in 1999, followed by the stellar fringe detec -

Vega: Raw Visibility 080 Q00 el 0T 006

Nz
ol
o

14680 147 (T 14980 15000

Sampling Kesber (1kHz!
Dened: Baw Tisibility & 50 WL Oel. 1T 08K

I
e
w LB

it i
AT B * "

Eo: ! |

|I[ul ﬁn.{.‘i. rI *

11580 1 000 12100 12000 1230
Sampling Nesber |1kHzb

Figure 1:Fringes of Vega and Deneb

tion with a 6m test baseline in June 2001 prior to the
present first fringes by using the 30m baseline .

In each telescope hut, a 30cm siderostat , a 13cm
Newtonian telescope with a collimator lens, and a tip -tilt
mirror are placed (Figure 3). The star light is lead from
each hut to the main laboratory through the vacuum
pipe Hine of about 50 m long. In the laboratory , an 8 m
vacuum delay line (Figure 4), 4m coarse delay line, light
dividing optics , detectors for scintillation and star danc -
ing measurements , beam combining optics and fringe
detectors (Figure 5), and computers for control and data
acquisition , are placed U 100 200 30}

After the test observations , MIRA 4.2 has been up-
graded for regular observations of stars brighter than 4
mag .

References
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Figure 2 : Mitaka optical and InfraRed Array 30m baseline
(MIRA 4.2).

Figure 5 : Optical table in the main laboratory .

Figure 4 :8 m vacuum optical delay line .



Development

KANO , Ryouhei , HARA | Hirohisa , KUMAGAI

of the Solar B X-Ray Telescope Focal Plane Camera

, Kazuyoshi , SAWA , Masaki , TSUNETA , Saku

(Solar Physics Division , NAOJ )

SAKAO , Taro, MATSUZAKI

, Keiichi

(The Institute of Space and Astronautical Science )

The Solar B satellite is scheduled for launch in sum -
mer 2006 by the Institute of Space and Astronautical
Science (ISAS ). Its goal is to better understand the
overall magnetohydrodynamic  behavior of the sun by
observing the solar corona, chromosphere and photos -
phere. The X-Ray Telescope (XRT ) is one of three
instruments on Solar B and is designed to image the solar
corona in the soft X +ay. Soft X +ay images reveal tem-
perature distributions and magnetic field structure of the
solar corona , allowing us to observe the energy transport ,
storage and release process starting from the photosphere
and extending throughout the corona .

The XRT is a grazing incidence telescope similar to
the Soft X +ay Telescope (SXT ) on the Yohkoh satellite ,
but with several major improvements : (1) By combining a
larger aperture (34 cm) and higher precision mirror sys-
tem with a larger focal plane detector (2k X2k pixel
CCD ), spatial resolution has been increased to 1 arc-
second while retaining a sufficient field of view to image
the whole sun. (2) The use of a backside illuminated
CCD allows the XRT to observe longer wavelength
radiation , up to the 0 60A and longer XUV range. This
allows observation of 1 million K plasma in addition to
the 2 million K and higher temperatures observed by the
Yohkoh SXT . (3) Using an optimized set of diagnostic
filters, the XRT can observe and distinguish different
temperature plasma from 1million K to the super -hot 30
million K flares. (4) The control system is based on the
observation table system proven on the Yohkoh SXT , but
with the addition of onboard image analysis by the
satellite ’s Mission Data Processor (MDP ) which allows
automatic adjustment of exposure and imaging region .

The CCD is mounted on an adjustable focus stage
with a £ Imm range along the optical axis. This elimi
nates the risk of focal adjustment error which would
otherwise be difficult in a telescope of this size. In
addition , because of the curved focal plane of the tele-
scope, focal adjustment allows us to choose between
maximum resolution at image center or optimal focus
over a larger field of view to match those of the other
instruments on the satellite , the Solar Optical Telescope
and the EUV Imaging Spectrometer .

The XRT is a collaboration  with the Smithsonian
Astrophysical ~ Observatory (SAO ) and NASA in the
USA . The Japanese participants , NAOJ and ISAS , are
in charge of the design and construction of the X-ray
CCD camera and the MDP . The camera contains a
cooling system based entirely on radiative cooling , since
thermoelectric  coolers can cause outgas that leads to
contamination  of the detector . The camera is designed
to achieve an on-orbit CCD temperature of -45°C. The
CCD charge is read out at 500k J and readout noise of
[J20e™ has been achieved .

The flight CCD camera was assembled in the Project
Room 1 in the NAOJ Advanced Technology Center
(ATC ), recently converted into a class 100 cleanroom to
eliminate  molecular and dust contamination The per-
formance and functionality of the camera is being verified
thanks to the cooperation of the ATC machine shop and
optical shop. Tests included (a) X-ray quantum effi-
ciency measurements in the medium vacuum chamber
using an interchangeable target X -ray generator and X
-ray monochromator , and CCD gain measurement using
an *°Fe source, (b) Testing and verification of the focus
mechanism through thermal tests, and (c) Vibration and
shock tests conducted at ISAS .

After testing in Japan , the camera will be shipped to
SAO in summer of 2003 and mated to the telescope
optical tube. The complete telescope will be tested in the
USA and be shipped to ISAS for satellite integration test
in May 2004.

Figure 1:Flight CCD camera, shown with the radiator side up
to cool the CCD .

Figure 2:CCD camera mounted in the ATC medium vacuum
chamber for X +ay quantum efficiency measurement .



Thermo -Optical

ICHIMOTO , Kiyoshi , NAKAGIRI

TAMURA

Testing of the Solar Optical

, Masao , SUEMATSU
, Tomonori , TSUNETA

Telescope of the Solar B

, Yoshinori
, Saku

(Division of Solar Physics , NAOJ )

NOGUCHI

, Motokazu

, KATO , Yoshihiro

(Norikura Solar Observatory , NAOJ )
OTSUBO , Seiji
(Advanced Technology Center , NAOJ )

KATSUKAWA

, Yukio , KUBO , Masahito

(Tokyo University )

1. Introduction

The Optical Telescope Assembly (OTA ) of the Solar -
B consists of a Gregorian telescope with 500mm aperture
and 1500mm distance between the primary and secondary
mirrors and Collimating Lens Unit (CLU ) sending a
parallel beam to the focal plane package . The OTA is
aimed to perform a precise polarimetric measurement of
the solar atmosphere from space with a diffraction limited
spatial resolution . The OTA assemble test using proto -
model mirrors and structures was performed in 20012002
and we established the procedure to realize the diffraction
limited telescope . However , the optical performance was
evaluated only under the room temperature . Extremely
different temperature distribution is expected in orbit ;i.e.
the difference of temperature between the top part of OTA
which is exposed to space and the bottom parts of OTA
which is surrounded by spacecraft structure will be larger
than 50°C. To achieve the positional stability of the
primary and secondary mirrors with a micron -order
precision under such severe temperature condition has
been a challenging goal of the structural design of OTA ,
and we absolutely need to verify it before launching the

PR lempace marror

A CITA, pointing ax
B~ Theadalits 4 OTA comier ol POV

.
|

il

—
g
i
:
B

! [y
| L=
... Ly '.E.I!
Hl B
I
'.;. I|J
b |
=B =§E
oI
3

Figure 1: Configuration of the OTA thermo -optical testing .

telescope . In order to confirm the optical performance of
OTA under the space environment , we constructed a
dedicated vacuum chamber and performed the thermo -
optical test of the OTA .

2. Overview of the thermo -optical testing

The vacuum chamber for thermo -optical testing has a
diameter of 1800mm and height of 4000mm, and has
upper and lower shrouds in it. The OTA is mounted
inside the shrouds with upside down via three legs of the
structural interface to the space craft. The temperatures
of the top and bottom parts of OTA are controlled in-
dependently by the shrouds in a range of -30°C to O
50°C. On the base of the chamber , a 60cm diameter flat
mirror is mounted in face to the OTA aperture to provide
a optical reference, and in combination with the interfer -
ometer mounted on the outside wall of the chamber , we
can measure the wave front error of the OTA in vacuum .
By measuring the tilt of the flat mirror and the alignment
cube attached on OTA structure , we can also evaluate the
excursion of the OTA pointing axis with respect to the
mechanical reference .

3. Results

The OTA thermo -optical test was performed from 28"
January to 4™ March in 2003 at the Structure and
test building of ISAS . By simulating the
predicted hot and cold case temperatures and operating

mechanics

the operational heaters for mirrors successively , we perfor -

med the measurements of wavefront error, focus shift and

pointing axis of the OTA . The major results are sum-
marized below :

1) The sensitivity of the OTA focus position on tempera -
tures of various parts of OTA was measured reliably .
They are mostly as predicted but a few unexpected
behaviors were found and the hardware causing the



Figure 2:View of the OTA thermo -opitical testing

effect will be modified in flight model .

2) The CFRP truss structure of OTA changes its dimen -

sion gradually due to dehydration in vacuum . The
effect was previously known , but the amount and the
time constant were evaluated accurately for the first
time. This result together with the finding 1) gives us
valuable information for initial setup of the on-orbit
focus adjustment mechanism and its operation .

3) Change of the OTA wavefront error was observed with

the change of temperature of the primary mirror . The
major component of the change was caused by a
predicted stress from the metal pads of the primary

mirror . However we also observed unexpected compo -
nent of the wavefront error. The supporting mecha -
nism of the primary mirror will be partially modified in
flight model to mitigate the unexpected stress to the
mirror . We confirmed that the temperature excursion

of other parts of OTA does not cause any significant

wavefront degradation (i.e. positional change of pri-
mary and secondary mirrors ).

4) There was no detectable change of the pointing axis.

With the OTA thermo -eptical testing, we could verify
the overall healthiness of the OTA structure , while
some problems to be solved were identified at the same
time. It can be said that we are approaching the final
goal to realize the diffraction limited telescope . The
vacuum chamber was moved to the new clean room in
Mitaka after the OTA thermo -optical test and is going
to be used continuously for the baking of the OTA
flight components . The second (final ) thermo -optical
test with the OTA flight model is planned in spring of
2004.



ALMA  Cartridge -type Receiver

, Masahiro , SEKIMOTO

SUGIMOTO
YOKOGAWA , Sozo , OKUDA

System on ASTE

, Yutaro ,

(NAOJ )

KOHNO , Kotaro

(Institute of Astronomy , University of Tokyo )
SUZUKI

, Kazuji , MINAMIDANI

, Takeshi , TATEMATSU , Ken ’ichi
OGAWA |, Hideo , KIMURA , Kimihiro
(Osaka Prefecture University )

, Tetsuhiro

(Nagoya University )

Figure 1:(a) A photograph of carrying the receiver system into
the receiver cabin. (b) A photograph before instal -
lation of the receiver system. (c) A photograph
after installation . Bottoms of three cartridges and
the cryocooler are seen. The warm IF amplifiers
and bias electronics are not mounted .

We have developed an ALMA cartridge -type receiver
system composed of three cartridge type receivers and a
cryostat , which is designed to test on the Atacama Submil -
limeter Telescope Experiment (ASTE ). It was prelimi -
nary evaluated at Pampa la Bola (alt. 4800m) in the
northern Chile since November 20021 10J

A cartridge -type cryostat, which can house 3 cartrid -
getype receivers , has been developed for the ASTE . The
ASTE 10m telescope has been developed as a prototype
antenna of the Large Millimeter Submillimeter Array . It
was installed on Pampa la Bola following evaluation at
Nobeyama .

The detail of this cryostat was described byl 2L1  The
cylindrical  cryostat can accommodate 2 cartridges of
170mm diameter and 1 cartridge of 140mm diameter .
The cryostat has been developed with following technol -
ogies ; a central pipe and bellows structure to reduce
mechanical vibration ;simple and e.cient thermal links for
plug 4n cartridges ; 3-stage Gifford McMahon  cryocooler
and an outdoor compressor .

The concept of the thermal link for the ALMA
receiver was proposed by the Rutherford Appleton Labo -
ratory (RAL )J 30 We have designed and developed a
simple and efficient thermal link with high heat conduc -
tivity 0 401 Measured thermal conductance of @ 170mm
links is 1.7, 5.6, 3.3 W K" for 4, 12, and 80K stages.
This simple and compact links have good performance
and can be easily fabricated .

Engineering models of band 3 (100 GHz Y 50 600 70]
band 8 (500 GHz ), and band 10 (800 GHz ) cartridge -type
receivers were independently developed with cartridgetest
cryostats (Seel) 80 for more details of cartridge test cryos -
tats). They were integrated into the cryostat at NAOJ ,
then the system was shipped to the site.

In November 2002, 3 cartridge -type receivers were
installed to the ASTE and its photograph is shown in
Figure 1. At the ASTE site, we checked vacuum condi -
tion of the cryostat and electronic condition of three
cartridgetype receivers. Then, the cryostat was attached
under the Cassegrain focus. On 17 November 2002, we
detected continuum signals from the moon with all three
receivers . The moon and Jupiter efficiency of the band 3
receiver were 90% and 73% at 100 GHz , respectively . The
pointing accuracy at 498 GHz was about 1”, which
derived from measurements of the Jupiter and the Saturn .
In spite of not adjusting tilt parameters of the subre
reflector , the moon and Jupiter efficiency were 82% and 42
%, respectively . After waiting good atmospheric condi -
tion (t01.3) in several days, on 9 December 2002, we
observed a spectrum of Cl (rest frequency U 492.16 GHz )
from Orion (Figure 2). At that night, the optical depth
at zenith was [ 1.0 and the system noise temperature was
around 1000K .

We confirmed that the system including three receivers
operates as designed and the concept of cartridge -type
receiver system is very promising for the ALMA

15
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Figure 2: A spectrum of Cl (*P:1-°Po) from Orion KL . The
beam is averaged over 2 arcminutes . H.CO (491.97
GHz ) and CH sOH (492.28 GHz ) lines also were
detected . Integration time was 1 minute .
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Gravitational

FUJIMOTO , Masa Katsu , KAWAMURA

Wave Detector
Power Recycling and International

, Seiji , YAMAZAKI
ARAI , Koji , TATSUMI , Daisuke , FUKUSHIMA
SATO , Shuichi , NAGANO , Shigeo , TSUNESADA

TAMA300
Joint Observation

, Toshitaka , TAKAHASHI
, Mistuhiro
, Yoshiki , and the TAMA collaboration

, Ryutaro

(Division of Astrometry and Celestial Mechanics , NAOJ )

We report on the implementation  of power recycling
of the TAMA300 gravitational wave detector and on the
joint observation period , which exceeded 1,000 hours , by
an international network of GW detectors .

The goal of power recycling is to improve the shot -
noise limited sensitivity by increasing the “effective laser
power " to the interferometer . This is realized by an
additional recycling mirror between the laser source and
the interferometer , composing an optical cavity with the
interferometer . The total optical configuration becomes
a complicated coupled -cavity system because the Michel -
son interferometer also contains Fabry -Perot cavities in
its arms. TAMA300 was first successfully operated with
power recycling in the end of 2001, a few months after
installation In summer 2002, considerable improvement
in sensitivity was achieved after a period of optimization
and noise reduction . Signal enhancement by power
recycling , a modified laser frequency stabilization system,
an improved laser intensity stabilization system, and a
reduction of scattered light contributed to improving this
sensitivity . The resulting noise curve has a best sensitiv -
ity of 1% 10~ "*mHz ~'* in displacement around 1kHz .
The “binary inspiral range”, which is the distance the
antenna can detect the chirping signals generated by the
coalescence of 1.4M o, compact star binaries with an SNR
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Figure 1: The interferometer displacement sensitivity . The
best sensitivity for the non —+ecycled FPMI is shown
by the black curve and for the recycled FPMI by the
red curve. The sensitivity was considerably im -
proved in the higher frequency region above around
1kHz , where the shot -noise is expected to be domi -
nant.

of 10, exceeds 30 kpc, so the TAMA300 is sensitive
enough to detect an intergalactic gravitational wave event.

As large scale gravitational wave antennae elsewhere
around the world were also becoming operational , an
observation  network  for GWs  began this year.
TAMA300 nparticipated in an international joint observa -
tion with the LIGO interferometers (U.S.) for two months
from February to April 2003 (DT8 ). This was the first,
real, joint observation in a sense that the participating
interferometers were sensitive enough to detect GW events
within our galaxy. The interferometer was operated for
1158 hours out of 1424 hours during DT8 , even though
the interferometer had became a complicated coupled
cavity system. The duty cycle reached 81.3%, which was
comparable with that of the non +ecycled FPMI  system
(86.5%), so the power recycled interferometer showed
sufficient stability for long term operation . Of the inter -
ferometers in the observation network , TAMA300 had the
highest duty cycle (The LIGO interferometers duty cycle
was typically 40-70%).

Recorded observational data was distributed to data
analysis groups in realtime via superSINET  network
system, and was analyzed promptly . A preliminary
result of a GW search from the TAMA300 data (single
detector ) is that the upper limit of the event rate of
coalescence of 1.4M o. compact star binaries within our
galaxy was determined to be 0.0033 event/hour (90% C.
L.). This value was improved by a factor of 3 compared
with the value from DT6 (0.0095), reflecting the improved
sensitivity . Further analysis is ongoing .
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Figure 2: Observation status during DT8 . Each green box
shows the period when TAMA300 was fully opera -
tional and valid data was recorded .



New Limits
SAKAMOTO

on the Mass
, Tsuyoshi , CHIBA , Masashi

of the Milky Way

BEERS , T.C.

(Graduate University for Advanced Studies /NAOJ ) (Michigan State Univ .)

We set new limits on the mass of the Milky Way,
making use of the latest kinematic information for Galac -
tic satellites and halo objects. Our sample consists of 11
satellite galaxies , 137 globular clusters, and 413 field
horizontal -branch (FHB ) stars up to distances of 10 kpc
from the Sun. Roughly half of the objects in this sample
have measured proper motions , permitting the use of their
full space motions in our analysis . In order to bind these
sample objects to the Galaxy , their rest-frame velocities
must be lower than their escape velocities at their esti-
mated distances . This constraint enables us to show that
the mass estimate of the Galaxy is largely affected by
several high -velocity objects (Leo I, Pal 3, Draco , and a
few FHB stars), not by a single object alone (such as Leo
1), as has often been the case in past analyses. We also
find that a gravitational potential that gives rise to a
declining rotation curve is insufficient to bind many of
our sample objects to the Galaxy ; a possible lower limit
on the mass of the Galaxy is about 2.2% 10'”M o. To be
more quantitative , we adopt a Bayesian likelihood
approach to reproduce the observed distribution of the
current positions and motions of the sample , in a pre-
scribed Galactic potential that yields a flat rotation curve.
This method enables a search for the most likely total
mass of the Galaxy , without undue influence in the final
result arising from the presence or absence of Leo I,
provided that both radial velocities and proper motions
are used. Although the best mass estimate depends some -
what on the model assumptions , such as the unknown
prior probabilities for the model parameters , the resultant
systematic change in the mass estimate is confined to a
relatively narrow range of a few times 10''M o, owing to
our consideration of many FHB stars. The most likely

total mass derived from this method is 2.5 6% 10'°M o

+0.4

(including Leo 1), and 1.8 “07% 10'*M o (excluding Leo

10

). The derived mass estimate of the Galaxy within the
distance to the Large Magellanic Cloud (050 kpc) is
essentially independent of the model parameters , yielding
5.5 105 10"'M o (including Leo 1) and 5.4 Z6:ix 10''M o
(excluding Leo 1). Implications for the origin of halo
microlensing events (e.g., the possibility of brown dwarfs
as the origin of the microlensing events toward the LMC ,
may be excluded by our lower mass limit ) and prospects
for more accurate estimates of the total mass are also

discussed .

Reference

010 sakamoto , T., Chiba , M., & Beers, T. C.: 2003, Astron . Astro -
phys., 397, 899-911.
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Figure 1:Likelihood contours in the plane of the mass, M, and
velocity anisotropy , (3, obtained from an analysis
that uses both radial velocities and proper motions .
Solid and dashed curves show the results including
Leo | and excluding Leo I, respectively ;the cross and
the asterisk show the maxima of the probabilities for
each case.



Kinematics of Tidal

MIZUTANI

, Arihiro , CHIBA , Masashi , SAKAMOTO

Debris from w Centauri s
Progenitor

Galaxy

, Tsuyoshi

(Graduate University for Advanced Studies /NAQJ )

Omega Centauri , the most massive globular cluster in
the Milky Way , is unique in terms of its stellar popula -
tion : unlike other Galactic globular clusters, w Cen
shows a wide spread in metallicity distribution and inter -
nal kinematics . Also , the metal ich sub-population in
w Cen is largely enhanced in s-process elements relative
to the stars in other clusters with similar metallicities
thereby suggesting that the ejecta from low -mass, AGB
stars had to be retained and incorporated into the next-
generation stars.

However , in spite of its large mass (5%
10°M @), w Cen is not unique in its ability to retain the
AGB ejecta as found for other clusters. An isolated
formation of w Cen is thus unlikely , because the enriched
gas would easily be lost by encountering the Galactic
disk . The most viable explanation for the uniqueness of
w Cen is that it was once the dense nucleus of a nucleated
dwarf galaxy. A gravitational potential provided by
progenitor s stellar system and dark matter would help
retaining the enriched gas and let the cluster being self-
enriched at least over a few Gigayears .

If this hypothesis is the case for the origin of w Cen,
the question arises : where and in what form does the
stellar system of its progenitor galaxy remain ?

We have conducted an N -body simulation for the tidal
disruption of a dwarf galaxy, based on the hypothesis that
its central part once contained w Cen. Dynamical evolu -
tion of a self-gravitating progenitor galaxy that follows
the present -day and likely past orbits of w Cen is calcu -
lated numerically and the kinematic nature of their tidal
debris is analyzed , in comparison with various observa -
tions showing signatures of recent merging events in the
Milky Way . In particular , we have found that the retro -
grade rotation of the debris stars at [J 100 km s™' accords

with a recently discovered , large radial velocity stream at
00300 km s~ towards the Galactic longitude of [J270°.
Further searches for this merging siganture in the Milky
Way , e.g., by the SDSS and RAVE projects , are worth
exploring .

Reference

010 Mizutani , A., Chiba , M., Sakamoto , T.: 2003, Astrophys .
589, L89 -92.
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Figure 1:Upper (middle ) panel shows the spatial distribution
of the tidally disrupted debris for model 1 (model 2)
after the 1.37 (1.86) Gyr orbital excursion of w Cen’s
progenitor galaxy . Lower panel shows the orbit of
the galaxy center for model 1 (dotted line) and 2
(solid line). A frame measures 15 kpc on a side of
each panel , where the Sun is located at x [ 0 8 kpc
and xy corresponds to the disk plane .
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Gravity -Driven Turbulence

Disks

in Galactic

WADA , Keiichi
(Division of Theoretical Astrophysics , NAOJ )
MEURER , G., NORMAN ,C.A.
(Johns Hopkins  University )

High sesolution , 2-D hydrodynamical  simulations
with a large dynamic range are performed to study the
turbulent nature of the interstellar medium (ISM ) in
galactic disks. The simulations are global , where the
self gravity of the ISM , realistic radiative cooling , and
galactic rotation are taken into account .

In the analysis undertaken here, feedback processes
from stellar energy source are omitted . We find that the
velocity field of the disk in a nondinear phase shows a
steady power H4aw energy spectrum over three-orders of
magnitude in wave number . This implies that the ran-
dom velocity field can be modeled as fully -developed |,
stationary turbulence . Gravitational and thermal insta -
bilities under the influence of galactic rotation contribute
to form the turbulent velocity field. The Toomre effec-
tive Q value, in the nondinear phase, ranges over a wide
range, and gravitationally ~stable and unstable regions are
distributed patchily in the disk. These results suggest
that large scale galactic rotation coupled with the self-
gravity of the gas can be the ultimate energy sources that
maintain the turbulence in the local ISM .

We find that our models of turbulent rotating disks are
consistent with the velocity dispersion of an extended HI
disk in the dwarf galaxy, NGC 2915, where there is no
prominent active star formation . Numerical simulations
show that the stellar bar in NGC 2915 enhances the
velocity dispersion , and it also drives spiral
observed in the HI disk .

arms as

Reference
010wada K., Meurer , G., & Norman C. A.:2002, ApJ, 577, 197.
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Figure 1: Two -dimensional distribution of the effective Q (r,
@) (upper panel ) and the density Zo(r, @) (lower
panel ) at t0048 Myr of the high resolution model
(4096° zones). All quantities to calculate the effec—
tive Q, i.e. the epicyclic frequency , surface density
and velocity dispersion are averaged in 100% 60
sub regions .

Figure 2: Numerical model of the extended HI disk of dwarf
galaxy NGC2915 . The two major spirals are for-
med due to the outer Lindblad resonance , which is
caused by the central stellar bar of the pattern speed
8 km s' kpc 7.



Detection  of crystalline

HONDA , Mitsuhiko

silicates
around the T Tauri

in the protoplanetary  disk

star Hen 3-600A

KATAZA , Hirokazu

(Univ . of Tokyo /Subaru Telescope , NAOJ ) (Institute of Space and Astronautical — Science )

OKAMOTO , Yoshiko
(Kitasato Univ .)

Silicate  dust shows spectral features in the mid -
infrared wavelengths . Observation and analysis of sili -
cate features provide information about composition
amorphousness /crystallinity and size of silicate grains .
Previous observations indicate that the silicate dust is
completely amophous in the interstellar matter (ISM ),
which is supposed to be starting material of star and
planetary system formation . On the other hand, in the
end of 80’s, striking evidence of crsytalline silicate dust
was discoverd in the cometary dust that is believed to be
a primordial matters. The presence of crystalline silicate
in the cometary dust is contradictory with its formation
condition (030 K), because crystallization  of silicate
grains need thermal annealing at high temperature condi -
tion (more than 800 K). Recently , a key to the origin of
crystalline silicate grains in the cometary dust was report -
ed. That was the detection of crystalline silicates around
intermediate -mass pre main sequence stars (PMSs ), Her -
big Ae/Be stars. However , due to their faintness , there
was no clear detection of crystalline silicates dust around
low -mass PMSs , which might be more similar to the early
stage of our solar system than Herbig Ae/Be stars are.

High sensitivity of the COoled Mid 4nfrared Camera
and Spectrometer (COMICS ) enabled us to obtain the
spectra of faint T Tauri stars for the first time. As a
result , we succeeded in detecting clear crystalline silicate
features in the spectrum of T Tauri star Hen 3-600A
(Figure 1(J 10) for the first time. Our first clear detection
of crystalline silicates among T Tauri stars implies that
the crsytallization of silicate grains might be an universal
event in the protoplanetary disks around young stars.
That would also explain the origin of crystalline silicate
grains in the cometary dust. Future observational
studies will make clear the relevance between the silicate
dust crystallization and planet formation processes .

MIYATA ,Takashi
(Univ . of Tokyo )

SAKO , Shigeyuki , TAKUBO
(Univ . of Tokyo /Subaru Telescope , NAOJ )

, Shinya

YAMASHITA  ,Takuya
(Subaru Telescope , NAOJ )

ONAKA , Takashi
(Univ . of Tokyo )
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Figure 1:The 10pm spectrum of the T Tauri star Hen 3-600A .
The features are explained with a combination of
amorphous olivine (MgFeSiO 4;dashed line ), crystal -
line forsterite (Mg 2SiO «; long -dashed line ), crystal -
line enstatite (MgSiO s; dotted line), silica (SiO 2;
dotdashed line ).

Reference

0 10Honda , M ., Kataza , H ., Okamoto , Y . K., Miyata , T., Yamashita ,
T., Sako , S., Takubo , S., and Onaka , T.: 2003, Astrophys . J., 585,
L59.
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Error Estimation of the Doppler Measurements
for Gravity Field Recovery of the Far -side of the Moon

KONO , Yusuke HANADA , Hideo , KAWANO , Nobuyuki
(Division of Radio Astronomy , NAQOJ ) (Division of Earth Rotation , NAOJ )

YAMAMOTO , Zenichi
(Institute of Space and Astronautical ~Science )

Doppler  measurement of a spacecraft around the USUDAR.T. Test, 030310,10:08-18:45, 5-5-Band, S-X-band
Moon or planets is one of the major methods to measure 10" . ' " 5-5-band
the gravity fields. 2-way and 4-way Doppler measure - w0 ¢ SELENE:S-S Requirement
ments for the global lunar gravity field recovery will be 3 'z | S F R (quirsmer
carried out in SELENE project with the accuracies of 0.2 g
mmUs™" and 0.5 mmUs™" in range rate in 18 seconds B 1wt
integration , respectively . Frequency instability of a fre- E i
quency standard in a ground station is one of the error Z
sources . It has been estimated by a round trip test in a 107
ground station and a simple modeling of the frequency 1'e . i l |
instability so far. The more realistic model of the fre- . 1 1u_ _1':"':' HEG N
Integration timefsec]
quency instability of a ground station is applied to the test
of Usuda Deep Space Center (UDSC ). Figure 1:Round trip test at UDSC . S-S and S-X band indicate
The measurement error oa due to the frequency insta - 2-and 4-way Doppler , respectively .
bility ;)f the ground station is given by Two-sample std. dev. of UDSC Ref,Sig:5MHz 030304
0i0 0 fiyi0 D0 fawiD 0 213032, T, ) @) 10710 R
where fu, fa are carrier frequencies of up-and downlinks | AR aaT2.Bacc )
respectively , 0y(2, T, 1) is the two sample standard devia - . ot L SELENE:S-X Requirement
tion with integration time 7 and the measurement interval é
T, and Yu, Ya are standard deviation of frequency instabil - § 2
ity which are normalized by the carrier frequencies . The g 0
first and second terms in Eq.(1) can be obtained by a ﬁ
round trip test in the ground station. The result at = 10"
UDSC is shown in Figure 1. Because the third terms in
Eq.(1) cannot be obtained directly , it is estimated from a 1w : . :
o.M 01 1 10 100
5MHz  reference signal based on H-maser which is sup - Integration timefsec]
plied ‘to both up-and down -converters . The third term is Figure 2: Two sample standard deviation of the 5MHz refer-
obtained by using the relation 0v(2, 7, 2)0 By, T, 1) ence signal V204(2, 2.6sec., 7)

o(r ), where 0(7) can be calculated from measured phase
noise L(f). Bp, T,7) is a bias function which
depends on spectral type # of the phase noise . Figure 2
shows the result at UDSC .

All the results of the test indicates that the Doppler
system at UDSC has capability of Doppler measurements
within the expected accuracy for gravity field recovery of
the far-side of the Moon .
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Microwave Imaging Observation of High -Energy Electron
Propagation in a Solar Flare

SHIBASAKI | Kiyoto , NAKAJIMA |, Hiroshi , YOKOYAMA |, Takaaki
(Division of Radio Astronomy , NAQOJ )
Melnikov , V. F. Stepanov , A. V.
(Radiophysical ~ Research Institute , Russia ) (Pulkovo Observatory , Russia )

Solar flares are phenomena in which high temperature mation is very important to study the particle acceleration
plasma and high -energy particles are produced in a short mechanism in solar flares.
interval of time. The mechanism of flares is not yet fully
understood . Especially , particle acceleration mechanism Reference
is poorly understood . When the high -energy electrons 010 Yokoyama , T., Nakajima , H., Shibasaki , K., Melnikov , V. F.,
are produced in an active region, they gyrate around and Stepanov , A.V.: 2002, Apl , 576, L87.

active region magnetic field and propagate along the field .
Gyration motion of electrons emits microwaves . So, if
we can image microwave -emitting region we can identify
the location of electron acceleration . With this idea, we
constructed  Nobeyama  Radioheliograph (NoRH ) 10
years ago and are continuing observation . As the speed
of the high -energy electrons are close to the light speed,
the radio telescope needs to have both high time and
space resolution . The spatial resolution of NoRH is 10
arcsec at 17 GHz and is 5 arcsec at 34 GHz . Temporal

] ) Figure 1: Full disk image (left, 17 GHz ) and partial frame
resolution is 100 msec. As the NoRH can observe the image (right , 34 GHz ) of the 1999 August 28 flare .

full disk , we do not miss any events if they occur during
the observing time. Even with these conditions , we

_ 070755?719560 _ 070'755”19550 _ 07075919760 -~ 070;757!?719650
could not detect events to identify electron propagation . el ssof o ool |
. In the flare. .on August 28, 1999, \{ve finally detected w501 CM s 53@?%} =00 @?p s ;‘ 85 2/
microwave -emitting electrons propagating along a loop wp R qe = wop T wop =T
010 Although the flare itself was medium class, we Poosmraso  oossmuso oosesotse | oosszozn
could observe a large and bright loop -shaped microwave .y R RS R )
) _ _ ) | [ ; ] ol | @) ol | (@)
source (Figure 1). We studied the formation process of N ) ;w@\)/ NS 1
o . o] w0 | 2 el |
the loop source by radio images every 100 msec (Figure R B It R B ¥ A ]

2). First , a compact source (C) appeared , then, a loop
source started to extend from one foot point near (C)
toward the other. The projected length of the loop is
45,000 km and it took 0.5 second for the bright feature to
fill the complete loop . If we take into account the 3-D
structure of the loop and the fact that electrons are
gyrating around the magnetic field , the speed of electrons
should be very close to the light speed .

Based on this observation , we can say that either 1)
high -energy electrons were produced in a small loop in
the source (C) and were injected into the large loop , or 2)

Figure 2: Radio brightness distribution every 100 msec at 17
GHz . An extending bright feature from one foot
point of the loop toward the other can be seen.

high energy electrons were produced by interaction
between the small loop and the large loop . This infor -
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Investigation

Elemental Abundances

of Supernova Nucleosynthesis
of Metal

from

Deficient Stars

AOKI , Wako , ANDO , Hiroyasu

(Division of Optical and Infrared Astronomy , National Astronomical
RYAN

NORRIS ,J. E.

Observatory )

, 5. G. BEERS , T.C.

(Australian  National University ) (Open University , UK) (Michigan State University )

The most metal -poor stars in the Galactic halo are
believed to contain the material ejected from the first
generations of stars. To investigate the nucleosynthetic
yields of supernovae , the chemical compositions of a
number of extremely metal poor stars have been studied
recently based on high resolution spectroscopy .

We have made systematic abundance studies for very
metal -poor stars with carbon excesses using the Subaru
Telescope  High  Dispersion Spectrograph (HDS ).
Among these stars, we discovered a carbon —ich star
which also shows remarkable excesses of magnesium
(Mg ) and silicon (Si) (CS29498 043, Figure 1 (left),0 10
020). The iron abundance is very low (about 1/5000 of
the solar one). Only one object which has similar abun -
dance nature is known (CS22949 037,00 30), but the en-
hancements of magnesium and silicon are more signifi -
cant in CS29498 -043. The right panel of Figure 1 depicts
the pattern of the relative elemental abundances for these
two objects, with respect to other very metal -deficient
stars. These two objects clearly show large excesses of
light elements from carbon to silicon .

The a-elements including magnesium and silicon are
ejected from the nucleosynthesis by type Il supernovae ,
while the origins of carbon and nitrogen are rather com -
plicated . The existence of these o-element -enhanced
stars indicates a variation of the yields by type Il super -
novae .
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Recent models of supernova nucleosynthesis —suggest
that the ejection of iron in the explosion is strongly
dependent on the explosion energy of the supernovae .
For instance , supernova models assuming low explosion
energy predict low abundance ratios of iron peak ele-
ments , which are produced in the deep interior of the core,
in the ejecta. Since magnesium and silicon which are
preserved in outer layer are ejected even by low energy
explosion , the resulting o /Fe ratio is high. The ‘o -rich’
star found by our observation is interpreted as an ‘iron -
deficient * star in this contextU 400 Recently , a supernova
model which includes interior mixing before explosion
was proposed 0 501  This model is also trying to explain
the elemental abundances of the most iron deficient star
HE0107 5240 discovered last year U 601 Further abun -
dance studies for extremely metal -deficient stars will give
a strong constraint on these supernova models .

References

010 Aoki , W., Norris , J.E., Ryan, S. G., Beers, T. C., Ando , H.:
2002, Apl , 576, L141.

020 Aoki , W., Ryan, S. G., Norris , J. E., Beers, T. C., Ando , H.:
2002, PASJ) , 54, 933.

030 Norris , J. E.,Ryan, S. G., Beers, T. C.:2001, ApJ , 561, 1034.
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Figure 1: (left)d Mg /Fe Das a function ofdJ Fe/HL An extremely Mg ~ich star CS29498 -043 was discovered by our observation .
(right ) Relative abundances of elements in CS29498 -043 and CS22949 -037, with respect to the average values of other stars

with similar iron -abundances .
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These two stars show significant excesses of light elements from carbon to silicon .



Centroid Experiment

ARAKI , Hiroshi , TAZAWA , Seiichi , ASARI , Kazuyoshi , TSUBOKAWA
(Mizusawa  Astrogeodynamics

HANADA , Hideo
(Division of Earth Rotation , NAOJ )

Stars
, Tsuneya , TSURUTA |, Seiitsu

of Artificial

Observatory , NAOJ )

YANO , Taihei , GOUDA , Naoteru
(Division of Astrometry and Celestial Mechanics , NAOJ )

RISE  Group

We are now investigating a selenodetic mission ILOM
(In=situ  Lunar Orientation  Measurement ) in a post
SELENE  project in order to study lunar rotation
dynamics by direct observations of the lunar physical
librations and the free librations from the lunar surfaces
with order of 1 mille -arcsecond (1mas) accuracy .

One of the key technologies of the ILOM project is
high precision centroiding , which is common to infrared
space astrometry project of NAOJ (JASMINE ). So the
ILOM and JASMINE groups have started centroid exper -
iment with CCD camera. The aim of the experiment is
to obtain precise positions of simulated star images on
fine controlled CCD . The image data are used for
validation of centroid determination algorism that has
been developed in JASMINE  group .

The apparatus of centroid experiments consists of
optical bench which carries pseudo star unit made of 25
optical fibers and their holder , objective achromatic lens
whose aperture is 5cm and F (focal ratio ) is 2-5, and CCD
camera (Figure 1). One side edges of the optical fiber
illuminated by white light introduced from the other side
are used as pseudo stars. Fine position adjustment of the
CCD camera using stepping motor is possible with less
than 0.14m accuracy in the direction perpendicular to the
optical axis. Image data at several positions of CCD
camera to pseudo star unit are obtained systematically by
the computer control system.

—— |

Figure 1: Centroid experiment apparatus .

It is desirable that pseudo star images on the CCD
cover several pixels for the precise positioning . For this
purpose an iris diaphragm with aperture 1 or 2 mm is
inserted in front of the objective to obtain F value about
100 enough to see the diffraction image enlargement .

It is relatively easy to obtain center position (Xc) of
pseudo star by photon weighting mean method . But if
the true center (Xa) of pseudo star do not correspond to
a pixel center, centroiding error about more than 1710
pixel may be introduced due to some discrepancy between
Xaand Xc. By using 1st order approximation for Xa-Xc
(XaXcHk*Xc) and the least square method applied to
the data of distances between Xa: (for star 1) and Xaz (for
star 2) on several positions on CCD , k1, k2, X a1, and Xaz
are obtained . It has been confirmed that the centroiding
of pseudo star is possible with the accuracy of 1/300 pixel
by this method (Figure 2). This is the same fine record
that FAME group had achieved . Centroid experiments
and analysis will continue for the ILOM goal of 1/1000
pixel accuracy incorporating 3rd order approximation for
XaXc and correction of image aberrations .

Distance between ? slars

EI E: Ist degres approx.

0,424

Diglance (pizal)

o4z | -

-0.% -0.2 -0.1 ] 0.1 0.2 0.5
position of sier |

Figure 2:Results of relative position analysis between 2

pseudo stars. Upper right is a sample of imaged
pseudo stars.
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Prominence  Eruptions
A Statistical
GOPALSWAMY , N., LU, W ., YASHIRO

(Goddard Space Flight Center , NASA )

We studied the height time history and CME associa -
tion of all the Prominence Eruptions (PEs ) automatically
detected by the Nobeyama Radioheliograph Out of the
226 events identified between 1996 January and 2001
December , 186 had simultaneous CME data coverage
from the SOHO mission . From time plots we were able
to classify the PEs into two groups :radial events that had
motion predominantly in the radial direction and trans -
verse events that had motion roughly parallel to the limb .
Radial events attained larger heights and had greater
average speeds as compared to the transverse events. We
identify the radial and transverse events with the classical
eruptive and active PEs, respectively . The radial events
showed close relationship to the CMEs . We found that
72 % of all the PEs and 83 % of the radial events were
associated with CMEs . Thus, we have confirmed the
close relationship between PEs and CMEs using a large
sample of microwave prominences . This result is consis -
tent with three previous studiesU 1, 2, 30that used smaller
sample sizes. However , our results contradict those of
U 4, 50 who reported a poor association between promi -
Our result that 73% of the
PEs are associated with CMEs is twice as large as the 36%
association found for BBSO Ho eruptions U501  Promi -
nence eruptions without CMEs are very slow and are
restricted to regions close to the solar surface. These

nence eruptions and CMEs .

events are generally the transverse events.

We also studied the spatial and temporal relationship
between the PEs and the corresponding CME events.
We found that the onsets of PEs and CMEs were nearly
simultaneous , within 30 minutes . This result may have
important implications  to the theories of CME initiation .
We also confirmed the spreading of the source locations
of CMEs and prominences to all latitudes toward the
solar maximum . However , the Central Position Angles
(CPAs ) of CMEs and PEs generally did not coincide .
During solar minimum , the CPAs of CMEs tend to
cluster around the equator , while those of the PEs were

to the Ilatitudes of the active region belt.
solar maximum , there is no such relationship ,

confined
During
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and Coronal
Study Using Microwave

Mass Ejection :
Observations

, S. SHIMOJO , M., SHIBASAKI , K.
(Nobeyama Radio Observatory , NAO )

reflecting the varied influence of the solar dipolar field on
CMEs during solar minimum and maximum .
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Figure 1:(a) -(d) Eruption of the 2000 October 22 microwave
prominence from the east limb . (e) - (h) SOHO /
LASCO images of the white dight CME at several
instances . (i)Height -time plots of the CME (upper
curve) and the eruptive prominence (lower curve).
The diamonds represent prominence height mea-
sured from the NoRH images. The squares denote
the height of the prominence core measured from the
LASCO images. The curves were obtained by fit-
ting second -order polynomials to the data points .
The times corresponding to the microwave and
whitelight images in (a) - (h) are indicated on the
height -time plots .



Two Types of Shock -waves and Selective

Acceleration  of

High -Energy Particles

OHKI , Ken 4chiro

(Division  of Theoretical

Interplanetary  (hereafter IP) shock -waves produced by
solar flares or by Coronal Mass Ejection (hereafter CME )
are observed with radio -waves, particle counters onboard
satellites , and in situ observations by IP spacecrafts .
Thus, the most detailed study comes to be realized .

Particle observations at 1 AU immediately after solar
flares have revealed that impulsive particle events have
about two orders of magnitudes higher electrons /protons
(hereafter e/p) ratios than those of gradual flares. This
result has been interpreted as an increase of electrons due
to wave +esonant acceleration by MHD waves within the
flares. However , if we combine gamma —ay data with the
e/p observations , it turns out that the large impulsive
events accompanied by gamma +ay emissions probably
indicate higher e/p ratios due to proton depletion as
shown in Figure 1. Moreover , since impulsive particle
events generally show a close correlation with meter -wave
Type 1l bursts (coronal shocks ), we propose that blast -
wave shocks emitted directly from flare explosions may
accelerate particles in this case. On the other hand, it is
established that the particle acceleration in the case of
gradual particle events is due to the piston -driven shock
induced by CME . Therefore , the large difference in e/p
ratios of the two types of events may arise from the
difference between the two acceleration mechanisms 0 10]

Meanwhile , according to the in situ observations of
the IP shocks , it is found that seed particles injected into
the shock acceleration have twice the velocity of the solar
wind . Since this velocity corresponds to more than ten
times the mean thermal velocity in the solar wind plas -
mas, it could not be a high energy tail of the Maxwell
distribution . In fact, according to observations , the
velocity distribution  of this tenuous solar -wind plasma
does not show Maxwellian , but a Kappa -function distri -
bution that has a characteristic high -energy tail with
power H4aw distribution O 201  After calculation , the esti-
mated altitude where the velocity distribution  changes
from Maxwellian to Kappa -function seems to be several
to ten times the solar radius. On the other hand, since
blast -wave shocks are observed to decline within three
times the solar radius, the distribution should not be
converted to a Kappa -function in this case. Consequent -
ly, the lack of seed particles for proton acceleration would
give a large e/p ratio .

As for the IP -shocks driven by CMEs , it is revealed in
this study that proton acceleration nearby the Sun exclu -
sively occurs near the “nose” part of the CME and only
very small numbers of protons are observed at the “flank ”

Astrophysics , NAOJ )

part of the shock excited by the CME , probably because
the CME no longer exists just behind the shock at the
flank part. Electrons , on the other hand, are observed
everywhere from the CME driven shocks including the
flank part with an equal intensity as compared by other
types of flare emissions U 30J

As shown above , if we combine in situ observations of
particles and magnetic field etc. with solar observations of
radio , gamma —ay, and X <ay etc., the total physics of the
shock acceleration would be revealed . Moreover , when
we can completely solve the problem of injection of seed
particles into the acceleration , some problems of chemical
compositions in solar and galactic cosmic rays could be
answered . There are many common properties between
them. So, the study of particle acceleration combining
several research fields is hoped in the near future.
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Figure 1:Electron 5-11 keV and proton 25-45 keV are shown .
Open bars and thick bars indicate electron and
proton flux respectively . Gamma -ay events are
indicated by asterisk marks to the left of the date.
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Molecular  Qutflow Search

in the p Ophiuchus
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A and B2 Regions
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(Academia Sinica Institute of Astronomy and Astrophysics )
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, Ryohei

(Division of Radio Astronomy , NAQOJ )

We have searched for CO molecular outflows associat -
ed with the cloud A and B2 of the p Ophiuchus star
forming region . On the basis of single dish *CO (J O3
-2) and interferometric '’CO (J U 1-0) observations , we
have identified three molecular outflows in the p Oph A
cloud and one in the p Oph B2 cloud . Out of the four
outflows observed in these regions, one is the known
outflow driven by the Class 0 source, VLA1623 , and the
other three are newly discovered ones. The inclination
and opacity corrected momentum flux Fco of newly
detected outflows are roughly comparable to those of
Class | objects observed byl 3Ll All the newly discover -
ed outflows are likely to be driven by Class Il sources or
near infrared sources, and none of them is associated with
the cold submillimetermillimeter sources U 200 without
infrared counter parts. These results indicate that protos -
tars associated with outflows whose mass and momentum
flux exceed our detection limit are not formed yet in the
high density ridge of the p Oph A region and the north -
eastern condensation in the p Oph B2 region , suggesting
that they are considered to be pre fprotostellar corest 10

References
010 Kamazaki , T., Saito , M., Hirano , N., and Kawabe , R.: 2003,
ApJ , 584, 357.
0 20 Kamazaki , T., Saito , M., Hirano , N., and Kawabe , R.: 2001,
ApJ, 548, 278.
030 Bontemps , S., Andre”, P., Terebey, S., and Cabrit , S.: 1996, A&
Ap, 311, 858.

0 40 Motte , F., Andre”, P., & Neri, R.: 1998, A&Ap, 336, 150.

20

[T i—— | i——

AR e VO3 e
Thum = 1 .28 ey

iy OS2 : B
[ e

AH carsow
]

VLAY
atiios:
]

[rremre -
o
[

Wida B W B e H &
TRCHT A5 EMEA0A (B9800

fhEHMN I B B oM B oH
BGAT AELEHSDH TR

Figure 1:'*CO (J 03-2) maps of the northern field of the p
Oph A region taken with the James Clerk Maxwell
Telescope . (a) Blueshifted emission (VwiselJ -1.68
00131 km s7'). (b) Redshifted  emission
(Viese0 0510006.73 km s7'). Crosses are the
positions of the submillimeter  continuum sources ,
SM1, SMIN and SM2, identified by 400 Star
marks are the positions of a NIR source, GY30 and
VLA1623 . Diamonds are small cores identified by
020
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Figure 2:'*CO (J U 1-0) maps of the southern fields of the p
Oph A region observed with the Nobeyama Milli -
meter Array . Large solid circle indicates 40 % level
of primary beam pattern of the NMA 10 m antennas
and large dashed circle indicates the field of view of
the NMA 10 m antennas (FWHM 0 657). (a) Blue -
shifted emission (Vwise[ -0.200 02.24 km s7'). (b)
Redshifted emission (Visel 05.080 06.71 km s7%).
Stars are VLA1623 and NIR sources (LFAM3 and
S2).



Deep Imaging Observations
Dark Cloud Revealed as Infrared Reflection

of the Lupus 3 Cloud :
Nebula

NAKAJIMA , Yasushi , NAGATA , Tetsuya, SATO , Shuji , NAGAYAMA | Takahiro
NAGASHIMA , Chie , KATO , Daisuke , KURITA , Mikio , KAWAI , Toshihide
(Department  of Astrophysics , Faculty of Sciences , Nagoya University )

TAMURA , Motohide NAKAYA , Hidehiko
(Division of Optical and Infrared Astronomy , NAOJ ) (Subaru Telescope , NAQOJ )
SUGITANI , Koji
(Institute of Natural Sciences , Nagoya City University )

Dark cloud consists of dust and gas. Dark cloud has
been identified as “dark spot” in the sky, as optical light
from the background stars is effectively absorbed by dust
in dark cloud . Dark cloud is one of the sites of star
formation . It is important to study nature of dust and
gas in dark cloud for understanding of star formation .

The Lupus 3 dark cloud is one of the nearest (CJ 150
pc) dark cloud . We carried out deep imaging observa - -39°06"
tions of the most extinct part of the Lupus 3 dark cloud
in near infrared wavelengths J(A O 1.25um), H (1.65um),
and Ks(2.15um) bands . The observations were made on
2001 June with the near infrared camere SIRIUS on the
IRSF  1.4m telescope in South Africa . As a result, Lupus
3 showed itself as a near infrared nebula. A JHKs
color -composite image (Blue, green, and red are assigned
to J, H, and Ks, respectively .) is shown in Figure 1. We 16h08m40s
obtained surface brightness distribution at each band (JU
20.6, HO19.8, and Ks[J19.4 mag arcsec > at the maxi-
mum ) and an extinction map of the background stars due
to the dark cloud (AvU 47 mag at the maximum ). It is
the first time that such a heavily extinct dark cloud is

397 10" el

16h0Sm20s

Figure 1:J, H, and Ks-band composite image. The FOV s
09'x 9" (0.4 pcx 0.4 pc). The epoch is 2000.0.

again outside . The surface brightness and its relation -
ship with the extinction are understood quantitatively in

reported to shine itself in the near infrared . It is also
remarkable that detailed structure of the dark cloud
appeared as emission in the near infrared . The surface
brightness of the dark cloud is understood in terms of
scattering of starlight by dust. There are three local
maxima of the extinction with AvO 30 mag, dark or
tanned parts in Figure 1, which we assume to be dense
cores. The surface brightness distribution depends on
the wavelengths and correlates with the extinction . In
the J band, dark cores are surrounded by a brighter halo ,
while , in the Ks band, the dark cores of the J band are
bright except for the central part of two of the cores. The
appearance in the H band is intermediate of the J and Ks
bands , having dark cores surrounded by local maxima of
the surface brightness and the surface brightness decreases

terms of scattering of starlight by dust. The maximum

surface brightness can be explained by scattering of star -
light by dust in the cloud if we adopt a model of grain -size
distribution by Weingartner and Draine U 1] Greater

number density is found for a larger size regime in the
Weingartner and Draine model than in the widely used
model of Mathis et al.lJ 20J
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Optical  Spectropolarimetry ~ of SN 2002ap with Subaru Telescope
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SN 2002ap was discovered in the nearby spiral galaxy novae .
M74 on 2002 January 29. It has been clasified as a Type
Ic supernova and suggested to be a hypernova U 1L] The References
kinetic energy of a hypernovae is approximately ten times
as much as that of a typical supernova . Since some
authors suggested that the high energy is related with the
asymmetry of the explosion , polarimetry of hypernovae

010 Mazzali , P. A. et al.: 2002, Astrophys . J., 572, L61 -65.
020 Kawabata , K. S. et al.: 2002, Astrophys . J., 580, L39 -42.

has been desired . g ) e S

We performed optical spectropolarimetry ~ of SN B g - = ==
2002ap with Subaru Telescope and Faint Object Camera E & o = -
and Spectrograph  (FOCAS ) in 2002 February (corre - ‘é“““‘ " F i’-‘*_ 3
sponding to visual maximum phase ), March and June ;hm“ ey Y |
020 The data show the development of linear polariza - = ' -
tion (Figure 1). Distinct polarization profiles were seen . ®) a2 Feb
only in the O | A 7773 multiplet /Ca Il IR triplet absorp - : e
tion trough at maximum light and in the O | A7773 K 13 Feh
multiplet and Ca Il IR triplet absorption troughs a month N

. ) I o A e i
later , with the latter showing a peak polarization . The Sl | "

intrinsic  polarization ~ shows three clear position angles : a

80° for the Februaryo continuum , 120° for the February w0 (c) Estimated 15P component (Aue=53704)

line feature, and 150 for the March data. We conclude Ea

that there are multiple asymmetric components in the = 15 v ' i i

ejecta. We suggest that the supernova has a bulk asym - £

metry with an axial ratio projected on the sky that is

different from 1 by an order of 10%. Furthermore , we 4000 mmmﬁwmm m“‘“ SO0

suggest very speculatively that a high -velocity ejecta com -
ponent moving faster than [ 0.115c (e.g., a jet) contrib -
utes to polarization in the February epoch. High -
velocity jetdike clumps have been proposed in some
hydrodynamic explosion models for SNe and GRBs , this
result gives a hint on the physics of core <ollapse super -

Figure 1:Flux and polarization spectra of SN 2002ap . From
top to bottom , we plot (a) total flux, (b) polariza -
tion level, and (c) position angle on each observa -
tion day as indicated . The interstellar polarization
component is shown by dashed lines in (b) and (c).
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Compact  Nuclear

IMANISHI

Starbursts

in Seyfert 2 Galaxies

, Masatoshi

(Division of Optical and Infrared Astronomy , NAOJ )

According to the unification paradigm of active galac -
tic nuclei (AGNs ), Seyfert 2 galaxies (which do not show
broad optical emission lines) are believed to contain
AGNs obscured behind dusty tori. Since the dusty tori
are rich in molecular gas, they are plausible sites for
starbursts to occur. Although the presence of such
nuclear starbursts has been suggested in Seyfert 2 galaxies ,
the true nature of these starbursts is still unclear . To
understand the properties of the compact (J 300 pc in
size) nuclear starbursts , by disentangling from extended
star formation activity in the host galaxies , slit spectros -
copy is most effective.

In particular , 34 pm slit spectroscopy can provide an
excellent tool not only for detecting the compact nuclear
starbursts , but also for making quantitative estimates of
their luminosities First , the 3.3 pym polycyclic aromatic
hydrocarbon (PAH ) emission feature is detected only in
starbursts and not in AGNs , making its luminosity a good
measure of starburst activity . Second , the 3.3 ym PAH
emission from starbursts is intrinsically so strong that the
signatures of even weak compact nuclear starbursts are
detectable in normal (S/NJ20) spectra. Third, the
effects of dust extinction are much lower than at shorter
wavelengths . We have performed 3-4 pm slit spectros -
copy of 12 Seyfert 2 galaxies (Figure 1) and found the
following main conclusions U 101

1. For three selected Seyfert 2 galaxies , our estimates of
the magnitudes of compact nuclear starbursts , based
on the observed 3.3 um PAH emission luminosities |,
agreed quantitatively  very well with the previous
estimates derived from the UV after dust extinction
corrections had been applied . This agreement
means that the observed 3.3 um PAH emission lumi -
nosities are a good measure of the luminosities of
compact nuclear starbursts in Seyfert 2 galaxies .

2. Except in one object, the equivalent widths of the 3.3
pm PAH emission feature were much smaller than
those observed in starburst -dominated galaxies , sug-
gesting that the 3-4 pm fluxes observed from the
majority of Seyfert 2 nuclei are dominated by AGNs
and not by starbursts .

3. The 3.3 ym PAH to infrared dust emission luminos -
ity ratios were so small that the compact nuclear
starbursts contribute only insignificantly to the infra -
red luminosities of Seyfert 2 galaxies .

4. The 3.3 ym PAH emission luminosities are statisti -
cally correlated with the IRAS 12 pm luminosities
(Figure 2). If the IRAS 12 pm luminosities are a
good measure of AGN power , then the magnitudes of

compact nuclear starbursts and AGNs are correlated .
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Figure 1:Examples of 3-4 pym spectra of Seyfert 2 nuclei . The
abscissa is observed wavelength in pym, and the
ordinate is Fain 107> W m~> um~'. The upper
two sources show clear 3.3 um PAH emission fea-
tures, while the spectra of the the lower two sources
are nearly featureless , with no detectable 3.3 pm

PAH emission .
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Figure 2: Comparison of the 12 pm luminosities measured
with IRAS (abscissa ) and the 3.3 um PAH emission
luminosities measured in our slit spectra (ordinate ).
Both luminosities are statistically correlated .
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Size Distribution

of Sub km Main

Belt Asteroids

Derived from Subaru Telescope Observations

YOSHIDA , Fumi , NAKAMURA |, Tsuko , WATANABE , Junichi , KINOSHITA , Daisuke
(NAOJ )
YAMAMOTO , Naotaka FUSE , Tetsuharu

(National Institute of Advanced Industrial

The Suprime Cam with Subaru telescope enabled us
to make a survey observation of large number of small
asteroids which have never been observed so far because
of their faintness . We discovered 861 Main Belt Aster -
oids (MBAs , about 80% of them were less than 1km in
diameter ) in only 2-nights observations . We investigated
their size distribution statistically and found that the size
distribution  expected from theory and collision experi -
ments is invalid in the small size range less than 1kmO 10
020

Seven fields near opposition and near ecliptic were
observed on February 21 and 24, 2001. The total survey
area was about 3 square degrees. The limiting magni -
tude for MBAs was 24.4 (R) mag. This means that we
could detect asteroids larger than 500m in diameter at the
out -edge of the main -belt (3.5AU ). The composite image
produced from several images of the same observational
field like figure 1 are found to be useful to detect aster-
oids. In the composite images, though the S/N of each
object slightly reduces, we can avoid overlooking the
asteroids that were near the edge of the CCD chips or
asteroids overlapped with stars and galaxies . Moreover ,
we can remove faint asteroids which become invisible
from time to time because of the light variations , which
are a nuisance in our statistics .

We picked up 861 MBAs from the 1111 detected
moving objects. After determining statistically the semi -
major axis and inclination of each object, we assumed an
albedo to calculate the size of the asteroid U 30 We
found that the slope of the Cumulative Size Distribution
(CSD ) for the asteroids between 0.5km and 1km in
diameter is 0J1.0. This value is much shallow than the
slope [0 1.75 of the CSD of the asteroids more than several
km in diameter , which was obtained in the past observa -
tions (such as the Palomer -Leiden Survey). This means
that the number of small MBAs is much more depleted
than the expectation so far. Moreover , we divided the
mainbelt into three parts, and then estimated the CSD in
each part. We found that the slope of the CSD was most
shallow in the outer main -belt (see figure 2)0 10 We
consider that the difference in the size distributions
reflects the different impact behavior of the S-type and
C type asteroids in the main -belt.
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Figure 1: A composite image consists of the eleven exposures
for two hours. The FOV is 6.5% 13". The stars
and galaxies are shown by black images, the black
and white stick shaped image shows an asteroid .
We can see easily the motions of each asteroid on the
composite image .
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Figure 2: The size distributions of the inner (2.0-2.6AU ), the
middle (2.6-3.0AU ), and the outer -main -belt (3.0
-3.5AU ) are shown by blue, black , and red, respec -
tively . The curves with error bars show each CSD .
The detection limits in each region are shown by the
vertical lines .



Plug An Cryogenic System for Cartridge -Type SIS Receivers
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We developed a cryogenic system, which houses 3
cartridge type superconductor -nsulator -superconductor
receivers for millimeter and submillimeter  wavelengths .
Since it was designed as a prototype receiver of the
Atacama Large  Millimeter /submillimeter Array
(ALMA ), high stability , accurate alignment , and easy
handling were required . To meet these requirements , the
cryogenic system included the following technologies :1)a
thermal link without screws for receiver cartridges ; 2) a
central support structure to reduce vacuum and gravita -
tional deformation ; 3) bellows structures to reduce
mechanical vibration of the cryocooler ; and 4) a 3-stage
Gifford McMahon  (GM ) cryocooler with an He pot
(temperature stabilizer ) to reduce the thermal ripple .

Figure 1: (a) Cross -sectional view of the cryostat. The cryos -
tat is composed of 3 stages named “plates ", 4K , 12K ,
and 100K from up to down. The cryostat has 3
bays for 3 cartridge -type SIS receivers. The central
support structure is at the center of the wvessel.
Bellows structures to reduce mechanical vibrations
of the cryocooler are located between the coldhead
and the plates. (b) Photograph of the cryostat
without radiation shields . The cooled optics of the
500 GHz receiver can be seen on the front cartridge ,
and the feed horn of the 100 GHz receiver can be
seen on the left side cartridge. The 800 GHz
receiver optics can be seen behind the central sup -
port structure .

The cryostat and receiver cartridges are composed of
three stages. The temperatures on the 4K, 12K, and
100K stages of the cartridge are 3.5K, 13.4K, and 78.3K,
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Figure 2: (a) Cross -sectional view of the ¢ 170mm cartridge .
(b) Photograph of the cartridge with the Band 8
(385500 GHz ) SIS receiver. The LNA can be seen
on the 12K stage of the cartridge .

respectively . The thermal conductances of the thermal

links showed high performances of 1.7 W K" at the 4K
stage, 5.6 W K ' at the 12K stage, and 3.3 W K ™' at the
100K stage. The mechanical vibration on the 4K stage
of the cartridge was reduced to one-tenth, as small as ~
2 um peak to-peak , compared to that on the 4K coldhead

of the cryocooler , 20 pm peak to-peak . The tempera -
ture ripple on the cartridge was reduced to as small as 2
mK peak -to-peak , which corresponds to oneseventh of the
ripple on the 4K coldhead with an He pot. Seel) 100120
for more details .
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Seismic  Noise Reduction

of a Gravitational

Wave Detector

at the Kamioka Mine

TATSUMI , Daisuke , FUJIMOTO

Masa Katsu .

(Division of Astrometry and Celestial Mechanics , NAOJ )
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, Takashi , YAMAMOTO

UCHIYAMA

, Masatake , MIYOKI , Shinji ,

, Kazuhiro

(Institute for Cosmic Ray Research , University of Tokyo )

TERADA

(National Institute of Advanced

A laser interferometric gravitational wave (GW ) detec -
tor with a baseine length of 20m was moved to the
Kamioka mine from Mitaka campus in 1999. The
Kamioka site is located in latitude 36.25 degree north and
in longitude 137.18 degrees east. The laboratory is in a
mountain , 1000m below the surface .

We decided to move the GW detector to take advan -
tage of the quiet seismic environment provided by the site.
Around a frequency of 1 Hz, the seismic motion is smaller
than that at Mitaka by two orders of magnitude . This
noise reduction is equivalent to applying a seismic
isolator with a resonant frequency of less than 100 mHz .

By taking advantage of this, we can reduce the seismic
noise as shown in Figure 1. At frequencies of less than
30 Hz, the noise level was consistent with the designed
goal . At 30 Hz it was 9X10 " m/vHz. Moreover it is
smaller than that required by TAMA300 design sensitiv -
ity. ATAM300  detector is located at Mitaka campus ,
and has a 300m baseline length. This provides a strong
appeal to advantage of the Kamioka site. Around a
frequency of 100 Hz, the noise level is 2X10 ''m/vHz
with some unknown sources . Nevertheless the noise
level is still smaller than current noise level of the
TAMA300

Boyond the low frequency noise inprovement , we also
succeeded in obtaining better sensitivity than TAMA300
despite of short baseline length. For the coalescence of
compact star binaries , the detector can monitor over 3 kpc
away in a wide mass range from one to seventy solar
masses .

26

, Souichi
Industrial ~ Science and Technology )

Kamioka 20m 2003. 02. 14

N\
10

L ]
- v\‘)\ \ﬂ‘ Kamioka 20m Design
E T e TAMA 2003..02..20
~ 3 F TAMA Design
E 10 ¢ Y : :
g 10" L '
§ E \Q \ i

Displecement
S

0k e ‘ v M/Mu
-19 F
10 F A

1 10 10 10°

f (Hz)
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and the TAMA300 design U green ]

This improvement is an important step for allowing
increased sensitivity thorough further reduction of the
thermal noise as planned with a 100m scale cryogenic
detector , CLIO , and a fullscale detector , LCGT .



Construction
Impulsive

KOYAMA , Hiroko

(Division of Astrometry and Celestial Mechanics , NAOJ )

The dynamical behavior of traversable wormholes and
black holes under impulsive radiation is studied in an exactly
soluble dilaton gravity model . Simple solutions are presented
where a traversable wormhole is constructed from a black hole ,
or the throat of a wormhole is stably enlarged or reducedd 1L

Wormholes are tunnels through space -time, linking other -
wise separated regions of a single universe , or bridges joining
two different universes . Since traversable wormholes were
introduced by Morris and Thorne U 20 as theoretically allow -
able space -times in Einstein gravity, wormholes have been
pursued as an attractive research topic involving the possibility
of rapid interstellar travel and even time machines .

The properties of static Morris -Thorne wormholes have
been studied by many authors and it is known even in non -
static situations that a negative -energy source is necessary for
traversable wormholes to exist.

Not long ago, a unified framework for black holes and
traversable wormholes was proposed U 30 indicating that they
are dynamically interconvertible when the trapping horizons
locally characterizing them bifurcate or merge. In seeking
analytic solutions
in full Einstein gravity , we have found non -static solutions to
be difficult to obtain , except in the idealization of impulsive
radiation , where the radiation is concentrated so as to deliver

Figure 1:Penrose diagram of a wormhole -construction model .
A wormhole is constructed from a black hole by
irradiating  with impulsive  negative -energy radia -
tion, represented by dashed lines. The bold lines
represent the trapping horizons , light shading indi -
cates past trapped regions and darker shading indi -
cates future trapped regions . The impulses shift the
black -hole trapping horizons  suddenly , making
them coincide , then constant non -mpulsive radia -
tion supports the resulting wormhole .

and Enlargement

of Dilatonic Wormholes by

Radiation

HAYWARD |, Sean A., KIM , Sung “Won
(Ewha Womans University )

finite energy and momentum in an instant .

In this paper , we construct some of the simplest models of
dynamic wormhole processes by employing impulsive radia -
tion in a generalized dilaton gravity model , specifically :
wormhole construction from a black hole, wormhole opera -
tion by energy balance and wormhole reduction or enlarge -
ment. The last point addresses a common belief that, while
wormholes are possible or even expected at the Planck scale,
large scale wormholes are unlikely or even impossible . The
recipe to enlarge the wormhole is to cause the wormhole
mouths to bifurcate , opening up an expanding region of past
trapped surfaces, then merge again, by adding additional
negative energy followed by compensating positive energy.

The general proof involves the first and second laws of
wormhole dynamics and is a future important work in the
unified framework for black -hole and wormhole dynamics .
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Figure 2:Penrose diagram of a wormhole -enlargement model .
Wormhole enlargement process by symmetric bursts
of impulsive radiation , with negative energy fol -
lowed by positive energy, timed as described in the
text. The non-mpulsive radiation is switched off
between the impulses . Then the middle shaded
region is vacuum and expanding .

27



Near Infrared U Fe Il UJSpectroscopy

, Masahiko , KOBAYASHI
, Takuya , TAKAMI , Hideki , TAKATO , Naruhisa ,
, Yutaka , KAMATA , Yukiko ,

PYO , Tae Soo , HAYASHI
GOTO , Miwa , YAMASHITA
GAESSLER

, Wolfgang , HAYANO

Outflows

, Naoto , TERADA , Hiroshi

of Young Stellar

IYE , Masanori , USUDA , Tomonori
(NAOJ )

TOKUNAGA

Young stellar outflows are closely related to the
accretion process of star formation and play important
roles in removing angular momentum from star-disk
systems. To address the issues of accretion and outflow
launching mechanisms , one must obtain not only high
spatial  resolution images of outflows but also their
kinematical information at the regions close to the driving
sources .

We observed the outflows from L1551 IRS 51 10and
DG Taul 20 both located in the Taurus molecular cloud
at a distance of 140 pc, in theUFe 11U A 1.644 pm
emission line using the Infrared Camera and Spectro -
graph mounted on the Subaru Telescope . These observa -
tions have shown that the near-infrared O Fe 110 line
provides an excellent means to study accretion and out-
flow launching mechanisms , because the line has small
extinction compared to the optical forbidden lines, allow -
ing us to probe deeper into the envelopes of embedded
objects, and traces directly driven outflows of partially
ionized gas.

In the position -velocity diagrams of thell Fe Il Uemis -
sion from L1551 IRS S and DG Tau, as shown in Figure
1 (b) and 2, respectively , we see similar characteristics
between the outflows from the two objects, although their
linear scales are different from each other. First, the
entire emission ranges of the blueshifted outflows do not
contain stellar rest velocities , suggesting that all the emis -
sion is of entirely outflow origin . Second , there are two
distinct velocity components seen in the blueshifted out-
flows : the high velocity component (HVC ) is 200-300 km
s~ blueshifted with respect to the stellar velocity , while
the low velocity component (LVC ) is J100 km s7!
blueshifted . Third , the HVC and LVC are different in
nature. The HVC shows a narrow line width and is
more extended and located farther away from the driving
source than the LVC , while the LVC shows a broad line
width and is located closer to the origin . We concluded
that the HVC is a well <ollimated jet launched from the
region close to the star and the LVC is a disk wind with
a wide opening angle. The two distinct emission compo -
nents well separated from each other in space and velocity
have confirmed the presence of two types of directly
driven outflows : jets and winds .

Although such tendency has often been observed for
classical T Tauri stars (CTTSs : Class 1), our observa
tions have revealed their presence and characteristics with
unprecedented  clarity . More importantly , we have
detected for the first time the tendency that the HVC and
LVC velocities for young stars like L1551 IRS 5 and DG
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(University of Hawaii )

ITOH , Yoichi
(Kobe University )

Tau are significantly larger than those, respectively , of
more evolved classical T Tauri stars (HVC U 50-200 km
s LvC 05-20 km s7'). We also detected for

the first time the kinematical evidence of wind collimation

from the LVC of L1551 IRS 5;the line width of the LVC
decreases with distance from its origin as it collimates .
For DG Tau, we detected a redshifted counter jet on the
northeast side, with its emission within 0.7 arcseconds
from the star being occulted by the circumstellar disk .

2 e

Figure 1:(a) Continuum -subtracted U Fe Il JA 1.644 um image
for the L1551 IRS 5 outflows . The parallel dashed
lines indicate the slit aperture with a 0.6 arcsecond
width . (b) Continuum -subtracted position -velocity
diagram along the northern jet of L1551 IRS 5.

arcsacand)

Figure 2: Continuum -subtracted position -velocity diagram of
UFe II1OX 1.644 pm emission of the DG Tau out -
flows .
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Observations of Ammonia

The results of ammonia observations in NGC 253 and
M 82 with the 45 m radiotelescope at Nobeyama Radio
Observatory are reported U 101

We are studying molecular abundances in nearby
galaxies , and investigating the reasons for the difference in
the abundances in such galaxies . This time the ammonia
@, K)O (@, 1O (4, 4) transitions (23.7-24.1 GHz ) were
searched for in these famous starburst galaxies. As a
result the (1, 1)0 (3, 3) emission lines were clearly detect -
ed in NGC 253, but no lines were found in M 82. The
beam size of this observation was 71.

It is remarkable that the shapes of the three emission
lines were different from one another in NGC 253 (Figure
1). NGC 253 is a nearly edge-on galaxy, and the line
width can be explained by Doppler effect due to the
galaxy rotation . The difference in line shapes , therefore ,
reflects the difference in distributions of the emission
lines. In particular , the (2, 2) emission is narrow at
around 300 km/s.

This velocity corresponds to a position at about 10”
southwest from the center O 201

The rotational temperature here was about 50 K. On
the other hand, the average rotational temperature within
the beam was about 29 K.

Since ortho -and para -ammonia are established at the
formation and subsequent transformation is thought to be
neglected , the ratio should have information at the time of
ammonia formation . In our observed transitions , (3, 3)
belongs to ortho , and others para. Based on the analysis ,
the ortho /para abundance ratio was about 1 at the veloc -
ity with the strong (2, 2) emission . This value can be
achieved under the condition of ortho and para distribu -
tion at more than 40 K. On the other hand, the ratio was
more than 6 at the velocity with very weak (2, 2) emission
(100-250km /s). This value is large and quite remark -
able. It can be achieved under the condition of ortho
and para distribution at less than 8 K. Some low temper -
ature processes (e.g., cold dust) are suggested for ammo -
nia formation in this velocity component .

The relative abundances of ammonia with respect to
H. are obtained to be 2.7% 107® and =1.4% 10~°in NGC
253 and M 82, respectively . Although both galaxies are
starburst with lot of gas, the ammonia abundances are

in Starburst

TAKANO , Shuro , NAKAI , Naomasa
(Division of Radioastronomy , NAOJ )

Galaxies NGC 253 and M 82

KAWAGUCHI , Kentarou
(Okayama University )

different by more than one order. This result further
supports the difference in molecular abundances so far
reported . We investigated molecular abundances includ -
ing other nearby galaxies , and as a result we found that
abundances of molecules related to formation on dust
were clearly low in M 82. We concluded , therefore , that
the molecular abundance in M 82 is peculiar regarding
the formation mechanism . A possible reason for this is
that the amount of dust in the central region of M 82 is
relatively small , or that the effective temperature related to
molecular formation is relatively low .

o NGC283
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Figure 1:Spectra of ammonia (1, 1), (2, 2), (3, 3), and (4, 4)
transitions from bottom to top. The LSR velocity

shown is for each transition . The dashed line indi -
cates the systemic velocity .
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Kinematic  Analysis of Spiral

Structures

in the Local Disk

YANO , Taihei , CHIBA , Masashi , GOUDA , Naoteru
(Division of Astrometry and Celestial Mechanics , NAOJ )

Spiral Arm

J, Galactic Center =Const.

Figure 1:Schematic diagram showing the definition of phases,
% and &, in the Galactic Plane . Each vector corre -
sponds to a velocity vector of each star in epicyclic
motion .

We have presented a method , based on the analysis of
local kinematics of disk stars, to clarify whether the
motions of the stars in the solar neighborhood follow
those expected in the density wave theory. The method
utilizes the expected linear relation between the “position
phases " of the stars x (x0 In (7/7g)/tan i0 00 £»1) and
those of their epicyclic motions ¢, as shown in Figure 1,
where 7" is the distance between the star and the Galactic
Center (GC ), 7e is the distance between the Sun and GC ,
¢ is the pitch angle of the spiral arm, ¢ is the angle
between 7 and 79, and £ is the angular velocity of the
spiral pattern in the azimuthal direction . The applica -
tion of the method to the 78 Galactic Cepheids within 4
kpc from the Sun, for which accurate proper motions are
available from Hipparcos , has revealed that an expected
linear relation between X and @, #=mx0 ¢o (mod 27), is
not apparent . Based on the quantitative analysis using
the least square method , we conclude that the currently
available data including large observational errors are
inaccurate for use in assessing the presence of density -
wave motions in the solar neighborhood

We here investigate to what extent the error in the
phase ¢ should be reduced so as to extract the possible
wave motions of the stars. The error for a star ¢, 0:
consists of the error associated with the velocity disper -
sion of the Cepheids , Oaisp, the error associated with their
apparent magnitude , Omag, and the error in Hipparcos
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proper motions , oem:, We focus on the latter effect
associated with the uncertainty in the measurement of
proper motions . Three representative models following
density waves with 4-arm (720 4), where different values
of Opm,: are assigned , are examined and the results are
shown in Figure 2. In the first model , Orm,: is the same
as that for the current Cepheid data using Hipparcos
proper motions , referred to as Opmuip, In the second and
third models , we adopt the smaller errors, Oem:[10.5
oemuipp and 0.1 Opmmipp, respectively . As is evident in
Figure 2, the third model shows a noticeable minimum of
the sum of errors, Z’Z, at 70 4, whereas in the first and
second models there exists no minimum . Thus, these
experiments suggest that if the error in proper motion
measurement is less than a tenth of that for Hipparcos
proper motion , then it is possible to obtain a minimum in
4 and so to extract wave motions of stars.
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On Stationarity  of Spiral

YANO , Taihei , KAN -YA | Yukitoshi , GOUDA , Naoteru
(NAOJ )

We investigate whether spiral arm in disk galaxies is
possible to be stationary , assuming that spiral structure is
some pattern formed by density wave. We numerically
calculate stellar orbits in assumed galactic potentials with
spiral patterns and analyze the orbital behavior in the
potentials to study the criteria for disk parameters , in
which stationary spiral structure is possible .

We find the following results ; spiral potential drives
the dynamical evolution which results in spiral structure ,
bar structure or disappearance of the structure , depending
on the form of an assumed spiral pattern. If stationary
spiral structure appears , the only possible pitch angle of
arms is around 10°. Therefore observed spiral arms in
late -type spiral galaxies with large pitch angles cannot be
stationary structure if the arms are induced by density
wave.

Here , we present the form of the potential and parame -
ters in calculations .

As an axisymmetric part of the potential we assume a
power daw potential . The rotation velocity v(7) in the
potential is described as follows ;

v(r)ec v, (1)
where 7" is the radius from the galactic center, and Bis a
constant . In our calculation , we adopt A0 0.25. As a
non -axisymmetric part, we give the form of two-armed
spiral potential rotating stationarily ,

Usono f(r)cos(zcot(i)lnﬁm 29), )
f(r) ocr” (3)

where (7, #) is the polar coordinates in the frame corotat -
ing with a spiral pattern, 7ini is some scaling radius which
will be taken as the initial radius of a test star, ? is the
pitch angle of the spiral arm, and 7 is the parameter
which describes local radial slope of the spiral potential .

For convenience we introduce a new parameter P,
which we call the “windedness ”, instead of the pitch angle
7, which is defined as

d .
0o THD ¢ (200 : trailing arm)

p=0 _ : 4)
B?D 2 (700 :leading arm)

Negative and positive values of 2 represent trailing arms

Structure in Disk Galaxies
. o =
g Spiral Structure = o
o 4 oF o
W =
£y c g
e No Struct & g
— ! ructure
259 ¥ \ s |
£ g (>\Bar Structure
-3 -2 -1 0 | 2 3
Y
Figure 1:Schematic diagram of the final structure for a given

pair of (P, 7).
and leading arms, respectively .

We have investigated the stationarity of spiral arms in
disk galaxies by analyzing the orbital behavior in spiral
potential  patterns. We have adopted a power daw
axisymmetric potential with a two-armed weak spiral
potential pattern. In the analysis , we have compared the
direction of the major axis of a calculated orbit with that
of the expected orbit. We have examined how the pat-
tern in galaxies evolve for various values of 7.

Our main conclusion to be emphasized is that the
spiral structure with the pitch angle 710" is the only
possible stationary spiral structure . The stationary spiral
structure is possible only if 02<7=<05 or <02 with
sufficiently large absolute value of the windedness if the
arms are the manifestation of the density wave. Other
spiral pattern cannot be maintained , and develops to a bar
or blow out such that no structure remains . Those
results are summarized in Figure 1. Therefore spiral
structure in observed late type spiral galaxies with large
pitch angle cannot be due to the stationary density wave,
but some transient pattern .
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Revised Fluorescence

KAWAKITA , Hideyo

Efficiencies
Ammonia Abundance

of Cometary NH »:
in Comets

WATANABE , Jun -chi

(Gunma Astronomical Observatory ) (Public Relations Center , NAOJ )

Ammonia  molecule is the first triatomic molecule
discovered in the interstellar space. It is detected in
many molecular clouds , and it seems to be a popular
molecule in the interstellar space. In the case of comets,
ammonia is important as a main reservoir of nitrogen
atom . However , there was no report on secure detection
of cometary ammonia until the first detection in comet
Hyakutake in 1996. Ammonia  molecules sublimated
from the cometary nucleus would dissociate into NH - and
H atom by solar UV radiation U300 The lifetime of the
photo -dissociation is about several thousand seconds at
1AU from the Sun. Expanding velocity of the gas is
about 1 km s~' and therefore the region where ammonia
molecules exist is estimated to be about several thousand
km in radius . When we observe inversion transitions of
ammonia by radio telescope at the frequency of ~23
GHz , the antenna beam size would be larger than the
ammonia region of a comet. Thus, the dilution effect
would prevent the detection of ammonia in comets. On
the other hand, the amount of ammonia molecules has
been estimated from NH » abundance . The fluorescence
efficiencies (g-factor ) of NH > are key parameters to deter -
mine the amount of NH 2 in the coma.

The g-factors of NH : were calculated by Tegler &
Wyckoff (1989) considering electronic and vibrational
energy levels of NH 2 and transitions between them by the
solar fluorescence , at the first time. They estimated the
ammonia abundance in comet Halley and compared it
with in situ measurement of ammonia in the comet by
Giotto space craft. However , estimated abundance from
NH > was slightly smaller than the in situ measurement .
Furthermore , the dependence of NH » flux on heliocentric
distances observed in comet Hale Bopp could not be
explained by their calculation [ 4[]

We considered that the rotational structure of energy
levels which are not fully considered inlJ 2Uwas the reason
of these discrepancy . The g-factors of NH : are calcu -
lated by our fluorescence model 0 101 Based on our
results , the ammonia abundance in comet Halley obtained
from the NH > observation is consistent with that obtained
by the in situ measurement . The dependence of NH :
emission flux on heliocentric  distances can be also ex-
plained by our calculation . The mean abundance of
ammonia relative to water in comets is estimated to be
about 0.5 % based on previous NH » observations in
comets U 500 and our g-factors .
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Figure 1: The comparison between a low dispersion cometary
spectrum and a modeled NH 2 spectrum . The emis -
sion bands of C. and forbidden emission lines of
atomic oxygen as well as NH » emission bands were
shown in observed spectrum .
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Figure 2: Ammonia abundance relative to water in comets .
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about 0.5 %. It is found that comet 21P/Giacobini -
Zinner is a ammonia depleted comet .



Heliocentric  Dependence

of the Sodium Emission

of

Comet 153P /lkeya -Zhang
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, Reiko

Sodium is one of the interesting atoms in comets, but
of the sodium have not been

in Moon and

the release mechanism
clarified until now,

Mercury even that intensive researches on their sodium
atmosphere have been performed so far. Although the
main mechanism of sustaining the sodium atmosphere in
the Moon appears to be photosputtering desorption , there
is little or no consensus about the dominating mechanism ,
due to many kind of difficulties such as interference of the
bright bodies , time variation , and finite structure of the

as same as those

atmosphere with definite spatial distribution .
ly, cometary sodium can be studied simply because we can
regards the sodium produced by small grains, at under
different conditions of the solar flux because of the time
variation of the heliocentric distance of the comets due to
the orbital motion . We tried to utilize the cometary
orbital motion as a variable condition in the natural
experiment for inspecting the variation of the sodium
production .

A long 4erm monitor of the sodium on the comet will
be a key to solve the unknown mechanism of the sodium
release from cometary dust particles . A low -dispersion
spectroscopic  monitor of comet 153P /lkeya -Zhang was
carried out from 2002 February through May. The
sodium emission was derived mainly during March , when
the heliocentric distance of the comet was between 0.511
and 0.764 AU . The number of the produced sodium
atoms relative to the total cross section of dust grains
follows a power law of r*‘“i“’, where r is the heliocentric
distance . This fact strongly suggests that the sodium is
released by a thermal desorption mechanism , not by the
photosputtering  mechanism from cometary grains. The
derived potential barrier for the release of the sodium is
0.49% 0.10 eV, which is about half of that in the case of
the Moon .
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Ikeya Zhang . The red crosses are the values in the
pre perihelion , and the green circles in the postperi -
helion . The fitted line indicates a power law of

r 110 where r is the heliocentric distance .
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Dense Molecular Gas

KUNO , Nario , NAKAI , Naomasa

in Lenticular
, SORAI

Galaxies
, Kazuo ,* NISHIYAMA |, Kohta

(Division of Radio Astronomy , NAQOJ )

Baltasar Vila -Vilaro™
(Submillimeter ~ Telescope Observatory )

We made simultaneous HCN and CO observations of
three lenticular galaxies (NGC 404, NGC 3593, and NGC
4293) using the Nobeyama 45-m telescope . We detected
CO emission from all galaxies and HCN emission from
NGC 3593 and NGC 4293. The lucn/lco ratios are
0.025% 0.006 and 0.066% 0.005 in NGC 3593 and NGC
4293, respectively , which are comparable to that in late -
type galaxies . The average of the lucx/lco ratios at the
center of 12 nearby spiral galaxies including latetype was
0.055% 0.028.00 200 The profiles of the HCN emission in
both galaxies show different shapes from those of CO
emission . Namely , the HCN emission was detected from
only a part of probably the ringdike structure in NGC
3593. The HCN profile shows a double peak in NGC
4293. On the other hand, the CO spectra in both
galaxies have a peak near their systemic velocity . These
results indicate that the fraction of dense molecular gas is
high around the center and that dense gas associates with
the ring dike structure and the star-forming activities in
these galaxies .

*Present address : Hokkaido — University
"Present address : Japan Spaceguard Center
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Figure 1:CO spectra, HCN spectra, and optical images of
sample galaxies . (a) NGC404 . (b) NGC3593 . (¢)
NGC4293 . Circles in the optical images indicate
the beamsize of the 45m telescope .U 10
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A Noise Evaluation
UEDA , Akitoshi , NOGUCHI

, Takashi , SEKIMOTO
TAKANO , Shuro , IWASHITA

of a High Output Power W -Band Photomixer

, Yutaro , ISHIGURO
Hiroyuki

, Masato ,

(Divison of Radio astoronomy , NAOJ )

ASAYAMA , Shinichiro
(Osaka Pref. Univ .)

A large radio telescope array called Atacama large
millimeter /sub -millimeter array (ALMA ) is designed to
achieve a large collecting area and high angular resolu -
tion. The observation frequency ranging
from 30 to 950 GHz is divided into 10 frequency bands,
and each band has a 20 to 30 % bandwidth . Local
oscillator (LO ) sources for ALMA are required to have a
high frequency stability (10~'° at 1s), wide tuning range,
ultra Jow noise (10K /puW ), large output power (=1 mW
at 100GHz ) and common low phase noise reference for
each antenna . Recently , we have developed a 100 GHz
band photomixer wusing a unitraveling -carrier photodiode
(UTC PD Y 100020 The UTC -PD has a higher satura -
tion output while maintaining fast response than previous
types of photodiodes . It is expected that the noise of a
photonic LO is higher than that of a Gunn -diode oscil -
lator , except under the conditions of using very low -hoise
optical sources and having a very high current in the
photomixer . In order to study the excess noise in the
photonic LO, we performed an experiment utilizing a
low -noise SIS receiver with a noise temperature of 20 K at
100 GHz U 3L  The experimental setup for noise measure -
ments of an SIS receiver pumped by different LO sources
is shown in Figure 1. The photomixer is driven by the
heterodyne beatnote of the combined output of two DFB
lasers whose emission wavelengths are around 1.55 pm.
The linewidth of the lasers is a few hundred kHz in a free
running operation . Measured noise temperatures of the
SIS receiver driven by the Gunn and the photonic LOs are
plotted in Figure 2. Both cases show the same noise
temperature of around 20 K double -sideband in the fre-
quency range of 96-110 GHz .
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Figure 1: (a) Schematic of a photonic LO . (b) Experimental
setup to measure noise temperature of an SIS
receiver .
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Figure 2:Receiver noise temperatures of the SIS mixer pumped
by a Gunn LO and a photonic LO are shown as a
function of frequency .
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K3-50A: An Ultracompact HIl Region
lonized by Multiple lonizing Stars

OKAMOTO , Yoshiko K. KATAZA , Hirokazu
(Kitasato  University ) (The Institute of Space and Astronautical Science )
YAMASHITA , Takuya MIYATA , Takashi

(Subaru Telescope , NAOJ ) (Institute of Astronomy , Univ . of Tokyo )
SAKO , Shigeyuki , TAKUBO , Shin -ya, HONDA , Mitsuhiko , and ONAKA , Takashi
(Department  of Astronomy , Univ . of Tokyo )

Newly formed massive stars are embedded in natal
molecular  clouds and form ultracompact (UC ) HIl
regions by ionizing the molecular gas by their emitting
UV photons . Toward a massive star forming region , not
only the UC HIl regions but also objects indicating
existence /formation of massive stars, such as hot molecu -
lar cores, maser sources, and/or out-flows are observed
together . To understand formation processes of massive
stars, it is essential to know how massive stars are related
with each object and to know where the forming /formed
massive stars are.

Toward UC HIl regions , some ionic lines are obser -
ved in the mid 4nfrared region where extinction is much
less than in the optical region . Especially [J Nell 0J12.8um,
UArl U8.99um, andU SIvV U 10.51um lines are radiated
from ions formed by 22-35eV UV photons . The ionic
abundances and distribution derived from maps of these
lines can be used to estimate UV radiation ionizing the
regions .

We observed an UC HIl region K3-50A using the
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Cooled  Mid -nfrared  Camera  and  Spectrometer
(COMICS ) on Subaru Telescope and made extinction -
corrected emission maps of the three lines (Figure 1).
Especially  for theU Nell U map, thed Nell O emission s
resolved into more than two peaks. This indicates that
K3 -50A UC HIl region is ionized by two or more ioniz -
ing massive stars. Though the radio continuum emission
of this region suggested that the Lyman continuum
photons from ionizing stars correspond to a single O5.5V
star, our mid -infrared line flux ratios suggest that the UV
radiation hardness of this region corresponds to U 08V
stars. The difference also suggests that there are multiple
ionizing stars, which is different from the simple picture
usually assumed for UC HIlI regions in the past radio
observations 10 10).
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Figure 1: Extinction corrected emission maps ofd Nell O 12.8um,0 Arlll T 8.99um, and U SIV T 10.51um toward K3 -50A (color

map ). Contours indicate the 11.7um image .
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Relations
ENOKI

between Galaxy Formation and Environments

of Quasars

, Motohiro

(Osaka Univ ./Division of Astrometry and Celestial Mechanics , NAOJ )*

NAGASHIMA

, Masahiro

(Division of Theoretical ~Astrophysics , NAQJ )*

GOUDA

, Naoteru

(Division of Astrometry and Celestial Mechanics , NAOJ )

We investigate the environments of quasars such as
number distribution  of galaxies using a semi-analytic
model which includes both galaxy and quasar formations
based on the hierarchical clustering scenario . We
assume that a supermassive black hole is fueled by accre -
tion of cold gas and that it is a source of quasar activities
during a major merger of the quasar host galaxy with
another galaxy . This major merger causes spheroid for-
mation of the host galaxy. Our model can reproduce not
only general form of the galaxy luminosity functions in
the local Universe but also the observed relation between
a supermassive black hole mass and a spheroid luminos -
ity, the present black hole mass function and the quasar
luminosity ~ functions at different redshifts . Using this
model , we predict properties of quasar environments .

First , we analyze the mean numbers of quasars and
galaxies in a dark halo (Figure 1). We find that the
dependence of the mean number of quasars on halo mass
is different from the dependence of the mean number of
galaxies . Since spatial distributions  of galaxies and
quasars depend on the mean numbers of quasars and
galaxies in a dark halo, using the mean numbers, we
calculate the bias parameters of quasars and galaxies
(Figure 2). We find that the evolution of the bias param -
eter of quasars is different from that of galaxies . In our
model , the formation effciency both of galaxies and
quasars depends on the cold gas mass fraction and the
galaxy merger rate in a dark halo. However , the quasar
formation effciency depends on galaxy merger rate more
strongly and, furthermore , depends on quasar lifetime .

Next, we show the galaxy number distribution func-
tion around quasars (Figure 3). At lower redshifts (0.
20 z00.5), most halos with quasars have at most several
galaxies . This indicates that most quasars reside in
groups of galaxies . On the other hand, at higher red-
shifts (100 z0O 2), the number of galaxies in a dark halo
with quasars is from several to dozens ; quasars reside in
ranging from small groups of galaxies to clusters of
galaxies . These results show that most quasars at higher
redshifts reside in more various environments than at
lower redshifts. In our model , we assume that galaxy
major merger triggers quasar activity . Since the galaxy
merger rate has a maximum in halos corresponding to
groups of galaxies , 0 10"®M =, our model predicts that
most quasars populate in groups .

*Present address Astronomical Data Analysis Center , NAOJ
"Present address University of Durham

Comparing these predictions with observations in the
future will enable us to constrain our quasar formation
model .
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Figure 3: The galaxy number distribution function around
quasars in a dark halo .
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Observation

(University of Tokyo )
KATSUKAWA

of Solar Flare Hard X-ay Spectra wusing CdTe Detectors

KOBAYASHI , Ken TSUNETA , Saku, TAMURA |, Tomonori , KUMAGAI
(Division of Solar Physics , NAQJ )
, Yukio , KUBO , Masahito , SAKAMOTO

, Kazuyoshi

, Yasushi , KOHARA , Naoki

(University of Tokyo )

YAMAGAMI |, Takamasa , SAITO , Yoshitaka
(Institute of Space and Astronautical ~ Science )

Solar flares are observed to produce nonthermal elec -
trons typically in the 10 to 100 keV range but sometimes
reaching [J 10MeV range. The acceleration mechanism
of these electrons remains unknown . Hard X -ray spectra
provide important diagnostic information such as energy
distribution  of accelerated electrons and precise tempera -
ture measurements of thermal sources. To this end we
developed a balloon -borne hard X <ay spectrometer capa -
ble of 3 keV energy resolution over a 20-120 keV energy
range. This is a factor of 3 better than previously laun -
ched satellites and only surpassed by the recently laun -
ched RHESSI satellite .

The system is designed for a one day flight at an
altitude of 41km by an 80,000m?® balloon developed and
launched by the Institute for Space and Astronautical
Science (ISAS ). The main balloon gondola contains
ballast , electronics and batteries , and the detector system
is mounted on top surrounded by thermal shields (Figure
1). The entire gondola weighs 70kg. Detector angle is
fixed at 45  elevation , and the gondola azimuth s
controlled to an accuracy of * 5 using a closed Hoop
system. Sun position sensors and magnetic sensors were
used for attitude control , and an additional 2-axis sun
sensor is used to verify pointing .

The detector system contains sixteen 10% 10* 0.5mm
CdTe detectors. CdTe detectors have good stopping
power and do not require cryogenic coolers , making it
possible to construct lightweight hard X +ay detector
systems. At the operating temperature of 0°C, all detec-
tors were shown to have 2.6 keV or better energy resolu -
tion at the 60 keV Am 241 line. The detector enclosure
is hermetically sealed ; the Rohacell /CFRP  composite
window was fabricated by Mitsubishi  Heavy Industries
and has an areal density of 0.1g cm~>. The detectors are
passively shielded by 2mm of lead, and a graded Z col -
limator limits the field of view to 10°% 60°. The detector
system contains 16 preamplifiers and a 200V bias battery,
and the output signal is sent to a custom made data
acquisition  system inside the gondola . The detector
enclosure and thermal shields are designed to cool the
detector by optimizing radiative cooling .

First flight of the instrument took place on August 29,
2001 from the Sanriku Balloon Center . The observation
was cut short by a battery problem and no flares were
observed , but a detector temperature of -15°C was success -
fully achieved and the instrument was recovered success -
fully. On the second flight (May 24, 2002), 9 hours of
successful observation was performed at an altitude of
41km and a class M1 .1 flare was successfully observed at
6:41 UT. A background subtracted counts spectrum of
the first minute of the flare is shown in Figure 2, along
with thermal -spectrum fits. The spectrum is consistent
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MORI , Kunishiro

KATO , Genzo

(ClearPulse  Co .) (Mitsubishi  Heavy Industries )

with a purely thermal plasma of 47MK temperature .
This is an unexpectedly high temperature , but our analy -
sis of a simultaneous RHESS| satellite data is in good

agreement .
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Figure 1:Overview and photograph of the entire instrument .

Figure 2:Observed flare spectrum with 1-sigma error bars and
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Observational

Study of the Three -Dimensional

Magnetic

Field Structure and Mass Motion in Active Regions
CHOUDHARY  , Debi Prasad SUEMATSU , Yoshinori , ICHIMOTO , Kiyoshi
(NAOJ and Udaipur Solar Observatory ) (Solar Physics Division , NAOJ )

To study the three dimensional magnetic field struc -
ture and associated plasma flow properties , spectro -
polarimetric ~ observations of active regions were carried
out in the spectral lines of Si | 10827.1 A and He | 10830
,&, using the Norikura Universal Spectro -Polarimeter at
Norikura Solar Observatory , NAOJ . Comparison of Si |
(photospheric ) and He | (chromospheric ) magnetograms
with the potential field model shows that a large fraction
of the magnetic field is consistent with the potential field
structure , by assuming that the height difference between
the origin of the two lines is about 1200 km. The slope
of the scatter plot between Si | and He | magnetograms is
0.5 and 0.76 in an emerging flux and a larger active
region , respectively . These values are lower than the
scatter plot slopes obtained from Kitt Peak photospheric
and chromospheric  magnetograms , in which case the
corresponding  values are 0.83 and 0.9, respectively .
Considering  the height difference between these two sets
of chromospheric  magnetograms , this implies that the
magnetic field spreads out faster near the transition region

heights . Dopplergrams ~ obtained by determining the
centroid of the asymmetric line profiles show that, in case
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Figure 1: Sample spectra of wavelength region Si | 10827.1
A O He | 10830 A obtained with Norikura Univer -
sal Spectro -Polarimeter . The observed spectra have
been normalized with a synthetic spectrum obtained
by fitting the contiuum windows . The spectra from
many pixels with different magnetic field strength
and polarity are averaged to produce three sample
spectra. The limits set for grouping the pixels are:
= 150 G for positive , =-150 G negative and
between + 150 G for weak. The changes are only
seen in the He | 10830 A feature.

of emerging flux region, the chromospheric
regions with maximum velocity of about 5 km s~

up flow
1

are

located in the magnetic neutral line areas.
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Figure 2:

The photospheric and chromospheric  magnetograms
of the active region NOAA 8350 observed on 10
October 1998. The field of view is 152% 160 arc
sec’. White and black pixels represent the positive

and negative megnetic fields , respectively .
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Figure 3: The scatter plot of the observed and computed

chromospheric  magnetograms
shown in Figure 2.
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Subaru /XMM Newton Deep Survey
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, Ryusuke , SASAKI , Toshiyuki , TAKATA , Tadafumi

, Naoto ,
, Satoshi , NOUMARU

(Subaru Telescope , NAOJ )
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TANAKA , Ichi, YAMADA

(NAOJ )

DOl , Mamoru , OUCHI , Masami , SHIMASAKU

(Tokyo Univ .)

MAEDA , Yoshitomo , UEDA , Yoshihiro

(ISAS )
YOSHIDA

, Tadayuki , MIZUMOTO , Yoshihiko ,
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, Kazuhiro  KAJISAWA , Masaru
(Tohoku Univ )
NAKATA , Fumiaki , SIMPSON , Chris

(Univ . of Durham )

, Michitoshi

(Okayama Observatory , NAOJ )

Subaru /XMM -Newton Deep Survey is one of the
observatory big -projects of the Subaru Telescope , and we
are conducting deep imaging observation down to the
limit of the Subaru Telescope with Suprime €Cam and
spectroscopic  survey of objects with R 0 24 with FOCAS ,
in wide field (1.3 degree?) centered on 0218-05(J2000 .0).
The aims of the project are

® to reveal constituents of the young universe and their
distribution ,

® to examine the distribution and the evolution of the
luminosity  function of QSOs and galaxies ,

® to reveal the natures of the faint X +ay sources .

In this observing field , X +ay survey with ESA ’s X +ay
satellite , XMM  Newton , Sub -mm survey with SCUBA on

Figure 1: The optical image of the survey field taken with
Subaru Prime Focus Camera (Sprime Cam ).B,R,i’
bands three color image with 5 FoV of Suprime -
Cam . The total FOV is 1.3 degree.
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JCMT , ultra -deep near 4nfrared imaging with WFCAM
on UKIRT , deep radio survey with VLA are ongoing .
With these data sets, we can reveal the characteristics of
objects in the young universe in multi -wavelength in the
scale which is free from cosmic variance .

Deep BRi 'z” bands imaging with Suprime Cam and
X +ay survey observation with XMM -Newton are almost
finished this fiscal year. Radio observation in 1.4GHz
waveband with VLA B-array archives flux limit of 50pJy.
Near 4nfrared survey observation with SIRIUS on IRSF
(South -African  Observatory ) covers 800 arcmin * area
down to K ‘0 19.5. SCUBA observation aiming to reach
down to Sssol 8mly is started. The follow -up spectros -
copic observation of 1200 X -ray sources and 1000 radio
sources found so far is planed in the next year.

Figure 2: X +ay image of the survey field taken with XMM -
Newton . Blue color means hard X —+ay sources , red
color represents soft X -+ay sources. The 1 FoV
covers 30 arcmin diameter , and the image is made
from 7 FOVs .



The Evolution of Vector Magnetic

KUBO , Masahito
(University of Tokyo /NAQJ )

Fields in an Emerging Flux Region

SHIMIZU
(Solar Physics Division , NAOJ )

, Toshifumi , TSUNETA , Saku

B. W. Lites
(NCAR /HAO )

It is widely believed that the magnetic fields of the sun
are generated in the convection zone and then emerge to
the solar surface via magnetic buoyancy . Regions with
emergence are known as emerging flux regions (EFRs ).
Transient phenomena , such as flares, occur frequently and
quasi steady coronal heating is maintained in association
with flux emergence . To understand the mechanisms of
coronal heating , it is essential to investigate the evolution
of magnetic fields inside EFRs . We have in detail stud-
ied the evolutions of magnetic fields in an EFR and
interpreted our findings in the process of formation of
sunspots .

Properties of magnetic field in EFRs have long been
studied using the longitudinal component of the magnetic
field with filter magnetograph . In order to understand
magnetic fields in three dimension and physical parame -
ters of plasma precisely , we observed the evolution of an
EFR  with Advanced Stokes Polarimeter  (ASP ) at
National ~ Solar Observatory (Sacramento Peak ) in the
United States. The ASP is a spectropolarimeter capable
of precisely measuring the full state of polarization (I, Q,
U, V). Vector magnetic fields in the photosphere are
derived from Stokes profiles .

The previous study indicates that young emerging flux
is horizontal with respect to the solar surface and it has
upward motion (ZJ0.5km s™'). The intrinsic  fleld
strength is about 500%* 300 Gauss , which is weaker than
that of vertically oriented magnetic field in sunspots . In
this study, we find that an area with high filling factor (U
80%) newly appears with flux emergence (Figure 1).
Filling factor represents the percentage occupied by
magnetic atmosphere in each pixel . In this area, mag-
netic field is almost horizontal and their intrinsic field
strength (\ B |0 500 Gauss ) is weaker than the surrounding
horizontally — oriented magnetic field. Compact bipolar
flux region is located at the either end of the horizontal
magnetic field. This region gradually increases in both
size and its total magnetic flux in association with the flux
emergence . In this region, the magnetic field becomes
vertically oriented and the intrinsic field strength becomes
stronger , but filling factor becomes lower. At 12 hours
after its first appearance , the magnetic field is almost
vertical and the intrinsic field strength is about 1500
Gauss . This result may be explained by convective
collapse (Parker 1978), in which magnetic field is com -
pressed to kilogauss because of convergence of magnetic
field by convective flows and ensuing superadiabatic
effect. This is significant result for understanding the

mechanism that emerging magnetic flux tubes (a few
hundred Gauss ) concentrates up to kilogauss . As the
compact bipolar flux region grows to the sunspot over the
following two days, the filling factor increases to 80%.
However , the inclination and field strength are not chan -
ged. This result may be explained by concentration of
magnetic flux tubes.

We also obtain the result indicating that the magnetic
field in the EFR is slightly deformed by the preexisting
magnetic environment surrounding the EFR  through
magnetic pressure , although the magnetic field at the
photosphere is dominantly controlled by gas pressure .
This result implies that the emerging flux loops have the
energy larger than potential energy when they reach the
photospheric  level .

Reference
0 10 Kubo , M ., Shimizu , T., Lites , B. W .: 2003, ApJ , accepted .

filling factor

Magnetic flux

oo

Figure 1:Magnetic flux images (left) and filling factor images
(right) in the region where development of new
emerging flux is in progress. These images are
created from ASP observations . White (black ) is
positive (negative ) in the magnetic flux images and
white (black ) is 0% (100%) in the filling factor
images .
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Searching for Dark Matter Halos in the Suprime -Cam
2 Square Degree Field
MIYAZAKI | Satoshi  HAMANA , Takashi
(NAQJ ) (IAP /Paris )
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(University of Tokyo )
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Figure 1:Demonstrating Suprime -Cam ’s cability for locating
mass concentrations  (or halos ) from weak lensing
data in the 2 deg® GTO field 020 Red contours
indicate mass over -densities where the lensing (con -
vergence ) signal /noise exceeds 3. Black contours
show the surface density of visible (200 R [ 23)
galaxies . Regions marked (a-h) represent known
clusters which clearly constitute only a fraction of
the massive structures detected in this field .

Clusters of galaxies represent the largest bound sys-
tems in the universe and provide important tools for
testing theories of structure formation and constraining
cosmological  models . Clusters have traditionally been
identified using their optical or X -ray emission and thus
the available catalogs are inevitably biased toward the
selection of luminous objects. However , in dark matter
dominated cosmologies , the usefulness of such catalog is
highly questionable . This proposal is concerned with
providing definitive and unambiguous versions of these
tests based on clusters selected , for the first time, by their
mass rather than their light .

Weak gravitational lensing offers the most reliable
route to selecting clusters independently of any assump -
tions about their baryon content and thermodynamical
state. The technique uses statistical measures of the
distorted shapes of faint distant galaxies induced by the
tidal gravitational field integrated along the line of sight.
This , in turn, allows a reconstruction of 2-D surface mass
density maps which can be used as the basis for the most
reliable searches for mass concentrations completely irre-
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Figure 2: Optical counterpart of halo X (see left panel)
identified as a new cluster at z[ 0.41 with subse -
quent FOCAS  spectroscopy . This cluster is not
listed in the NASA 7/IPAC NED catalog .

spective of the nature of the baryonic material in those
systems . Using GTO data secured with Suprime -Cam
O 100ver a contiguous 2.1 deg” field (3X3 Suprime -Cam
pointings ), we demonstrated the first reliable detection of
=~ 5 mass concentrations with S/N O5 (Figure 1)1 20,
thereby paving the way for a systematic search for such
concentrations or “dark matter halos”. An exposure
time of 30 minutes in R -band is sufficient to detect the
weak lensing signal corresponding to a 03X10"h™' M o
structure at z0J 0.5 with 80 in 3.5 arcmin aperture . This
corresponds roughly to a modest cluster of galaxies .

The result is consistent with the prediction assuming
the Press -Schechter mass function and the NFW halo
profile under the cluster normalized CDM cosmology .
Although the present statistics is not enough due to the
limited field of view, this work demonstrates that dark
matter halo count via weak lensing is a promising way to
test the paradigm of structure formation and cosmological
model .
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Fabrication of a Bandpass

Filter

for the Solar Optical

Telescope of Solar B Using the IBS

WASEDA , Kouichi

ICHIMOTO , Kiyoshi

(Division of Optical and Infrared Astronomy , NAOJ ) (Division of Solar Physics , NAOJ )

1. Introduction

The Solar Optical Telescope of the Solar B mission
consists of a 50cm diameter Gregorian telescope (OTA :
Optical Telescope Assembly ) and the Focal Plane Pack -
age (FPP ). OTA has a collimating lens unit (CLU )
sending lights to FPP as a parallel beam. CLU consists
of 6 lens elements and is required to have a very high
wavefront performance to provide the diffraction limited
image . One of the most critical issues of the solar tele-
scope in space is its thermal design ; i.e. unexpected
heating up of the high precision optical elements due to
the absorption of solar light easily causes a degradation of
wavefront performance . To suppress the heat load on
CLU and FPP , a band pass coating is applied on the
incidence surface of the CLU to reject the unnecessary
UV and IR lights. Thus the coating is a key component
for the success of diffraction limited solar telescope . We
developed a band pass coating using the lon Beam
Spattering facility of NAQJ , and after extensive qualifica —
tion tests, we completed a flight coating for the Solar B.

Figure 1:CLU G1 lens with a coating by IBS.

2. Design of the bandpass coating and the qualification

tests

For materials of the multi H4ayer coating , we selected a
combination  of SiO .0 Ta20s, which is known to be
durable against the general environment stress and to
have fairly high transmissivity in a short wavelength .
The optimized design of the multi Hayer is obtained using
the Macleod software with conditions that the coating has
1) high transmissivity in observing wavelength ranges
(380-470nm , 500-570nm, 620-680nm ), 2) high reflectivity
in UV (300-370nm) and IR (700-1100nm ), 3) highest
transmissivity at 630nm in which interferometric measure -

ment is made, and 4) total thickness of 4 ym. As a result
we obtained a quite satisfactory coating design consisting
of 55 layers. Using 8 coating samples (204 X<2.3t) we
performed various qualification testing to verify the dura -
bility in space environment as follows ; 1) transmissivity 7/
reflectivity measurements , 2) tape test, 3) polarization
property measurement , 4) thermal cycling test, 5) humid -
ity test, 6) UV illumination test, 7) 7-+ay exposure test, 8)
proton -beam exposure test, 9) electron -beam exposure
test. The coating reveals an excellent transmission curve
and showed no change of its property after any environ -
mental tests; thus we have successfully verified the feasibil -
ity of its space usage.

3. Fabrication of the flight coating

After the series of qualification tests, we finally decid -
ed to adopt this coating for flight model and performed
the IBS operation on the flight CLU element on 941"
November 2002. The first element of the CLU has 53mm
diameter and a concaved incidence surface with the radius
of curvature of about 250mm . Figure 1is the view of the
coated lens and Figure 2 shows a measured transmission
curve together with the theoretical one. The coincidence
of measured and theoretical transmission  curves is
remarkable . The coated lens was assembled into the
flight CLU and a series of optical performance and
mechanical environment test have been done successfully .
The CLU is to be installed in the flight telescope in this
autumn .
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Figure 2: Transmission curves of the flight bandpass filter .
Measured and theoretical curves are closely over-
lapped . Vertical bars on the top show wavelengths
of SOT observation .
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Formation of Protoplanet Systems and Diversity of Planetary  Systems
KOKUBO , Eiichiro
(Division of Theoretical Astrophysics , NAOJ )
IDA , Shigeru
(Department of Earth and Planetary Sciences , Tokyo Institute of Technology )
We investigate the dependence of the habitat segrega - Mo T cors < T T oo T

tion of planets on the mass and the mass distribution of a
protoplanetary  disk 0 11 In the solar system, there are
terrestrial (rocky ) planets , Jovian (gaseous ) planets , and
Uranian (icy) planets from inside to outside . We explain
this habitat segregation of the planets using the oligarchic
growth model of protoplanets and the condition of Jovian
planet formation . The surface density of the dust compo -
nent of a protoplanetary disk is given by the power daw
distribution , Zsoniad Z1a %, where X is the surface den-
sity at 1AU , a is the heliocentric distance , and o 3/2 is
the powerlaw index . Inside the snow border asnow where
the disk temperature equals the ice condensation tempera -
ture, the dust is rocky. For the standard disk model ,
Qsnow ==2.7AU . Outside the snow border , the dust is icy
and the surface density increases about 4 times due to ice
condensation .

For this model , the oligarchic growth model gives the
mass and the growth time scale of protoplanets , M <33
a®PC= 9 and Tarow ¢ T @190 respectively O 1, 2]
In order for a protoplanet to be a Jovian planet, the
protoplanet must satisfy the two conditions : (1) the con -
traction time scale (Tcont) Of the gas onto the protoplanet
from the gas disk is shorter than the lifetime of the gas
disk (Taisk), and (2) the growth time of the protoplanet is
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Figure 1: Habitat segregation of terrestrial , Jovian , and
Uranian planets . The horizontal axis is the dis-
tance from the central star and the vertical axis is the
surface density of the solid component at 1AU,
which is proportional to the disk mass. @gat, agis,
Qsnow Stand for the inner and outer boundaries for
Jovian planet region, and the snow border. The
disk life time is Taisd 10%yr (solid ) and 107yr (bro -
ken line).
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Figure 2: Schematic illustration of the diversity of planetary
systems. The left large filled circles represent the
central stars and the other single and double circles
represent terrestrial /Uranian and Jovian planets ,
respectively .

shorter than the lifetime of the gas disk . The contraction
time scale decreases with the mass of protoplanets [ 30
while the growth time of protoplanets increases with the
mass of protoplanets . For the disk with a2, condi -
tions (1) and (2) determine the inner and the outer
boundaries of the Jovian planet region where Jovian
planets can form, respectively . In the inner and the outer
regions outside the Jovian region , terrestrial and Uranian
planets form, respectively . Figure 1 shows the habitat
segregation for the disk with o 3/2, where the contrac -
tion time scale is give by TecontT 10°%(M /M &)~ *yr 30J

We find that for the disk life time O 10°year, several
Jovian planets would form from massive disks with .=
30 with Uranian planets outside the Jovian planets .
Only terrestrial and Uranian planets would form from
light disks with =:<3. Solar systemike planetary sys-
tems would form from medium disks with X:==10.

The existence of the snow border, the oligarchic
growth model , and the conditions for the Jovian planet
formation naturally explain the habitat segregation of
planets in the solar system. In other words, the mass, the
mass distribution , and the temperature profile of the
protoplanetary disk , and its life time determine the basic
structure of planetary systems.
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Spectroscopic

SAKURAI | Takashi , ICHIMOTO

Observations of solar coronal waves provide valuable
insights into the unresolved problem of coronal heating
mechanisms .  Although there have been several reports
on coronal oscillations , their detailed characteristics are
still unclear . Therefore we have conducted a series of
spectroscopic ~ observations of coronal oscillations and
waves by using a coronagraph at the Norikura Solar
Observatory U 101 As a result , a time sequence of over 80
minutes of coronal green line spectra was obtained in
1998. Doppler velocities , line intensities , and line widths
were derived through fitting a single Gaussian to the
observed line profiles . Coronal waves have been clearly
detected in the Doppler velocity data. The Fourier
analysis shows powers in a 1-3 mHz range, and in higher
frequencies (57 mHz ) at localized regions . The propa -

Observation

, Kiyoshi
(Solar Physics Division , NAOJ )

Waves

RAJU , K. P., SINGH , Jagdev
(Indian Institute of Astrophysics )

of Coronal

gation speed of the waves was estimated by correlation
analysis . The line intensity and line width did not show
clear oscillations , but their phase relationship with the
Doppler velocity indicates propagating waves rather than
standing waves. The existence of Alfven waves whose
speed is 500 km s~ or faster is possible but inconclusive ,
while the existence of slower waves (of the order of 100
km s~', possibly sound waves) is evident. The energy
carried by the detected sound waves is far smaller than the
required heat input rate to the quiet corona .

Reference
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Figure 1:The observed Doppler velocity as a function of time (abscissa ) and position along the spectrograph slit (ordinate ). White

means red shift.
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Spectroscopic
SINGH , Jagdev SAKURAI
(Indian Institute of Astronomy , Bangalore )
TAKEDA

Studies of the Solar Corona Using Fe X, XIII

, Takashi , ICHIMOTO

. XIV  Lines

, Kiyoshi , SUEMATSU
, NAOJ )

, Yoshinori
(Solar Physics Division
, Aki

(Institute of Space and Astronautical Science )

Detailed information on the physical characteristics of
the solar corona can be obtained from studies of emission -
line profiles of forbidden lines in the visible and infrared
wavelengths . We have been conducting observations of
coronal emission lines with various ionization stages by
using a coronagraph at the Norikura Solar Observatory .

From the data of the green (Fe XIV 5303 A) and red
(Fe X 6374 AD) emission lines obtained in 1998, we stud -
ied any systematic differences in their properties between
closed and open field structures U 101 The difference in
the time -averaged values of the widths of the green line in
open and closed coronal structures at a given height
above the limb is small , whereas the width of the red line
in open structures is substantially larger than that in the
closed loop dike coronal structures .

We also obtained data of a density sensitive line pair,
10747 A Fe XIll and 10798 A Fe XIIl ,in 1998 and 1999
020 The ratio of the intensities of the 10747 A and

10798 A emission lines in the individual coronal struc -
tures range between 1.0 and 2.5 at 10" above the limb,
which corresponds to a density range of 9.8% 10°0] 2.4%

10°%m ™. The scale -height temperature values, derived

from the variations of the intensity ratio with height
above the limb for all individual coronal structures , range
between 0.6% 10° and 8.3% 10° K with a most frequent

value around 1.8% 10° K. The large values of the scale -
height temperature for 70% of the structures indicate that
these structures may not be in hydrostatic equilibrium nor
be isothermal in nature .

References
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Figure 1: Images of the solar corona constructed from the line profiles observed on 1998 September 9. The top row shows the

distribution  of 10747 A and 10798 A line intensities in the observed coronal region .
, respectively .

the velocity and line -width distributions
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Measurement  of Magnetic

Loading

KUSANO , Kanya , MAESHIRO
(Hiroshima  University )

SAKURAI

Helicity
into the Solar

, Tomohiro

Injection
Corona

and Free Energy

YOKOYAMA , Takaaki
(Nobeyama Solar Radio Observatory , NAQJ )

, Takashi

(Solar Physics Division , NAOJ )

Magnetic helicity has attracted great attention recently
in the framework of flare models . However , precise
measurement of the helicity based on real data has not
been available yet. Therefore we developed a new
methodology which can determine magnetic helicity flux
as well as Poynting flux across the photosphere based on
the magnetograph  observation . By applying this
method , we studied the injection mechanism of magnetic
helicity and magnetic free energy into the solar corona .
In order to derive the helicity and energy fluxes, first the
velocity tangential to the solar surface is constructed by
applying a correlation tracking technique on the magnetic
observation , and secondly the velocity component across
the photosphere is derived from the condition that the
magnetic evolution must be consistent with the induction
equation . Through this procedure , we can determine the
helicity and energy fluxes separately for the shear motion
effect and for the flux emerging effect. Based on this new
method , the active region NOAA 8100 was analyzed from
Nov . 1to 5, 1997, using the data observed by SOHO /MDI
and the vector magnetograph at NAOJ /Mitaka . The
results indicate that the photospheric shear motion and
the flux emerging process have equally contributed to the
helicity injection , and they supplied magnetic helicity of
the opposite sign into this active region .

Reference
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Figure 1:The top panel shows the full sun X -ay flux in the
period of 1997 November 1-6 monitored by the
GOES  satellite . The middle panel shows the
helicity injection rate due to flux emergence (thick
line) and to the shear motion (thin line). The
bottom panel shows the energy injection rates. The
enhanced flare activity corresponds to the injection
of magnetic helicity .
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The Source of Magnetic

BAO , Shudong

(Solar Physics Division , NAOJ /Beijing Astronomical

Observations have revealed that a hemispheric prefer -
ence of magnetic chirality exists throughout the solar
atmosphere . For example , the current helicity of active
regions is predominantly negative (left-handed twist) in
the northern hemisphere and positive (right -handed twist)
in the southern hemisphere . The explanation for this
hemispheric tendency s still open to question , and we will
present our views as follows U 101

In the photosphere , the differential rotation acting on
already emerged sunspot magnetic fields will lead to
negative current helicity in the northern hemisphere , but
the same effect caused by the Coriolis force is opposite in
sign. In the turbulent convection zone, the Coriolis force
acting on the rising magnetic flux tubes will result in the
negative magnetic helicity in the northern hemisphere , but

Dominant in Northern Hemisphere
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Figure 1: Influence of differential rotation on the formation of spiral patterns .

bipolar sunspots .

Observatory )

The circular arrows denote the direction of the vortices .

Field Twist in Solar Active Regions

SAKURAI , Takashi , SUEMATSU , Yoshinori
(Solar Physics Division , NAQJ )

the corresponding action by the differential rotation will
give rise to the opposite sign. Moreover , in this region
the a -effect will produce the wrong sign. It should be
noteworthy that the two current helicities generated by the
a <ffect, the one in the mean field and the other in the
fluctuations , have opposite signs, and the former is posi -
tive while the latter is negative in the northern hemi -
sphere . In the overshoot region at the base of the convec -
tion zone, the current helicity created by the a -effect has

the correct sign.
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Panels (a) and (c) represent two pairs of simple
In (b) and (d) are shown two twisted flux

tubes above the photosphere that connect the sunspot pairs. The axial electric currents in the tube Si S: (SsS.4) flow

antiparallel  (parallel ) to the field , respectively .
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Relation between Pressure Balance Structures and Polar
Plumes from Ulysses High Latitude Solar Wind Observations

YAMAUCHI  , Yohei , SUESS , S.T. SAKURAI , Takashi
(NASA Marshall  Space Flight Center )  (Solar Physics Division , NAOJ )

Ulysses observations have shown that pressure bal -
ance structures (PBSs) are a common feature in high -
latitude , fast solar wind near solar minimum . Previous
studies of Ulysses /SWOOPS plasma data suggested that
these PBSs may be remnants of coronal polar plumes .

X
Here we find support for this suggestion in an analysis of ﬁ v/\

PBS magnetic structure . We used Ulysses magnetometer

data and applied a minimum variance analysis to mag-
netic discontinuities in PBSs . We found that PBSs pref-
erentially contain tangential discontinuities , as opposed
to rotational discontinuities and to non-PBS regions in
the solar wind . This suggests that PBSs contain struc -
tures like current sheets or plasmoids that may be as-
sociated with network activity at the base of plumes .

Reference

U 10Yamauchi , Y ., Suess, S.T., and Sakurai , T.:2002, Geophys . Res .
Letters , 29, 21-1.

Figure 1: lllustration of a possible scenario for polar plume
formation . The entire diverging field region will be
a plume if heating is supplied in the chromosphere
by the reconnection .
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Dynamical  Ordering of Accelerator Modes

YAMAGUCHI Yoshihiro

(Teikyo Heisei University ) (Division

The standard mapping is the typical model of twist
mappings and has a simple form. However its properties
are not clearly understood .

Yn1=Yn+ asin Ta, (1)
Zn1=2n+ Yn+1 (Mod 27) )

where @ is a positive parameter . The anomalous diffu -

sion along the Y-axis has been investigated over twenty
years. Let 7 be an iteration number and D be a
diffusion constant satisfying the relation Docn® If a>
1/2 is satisfied , we call the diffusion anomalous . This is

originated by the rapid motion along the ¥ axis. Ichik -

awa-Kamimura -Hatori 01,20 found that the origin of
anomalous  diffusion is the accelerator modes (AMs ).
For example , 3 (mx,my: positive integers )-AM  jumps
2mmy in the ¥ direction every three iterations and jumps
2mmz in the X-direction at the first three iterations . The

jumping rate along the X axis increases due to the incre -

ment of the value of ¥-oordinate of AM . If a mapping

point comes in the vicinity of AMs , it jumps rapidly in the

Y direction .

We study the mechanism of the appearance of AMs
and derive their dynamical ordering U300 We use the
following procedure .

O 10Using two involutions /7 and &, we express 7 as T
=heg. The symmetry axes are defined by the sets of
fixed points of % and &.

0 20we search the symmetric accelerator modes (SAMs )
that start from the symmetry axis and have an orbital
point in the other symmetry axis.

U 30wWe obtain the dynamical ordering of SAMs .

Here we give our results. The following is the
dynamical ordering of SAMs starting from the intervals /:
(1=0) in the x-axis (one of the symmetry axes). A
notation 3S7i—~5</i means that if the initial point of a
3-SAM s located in /1, the initial point of a 5-SAM exists

in [i. The symbol (! ) means the same relation . We let
my=1,

50
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of Theoretical Astrophysics , NAOJ )

Dynamical  ordering
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Let @ (7,/) be a critical value of SAMs included in the
dynamical ordering . For example , @ (2,3) is the critical
value of 74#, <1, Let @c be a critical value at which the
last KAM  (Kolmogorov -Arnold -Moser ) curve is des-
troyed. We prove the following relation .

lim a (,7) = ac. ®3)

This means that SAMs appear just after the destruc -
tion of the last KAM curve. However the anomalous
diffusion around @c was not observed . We hope a more
accurate calculation of the diffusion process .

Recently , without using the reversibility , the existence
of accelerator modes in the twist mapping has been
proved U 401
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Observational  Constraints
ICHIKI , Kiyooki YAHIRO , Masanobu
(University of Tokyo ) (University of the Ryukyu )
MATHEWS

on Dark Radiation

in Brane Cosmology

KAJINO , Toshitaka , ORITO , Manabu
(Theoretical ~ Astrophysics Division , NAOJ )
,G.J.

(University of Notre Dame )

We analyze the observational constraints on bran -
eworld cosmology whereby the universe is described as a
three -brane embedded in a five-dimensional anti e Sitter
space U 100 In such scenarios , our universe is a sub-
manifold embedded in a higher dimensional  spacetime .
Physical matter fields are confined to this submanifold |,
while gravity can reside in the higher dimensional
spacetime . In this brane -universe cosmology , the Fried -
mann equation is modified by the appearance of extra
terms which are derived from the existence of the extra
dimensions U 200

aN_8aGy K | N K5 o st
<a>* 3 Oy g T @

In the present work we concentrate on the “dark radia -
tion” term which diminishes with cosmic scale factor as
a~*. The coefficient p is a constant of integration
obtained by integrating the five-dimensional Einstein
equations . Both positive and negative | are possible
mathematically Its magnitude and sign can depend on
the choice of initial conditions when solving the five
dimensional Einstein equation . Hence , even the sign of
P remains an open question . We show that, although the
observational  constraints from primordial  abundances
allow only a small contribution when this term is positive |,
a much wider range of negative values is allowed .
Furthermore , such a negative contribution can reconcile

= M
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Figure 1:Light -element abundances as a function of baryon to
photon ratio n. Plotted are models with 0%
(blue ), U 10.5% (red) and -41% (green) dark radia -
tion (relative to the background photon energy
density just before the e’e” annihilation  epoch)
with £ 20 uncertainties in the model predictions .
Observational  constraints are indicated as horizon -
tal lines as labeled . Constraint on n from CMB is
also shown as vertical shaded region .

the tension between the observed primordial *He and D
abundances (Figure 1). The shaded region on Figure 2
shows allowed values of the dark radiation fraction , por/
pr, where pr is the total energy density in background

photons just before the BBN epoch at T U 1MeV . Note
that only a small (=11%) positive dark radiation contri -
bution is allowed while substantial negative dark radia -
tion (up to 123%) is allowed and even preferred by the
BBN constraints . It is well known that the CMB spec -
trum is sensitive to many cosmological parameters which
have almost no effect on BBN . For simplicity , therefore
we have fixed most cosmological parameters to their
optimum values and explore the effects of varying the
dark radiation content and baryon to photon ratio 1.
We have calculated CMB power spectra and made the
standard X * goodness of fit analysis to the combined

BOOMERANG |, DASI , and MAXIMA - data sets, which
gives the limits to a ratio of dark radiaion to photon

energy density of 1J92% and -135% just before nu-
cleosynthesis . Figure 2 shows the contours of the dark
radiation fraction and Qh* allowed by nucleosynthesis

and the CMB . This shows that the combined nu-
cleosynthesis and CMB  constraints severely limit the
possible sign and amplitude of the dark radiation . The
combined 20 95% confidence limit from the concordance

of both constraints corresponds to -41% < por/py=<0 10,
5% for 4.73=n1=5.56 (or 0.0176 =Q,h*=0.0207).
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Figure 2: Constrains from the primordial abundances (lines)
and the CMB (contours ) on n and the fraction of the
background photon energy density in dark radiation
por/py just before the e*e™ annihilation

References
O101chiki K. et al.: 2002, PRD , 66, 043521 .
0 20Binetruy P. et al.: 2000, PLB , B477, 285.
0 30Mukohyama  S.: 2000, PLB , 473, 241.

51



Astrophysical

Reaction Rate for @ (an, 7)"Be by Photodisintegration

SUMIYOSHI  , Kohsuke UTSUNOMIYA » Hiroaki  GOKOU , Shinji
(Numazu College of Technology ) (Konan University ) (Konan University )
KAJINO , Toshitaka

(Division of Theorefical

We study the astrophysical reaction rate for the forma -
tion of °Be through the three body reaction a(an, )1 10
This reaction is one of the key reactions which could
bridge the mass gap at AL 8 nuclear systems to produce
intermediate to-heavy mass elements in alpha - and
neutron ~ich environments such as r-process nucleosynth -
esis in supernova explosions U2, 3, 4, 50 s-process nu-
cleosynthesis in asymptotic giant branch (AGB ) stars] 6]
and primordial nucleosynthesis in baryon inhomogeneous
cosmological  models [ 7C]

To calculate the thermonuclear reaction rate in a wide
range of temperatures , we numerically integrate the ther-
mal average of cross sections assuming a two -steps forma -
tion through a metastable °Be, @+a=%*Be(n, 7)Be.
Off resonant and on-esonant contributions  from the
ground state in *Be are taken into account. As input
cross section , we adopt the latest experimental data by
photodisintegration ~ of °Be with laser -electron photon
beams, which covers all relevant resonances in ‘Be.
Experimental data near the neutron threshold are added
with 7-ay flux corrections and a new least squares analy -
sis is made to deduce resonance parameters in the Breit -
Wigner formulation . Based on the photodisintegration
cross section , we provide the reaction rate for alan,y) *Be
in the temperature range from Ts0 10" to To0 10" (Ts is
the temperature in units of 10° K) both in the tabular form
and in the analytical form for potential usage in nuclear
reaction network calculations

The calculated reaction rate is compared with the
reaction rates of the CF88 and the NACRE  compilations
The CF88 rate, which is based on the photoneutron cross
section for the 172" state in ‘Be by Berman et al., is valid
at 75>0.028 due to lack of the off-resonant contribution
The CF88 rate differs from the present rate by a factor of
two in a temperature range Z79=0.1, The NACRE rate,
which adopted different sources of experimental informa -
tion on resonance states in 9Be, is 4412 times larger than
the present rate at 79=<0.028 but is consistent with the
present rate to within £20% at 75=0.1. Due to the
slight increase of the reaction rate at Z7>>3.5, the produc -
tion of seed elements in the neutrino -driven wind and the
alpha ich freeze-out scenarios can be enhanced . This
may lead to a slightly smaller neutron <to-seed ratio at the
onset of r-process , and hence may make an appreciable
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influence on the entropy condition and expansion
dynamics of the neutrino -driven wind U 801
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Figure 1:The reaction rate N 20 aanO in the present study is
shown by the solid curve as a function of tempera -
ture. The reaction rates by CF88 and NACRE are
shown by dashed and dotted curves, respectively .
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