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ABSTRACT

The 45-m telescope and the Nobeyama Millimeter Array (NMA) of NRO have been much improved and used to pro-
duce many astronomical results.  The RAINBOW interferometer, which connects the 45 m and NMA to make an array
with large gain, has been provided for open use since 2000. The VERA is now under construction.  The project ALMA
is in progress in collaboration with Europe and North America.  The University of Tokyo is making submillimeter
astronomy, the Nagoya University is conducting large field mapping of CO with NANTEN, and Waseda University is
operating two arrays for observations of pulsars and transient objects.

NOBEYAMA RADIO OBSERVATORY AND DIVISION OF RADIO ASTRONOMY OF NAOJ

The Nobeyama Radio Observatory (NRO) of the National Astronomical Observatory of Japan (NAOJ) has two facili-
ties, the Cosmic Radio Observaing Facilities and Solar Radio Observing Facilites.  The Cosmic Radio Observaing Facil-
ities operate the 45-m telescope, the Nobeyama Millimeter Array (NMA), and VLBI facilities.  The 45-m telescope is
operated at the frequencies of 20-150 GHz.  Recently a 25-beam heterodyne receiver, BEARS, which can observe 5-by-
5 sky positions simultaneously at 82-116 GHz, has been installed, with twenty five 1023-ch digital spectrometers, and is
used for more than half of all observations with the 45-m.  The Nobeyama Millimeter Array (NMA), which is composed
of six 10-m antennas, has been operated at the frequencies of 85-116 GHz and 126-152 GHz for past several years.  In
addition to these frequencies, the 230-GHz band was added in 1999.  Due to the efforts of re-adjusting the main dishes
and replacing or repairing some mirrors of the beam transmission of the antennas for past several years, the aperture
efficiency has been much improved to be 60%, 50%, and 31% at 92, 140, and 226 GHz, respectively.  The RAINBOW
interferometer, which connects the 45-m telescope and NMA to make an array with large gain, has been provided for
open use since 2000.  Using the 45 m and NMA, many interesting observations have been made in various fields of
astronomy: Survey observations in CS (J=1-0) [Tsuboi et al. 1999] and SiO (J=1-0) [Deguchi et al. 2000, Miyazaki et
al. 2001] were made in the central few-degree region with the 45-m. Many SiO masers were found in the region. Statis-
tical properties of the Galactic center molecular clouds were derived [Miyazaki and Tsuboi 1999, 2000].  A mapping in
H13CO+, CO (1-0), and HCO + (1-0) toward OMC-2/3 revealed the existence of 18 dense cores and eight molecular
ouflows, and it was suggested that the dissipation of turbulence initiates the star formation [Aso et al. 2000].  A bright
IRAS source 22134+5834 was observed with the 45 m, leading to a detection of an outflow that is the most massive
one so far [Dobashi et al. 2001b].  CO outflows (21428+4732) were found toward a dark cloud complex near IC5146
with the 45 m [Dobashi et al. 2001c].  Small-scale structure of dust continuum sources was revealed in the Rho
Ophiuchi A region from detail mapping with NMA [Kamazaki et al. 2001].  Two millimeter continuum observations
were made toward 15 bright-rimmed clouds (BRCs) associated with IRAS point sources and S140 with the Nobeyama
Bolometer Array (NOBA) mounted on the 45 m[Sugitani et al. 2000]. The rotating and infalling motion of the enve-
lopes of circumstellar disks was revealed around low-mass and intermediate-mass protostars with NMA and the 45 m
[Momose 1999; Saito et al. 1999, 2001; and Umemoto et al. 1999].  Dust continuum emission at 2 mm was detected
from the protoplanetary disk of Haro 6-5B, which was imaged at visible and near-infrared with the HST, giving an accu-
rate estimate of the disk mass [Yokogawa et al. 2001].  Barred galaxies, NGC 3504 and NGC 253, were fully mapped in
CO with the45 m [Kuno et al. 2000, Sorai et al. 2000]. Ammonia NH 3 was detected toward the center of Maffei 2 and
its excitation temperature and orth-to-para ammonia ratio were measured to be 30K and 2.6, respectively [Takano et al.
2000]. The central regions of the edge-on galaxy NGC 3079 was imaged in CO with a spacial resolution of 1", using
RAINBOW, and its detail rotation curve has been measured [Sofue et al. 2001].   It has been statistically found from CO
data of 20 barred and non-barred galaxies that molecular gas concentrates toward the central region of barred galaxies
more than non-barred galaxies, due to barred potential [Sakamoto et al. 1999].  A large super bubble of molecular gas
was discovered in the starburst galaxy M82 and a middle mass black hole detected in X-ray is located in the molecular
bubble, giving a suggestion of a formation mechanism of massive black hole [Matsushita et al. 2001].

NRO has been developing VLBI systems and been making observational studies using them, connecting with other
telescopes in Japan and other countries.  The 45-m telescope, the 10-m telescope at Mizusawa, and 6-m telescope
atKagoshima make Japanese VLBI Network (J-Net) at 22 GHz with the longest baseline being about 1300 km. Option-
ally the 34-m telescope of the Communication Research Laboratory (CRL) joins to increase sensitivity. NRO also par-



ating the HALCA satellite, which was launched in February 1997 by the Institute of Space and Astronautical Science
(ISAS) as the main element of the VLBI Space Observatory Programme, VSOP [Hirabayashi et al. 2000a], and in con-
struction of the Project VERA (VLBI Exploration of Radio Astrometry) that aims at high precision phase-referencing
VLBI astrometry with expected accuracy of 10-marcsec level.  Using the J-net and VSOP as well as other VLBI systems
such as VLBA, water-vapor maser emission and continuum emission have been imaged for various objects.  Distribu-
tions of water maser spots in massive star-forming regions and late-type stars have been determined.  VLBI observations
of water megamasers in NGC 5793 [Hagiwara et al. 2000; Hagiwara et al. 2001], NGC 3079 [Sawada-Satoh et al.2000],
and IC 2560 [Ishihara et al. 2001] suggested or revealed a compact disk rotating around the nuclei.  Especially a strong
evidence of a super massive black hole was found in IC 2560 [Ishihara et al. 2001].   Multi-frequency continuum obser-
vations [Kameno et al. 2000; Kameno et al. 2001] illustrated sub-parsec scale plasma tori, where free--free absorption
silhouettes background jets and radio lobes.
     The Atacama Submillimeter Telescope Experiment (ASTE) is an R&D program which is carried out by NRO in col-
laboration with Universidad de Chile, and with Japanese astronomers from universities (University of Tokyo, Nagoya
University, Osaka Prefecture University, etc.).  Technical and scientific purposes are to develop and evaluate a high pre-
cision 10-m telescope [Ukita et al. 2000; Ezawa et al. 2000; Ukita et al. 2001] under exposed conditions at a remote site,
4800 m in elevation, to develop and test low-noise submillimeter receivers [Sekimoto et al. 2001] and new SIS photon
detectors [Matsuo et al. 2000], to test various techniques for submillimeter observations, and to explore the southern
hemisphere at submillimeter bands.  (N. Ukita)
     Large Millimeter and Submillimeter Array (LMSA) project had been promoted as a next big ground-based telescope
project after SUBARU Telescope in Japan [Kawabe et al. 1999; Nakai 1999; Sakamoto et al. 1999; Kawabe et al. 2000].
Considering scientific benefit of combining three projects with similar objective and scale, i.e., LMSA in Japan, MMA
in the United States, and LSA in Europe, NAOJ has started discussion with related institutes in US and Europe toward
the possible cooperation and merger of the projects.  These efforts resulted in funding for the research and development
activities at NAOJ for FY2002-2003, with a prospect of Japanese participation in the construction of ALMA from
FY2004. Research and developments have been made for the key technical elements of the ALMA project with coordi-
nation with the North American and European partners. NAOJ has prepared the construction of Japanese 12-m prototype
antenna for the joint evaluation of ALMA prototype antennas at Socorro in US.  Its design study and technical develop-
ments have been made based on the new high precision 10-m antenna (ASTE antenna).  Development items for receiver
frontends included SIS mixers, frontend systems, and photonic local oscillator sources [Sekimoto et al. 2000, 2000;
Lamb et al. 2001].  Novel types of Nb-based SIS junctions called Parallel Connected Twin Junction (PCTJ) and “D
istributed Junctions” have been developed at NRO [Shi et al. 1999; Takeda et al. 2000; Noguchi et al. 2001;
Matsunaga et al. 2001; Takeda et al. 2001]. PCTJ mixers are actually used for receivers at frequencies up to 500 GHz
and their excellent performance has been demonstrated [Sekimoto 1999].  For frequencies above 600 GHz, SIS junc-
tions with new materials such as NbTiN and NbN have been developed at NRO and CRL.  A receiver system with a
three-stage GM 4K-cryocooler was developed that is compatible with the cartridges for ALMA frontends.  It will be
installed at ASTE to test the prototypes of ALMA Band 8 (500 GHz) and Band 10 (900 GHz) frontend cartridges that
are being built.  Its copies can be used as test cryostats for other ALMA frontend cartridges being built in North America
and Europe.  Photonic LO source using an InP-InGaAs uni-traveling-carrier (UTC) photodiode was developed by NAOJ
and NTT [Noguchi et al. 2001].  By illuminating it with lasers with wavelengths near 1.55 micrometers, they measured
about 2 mW of output power at 100 GHz. An FX-type correlator and a high speed sampler have been developed for the
second generation ALMA correlator [Okumura et al. 2000, 2001].  A prototype FX correlator (2 GHz bandwidth and
131 x 103 frequency channels) and a 2-bit sampler with 4 G sample/sec were built and tested at NAOJ.  Using NMA we
successfully demonstrated the performance of this prototype system by Orion-KL that covered a bandwidth of 2 GHz
with 131 x 103 frequency channels to show 19 spectral lines in a single setting. The characterization of ALMA site, the
sector of Cerro Chascon was performed in collaboration with US and European groups.  Among such activities are FTS
measurement of atmospheric opacity in the sub-millimeter wavelength [Matsushita et al. 1999, 2000], soil condition
study [Sakamoto & Sekiguchi 2001], and the study of health problems due to high altitude [Sakamoto et al. 1998].
Impact of the ALMA on studies of formation and evolution of galaxies and study of planet formation was widely inves-
tigated and discussed in the Japanese astronomical community [e.g., Takeuchi et al. 2001, 2001].  (T. Hasegawa)
     Many solar dedicated satellites (YOHKOH, SOHO, TRACE) have been observing the solar activity together with
ground based optical and radio telescopes. Nobeyama Radioheliograph (NoRH) is the major radio telescope for solar
observations.  Nobeyama symposium on“Solar Physics with Radio Observations” was held on October 1998 and the
papers presented at the symposium were published as NRO Report No. 479 in 1999. Imaging observations of flare-
related very short pulses (shorter than one second) by NoRH were compared with hard X-ray observations [Altyntsev et
al. 2000], and it was found that some of them are located very high in the corona [Altyntsev et al 1999].  Geometry of
flaring loops was studied using the correlation of time variability of various parts of flaring sources [Hanaoka 1999], and
the result confirmed the double-loop configuration of solar flares.  Based on the results from NoRH and other observa-
tions, a new solar flare scenario was proposed [Shibasaki, 2001b].  Plasmas confined in a curved magnetic loop have
free energy.  This free energy will be converted to other forms explosively in case of high beta through localized quasi-
interchange instability called “ballooning instability.”Simultaneous observations of simple solar flares by



NoRH (17 and 34 GHz) and BIMA (86 GHz) were compared [Kundu et al. 2000, Kundu et al. 2001].  The result
showed that MeV-energy electrons are accelerated in single-loop configuration. Prominence eruptions were extensively
studied [Hori et al. 2000, Gopalswamy et al. 2000, Hanaoka and Shinkawa 1999].  The comparison with large field
coronagraph observations by SOHO/LASCO showed that the erupted prominence observed by NoRH became the core
part of the Coronal Mass Ejection phenomena [Hori 2000]. Three-minutes oscillation of sunspot-associated sources was
detected [Gelfreikh et al. 1999a].  It was interpreted as the passage of upward propagating sound wave across the
gyroresonance layer [Shibasaki 2001a]. The sound wave is generated at the temperature minimum layer in the sunspot
umbra.  The oscillation period is determined by the temperature at the temperature minimum layer. Circular polarization
degrees were used to measure magnetic field strength in active regions [Grebinskij et al. 2000].  A polarization reversal
near the limb was detected and used to investigate magnetic field in the quasi-transverse region in the corona [Ryabov et
al. 1999].  (K. Shibasaki)

MIZUSAWA ASTROGEODYNAMICS OBSERVATORY AND DIVISION OF EARTH ROTATION OF NAOJ

The Project VERA (VLBI Exploration of Radio Astrometry) that aims at high precision phase-referencing VLBI
astrometry with expected accuracy of 10-marcsec level was funded.  Three VLBI stations out of planned four have com-
pleted, and the fourth station will be completed in 2002 [see http://veraserver.mtk.nao.ac.jp/index.html].  Each station is
equipped with a 20-m telescope that makes it possible to observe two closely separated radio sources simultaneously,
with angular separation up to 2 deg, by means of the newly developed dual-beam receiving system.  The capability will
effectively compensate the degrading phase fluctuations due to the turbulent troposphere.  Receiving frequency covers
43-, 22-, 8- and 2-GHz bands with the longest baseline of the array being 2300 km.  VERA will measure annual trigono-
metric parallax and proper motion of thousands of water and silicon mono oxide maser sources across the Milky Way
Galaxy together with adjacent extragalactic continuum sources.  Scientific targets of VERA include accurate determina-
tion of the Galactic constants (distance to the Galactic center and rotation speed at the solar neighborhood), reliable esti-
mation of the dynamical mass of the Galaxy and hence the amount of the Galactic dark gravitating matter, revealing the
dynamical structure of the Galaxy (central bar, spiral arms and warping), distance determinations to the star-forming
regions and mass-losing evolved stars, direct calibration of the period-luminosity relation of Miras, phase-referenced
VLBI imaging of radio-quiet' AGNs and extragalactic masers, ground support for future space VLBI missions, and some
applications to geodesy and selenodesy.  The whole VERA system is now intensively tested.  The first VLBI fringe was
obtained between Mizusawa and Iriki.  Preliminary scientific observations mainly for testing the performance of the sys-
tem will start in 2002 and the regular project observation is expected to start in 2004.  (T. Sasao)

UNIVERSITY OF TOKYO

Mount Fuji Submillimeter-wave Telescope is the first radio telescope observing the submillimeter-wave radiation
ofcelestial objects in Japan. The main reflector of the telescope has a diameter of 1.2 m with the surface accuracy of 10
mm, and is enclosed in a space frame radome　which is transparent for submillimeter waves.  With this telescope, we
have been observing the spectral lines of the neutral carbon atoms toward various interstellar clouds since 1998.  The
observing frequencies are 492 GHz (3P1 - 3P0) and 809 GHz (3P2 - 3P1), which correspond to the wavelengths of 0.6
mm and 0.4 mm, respectively.  Taking advantage of good observing conditions at the summit of Mount Fuji (3776 m
above see level), more than 40 square degrees of the sky was already surveyed with the 492 GHz line [Aikawa et al.
1999], whereas several representative sources are mapped with the 809 GHz line [Yamamoto et al. 2001].  On the basis
of the large area mapping observations, formation and evolution processes of molecular clouds are being studied in
detail.  This study is carried out in collaboration with researchers in several institutes including NAOJ and NASDA.  (S.
Yamamoto, Physics department).
     The radio astronomy group at the Institute of Astronomy of the University of Tokyo runs two 60-cm radio telescopes,
called the Very Small Telescope (VST) 1 and VST2.  The VST1 is located at Nobeyama and the VST2 at La Silla in
Chile.  They are identical with the 9-arcmin beam width.  These telescopes are used for survey observations of the
Galactic plane and nearby molecular clouds in CO J=2-1 line [Handa et al. 1999].  The beam size of 9 arcmin enables us
to make direct comparison with the 1.2-m telescope operated by Harvard Smithsonian Center for Astrophysics in CO
J=1-0 line, which gives density and temperature of molecular gas [Sakamoto et al. 1999].  An SIS receiver and a 2048-
ch Acoust-Optical Spectrometer (AOS) with 500-MHz bandwidth were installed at VST1.  A cooled Schotkey diode
mixer receiver and a 2048-ch AOS with 1-GHz bandwidth were installed at VST2.  The Telescope controlling system
called ASTROS was extended to allow us remote operation available through the Internet. Using VST2 molecular gas in
the Galactic Center region was observed in 12CO J=2-1 and 13CO J=2-1 lines [Sawada et al. 1999].  Comparing with
maps of 12CO J=1-0 observed by Calan 1.2m telescope (Bitran et al. 1997), we show pressure distribution on l-v plane.
It shows the pressure in the Sgr A molecular cloud is one-order of magnitude higher than in GMCs in the Galactic disk,
but the pressure in the "Expanding Molecular Ring" is not so high.  (T. Handa, Institute of Astronomy)



NAGOYA UNIVERSITY

The 4-m radio telescope "NANTEN" has been operated by the Nagoya University at Las Campanas Observatory in
Chile since 1996 under mutual agreement with the Carnegie Institution of Washington.  The main projects of the
NANTEN telescope are (1) a full-mapping survey of molecular clouds in Large Magellanic Cloud (LMC) and (2) CO
survey along the Galactic plane.  The central area of 6 deg x 6 deg of the LMC has been covered at 2' grid spacing, and
168 molecular clouds are identified at the mass detection limit of ~40,000 solar masses.  The cloud mass spectral index,
-1.9, of the LMC is slightly steeper than that of our Galactic molecular clouds, suggesting the drastic dissipation of
clouds due to high UV radiation from the young stellar clusters [Fukui et al. 1999, 2001; Yamaguchi et al. 2001].  The
Galactic plane of |b| < 9 deg and from l = 230 deg to l = 60 deg across the Galactic center has been covered at 4' or 8'
grids [Fukui et al. 2001; see http://www.a.phys.nagoya-u.ac.jp/index.html].  More than 20 candidates of molecular super
shells have been newly found, which provides unique samples for statistical studies of triggered star formation on the
Galactic scale [e.g., Fukui et al. 1999; Yamaguchi et al. 1999; Matsunaga et al. 2001]. Two special issues on the
NANTEN achievements were published in Publ. Astron. Soc. Japan Vol. 51, 1999 and Vol. 53, 2001.  (A. Mizuno)

KAGOSHIMA UNIVERSITY

The Kagoshima University participates in the J-net by operating the Kagoshima 6-m telescope.  With the J-Net, an enor-
mous outburst of the 7.9 km/s water-maser feature in a high-mass star-forming region in Orion KL was discovered
[Omodaka et al. 1999].  The intensity reaches 3.5 million Jy at September 1998.  The position of this velocity compo-
nent was determined.  The University also participates in the VERA project and will operate one of its staions, Iriki sta-
tion.

WASEDA UNIVERSITY

Five spherical dishes were constructed to search pulsars and transient radio sources in Nasu Pulsar Observatory, 160 km
north of Tokyo.  The diameter of dishes is 20 m, and asymmetrical Gregorian sub-refrectors are used [Daishido et al.
2000].  The observed frequency is 1.4 GHz, and HEMT receivers with noise temperatures of 40 K are used.  Extension
to eight-element interferometer will be done in 2002. On the roof of Waseda University we have a 64-element 2D inter-
ferometer from which we obtain spatial temporal cubic data of E(x, y, t) at 10.6 GHz.  The 64 antennas have 128 A/D
converters of 8 bits at 20 MHz, and the base band digital signals are transmitted by bit parallel optical fibers to the pro-
cessor.  Total bit rate is 2 Gbps.  A Spatial Temporal FFT processor is operating at Nyquist rate to transform complex
signals in real space to those in momentum space, i.e. E(x, y, t) --> E(k_x, k_y, f).  The processor has capability to trans-
form 16 x 16 x 256 complex data at Nyquist rate. LSIs of 512 Radix-4 butterfly designed by ASIC technology are used
in the processor [Tanaka et al. 2000].  Due to optical fibers and phase calibration algorithm, phase stability in the inter-
ferometer was increased [Takeuchi et al. 2000].  (T. Daishido)


