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0 0.1.1: A schematic illustration of our goal

OL1527 0 0000000000000 L1527(d =

137pc)0 WCCCOODOOOOOOOOOODOOO
obooooooobooboooooboobooboooon
46mO000000000O00O0O00O0O00000
oooooooo 9—116 GHzOOOOODOOOO
oobooOgoLs2r0oooooooooooooon
gboooooobobooooooboobooo
0000000000 0000d0 eCsH, 0000



v.l., ooy

000000 ¥CcOoD00020000000000
oooooooO0O0O0 C:HDOOOOO0O0000
o0 C—CgDQDDDDDDDDDC—CgHD/C—CgHQD
0 0.070 ¢-C3D2/c-CsH, 0D 0.0020 000000
O0000000000000000CsH, 000
coooooobooooboooooobooooon
00000o0o00oooooo (e-CsH0) 0000
gbobooooboobobooooobooboobooon
cooboooobooooooooooOoooon
oooooLs2roo00OoO0OOoOoOoOoOoOoooon
gbooooobooooboobooon

OALMAOOOL152700000000ALMA O
0000 (Cycle0) 0 L1527000000001.2 mm
obooemmOO0O00000O0O0O0O0O0O0O0O00O 0.7
00000000000 0000000CCH, ¢-CsH,
O0O00000O0000oo0oon0 40AUDOO
oboooooooooooOoboboboboooo
goooooooooobooOooooooooobooo
gbobooboobooboboooooboobooboooon
O0000000oooooobobceCsH, ODODODO
gbooooobooboboooooboobooboooon
gboooooboobobooooobooboboooon
O0000oooooooooboooosod CHsOH
gboboooooboobobooobobooboobo
gbooooooboboooobooboobooa
OOoo0o0OooO0OcCcHsOHOOOOOooooooo
gboooooboobobooooobOooboboooon
Ooo0o00ooooooogoweccooooooo
obooooooobobooooooooboobooon
gboooboooooooon

O 200

2600312

F o0
oarl B
]
]

S
08", I Q I Q L *;D

4b39™54 0* 538° 536°
Right Ascension (J2000)

mly/Beam

Declination (12000)
T
I

0 0.1.2: The CCH emission (contours) superposed
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O 0.1.4: Measured IF bandwidths for different mi-
crobridge lengths of the HEB mixer
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1 Yamamoto Group

Research Subjects: Submillimeter-wave and Terahertz Astronomy, Star and Planet For-
mation, Chemical Evolution of Interstellar Molecular Clouds, Development of
Terahertz Detectors

Member: Satoshi Yamamoto, Nami Sakai, and Yoshimasa Watanabe

Molecular clouds are birthplaces of new stars and planetary systems, which are being studied extensively
as an important target of astronomy and astrophysics. Although the main constituent of molecular clouds
is a hydrogen molecule, various atoms and molecules also exist as minor components. The chemical compo-
sition of these minor species reflects formation and evolution of molecular clouds as well as star formation
processes. It therefore tells us how each star has been formed. We are studying star formation processes
from such a astrochemical viewpoint.

Since the temperature of a molecular cloud is as low as 10 K, an only way to explore its physical structure
and chemical composition is to observe the radio wave emitted from atoms, molecules, and dust particles.
In particular, there exist a number of atomic and molecular lines in the millimeter to terahertz region, and
we are observing them with various large radio telescopes including ALMA.

We are conducting a line survey of low-mass star forming regions with Nobeyama 45 m telescope and
ASTE 10 m telescope, aiming at detailed understanding of chemical evolution from protostellar disks to
protoplanetary disks. In the course of this effort, we have recently established a new chemistry occurring
in the vicinity of a newly born star, which is called Warm Carbon Chain Chemistry (WCCC). In WCCC,
carbon-chain molecules are produced by gas phase reactions of CH4 which is evaporated from ice mantles.
This has recently been confirmed by our detection of CH3D in one of the WCCC sources, L1527. Existence
of WCCC clearly indicates a chemical diversity of low-mass star forming regions, which would probably
reflect a variety of star formation. We are now studying how such chemical diversity is brought into
the protoplanetary disks by using ALMA. The ALMA Cycle 0 result for L1527 shows that carbon-chain
molecules do exist even in the closest vicinity of the protostar (~100 AU). Further analyses are now in
progress.

In parallel to such observational studies, we are developing a hot electron bolometer mixer (HEB mixer)
for the future terahertz astronomy. We are fabricating the phonon cooled HEB mixer using NbTiN and NbN
in our laboratory. Our NbTiN mixer shows the noise temperature of 470 K at 1.5 THz, which corresponds
7 times the quantum noise. This is the best performance at 1.5 THz in spite of the use of the wave-guide
mount. Furthermore, we successfully realized the waveguide-type NbN HEB mixer by using the NbN/AIN
film deposited on the quartz wafer. The 0.8/1.5 THz dual-band HEB mixer receiver was assembled, and
was installed on the ASTE 10 m telescope for astronomical observations. The first commissioning run
was performed in September to October, 2011. We successfully observed Moon and Jupiter in the 0.9
THz continuum emission, and the Orion A molecular cloud in the ¥CO J = 8 — 7 line emission. We are
expecting the scientific run from 2013.
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