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2.1.1: A schematic illustration of our goal
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2.1.2: Plots of the HyCS (a) and OCS (b) in-
tensities against the C34S intensity. HyoCS shows a
good correlation with C34S, while OCS seems to be

enhanced in hot corino sources (red).
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2.1.3: The PV diagram of the SO (67 —5¢) emis-
sion along the envelope direction centered at the
continuum peak position. The dashed curves show

the model of Keplerian rotation.

{/?bt U AERFEICHIT D DNC/HNC H—~
e

B L a7RRoRHOR_Z KIS 2 LEZ o0
T & - HKERMEE (DNC/HNC) %2, =)Lt A
FTZED Class 0/1 BB ORE BFIR R 34 RiE TR
FHAICHIR L 72, 2 DGR, BERRIRMEE IR 72 L
a7 DR K D b T L A BRI DM %
K3 2% &35 Z 5 417T\> % bolometric temperature
W LIWAEDOHBEZ b O Z E3bhot, £, 4
FA & NoHT D5 IR N § 2 MBS & bl
% Loy HNC O BRI I3 Rin Sl
WAL TSI L TWwa 2 LRI T,
U, ST TA A Y XD S RIGHEDMEL |
IR AER D EEZZ I WD EEL 6N S,

[[RRE L1527 ICH T 5 Ho.CO 8KV ¢-CsH,y D
D/H tt]

EERFIAE L1527 123 LT HyCO 8 L W e-C3H,
L Z2DEKE N E ALMA O ACA 7L A4 ZHWwT
BRI 72, Z20OfEH. 7 —< VHRIZFIE P B —
7 2RODIN L, EARFE TR BED S 1000 au
FEMN MBI —2 28> by, &
KFEMDE— 7 TlE c-C3HD /c-C3Hy Hidd 6 %L
7223, HDCO/H,CO Hild 90%FLEE & JEHT I Eo i
ZR L7z, c-CsHy IFRMPCEK S 11553, HyCO
R TH BME LTy ERI NS 20, D/H
W2O00FTCERLZZMBE LT, H,CO TIXARM
BE b CHKERMEINE & A TV B AR E
Abis,

(L1527 D51 > —~1]
9 LEED L1527 12 WCCC O %2 /R 31172

WERFRETH 5, 4132 DR O 25 %
ST 2720, WAL 45 m HiEiEz AT I A
VY —RA B Z T TE X, 80-116 GHz DRk
AP D BT 243 ROMEFERHE X 4. 69 D
SDEE Iz, RN ER Y P ay ) RIFIRAS
16293-2422 OELHI & il 2 & | RKFHIT T DHAE
B2 10 f5RE L > -—J5 ¢, HCOOCH; 7% &
DORFFIRERE S FOFERIZ 10721072 BREDLT
THBHI LRI, WCCCEKEEFy bay /R
DL REED D THER I N7z,

CH
o
T5Co
TO

w
C3H
HBCOo*
ico

C.

HNC
HC:N

HCsN

cs

B
z

CH30H

E E

CqH

Ll \Mull l|.|u.“ adil

0 h e
80.0 5. 90.1 95.0 00.0 105.0 110.0 115.0
Rest Frequency (GHz)

et

2.1.4: Spectral line survey in the 3 mm band
toward L1527
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2.1.5: Laboratory spectrum of CH3OH in com-

parison with calculated one
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1. YAMAMOTO GROUP

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 and Yoko Oya

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 understandings 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.
The discovery of WCCC clearly indicates a chemical diversity of low-mass star forming regions, because only
hot corino chemistry, which are rich in unsaturated carbon-chain molecules and deficient in carbon-chain
molecules, have so far been recognized. The chemical diversity would reflect the star formation history of
each source.

We are now studying how such chemical diversity is brought into protoplanetary disks by using ALMA.
For the WCCC source L1527, we have found that carbon-chain molecules only exist in an infalling-rotating
envelope outside the centrifugal barrier (r = 100 AU), while SO preferentially exists around the centrifugal
barrier. For the hot corino source IRAS 16293-2422, OCS traces an infalling-rotating envelope, while
saturated organic molecules such as CH3OH and HCOOCH;j; trace the centrifugal barrier. Hence, chemical
compositions drastically change across the centrifugal barrier of the infalling gas. Further studies with
ALMA are 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. 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. We successfully observed the Orion A molecular cloud in
the CO J = 8 — 7 line emission. This receiver is now used for laboratory spectroscopy of interstellar
molecules at RIKEN.
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