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O 0.1.1: A schematic illustration of our goal
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O 0.1.2: Position-velocity diagrams of CS and SO
observed toward TMC-1A. Contours are intensities
expected by the infalling-rotating envelope model.
SO exists around the centrifugal barrier, while CS

reside in the envelope.
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0 0.1.3: PV diagrams of OCS (J=19-18; color),
HCOOCH;3 (199.10—19s,11 E; contours in panel b),
H5CS (79,760 6; contours in panel ¢) along the line
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along which the disk/envelope system is extended.
Blue contours in panel (a) represent the result of

an infalling-rotating envelope model.

HCOOCH3; O NH.CHOOOOOOOOOOOOO
0000000000000 hot corinod 0000
OO000D0OOO000D0C0O0000 hot corino OO
ooOoooOoooowecccooooooooooo

000000000000 0O00O0000 1000 AU
oboooooooboboooobooboboooo
ooooooboooooao

OO00o0o000 B3350

B3350000 Class0OOODODOOODQ OBok Glob-
ule0 0000000000 OO0CDOOOODOOCOD
000000000000000ALMADOOOO
OoOoooos"0OD00OD0ODOOODODOODOHCOOCHs
O CH;CHOOOOOOOOOOooooooooo
00B3350 hot corino0000O0O00O0D0OOCODO
00000O0O00000OoDOoOoOooDi10AUOO
gbooooobooboboooobooboboooon
gboooooboboooooooobooboooon
obooooooooooboobooban
oboooooobobooooooboan
ubooooobooboooooooboan
g

go
oo
oo
go
oo oo

ood
ooo
goo
oono

0000 L15270000 cCHOOO CcCDhO
OO00O0OO0D0OD0O0DOOO0ODO L12r0doo CCH
Ooo0O0 ccboOO ALMAOOOODOOOOOO
gooccHOOOOOOOOOOOOoOoooOoOoo
00000000 cCb/ccHOOOOOOoOoOO
0000 D/HUUUOUOOOOOOOOOL15270
wccCcOooOoopooooouoooooooooo
000 CHyO0 CCHOOODODOOOOOOOoOoO
O000OCH,O D/HOO CCh/CCHUOOOOOO
gboooooboobobooooobooboboooon
CCh/CCHUOOUODODOUOUODODOoOooOo
0OD/HODOUOOOUOOOOOUOOOOOOOoOOoOo
ubobooboboobooboooood

00000000 ¢c-C3H, 000 Bcooooooo



0.1. OO OO0

IRAM3I0mOOOOQOO0OOOOD0O0OOO0O0O 110
000000000 13mmO000000O00O00O0
O0ASAIOODOOO0OOO0OOOOOOOOcCsH,
00000 BCcOo0oooooooooooooooo
00000 TMC-1000 200000 B1, IRAS4A
00000cC3H, 00000 B¥CcooDoo 2e/3C
000000000 (60-70)00000000 20
OO0 *cOo0o00o0o00oo0oo0ooooooo
000000000000 OO0O0 L1s2r00oon
0000000000000 000O00oOooooo
00O00O0O0oOooooo

0O NGC 22640 ALMAOOO0OO0O00O0O0O00OO
OO0000D0ODO0O0000D000O0 NGC 2264 O
0000336 -39GH2000000000000
ALMAOOOOOOOOOOOOOOODOOOOO
00000000000 DODODOOOOASTEODOO
gboooooooboboooooobobooon
0000000000 O0OASTEOCOOODOOD
00000 CHsOHODODOUOOoOooDooooooo
gooooboobobooboboobobobooo
ooooooooboboooooobooboooo
oooobooooo

0000000000000 oO DbOoOooOOoobooon
hot corino0 00 WCCCODODODOOOODOOOO
doooOoooOoObOobOooooooooooooo
doooOooboObOObOoOo0o0ooooooooooo
00000000 o0o0ob0oo0ooOoooooboOon
doooOooOoOoObODbOO0o0oooooooooooo
O0000000oOobobo 3roooooooooooon
0000o0o0ooooODOoO0o0oooooooooDo
dooooooOoObOobOoOooooooooooooo
dooooooObObOoO0o0oooooooooooo
000o0o0oooooODoO0o0ooOoooooooDo
0MOoo00oOooooooOo0oooooooooon
ooodooooOoooooooono

OTMC-100000000
oooooooo
oDooooo
Dooooon
00 CH;0H 0000o0O0oOoo
CH;,OHOODOOOOODOOODOOODOOODOOO0OOO0OO0O
0000000000 0H,CCOOe-C3H,0 000
0DO0000000000000 CSOO0O00000
000000000000 000000000000
000H,COO0OD000000000000000O
0000000000000 0000000000
OOTMC-1000 CH;OHO OO0 OOOCH;CHO,
HCOOCH;, (CHs),0 0000000000000
0000000000000 0000000000
0D0000000000000000000000
00000000000000000000000
0Oooooooo

Oooo

OO00o0o00o00o0D0ODbO0 oOH 18ecm OO0
UooobooobDO Lwpus-100000000ODOO
ocoooDDOOoO0oO0oOoooooooooooob o"v

B8emO0O0OO000O0O0ODO0ODOOOO 4000000
0000o (1612, 1665, 1667, 1720 MHz) 00O OO
oooooooobooooo4000000000
gooooooobobooooooobooboooo
O0OC0Lupus-100000000O000O0O (ODOO
0o0o0)0000Oooooooooooooooo
goboooboooooooooboobboooon
Lupus-1 000000 OBOOOOOODOOOODO
ubobooboooobooboood

OOH 18 cmO0 0000001702 MHzOOO)O
00000000 HCL2000000000000
00000000000000000 OH 18 cm O
000000000001720 MHzO0O0O0O0000
000000000000000000000 LVG
00000000000000000000000
00000000000000000000000
00 (>10% em™2)00000000000000
00000001720 MHzO00000000000
00000000000000000000000
00000000000000000000000
0oooo

0.1.2 000000000

boooooobobooooobobooog
gboooooobooboboooooobobooon
gbbobobooboobaoboabooaboo
OO00DALMAODOOOOODOODOOCODOOOOO
gobogoooboooboobooboobbooboo
0000000000000 0O000O0ALMAOO
gobobO0odooooooobooooonnd peOO
gobooobooboboobooboobodl pe
gbboboboobooboaboabooaoboo
gboooooooboboooooboobobooon
goboooobooboobooboobooboo
gbbobobooboobaoboabooaboo
gobobOooooboooobooooboooooon
gobogoobooobooboobooboooboo
ugbboogbbooboobaaboodabooaboa
obooooooooogon

oM83UIDOUODOOOOoOoDOoOoOoO
cooooobDOo M8OOOODOO oooog
O0ALMAOOOOODOODOOOOO gooo
~30pc000000OO0OOOODODODODODO
000 8UIUO0D00O0UOOOOOUODO (O 0.1.4)0
CH;OHOOOOOOOoOoOOoooooooooooo
gooooopoobobooooooobooboooo
OO0O00D0O0O000DbD cHsOHODOOOoooDoo
gboooooboobobooooobooboboooon
goboooooooboooobbooooobooooon

oo
oo

ONGC 3627000D0OO0OODO

0000 NGC362700000000D0O0O0OOO
OCOOIRAM3OmOOOO0OO0OO0OO000 3mmO0O0O
Oo0OoO0DOo0DOb0O0b0O0Od1kpc0DOODDO



0.1. OO OO0

-29°51'10" k9

-29°51'10"]

Dec. (J2000)

13"37"03°
R.A. (J2000)

13"37"03°

0 0.1.4: Distributions of **CO, CCH, CH3OH, and
CS observed toward the bar region in M83 with
ALMA.
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O 0.1.5: Correlation plot of integrated intensities
between IC 10 and N44C (LMC).
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O 0.1.6: THz experiment at ASTE
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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, 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 CHsD in one of the WCCC sources, L.1527. 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
protoplanetary disks by using ALMA. In 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. Hence, chemical compositions drastically changes across the centrifugal
barrier of the infalling gas. Further analyses 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. 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 2015.
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