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1.1.1: A schematic illustration of our goal
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1.1.2: (a) Schematic illustration of the three di-
mensional (3D) dynamical model of a disk/envelope
system. (b) Velocity structure of the disk with a

Keplerian rotation. (c) Velocity structure of the

infalling-rotating gas.
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1.1.3: Velocity structure of the gas surrounding
the AGN of NGC1377. Color represents the obser-
vation result of the CO emission, while black con-
tours show the result of the 3D dynamical model.
The observed CO emission reveals “Non-circular
motions”. It can be explained by the dynamical

model involving an infall motion. [2]
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1.1.4: Conceptional view of the chemical struc-
ture and its diversity of young protostellar sources
revealed by the ALMA large program FAUST. Hot
corino chemistry characterized by rich existence of
saturated organic molecules is seen in a hot region
(>100 K) near the protostar, while warm carbon-
chain chemistry (WCCC) characterized by rich ex-
istence of unsaturated hydrocarbon molecules is
seen in a warm region (> 25 K) surrounding the
hot region. This is a typical chemical structure of
young protostellar sources. Relative appearance of
these two distinct chemical features is different from
source to source: some only show hot corino chem-
istry and some only WCCC. [6]

PR Z AR SC AT IZ 3T L CRBIL TV E T,
e, 2 < OKRERAE, BiE. & U CIHLEEE
DEIAEWEEZILIZUE U, BEZERMERNIE
W, 234D LEUSE, 42 ZDELEEE % /AT
EFE LD, WoOMWMLZOSPEIZHEEZT] 55> TKL
NT, TOHTIHREEESZL 2Z20F L-, HRD
BiClE, HEBBELEETT, HEE. KRERED
HEFEED S, BOTEEANDPRNTATTR
HiE, EEAHEINEZ e LIFLIETLE, AV
BHERANZbE —HICHETEZZ L IFEE T, #E
ES5 L WVWEWHE I OLRRD T—HFTT,
Fhe iz, RXZFLZEDEREP->TWVWS
ESIFTANTETCTCWEEWEYEZEEREE LU
v INVEHEBHER VXA —DKREREBEIIC
B OSELH D FHA, BHREDORKET. %
WZDOWTHERE, M REREEWNZLEEEL
77o BEOEROHFRIZHRICZoN 2 ITEWE
HAN, FHEYHZOMEEZ 1 IV S5WEIToN
FOTIERVWhEESsTVWET, % - HBF A
T, ZZ8ELSWVWIIHIMEREXHKE2KO £
U7z, ZodhT, WHEZEREOAR ST, H¥ER
MEROHBEIRE., FMikE DO HKIZH KL BSHEE
W20 F U7z, HERMERDRIIC R 2 )
TWADI, TRTOEEEDNIZELEE DR ELE
LU FE L7z, WHEZHE, vy 7N FEE R
R —, ZTUT, BERMEROLRLZ D THES



1.1, AR E

(a) CH,0H (4,3, E)

23712

Declination (ICRS)

1.1.5: Molecular distribution of the young (Class
I) low-mass protostellar source CB68. Color repre-
sents the integrated intensity maps of four molec-
ular species observed with ALMA, while contours
show the distribution of the 1.3 mm continuum
emission. Emission of the unsaturated hydrocar-
bons (upper panels; c-C3Hy, CCH) is extended
over the 1000 au scale. On the other hand, emis-
sion of the saturated organic molecule (lower pan-
els; CH3;OH) is concentrated within a 100 au area

around the protostar. [5]
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1. YAMAMOTO GROUP

1 Yamamoto Group

Research Subjects: Millimeter- and submillimeter-wave Astronomy, Star and Planet For-
mation, Chemical Evolution of Interstellar Molecular Clouds

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 an astrochemical viewpoint.

Since the temperature of a molecular cloud is 10 — 100 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.
Particularly, there exist many atomic and molecular lines in the millimeter/submillimeter wave region, and
we are observing them toward formation sites of Solar-type protostars mainly with ALMA (Atacama Large
Millimeter /submillimeter Array).

So far, it has well been recognized that an envelope/disk system of a Solar-type protostar shows a
significant chemical diversity. One distinct case is so called Warm Carbon Chain Chemistry (WCCC),
which is characterized by rich existence of various unsaturated carbon-chain molecules such as CoH, C4H,
and HC5;N. A prototypical source is L1527 in Taurus. Another distinct case is so called hot corino chemistry,
which is characterized by rich existence of various saturated organic molecules such as CH;OH, HCOOCH3,
and CoH5CN. A prototypical source is IRAS 16293-2422 in Ophiuchus. Recently, sources having the both
characteristics have also be found. Such chemical diversity would reflect the star formation history of each
source, more specifically, a duration time of the starless core phase.

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 its centrifugal barrier (r = 100 AU), while SO preferentially exists around the centrifugal
barrier. For the hot corino source TRAS 16293-2422, OCS traces an infalling-rotating envelope, while
saturated organic molecules such as CH30H and HCOOCHj; trace the centrifugal barrier. Hence, chemical
compositions drastically change across the centrifugal barrier of the infalling gas. Since a protostellar disk
is formed inward of the centrifugal barrier, the chemical diversity at an envelope scale (~ 1000 au) is indeed
inherited in the disk forming region (~ 100 au). Then, what is the initial chemical condition of the Solar
System? Is it a common occurrence in our Galaxy? To answer these questions, the ALMA large program
FAUST (Fifty AU Study of the chemistry in the disk/envelope system of Solar-like protostar) is ongoing.
Furthermore, we are now incorporating machine-learning techniques to explore the physical and chemical
structures in an unbiased way.

Note: Our group is closed on March 31, 2023 due to formal retirement of Satoshi Yamamoto. Yoko Oya
already moved Kyoto University on Oct.1, 2022.
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