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1.1.1: A schematic illustration of our goal
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1.1.2: Integrated intensity maps of complex or-
ganic molecules in IRAS 16293—2422 Source A.
(a)Color image of dust continuum emission at the
wavelength of 3 mm. (b-d) Contours represent the
integrated intensity map of CH3OH. (b) CH3OH
and CHoDOH are detected in the circumstellar disk
around Al. (c) CoHsOH is detected in the outer
rim of the disk. (d) (CH20H); is concentrated in

the inner disk.
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1.1.3: Distribution of the Rotation temperature

of SO in the low-mass protostellar source Elias 29
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1.1.4: Schematic illustration of the disk/envelope
system. The temperature of the region in red is
higher than than that in blue. Accretion shock by
an infalling gas raises the temperature of the outer
part.
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1.1.5: (a) A conceptional illustration of the 3D
kinematic model for a disk/envelope system around

a protostar. (b) Velocity structure of a disk with

Keplerian rotation. (c¢) Velocity structure of an

infalling-rotating gas.
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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.
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