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1.1.1: A schematic illustration of our goal
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1.1.2: 1.3 mm dust continuum emission in IRAS
16293-2422 Source A observed with ALMA. Five
intensity peaks are resolved. At least two inten-
sity peaks (Al and A2) are regarded as protostars

constituting the close multiple system Source A.
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1.1.3: The schematic illustration of the pro-
cedure to estimate the similarity between the ob-
served kinematic structure and the simulated kine-

matic structure by a ballistic-model.
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PC1 and PC2. (c) The plot of the principal com-
ponents for each distribution on the PC1-PC2 plane
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1.1.5: Position-velocity diagrams of CS emission

and outflow’s ” Fourth Power Model” (red lines) cre-
ated at 100 au scale. Numbers at upper left indicate

distance from the protostar.
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1.1.6: Position-velocity diagrams of the CH3CN
emission, which is a composite of the three K struc-
ture lines. The protostellar mass is evaluated by

assuming the Keplerian rotation for simplicity.

<#Rx>
()

[1] Watanabe, Y., Nishimura, Y., Sorai, K., Sakai, N.,
Kuno, N.; and Yamamoto, S., “A 3 mm Spectral
Line Survey toward the Barred Spiral Galaxy NGC
36277, The Astrophysical Journal Supplement Se-
ries, 242, 26 (2019).

[2] Oya, Y., Lépez-Sepulcre, A., Sakai, N., Watanabe,
Y., Higuchi, A.E., Hirota, T., Aikawa, Y., Sakai,
T., Ceccarelli, C., Lefloch, B., Caux, E., Vastel, C.,
Kahane, C., and Yamamoto, S., “Sulfur-bearing
Species Tracing the Disk/Envelope System in the
Class I Protostellar Source Elias 297, The Astro-
physical Journal. 881, 112 (2019).

[3] Higuchi, A.E., Oya, Y., and Yamamoto, S., “First
Detection of Submillimeter-wave [**C 1] *Pi®Py
Emission in a Gaseous Debris Disk of 49 Ceti with
ALMA”, The Astrophysical Journal Letters, 885,
L39 (2019).

[4] Yoshida, K., Sakai, N., Nishimura, Y., Tokudome,
T., Watanabe, Y., Sakai, T., Takano, S., and Ya-
mamoto, S., “An ubiased spectral line survey ob-

servation toward the low-mass star-forming region
L1527”, Publ. Astron. Soc. Japan, 71, S18 (2019).

(L)

[5] 4 H =B, “Physical and Chemical Structures of
Young Low-Mass Protostellar Sources in Isolated

Condition” (f#4:3wC)

6] HEZH,  TALMA %0072 EREEHC B3
TN O—HEEORE]  (ELHRX)
<sfiaE>

(B 2)



N

1.1. AR E

1. 7% A

—fikaE

[7] Y. Oya, and S. Yamamoto, “Unified Picture of
Chemical Differentiation in Disk-Forming Regions
of Young Low-Mass Protostellar Sources”, SPICA
2019, Crete, Greek, May 20-23, 2019 (poster)

[8] Okoda, Y., Oya, Y., and Yamamoto, S., “The Co-
evolution of Disks and Stars in Embedded Stages”,
SPICA meeting, Crete, Greek, May 19—23, 2019
(Poster)

(East Asian ALMA Science Workshop 2019, Taipei,
Taiwan, Feb. 19-21, 2020)

9] Y. Oya, “A 10 au Scale View of the Low-Mass
Protostellar Source IRAS 16293-2422 Source A”

[10] Okoda, Y., Oya, Y., and Yamamoto, S., “Co-
evolution of Disks and Stars in Embedded Stages”,

[11] Imai, M., Oya, Y., Watanabe, Y., Sakai, N., and
Yamamoto, S., “Envelope Structure of Isolated
Protostellar Source CB244” (KA X —)

[12] Fujita, T., Oya, Y., and Yamamoto, S., ”Outflow
Structures in the Vicinity of the Class 0 Low-mass
Protostar in L483” (poster)

TALFRAH

[13] Oya, Y., “Sub-mm Views of Disk-Forming Regions
in Young Low-Mass Protostellar Sources”, East
Asian ALMA Development Workshop 2019, Dec.
10-11, 2019, Tokyo, Japan

[14] Yamamoto, S., Oya, Y. and Sakai, N., “Chemical
Evolution and Its Diversity in Disk Forming Re-
gions”, WE-Heraeus-Seminar: Chemical Evolution
of Cosmic Matter, Oct. 23-24, 2019, Bad Honnef,
Germany.

[15] Yamamoto, S., “Why Chemistry in Astronomy”,

ENS-UT Workshop on Physics, Nov. 25-26, 2019,
Tokyo, Japan.

(EIAL#)
—

(R34 2019 EMEER, BRAKRT, 2019 4£ 9 A 11
H-13 H]

[16] KEET. WA, MEEEFIHE IRAS 16293-2422 D
10 au A7 — )V TOME /v N —ThiE] P109%a

(17] R/NHAEE, BIEERS, BIRE L, KEBE . 1L
A . Principal Component Analysis % A\ 72/
B IE R 1483 OLFEMB DN, P134b (KA
& —+[8H)

(18] 4 HFEM. KEEET. Ana Lépez-Seplucre, Il
iE, PHmSE, LAY, B335 TRIGE RIEIZTFE
T3 SiO KR, Pl43a (KA X —)

(19] BRHZH, KERETF. LA, [Class 0 (KE B
BERRL483 O 7 7 b 70— DRt OME], P108a

[20] SEILRA, FEELEE, KBET. ILAS. INGC 2264
CMM3A ® ALMA (2 &% 0.8 mm #{b¥Y —~+o
DAl P122b(FRA X —+[O5H)

(R4 2020 EBEFES, AV 741 VBd. 2020 £
3416 H-19 H]

[21] KEEET. (LA, TClass 0 (REEFHHE XK IRAS
16293 - 2422 A DN, P108a

(£3F-)

[22] KEE:T. “Physical and Chemical Structures of
Low-Mass Protostars on the Disk-Forming Scale”,
NAOJ Science Colloquium, July 19, Tokyo, Japan



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 7 100 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 IRAS 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, extensive ALMA
observations are in progress.
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