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e.g. Andrews+(2018)ApJ, 869, L41; Sakai+(2019) Nature, 565, 206
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2 [EF (#7200 1&)

2 Atoms (42 Species)

H,, CO, C,, CH, CH*, CN, CO*, CP SiC, HCl, NH, NO, NS, OH, PN, SO, SO+, SiO, SIS, CS, HF, HD,
) SiH (?), PO, OH*, CN-, SH*, SH, HCI+, ArH*, NO* (?), N,

" 3 Atoms (40 Species)

C;, GH, C,0, C,S, CH,, HCN, HCO, HCO*, HCS*, HOC*, H,0, H,S, HNC, HNOQ, N,H*, N,O, OCS, SO,

CO,, NH,, H;*, HCP, CCP, HsO 2 H-Clis HO,, GN,

4 Atoms (27 Species)

c-C3H, I-CG5H, &N, G50, C;S, G H,, NH;, HCNH*, HNCO, HNCS, HOCO*, H,CO, H,CN, H,CS, H;0", CH;, PH,,

HCNO, HOCN, HSCN, H,0,, C;H*, HCCO

' 5 Atoms (23 Species)

Ce, C;H; [-C3H,, c-C3H,, H,CCN, CH,, HC;N, HC,NC, HCOOH, H,CNH, H,C,0, H,NCN, HNGC;, H,COH*, C,H~,

HC(O)CN,

HNCNH, CH;0, NH,*, H,NCO* (?), NCCNH*

6 Atoms (17 Species)

~ CgH, [-H,C,, C,H,, CH5CN, CH;NC, CH;0H, CH;SH, HC;NH*, HC,CHO, NH,CHO, C:N, I-HC,H, I-HC,N, ¢-H,C;0, H,CCNH (?),

CN-,

HNCHCN

7 'Atoms (10 Species)

CeH, CH,CHCN, CH5C,H, HC:N, CH;CHO, CH3;NH,, c-C,H,0, H,CCHOH, C,H-, CH;NCO

8 Atoms (11 Species)

CH5C;N, HC(O)OCH,;, CH;COOH, C,H, C,H,, CH,OHCHO, I-HCH, CH,CHCHO (?), CH,CCHCN, H,NCH,CN, CH;CHNH

9 Atoms (10 Species)

CH;C,H, CH;CH,CN, (CH5),0, CH;CH,OH, HC,N, CgH, CH;C(O)NH,, CgH-, C3H,, CH;CH,SH (?)

10 Atoms (5 Species)

CH,C:N, (CH3),CO, (CH,0OH),, CH;CH,CHO, CH;CHCH,O

11 Atoms (4 Species) gansi A SRR

HC,N, CH3C,H, C,H:OCHO, CH,0C(O)CHs; FICERENICL YRR

<1:-2c ﬁtmﬁ’_sc(ﬁ scpI\Tcil-?)H CN, C,H.OCH, (?) (7L —: BAIR R IC Thin)
6' '6r 3807 [ B 7 DR 3\ ’ + 5

>12 Atoms (3 Species) (The Cologne Database for Molecular Spectroscopy (CDMS): 20165 11 8 RFs.)
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£ 1t = (Astrochemistry)
1940t ERoFHERE. 1960F BREINEL
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) HCOO ri—.,»"-' 20—-19 ] hS

?\0—375\ WEED R4 E | HCOOCH,, CH;0CH,, C,H<CN, etc.
“IRAS16293-24221- 8 11 B 1 Ay ROV /{2
HCOOCH; D% # (Cazaux et al. 2003, A&A, 593, L51)

L= AL EPE D

o NGC1333IRAS4A,
; | - NGC1333IRAS4B,
< 3100 AU 7 &NGCI333IRAS2A.
Cf(it%?ﬁ@k% EA00AU) | pe— TEtRH
(Bottinelli et.al 2004 Ap), 617 L69) | ~ (e.g. Sakai et al. 2006, PASJ, 58, L15)

—

Photo: IRAM 30 m (Spain)



+55 LEEL1527 1 |2 700 ?

s LG e -CH,
C,H, C,H, CH,, CcH, CH, CH,
CeH™, HGN, HEN, HC N, HCGN,
(0G0 efc:

Intensity [K

EFEND DA S L CH, 0
AFETHAER (> 25K)
CH, + C* 2> CHy* + H
CH3Y + e
2> GH+H+H
9 _ = 3

B \Varm Carbon-Chain
& Chemistry (WCCC)

Intensity [K]

39.3\A‘55 %93,\2%0 Frequency[GHZ]

Photo: NRO 45 m (Japan) (e.g. Sakai et al. 2008, ApJ, 672, 372; Sakai et al. 2010, ApJ, 722, 1633522



Sakai & Yamamoto (2013) Chem. Rev., 113, 8981
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Lefloch, Sakai+ (2018) Mon. Not. Astron. Soc.
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(ALMA: Atacama Large Millimeter/sub—millimeter Array)
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Astrophys. J. Nature Mon. Not. R. Astron. Soc.
722,1633
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(e.g. Sakai et al. 2014, Nature 507, 78; Sakai et al. 2014, ApJ, 791, L38; Sakai et al. 2017, MNRAS, 467, L76; Oya, Sakai, et al. 2016, ApJ, 824 88}7/29




ALMAEIR LR 7R 4 b+ : PEACHES

PEACHES: Perseus ALMA Chemistry Survey
4 . ‘PI N. Sakai, Yang et al. 2021, accepted to ApJ, arXiv: 2101. 17009)

ALMA Band 6 sun!-of 51 embedded protostars inthe Perseus moleculgr cloud

L1448 NW Per 33 B/C Per-emb 33 A L1448 IRS 3A Per-emb 26 Per-emb 42 Per-emb 25 Per-emb 17

(Complex organie molecules)¥ _ L]
CCB'V' et . po COM

Per-emb nb 35 A Pr:"-<:.'|':::- 35 B Per-emb 27 EDJ2009-172 Per-emb 36 Per-emb 54 SVS5 138 SVS 13A2

' L3

0 0! 0! 0] 0!

Per-emb 44 ‘er-emb 15 Per-emb 50 Per-emb 12 8 Per-emb ]’ Per-emb 21 Per-emb 18 Per-emb 13 ! Per-emb 14

®

0

Per-emb 2 Per-emb 10 Per-emb 40 Per-emb 29

¥ e
-+ ! a o]

Per-emb 11 B Per-emb 11 A Per-emb 11 C Per-emb 55 Per-emb 8 Per-emb 53

® &

0] 0] 0] 0] 0]
(Yang, Y.-L., Sakai, N. et al. 2021, ApJ, 910, 20) 18/29




[Rk4]

L1455 IRS4

IRAS 03235+3004

Barnard 1c

(Yang, Y.-L., Sakai, N. et al. 2021, ApJ, in press)

ALMAEIBBRERERZE O 4 b - PEACHES

AR N ARDIEDEE [Jy beam™ km s71]
0.00 0.05 0.10 0.15

300 au

A=)l ek kU)

o

L

[53F18

st
0.20 0.25 0.30 0.35 ~500 & MELN
| 1 1
|
{7er=trur 1z
15.61 | !
] ¢ 1
S 150 J Do #o
T | e @nroms L —— o
& 1 ® pronFHRE .;T_‘#;___ S
in 1447 @ IRt ERE) i Fe—i >
£ ] e
o 138 e 1y
13.21 > I
15.0 16.5 18.0
log(A,, 5-[CH,OH])
15.0 1 _—‘:’—
El ]
O(")
= 145 _|
S,
ég 14.0 1
! SOV 5 B0 %:._
' o
EMAFIL SAFIT—FI c 1359 |
23 |
g W 13.0
] 15.0 16.0 17.0 19/29

Norm. log(/, 5~[CH,OHI)




AIMARETOO ) \
Fifty AU Study of the chemistry in the disk/envelope
system of Solar-like protostars: FAUST | Fq ¢/ €

. HT0RDOMEE - KERED SR DERF— L N ES &
H[[E{ 3R Satoshi Yamamoto, Cecilia Ceccarelli, Claire Chandler, Claudio Codella, and Sakai Nami

ILERLZRIEDOFM E ABRERICE L2 FENZHONICT S

500 au SRR TEP TR Disk-Forming Region

Outflow
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£ |

Envelope

¢

Qutflow

Claire Chandler
(NRAO:US)  20/29
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HFE 1 mmmERmE RER (KBR)

L8

1au : AB5-HhBkRE 14 BE B

2 N AEE 2 Ak

_ Cenlifugal 7 F=5-4 & 3-3 1.1 mm continuum
Radius f , clump-N

“Bamrier
100 au

clump-C

15au  clump-S

Sakai+ (2010) Sakai+ (2014) Sakai+ (2017) o S o
Astrophys. J. Nature Mon. Not. R. Astron. Soc. T Jﬂ%L'E?ttifﬁ;'s'sikaggg,(_zl_ozzo)

722,1633 , 467,176 ) — JH5& : Sakai+ (2019) Nature,565, 206
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[R5 &
1au : AB5-HhBkRE 14 BE B

v R{E3E ~10-100 K (38 ~300 K)
v RERREE ~1027 cm3 (1 ~1019 cm3) « SAERIG & EBERE RIS
2 -REFEDELSICTESDON,
KGHRDEIR --Fht=H DELR--
? E-EZEoHBIEEDLS ITEONBZDD

FRF¥ B FoEMLE Y Fo5 0T -
?2 EZTHLHLLHEKD — &
FI=BIEIFEORTH Y SNTFEN?

? BERLZOH

EOREBIRICER - /b DODFHORTOF I

viiEERELER DD THEBRE

NGC2264 CMM3

H2CS
CH3COCH3
= Hcoont
== C2HsOH
= CH3COCH3
HCOOH
HCOOH
CH3CHO
SO
CH3OH

%
=
-
i
=

. 3450Z
T-_..

G =t

338.3 338.5 338.7 [GHz]
Watanabe, Sakai+(2017), ApJ, 847, 108
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Rest Frequency (GHz)

Jet Propulsion Laboratory

Calfarnia Insfitute of Tachnalogy - VB 15 MG, Etatal

e

SOLAR SYSTEM

STARS & GALAXIES

TECHNOLOGY

JFPL Catalog Search Form
You need a Broweer with Forms Capability to uee thie.

See README for output format

Whar IS the minimum frequency ?
What Is the maximum frequency ¥

What Is the maximum numioer of lines 7 2000 (1000-100000)

KA400FEDRF « 4

The frequency units canbe @ GHzor ' wavenumbers. f CHz iz chackad, the format ofthe output will ba in standard catalog form

{with MHz unitz}. If wavenumber is checked, the frequency and error fizlds of the outout will be inwavenumbers.

What IS he cammon log of the minImum Srangin in catslog units ? 500

Al
1001 H-alom
2001 D-atom
3001 HO
4001 H20+
What molecules should be included ? (use mouse contral click to select multiple values)| 7001 Li-S-H

Press this button to submitthe query | Submi ]

Tao reset the form, press this button: | Reset

Retum ta iome page

IS BRI

Ly K EZCDMS—

(Watanabe, Y., Sakai, N. et al. 2017, ApJ, 847, 108)

Search and Conversion Form of the
Cologne Database for Molecular Spectroscop

Please enter the frequency range: min: o units are in: = GHz or O em—t

012503 C+
013501 C13
at

the =decies tag is marked with a asterizk at the and,
& temperature independent E‘nul2 is given
instead of the intensity I at 300K (or ather value)

|Deweratod Spacies =

Calculate the A valuss, Sp? or intensities with tempersture. ® 300K 225K 150 K 75K
375K 91875 K B03I5K
Output a5 ® taxt sort by ® frequency © intensity © energie © molecules {by & tag = alphabetically)
intensity values as £ kog values
ar & graphic (= autoscale)

| Submit | the query. | Reset the form,

Lic}

: There are several entries in our catalog with high line densities.
We recommend to inquire for linas of all molecules n small frequency regions anly.
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(THz) Spectrometer Using superconductor Mixer Recelver ((T)SUMIRE)

ALMAB = P & 3 4 4
Efxﬁg/ﬁxfm%&

XFFTSH st

BB HEF (RIED K H Y (2 H R ILE“ALMAS{E1E &)

TR RXE, RANYDE R BT
SIS/HEB

(RIEER) ﬂ

Local Osc.

27 K
mixer LNA Auto-correlators
________ [
1 —
“ T = DIE — u \

B \1, 47“/70)1/77\\X1‘

MR LEESEREFAE. REOEEME. WX bLIRIE, BELEER
(Watanabe, Y.,, Sakai, N. et al. 2021, PASJ, in press)
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