Vr—AhX Uy 7FHERIEICKDEagle nebuladE[R
Credits: Credits: NASA, ESA, CSA, STScl;
Joseph DePasquale (STScl), Anton M. Koekemoer (STScl), Alyssa Pagan (STScl)
https://www.nasa.gov/feature/goddard/2022/
nasa-s-webb-takes-star-filled-portrait-of-pillars-of-creation
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o« T4 )7L - )I\N—=2x)U(1738-1822)

. “A hole in the sky(KZED7N)”

. FOKXRBICTE T ED D0

. EDSWVWDS T ELRDOM?

EEE2ZE Bernard 680 B[R EEER
ref. : Steinicke (2016) credit;: ESA
Journal of Astronomical History and Heritage 19, p. 305-326 https://astronomy.swin.edu.au/cosmos/d/Dark+Nebula

https://ui.adsabs.harvard.edu/abs/2016JAHH...19..305S/abstract 8
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ref. : Steinicke (2016) credit: AAO/David Malin

Journal of Astronomical History and Heritage 19, p. 305-326 https://astronomy.swin.edu.au/cosmos/d/Dark+Nebula
https://ui.adsabs.harvard.edu/abs/2016JAHH...19..305S5/abstract )
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Plckles spectral atlas
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2[EYE (interstellar medium)
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I:I:l 'I‘E 7 -k% jj‘x (H I g a S) XNEFRE (FEEK: photosphere)

TOLFE /K (Asplund et al. 2009)

Solar photospheric abundance
Asplund et al. (2009)
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hi4kFE A A (HI gas)
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R ROFMEKZEY Y, Nakanishi&Sofue(2016), PASJ, 68,

q: ,I‘E -k.$ jj‘ I https://ui.adsabs.harvard.edu/abs/2016PASJ...68....5N/abstract
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7+ (molecular cloud)
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(molecular cloud)
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+ZE (molecular cloud)

Table 1.2 Molecules found in interstellar clouds

Simple neutral molecules

H,, CH, CN, CO, HCI, NH, NO, NS, OH, PN, SO, Si0, SiS, CS, HF, O,, SH, CH,, HCN, HCO,
H>O, H,S, HNC, HNO, N,0O, OCS, SO,, CO,, NH,, HO,, NH3, H,CO, H,CS, CHs3, H,0,, CH,4

ERBAFHHIONS>TNZDM? oo

(Cation)
CH™', CO™", SO", CF", OH", SH", HCI", ArH", HCO™", HCS", HOC™, N,H", H5", H,O", H,CI",
OH;", HCNH", HCO,", C3H", H,COH", NH,", H,NCO", HC;NH"

H2,COD & 5 BB H T SEHE

C4H , C¢H , CgH

fd: ﬁ\% i 'Z{\d(% Q Carbon-chain molecules and their isomers

C,, Cs, C,H, C,0, C,S, c-C+H, 1-C3H, C5N, C:0, C5S, C,H,, Cs, C,H, 1-C;H,, c-CsH,, HCsN,
HCCNC, HNC3, CsH, 1-C4H,, CsN, CgH, CH;CCH, HCsN, CH;C3N, C¢H,, CH,CCHCN,
CH,C,4H, HC;N, CH;CsN, HCoN, CH;C¢H, HC; ;N

E*,%/ \¥ (}A A 'ft/\tl:%) :45 5=, j 75\ j T Complex organic molecules

HCOOH, CH,CO, CH;CN, CH;NC, CH;0H, CH;SH, HC,CHO, ¢-C5;H,0, CH,CNH,
HNCHCN, CH,CHCN, CH;CHO, CH3NH;, ¢-C,H,0, H,CCHOH, HCOOCHj;, CH3;COOH,

\J \ % CH,OHCHO, CH,CHCHO, NH,CH,CN, CH;CHNH, CH3;CH,CN, (CH3),0, CH3CH,OH,
CH;CONH,, CsHeq, CH3CH,SH, (CH3),CO, (CH,OH),, CH;CH,CHO, C,HsOCHO,
CHQOCOCH;, CzHSOCH3, n-C3H7CN

Other molecules

FeO, HNCO, HNCS, H,CN, HCNO, HOCN, HSCN, CH,CN, H,CNH, NH,CN, HCOCN,
HNCNH, CH;0, NH,CHO

Note: Based on the Cologne Database for Molecular Spectroscopy (CDMS) (Muller et al. 2001,
2008). The classification of molecules 1s arbitrary

INTETICEDOD>TWSEDFDIU R K
S. Yamamoto (2017) “Introduction to Astrochemistry”
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+ZE (molecular cloud)
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Table 1.2 Molecules found in interstellar clouds

Simple neutral molecules

H,, CH, CN, CO, HCI, NH, NO, NS, OH, PN, SO, Si0, SiS, CS, HF, O,, SH, CH,, HCN, HCO,
H>O, H,S, HNC, HNO, N,0O, OCS, SO,, CO,, NH,, HO,, NH3, H,CO, H,CS, CHs3, H,0,, CH,4

lonic species

(Cation)

CH™, CO", SO", CF", OH", SH™, HCI", ArH", HCO™, HCS", HOC™", N,H", H5", H,O", H,CI",
OH;", HCNH", HCO,", CsH", H,COH", NH,", H,NCO", HC;NH"

(Anion)

C4H , C¢H , CgH

Carbon-chain molecules and their isomers

C,, Cs, C,H, C,0, C,S, c-C+H, 1-C3H, C5N, C:0, C5S, C,H,, Cs, C,H, 1-C;H,, c-CsH,, HCsN,
HCCNC, HNC3, CsH, 1-C4H,, CsN, CgH, CH;CCH, HCsN, CH;C3N, C¢H,, CH,CCHCN,
CH,C,4H, HC;N, CH;CsN, HCoN, CH;C¢H, HC; ;N

Complex organic molecules

HCOOH, CH,CO, CH;CN, CH;NC, CH;0H, CH;SH, HC,CHO, ¢-C5;H,0, CH,CNH,
HNCHCN, CH,CHCN, CH;CHO, CH3NH;, ¢-C,H,0, H,CCHOH, HCOOCHj;, CH3;COOH,
CH,OHCHO, CH,CHCHO, NH,CH,CN, CH;CHNH, CH3;CH,CN, (CH3),0, CH3CH,OH,
CH;CONH,, CsHeq, CH3CH,SH, (CH3),CO, (CH,OH),, CH;CH,CHO, C,HsOCHO,
CH;OCOCH;, CzHSOCH3, n-C3H7CN

Other molecules

FeO, HNCO, HNCS, H,CN, HCNO, HOCN, HSCN, CH,CN, H,CNH, NH,CN, HCOCN,
HNCNH, CH;0, NH,CHO

30

Note: Based on the Cologne Database for Molecular Spectroscopy (CDMS) (Muller et al. 2001,
2008). The classification of molecules 1s arbitrary

INTETICEDOD>TWSEDFDIU R K
S. Yamamoto (2017) “Introduction to Astrochemistry”
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HIIsElZ (HIl region)
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dA7F AR (coronal gas)

HEoEBWHRAEH S

. B2 (supernova remnant):
EHNREHAICKIER U 5%

. R E| (ET E
(T~106K)

[ 11]]
widé
S/

/rﬂﬂ]

RYDED DHRAZBH S

. FICXIETHD

B E5% 8% Cassiopaire ADXIR & AR DESER
Credits: X-ray: NASA/CXC/RIKEN/T. Sato et al.; Optical: NASA/STScl
https://chandra.harvard.edu/photo/2019/firstlight/

34



2 7 [o:
EOHE L EMYE

. EfYB L TFE

- ENETNSIBIE

. EfZERTOYEDEER

35



EDPEINDIME

. EXFZHIRARATIES NTWLW S (ERAER)

. FRIAIRDOPICHDEDE = 1000-40001=

. FOARICIFTOOERZREBAZTWDIESE D &H
AENTWBEENEFEET S

) j:o\ j:o\ é\\ 5 (,jf(,(____ ﬁl_)(;l]J %€ -I OO{%}%‘E t _g_ %) t L. credit: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO

36



#IHAE =2 (Initial mass function)

PERE SRR DB (Kroupa 2001)
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#IHAE =2 (Initial mass function)
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Jets from Young Stars HST - WFPC2

PRC95-24a - ST Scl OPO - June 6, 1995
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