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UV H, Lyman-Werner (sub)mm
band transitions CO. 13CO. C180. C170 13C180)

Optical [OI16300A  HCO*, H13CO*, DCO*, [CI],

NIR C,H, c-C;H,, H,CO, HCOOH,
H, v=1-0 S(1), S(0), CHZOH,
CO AV:Z, sz]_, HCN, HlSCN, DCN, HClSN,
H,O, OH, HCN, C,H,, CH, = HNC, CN, N,H*, N,D*,
MIR HC5N, CH;CN, CS, C34S,
H, v=0-0 S(1), S(2), S(4) H,S, SO, etc.
H,O, OH, HCN, C,H,, CO,, etc. (supymm

(Spitzer Space Telescope) Infrared _sceapma

FIR
[O1] 63um, 145um, *
CO, H,O, CH*, HD, NH,, etc.
(Herschel Space Observatory)
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HC;N @ 91-146GHz, IRAM
(Chapillon et al. 2012)

c-C,H, @ 218GHz, ALMA SV

(Qi et al. 2013b)

S CHCN ™™ CH,OH @

N NN . @ 257GHz, | 4ps. (white) (stacking)

- J_'I_ "“"Ex} : MWC480, 2.90 kmys TW Hya

)  ALMAcycle2 | | ALMAcycle 2
SRLAARALARRRA RN AR LA B $+.-(E} _2; % }IJ

- ol CH,ON 14,13, | - . 1ot T

 © T e imodel (gray) - H. [H ]

D MMM R - TR

gy : Js'[':]"' ':.'@%r |

. ﬁ . (Oberg et al. 2015) - L (Walsh et aI 2016)

WBLS I ETEE1E: 30-100AU for

CH,CN, 30-60AU for CH,;0OH

CH;CN/HCN ~ 5-20%, CH OH/H ,0 ~ 0.7-5% HE

x SHEDETES

= 5J<C_30)T?E§




ERTHASNICD FHEBE DR

ETIV(E

I\ , M2
. DFERHE (AR >20AU) ===yt
107" ¢ [ " Disk Model —— 1 —~
: » T Cloud Model — | <
o2l _ i + X Comet Obs —— | &
l % 1 ] N
R i E
5, 107 ¢ T * 2
5 ) * _I * ek | =
Z 10
s |
) * |
= '10_5; 5 C_(S
E ; =
107 |
[ 2 2
107 i + ¥ ¥ ! ! . g
% O v % R o G % G @ ':’50,5,
0




OvAIIvYaY EEPOBE#ENF

67P/ Churyumov-Gerasimenko DERED F
COSAC/Philae, ROSINA, Rosetta &gy,

Molar Relative to

MNa me Formula
mass (u) water 2
Water H:0 18 100 By
Methane CH, 16 0.5 i
Methanenitrile (hydrogen cyanide) HCN 27 09 B
Carbon monoxide co 28 12 g s
Methylamine CHsMNH, 31 06 ol
Ethanenitrile (acetonitrile) CHLCN 41 0.3 10 20
Isocyanic acid HNCO 43 0.3 m/z
Ethanal (acetaldehyde) CH4CHO a4 0.5 S0,
Methanamide (formamide) HCONH, 45 18 7‘ I J Y, J ¢ ”5“‘*’
Ethylamine C.HNH. 45 0.3
Isocyanomethane (methyl isocyanate) CH3NCO 57 13
Propanone (acetone) CH5COCH; 58 0.3
Propanal (propionaldehyde) C.HsCHO 58 0.1
Ethanamide (acetamide) CH;CONH, 59 0.7
2-Hydroxyethanal (glycolaldehyde) CHOHCHO 60 0.4
1,2-Ethanediol (ethylene glycol) CH.(OH)CH-(OH) 62 0.2 )

75.00 75.05 75.10 75.15

(Geosmann+ 2015, Altwegg+ 201 é6517) -
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(Walsh et al. 2014, Walsh 2016)
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(Visser & Bergin 2012)
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