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Fig.1 Galactic baryon cycle [SRON]
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Atomic and molecular lines in mid- to far-infrared

Species Wavelength (pum) Goal
o+ 08 15"2"’sed £as tracers Shocks. ionisation source Tab.1 & Fig‘.3‘ Key diagnostic features in mid-/far-IR
N+ 122, 205 Diffuse ionised gas, star-formation rate el s origin e dor s 2 8]
N++ 57 Hardness of radiation field
St+, Fet 18, 33, 18, 26, 35 Shocks Wases aized
03+ Net+ 26, 14,24 Active nucleus "N Medium
Net, Net+ 12.8, 15.6, 36.0 Gas temperature Cold Neutral ‘ " )
Neutral atomic gas tracers Medium H, (CIEY Ha [N8) [CH)
ct 158 Star-formation rate L .
O 63, 145 UV irradiation, shocks * Denseliy
si+ 35 UV irradiation, shocks @ X Mle
Molecular gas tracers 8 @Y

HD 112, 56 Cool neutral gas : j
OH 53,79, 84, 119, 163 Galactic winds Mo
high-J CO Various Energetic irradiation
H,O Various Shocks
H; S(0)-S(2) 12.3, 17,28 Warm neutral gas @ f A B ]
HCN, HNC 14-15 Dense neutral gas 8 - —f——b ]
CO,, C2H», H>O gas 14-15 Warm neutral gas g, m\ e -
CesHe 14.9 Organic chemistry Q9 F ]
HC3N 15.6 Organic chemistry W il ‘\.\ o E
CeH> 16.1 Organic chemistry wo ) /
C4Hz 15.9 Organic chemistry — 1 ]

Dust and ice tracers - 3
Forsterite Mg;SiO4 23, 33,69 Dust temperature, Fe content, crystallinity - LIVERE B "
Enstatite MgSiO3 28,37,43 Grain shape, size, composition, crystallinity [ columns ﬁf‘xlzt_%,‘ fi?o".'."m ]
Calcite CaCOs3 92.6 Dust processing HON P20 — E
H70 ice 44, 62 Dust processing C ]
MgS, graphite 30 Dust composition €O ro-vib 2-5 um ]
Fullerenes Cgg 17.4,18.9 Organic chemistry E s i o e ]
CO, ice 152 Thermal history of ice F e ]
PAH (C-C—C complex) 16-18 PAH size S . -
Si0,, FeO 20 SN dust 1

[Roelfsema+ 2018]




High-J CO as a tracer of warm gas around protostar

ab.2 CO transition S .
L 2O s o [V ® THzEDhigh-J COEIRIE. RIAET Y ROy 7+

HAERELRE DENVWEBDO N RAEZRE - BREZIE
230.538 % T CcHRe9 123
345.796 ® 9\\1 F@%Jb/&b'OW-J coT i*ﬁﬁﬁﬁi_@@ Sl
—— NS DESHES L THRE L EB
576.268 |_Ieltlsl(litlmll ® LML, +RICZEEDEL TWRWERHDIGZE,
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Fig.3 Rotation diagram of CO for Orion Bar?
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HD & H, lines

05,5/ 8ID) &% I8, Gramasioms ® HD lines in FIR: [RIpE:AFE AL E. HTK
MNSHBKEEDBEBRD HABEZREDDICER
SPICA/ [e.g., Bergin+ 2013, McClure+ 2016, Kama+ 2020]
SAFAR @ H, lines in MIR: & 3 v 7 $EI5A°PDRA EICR S
N5EmHA>500 K)ZE2DICER
BT e Fig.6 Disk gas mass vs. stellar mas for

E#Taurus Gas/dust = 100 nearby SFR based on mm continuum
‘ [Kamp+ 2021 and references therein]
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Fig.5 Herschel/PACS spectra of HD lines detected in TW Hya

[Kamp+ 2021] Fig.7 Excitation analysis of H, lines

in shocked gas [Dianatos+ 2013]
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Tab.3 Example of strong
H,O transitions [JPL]

H,0
556.936 61
752.033 137
987.927 101
1097.365 249
1113.343 53
1162.912
1661.001
1669.905
H,80
203.408
547.676
745.320
1095.627
1136.704

H,O gas

H.O: BRENFECREL 7N\ VY ADEWSFD—D
ERXPRKGRADKREEALFEENZ LR T 5 ETH,OIFEE
THzIEIC 3% < DH,ODERENR 5N %

Herschel CEAIS N BB E AR OHOBRIIEM L ERE O 71
ILERLTED, EP/L\Eﬁ{H@E,mnEﬁ ICH0Z T, outflow cavity+
shockZ EEHDEENS DEFEENEZ S5ND

BB EEEDHLO AL, FOERFEDEN VAR ZEIRNICES
nsnmMs Lnigny

Outflow

H20(1 1’0'10’1) 557 GHz
L | L | I I L
| BHR71

< Water emission

| Low-mass A ©Turbulence
Offset /= = #&Entrainment

)

[San Jose-Garcis+ 2015]
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Constraining Snow Line via H,O gas lines

H,O Snow line : 2tk D REITIEKIEH R, AMAUITIEK. FDAEDRE
Mg EL PREFRKZIER T 2 L TEE

FUOERFE T 72 —[EEd DH,0 gastERDRE 7O 7 7 1 JLH 5 Snow
LineDfIE%Z#H#F 2 (Notsu+ 2017, 2018)
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Thermal History of Ices & Dust

® EHRMFIBKITIETY A NBLXOKDIEFIREIE—RHIH D, chsidt TTUJ,.\\EEUJEL\jEI 7
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Molecular lon in Diffuse Clouds

® THzZKICF D FAA>DBBNEZ S HFET S (OH, H,OF, CH*, H,D*, etc.)

0 KBERREZERNREL TESDTFAA Y DEBRIERDAZE
(Indrilo+ 2015, Herschel /HIFI)

® N(OH+), N(H,O%), N(H) OS5 R RN DERA 75818, TD See also Watanabe-san’s talk!
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Fig.14 THz absorption lines of molecular ion, and derived CR
ionization rate in various sight lines [Indrilo+ 2015]




ATT’s Spatial Resolution

O ZRE A MEBE (10m) : 16.5” (460 GHz), 8.77(850 GHz), 5.17 (1.5 TH2)  «f.
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OV /L F E— ADKDEE (30m) : 15x15785, ~44"x44" (850 GHz) 2 el

7
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ATT’s Observable Sky
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[Pablo Carlos Budassi] (based on Umemoto-san’s talk)
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