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High Excitation Lines

Band 11 E n

u cr

HCN J=17-16 1505.029 GHz 650K 2(9)cm
HCO* J=17-16 1514.583GHz 650K 3(8)cm?3
J=15-14 1336.714 GHz 510K 2(8)cm?3
CO  J=13-12 1496.922 GHz 350K 2(6)cm?3
J=11-10 1267.014 GHz 250K 1(6)cm?3

c.f. Band 10

HCO* J=10-9  891.557 GHz 160K 6(7) cm?3
HCN J=10-9  885.970GHz 160K 3(8)cm3



THz Astronomy

(Continuum & Spectral Lines)

e.g.) HCN ( o 5)
Star Formi ALMA Band 117 tary Disks,

Shocked Regions, AGNs, & SBGs

(Spectral Lines)
Simple Hydrides (HF, OH*, H,0*, H,D* etc. )
Atomic Lines (C, C*, N*, O etc.)
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H,D*

s N FEARNDTFTIXEKZTER/BOESTTLVS,
— 5l Z (X, N,D*/N,D*~ 0.1 (D/H~ 10)

H,* + HD— H,D" + H, + 230 K

— CO depletion (< ~20 K )

H.,D"+CO % HCO" +HD
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H,D*/H,*

Diffuse cloud
. Starless Core Star-Forming Core
CO Depeletion CO Sublimation

H,*+ HD~H,D* + H,
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[H,D*|/[H,}]

H,D* + CO~HD + HCO*

Time
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Slowly collapsing core
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z
Fast collapsing core o
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Free fall speed
0.01

10*

Density [cm™]
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e Turbulent Core accretion (mckee & tan, 2002, 2003)
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Slow collapse
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Fast collapse

) timyesSTower than .-~
free fall speed

Free fall speed

T 10* 10° 10° 107
Density [cm™]
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Ortho and para H,D*

* para-H,D*: 1.37 THz
* ortho-H,D*: 372 GHz

p-H,D* + p-H, - p-Hi + HD - 232 K, (A.2)
p-HoD* +0-Hy  — o-H! (p-H) + HD — 95 (—62) K, (A.3)
o-H,D* +p-Hy — o-H! (p-HY) + HD — 178 (—145) K, (A.4)

o-H,D" + o-H» — o-H (p-H;) + HD -8 (+25) K. (A.5)
] ] Furuya et al. 2015

o-H,DHNEBLARILF—I(Lp-H,DARFPIRILF—LYUKI170KE LY,

S KFRIRENTTFOND,




IEEEETILETEDH
Goodson, Kong et al. 2016

OPR!=1.00

=

o o
— ©
o o
| I
5 2<
o
&£

o o
ke]

OPRY%= 0.01

-0.05 0.00 0.05 -0.05 0.00 0.05 -0.05 0.00 0.05 0.00 0.05
y (pc) y (po) y (Pc) y (pc)




H,D*@Mortho/parakt

Sipila et al.
- 2013

H, (o/p) x 10° I H, (o/p) x 10°

[ H, D" (o/p)
I

“.;' ['ul_.-"'pj_l
H; (o/p)

o - R~240 au, n, ~ 1.9 10° cm‘-”I | R~3600 au, n, ~ 2.2 10° cm‘?
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t [years] t [years]
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Ortho and Para H,D*
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SOFIAIZ KD p-H,D* D &R Al

Brinken et al. 2014, Nature IRAS 16293-2422

0.8 T T T T T T T ! |
300F p-H, o-Hy p-H,D" 0-H,D"
2 ‘ - 400
2 ____.303 — 13 0.6l
—
— 20
200 25 <4300 _
z — 1, —a | 2 04
\S_/ 11 &~ | ortho-HD* 372 GHz APEX
[ —2 212 1200 o ] | |
100
0

0.2 -
1
BRI DN, F—_RABRBFEE || M _'
| para-HD* 1,370 GHz SOFIA
0 2 4 6 8

Vi gg (km s!)



D,H*

* ortho-D,H*: 1476.6 GHz
* para-D,H*: 691.7 GHz

100
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ortho—D,H"
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SOFIA in Operation

Perez-Beaupuits et al. 2012
M17SW
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Herschel /HIFI: Light Species

CH™ (0-1) ——
= 'SCH* (0-1)
7.0 E HCO* (0-1) —— 13CH+
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LSR Velocity (kms™)

(Emission lines in the CH* and 13CH* spectra

are all methanol lines from the SFRs)
(Falgarone et al. 2010, A&A, 521, L15)

(Benz et al. 2010, A&A, 521, L35)
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[Cl] toward the W 3 GMC

[K km s1]
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Declination (J2000)

TATAMZEN LB =EF75

Peretto et al. 2014
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