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Hydroxyl (OH) 4115, ground-state transitions

A Doubling Hyperfine Splitting Zeeman Splitting
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NORMAL OH EMISSION AND INTERSTELLAR DUST CLOUDS

Carvr E. HE1LES
Berkeley Astronomy Department, University of California
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Observational Evidence for a Thick Disk of Dark Molecular Gas in the Outer Galaxy

Michael P. Busch'->%7 , Philip D. Engelkel 2@, Ronald J. Allen'**, and David E. Hogg
Depanmem of Physics and A%tronomy Johns Hopkins Umverslty 3400 North Charles Street Baltimore, MD 21218, USA
Frontler Technology Inc., 100 Cummings Center Suite 450G, Beverly, MA 01915, USA
Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
Natlonal Radlo Astronomy Observatory, 520 Edgemont Road, Charlotte%vﬂle VA 22903 USA

100

80

60

40

Tmb ( K)

20

LI I L L L L L B B L L B |

0 1

11 PR TR TR TR NN TR TN SN TR AN N SN SN TN NN SO TN SN N ST SN U SN SN SN SN SN U S SN S S S S N SR T N

—150 —-125 —100 =15 —50 —25 0 25 50

—OH 1667 MHz 1
—OH 1665 MHz 1

Trr|rrrr|rrrrprr

—-150 -125 —100 -75 -50 -25 0 25 50

Visr (km/s)



v v v v v .
15} m,’n,,,.a-’/,*’/,.u.-z.sunu
BRYLL W42 Sogittorius spirel erm -
10 l
2t ' I
30
SH i ! |
] | lf
- | I U
oF (L gl
104
X o
1
0~
! M s
0 50 _ 100
Vi [¥ms”']
B Sogittoriua spirol arm  G34.2640.18 !
10 -
x |
i
ok
o L

A A
-50 0 50 100

Transition Frequency [GHz]® Ag[s']°
OH, “Tl3/5,J = 5/2 « 3/2
F=2 «2F 2514.298092 0.0137
F=3 «2F 2514.316386 0.1368
F=2 «17 2514.353165 0.1231
"BOH, *I13,5,.J = 5/2 « 3/2
F=2" 2 2494.68092 0.0136
F=3"&2 2494.69507 0.1356
F=2" 1" 2494.73421 0.1221
Ly - e - ra3
™~ * -— Fmd
. Fw2
)
%, [¢4
2 b
oW F.
%\
D £
~ o3

Wiesemeyer et al. 2012



Transition Frequency [GHz]® Ag[s']°

OH, 5., J = 5/2 « 32

L ow, ’n,,;,. Um s vy = 2514 HE

] ! F=2 <2 2514298092 0.0137
V) *I’ s naib Y F=3 2" 2514316386 0.1368
} -, F=2 1" 2514.353165 0.1231

] , I ] SOH, 2115, J = 5/2 « 3/2
| K I F=2" 7 2494.68092 0.0136
T ' F=3" 2 2494.69507 0.1356
e F=2 eI 2494.73421 0.1221

o=/

50
Vi [kms™")
Sogittoriua spirol arm  G34.2640.18

Talk by M.Gerin
HyGAL:

BEL A IE!
Jacob & Wonju Kim

Wiesemey@Fet al.

- It A
-50 0 50 100



H

Chemistry of interstellar oxygen

« Chemistry is initiated by cosmic rays
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OBSERVATIONS OF A STRONG UNIDENTIFIED MICROWAVE LINE AND

OF EMISSION FROM THE OH MOLECULE
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Hydroxyl radio maser emission and absorption:
W3(OH)
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Hydroxyl radio maser emission and absorption:
W3(OH)
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Chemical (and evolutionary) diversity in the W3(OH) region

Complex molecules toward W3(OH)
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OH Energy Levels

GREAT/S
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- Mass infall rates:
a few x 103 Mg/yr
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Wyrowski + 2012, 2016
See also Hajigholi+ 2016 (Herschel/HIFI)
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LETTER TO THE EDITOR

SOFIA observations of far-infrared hydroxyl emission toward
classical ultracompact HII/OH maser regions™
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SOFIA/GREAT observations of OD and OH rotational lines
towards high-mass star forming regions
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A Model for the Maser Sources Associated with Hir Regions

M. Elitzur* and T. de Jong?

! Departments of Physics and Astronomy, University of Illinois at Urbana-Champaign, Urbana, Illinois, USA
2 Astronomical Institute, University of Amsterdam, Amsterdam, The Netherlands

* H,O formed in shock front ) -
* Gets dissociated to OH in ionization front
* OH masers are pumped by FIR radiation ~ 1 -
from warm dust §
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The H,O Spectrum of the Massive Protostar AFGL 2136 IRS 1 from 2 to 13 ym at High
Resolution: Probing the Circumstellar Disk
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The excitation of OH by Hj revisited — II. Hyperfine resolved rate
coefficients

J. Ktos,! P. J. Dagdigian,”> M. H. Alexander,! A. Faure “* and F. Lique!**
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Collisional excitation of hyperfine levels of OH by hydrogen atoms
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Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218-2685, USA
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Herschel observations of EXtra-Ordinary Sources (HEXOS):

detecting spiral arm clouds by CH absorption lines™

S.-L. Qin!, P. Schilke!-2, C. Comito?, T. Méller', R. Rolffs?, H. S. P. Miiller!, A. Belloche?, K. M. Menten?, D. C. Lis?,
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A&A 521,116 (2010) Astronomy
DOL: 10.1051/0004-6361/201015115

©ES02010 Astrophysics

Herschel/HIFI: first science highlights Special feature

LETTER TO THE EDITOR

Interstellar CH absorption in the diffuse interstellar medium
along the sight-lines to G10.6-0.4 (W31C), W49N, and W51 *-**

M. Gerin!, M. De Luca!, J. R. Goicoechea?, E. Herbst®, E. Falgarone!, B. Godard!#, T. A. Bell’, A. Coutens®”,
M. Kazmierczak®, P. Sonnentrucker?, J. H. Black!, D. A. Neufeld®, T. G. Phillips’, J. Pearson!!, P. B. Rimmer?,
G. Hassel?, D. C. Lis’, C. Vastel®’, F. Boulanger*, J. Cernicharo?, E. Dartois*, P. Encrenaz!, T. Giesen'?,

P. E. Goldsmith!!, H. Gupta'!, C. Gry'3, P. Hennebelle!, P. Hily-Blant!#, C. Joblin®7, R. Kotos!?, J. Kretowski®,
J. Martin-Pintado?, R. Monje’, B. Mookerjea!®, M. Perault!, C. Persson'?, R. Plume!?, M. Salez!, M. Schmidt!8,
J. Stutzki'?, D. Teyssier'®, S. Yu'!, A. Contursi?’, K. Menten®', T. R. Geballe??, S. Schlemmer'2, P. Momszz
W.A. Hatch11 M. Imram'!, J. S. Ward11 E. Calux67 R. Gusten21 T. Klein?!, P. Roelfsema?*, P. Dieleman®*

R. Schleder12 N. Honmgh12 and J. Zmuidzinas’
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A&A 612, A37 (2018)
https://doi.org/10.1051/0004-6361/201731810
© ESO 2018

Unveiling the chemistry of interstellar CH
Spectroscopy of the 2THz N= 2 « 1 ground state line*

tronomy

trophysics

H. Wiesemeyer', R. Giisten!, K.M. Menten', C.A. Durén’, T. Csengeri!, A.M. Jacob!, R. Simon?,

J. Stutzki?, and F. Wyrowski'
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A&A 650, A133 (2021)

https://doi.org/10.1051/0004-6361/202140419

© A. M. Jacob et al. 2021

tronomy
Astrophysics

The CH radical at radio wavelengths: revisiting emission in the

3.3 GHz ground-state lines

Arshia M. Jacob*®, Karl M. Menten, Helmut Wiesemeyer, and Gisela N. Ortiz-Leén
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Rotationally
excited CH

DETECTION OF INTERSTELLAR ROTATIONALLY EXCITED CH

L. M. Z1urys
Department of Chemistry and Radio Astronomy Laboratory, University of California, Berkeley
AND

B. E. TURNER
National Radio Astronomy Observatory,! Charlottesville, Virginia
Received 1984 September 20; accepted 1985 January 25
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Astron. Astrophys. 161, 329-333 (1986) AS’IRONOMY
AND
ASTROPHYSICS

A search for rotationally-excited CH in galactic sources

H.E. Matthews ', M.B. Bell !, T.J. Sears?, B.E. Turner >, and L.J. Rickard*

Transition Frequency* Lined Aij*t Notes Energy
(MHz) Streagth (sec™ ") Above
Ground
J F (cm™ ")
F1 2% 3*-2- 4836.5 2.0 0.038 1.52(-11) a
3*-3" 4847.84%*0.20 0.76 3.07(-10) b 73
2%-2- 4870.12%0.20 0.53 3.03(-10) b
2*-3" 4876.2 *2.0 0.038 2.19(-11) a
Fz 1% 1*-2" 7274.4 *1.,0 0.13 4.14(-10) a
1*-1- 7325.05%0.15 0.66 2.15(-9) d 67
2%-2" 7348.18%0.15 1.19 2.34(-9) d
2+-1" 7396.,7 t1.0 0.13 2.61(~10) a
F1 3} 4~=3% 11250.79%0.50 0.016 6.28(-11) b,c
4=-4% 11265.21%0.15 0.56 2,20(-9) b 158
37-3* 11287.0520.15 0.43 2.19(-9) b
3--4% 11301,22%0.20 0.016 8.19(-11) b,c
F2 2% 27-3% 14713,78%0.15 0.038 6.01(-10) b
2°-2% 14756.81%0.15 0.53 8.45(-9) b 153
37-3% 14778.97%0.20 0.76 8.70(-9) b
37-2% 14821.88%0.15 0.038 4.39(-10) b
F1 4% 5*-4~ 19933.3 3.0 0.008 1.43(-10) a
5*-57 19949.9 *3.0 0.44 7.88(-9) a 270
4%-4- 19971.8 *3.0 0.36 7.91(-9) a
4*-5- 19988.4 %3.0 0.008 1.76(-10) a
Fz 3% 3*-4~ 24381.57%0.4 0.016 8.22(-10) b
3%-3" 24420.65%0.1 0.43 2.22(-8) b 267
4%-4" 24442 .56%0.1 0.55 2.21(-8) b
4%-3" 24482.10%0.2 0.016 6.47(-10) b,c




W51E

Energy above the ground state [K]

80 s
2y/5(F1) 210, 2(F2) e
! Parity J  Parity ! F - N=1 70F —
e ]
\\ji/2 = i T IEEEE 60 3
7 _(/ E E E E J=3/2 T32646Hz 3
=R ~ RClEIR :
- ||z ; Y \pgiged VLA
T3.3356Hz
N=2 A ]
» 536 GHz e 3
CH : 211 g 3 T3 3496H: ‘L\ ]
& = sofwA ity S
= 1- g
3/2 g
FEle _ . 1 =2 I 8
700/720 MHz — 0 J=1/2 g ; ; O B el T
= il g | Tl k
1/2\\_; 1 L & " 1| o | 1 N 1 UGMRT
N=1 *° 0 - 0% E AT PETAR ' 401 R Y b 0 W
33 GHz 532 GHz ) M 3TAfL U R r N
* Rot. excited 700 MHz hfs lines
are extremely weak Herschel/
. ersche
e Litte chance of Zeeman effect g HIF|
detection (SKA?)
-40
% 5.0+ -
% 251 iy
0.0 1 ‘ I : 1

JaCOb+ 2024 i ° Uisr :2ms'1]60 80 =



DR21
1.0 ryrrrrrrrrrrprrrr-rrrrororop

536 GHz

> L
= t

4GREA

T T T T T T
[T T T A N R B

-50 0 50
Uisr [km™1]

Jacob+ 2024



Monthly Notices

MNRAS 475, 5480-5486 (2018) doi:10.1093/mnras/sty193
Advance Access publication 2018 January 24

Hyperfine excitation of CH in collisions with atomic and molecular
hydrogen

Paul J. Dagdigian*

Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218-2685, USA

OH-H
and OH-H,



—

— = OH and CH with SOFIA

* SOFIA/GREAT observations gave access to fundamental rotational
lines of CH and OH (and OD)
« Submillimeter/FIR lines provide foundation for modeling of radio-
wavlength hfs lines
» assisted by new collisional rate coefficients
 Both CH and OH probe the larger scale environment of high mass
YSOs
* Rotationally excited OH probes their immediate neighborhoods
* modeling of chemistry desirable
* \ery little rotationally excited CH



GREAT - the Consortium

SOFIA Pl-Instrument funded
and developed by

. MPI Radioastronomie (2.7 THz channel)
» R. Gusten (Co-PI)
» S. Heyminck (system engineer)
» B. Klein (FFT spectrometer)
» |. Camara, T. Klein (2.7 THz LO)

 Univ. zu Koln, KOSMA (1.4/1.9THz channels)
» J. Stutzki (Co-PI)
» U. Graf (1.4 &1.9THz LO, Optics)
» K. Jacobs (HEB mixers up to 2.7 THz)
» R. Schieder (array-AOS)

[ DLR Planetenforschung (4.7 THz channel)
> H-W. Hibers (Co-Pl: 4.7 THz HEB, IF, cal unit)

\
- ou:
v Tha“k Y = O MPI Sonnensystemforschung
» P. Hartogh et al. (CO-PI: CTS)

Astronomical thanks to: Arshia Jacob, Helmut Wiesemeyer, Friedrich Wyrowski,
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