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OH probes CO-dark molecular gas
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Mysterium

Nature 1965



Rogers+ 1967, ApJ
& Rogers+ 1966, Phys. Rev. Letters

W3(OH) < 15”

Early VLBI
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Hydroxyl radio maser emission and absorption:

Baudry, Guilloteau, Walmsley, Wilson, Winnberg, …

W3(OH)
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W3(OH)

Zeemanà B field: a few mG



Baudry & Menten (1995)



Chemical (and evolutionary) diversity in the W3(OH) region

Wyrowski et al. 1999
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HIFI/Herschel
+ GREAT/SOFIA

GREAT/SOFIA

OH Energy Levels

hfs lines have all been observed with 
radio telescopes;
modeled, e.g., by Guilloteau+ 1981, 
Cesaroni & Walmsley 1990



Wiesemeyer et al. 2012



à Mass infall rates:   
a few x 10-3 M¤/yr

Wyrowski + 2012, 2016
See also Hajigholi+ 2016 (Herschel/HIFI)

Ammonia/1.8 THz: Probing infall
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Talk by F. Wyrowski



LVG Modeling
• Combining radio hfs and FIR 

rotational line information



G34.25+0.15



• H2O formed in shock front
• Gets dissociated to OH in ionization front
• OH masers are pumped by FIR radiation 

from warm dust



Trot (H2O) = 519 K

H2O and H2
18

 O lines (SOFIA/EXES)
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Talk by  Jialu Li



OH – H

OH – H2



Rydbeck, Elldér & Irvine 1973

84 ft.
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CH energy levels

Radio
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CH ground state 
hfs lines
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CH energy levels

Radio

Herschel/HIFI
& 4GREAT

SOFIA/GREAT

Zeeman-active
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• Envelopes of SFRs
• Line of sight diffuse & translucent clouds



+

• Column densities from FIR rotational line used to “anchor” modeling of radio 
hfs lines à Inferred temperatures 50–125 K

Arshia Jacob

For OH, see Poster 
by Michael Busch



Rotationally 
excited CH



Zero detections



Jacob+ 2024

• Rot. excited 700 MHz hfs lines
     are extremely weak
• Litte chance of Zeeman effect 

detection (SKA?) 

VLA

Herschel/ 
HIFI

uGMRT
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4GREAT



OH – H
and OH-H2



• 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
• Very little rotationally excited CH

OH and CH with SOFIA



GREAT - the Consortium
SOFIA PI-Instrument funded 
and developed by 
q MPI Radioastronomie (2.7 THz channel)

Ø R. Güsten (Co-PI)
Ø S. Heyminck (system engineer)
Ø B. Klein (FFT spectrometer)
Ø I. Camara, T. Klein (2.7 THz LO)

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

q DLR Planetenforschung (4.7 THz channel)
Ø H-W. Hübers (Co-PI: 4.7 THz HEB, IF, cal unit)

q MPI Sonnensystemforschung
Ø P. Hartogh et al. (CO-PI: CTS)

Thank you!

Astronomical thanks to: Arshia Jacob, Helmut Wiesemeyer, Friedrich Wyrowski, 
Timea Csengeri + …


