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SOFIA/GREAT [CII] observations 
in nearby clouds 

near the lines of sight 
towards B0355+508 and B0212+735

Jürgen Stutzki
I. Physikalisches Institut, Universität zu Köln

SFB 956 (Coordinated Research Center 956)
“Conditions and Impact of Star Formation”

Sub-Project A4

Co-PI of GREAT/upGREAT Instrument on SOFIA
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Overview

• Science context

• Proposal

• Observations

• Interpretation and analysis

• Summary
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• Science Context
CO-dark gas is a “hot topic” since the Herschel GOT C+ results

diffuse clouds
- clouds in formation

- not yet formed heavy molecules (carbon mostly not yet in CO)

- studied e.g. by mm-wave absorption against Quasar background 
source (Lizt, Lucas, Pety papers)

a systematic study in CO (IRAM 30m) revealed (Liszt & Pety, 2012)

- weak CO J=1-0

- CO J=2-1/J=1-0 intensity ratio: low excitation temperature
› interpreted to be sub-thermally excited due to low density 

(as diffuse cloud should not be very cold)

- small scale spatial variations in CO brightness
› Interpreted as chemical fluctuations, not cloud density structure
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Av and CO maps (Liszt & Pety, 2012, A&A 541, A58)

B1954+513

B0212+735

B0355+508

BL lac

B0528+134
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• Science Context (continued)
dominant coolant should be through [CII] 158 um

- CO not abundant and only weakly excited

- [OI] 63 um needs high temperature and high density

heating
- average FUV field in the Milky Way

- possibly turbulent dissipation

- unavoidable: cosmic ray heating

relatively simple physics, hence good model predictions 
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• The Proposal Idea
if the above picture 

- diffuse clouds

- chemical fluctuations cause CO spotiness

is correct, we would expect
- reasonably bright [CII] emission

- anticorrelated with CO distribution

hence
- pick selection of Quasar-background diffuse clouds that have been 

mapped in CO

- do deep integrations in [CII] at CO peaks and voids

to check the above scenarios!

Cycle-1 proposal, A-rated, observed 2013/2014 

PI: Christian Glück, PhD student in Cologne 
(involved in failed STO [CII] survey, 
M33 HIFI-Herschel [CII] observations)
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predicted [CII] intensity for diffuse cloud scenario

• balance between heating and cooling
heating: photoelectric, Habing FUV field 

- for low density 

- temperature

- note: 17 times stronger than penetrating cosmic ray heating

- other heating even less: turbulent dissipation (Falgarone et al. 2010),
   H2 formation (Liszt & Lucas, 1996), ...

 cooling: via [CII] 158 μm
- cooling function 

Bakes & Tielens, 2010,ApJ 427, 822 

predicted [CII] line integrated intensities around 1-5 K km/s
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 proposal predictions

1-5 K km/s
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Observations

- November 2013, February 2014
- GREAT L2 channel
- total power ON-OFF, OFF about 10-12 arcmins away
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B0212+735B0355+508

selected for minimal Av and/or IRAS 100 μm 
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in press
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observational results

note: multiple velocity components
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observed intensities and upper limits for [CII]

• break-down into identified 
velocity components

some associated with CO

some only in HCO+ 
absorption
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• for comparison with predicted “diffuse cloud” [CII] intensities
H, H2 column densities for individual velocity components from

- CO intensities
› line-of-sight towards quasar

› CO peak

› CO void

- HCO+ absorption along quasar l-o-s

- HI 21 cm along quasar l-o-s

from this

- total H column (H+H2) from HCO+, assuming appropriate 
fractionation

- lower limit to total H column, from CO/H2, ignoring HI

consistent with HI 21 cm columns
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lower limits on 
H-column density 

from CO

total observed
HI-21cm 

column density
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observed versus predicted

3σ upper limits

a factor of 3 to 7 below expected!

B0355+508
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• diffuse cloud scenario rules out!

• [CII] excitation must be lower than in diffuse clouds
lower density (below critical density of [CII])

- ruled out by cloud volume densities and cloud sizes

lower temperature?

simple analytical calculation: 
consistent with observed column densities

→ need low temperature and/or lower column density 
           for [CII] emitting gas

30 K

14 K

[CII] within upper limit
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PDR-scenario (KOSMA-τ model) 

clump ensemble

CO

[CII]

CO 2-1/1-0

CO 
model

[CII] 
model

single clump
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PDR scenario

- HCO+ consistent
- observed 12CO/13CO ratio 

requires small (<1 Mo) clumps
or a clump ensemble
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Summary

• non-detection of [CII] 158 μm contradicts scenario of 
warm, non-LTE, diffuse clouds with sub-thermally excited CO

• non-detection implies less excited [CII]
lower densities contradict measured volume density and cloud 
size

lower temperatures (supported by CO intensities interpreted in 
thermalized case) constrain the cloud densities to below 
2-5x103 cm-3 and [CII] emitting columns of below Av=1

• the observed 12CO and 13CO J=2-1 and 1-0 intensities and the 
upper limit for [CII] are consistent with a clumpy cloud PDR 
scenario at G0=1, 1-10 Mo clumps

SOFIA's New Zealand campaign, Christchurch airport, Summer 2013
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