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Th e O rigin of th e  Galactic [CII] Em ission
Th e  Galactic Distribution of th e  CO -dark  H 2 gas

Th e  Distribution of [CII] Em ission in th e
plane of th e  M ilk y W ay

R esults:
Th e w arm  and diffus e  CO –dark  H 2 is  
distributed over a larger range of 
Galactocentric distance s   (4–11 k pc) th an 
th e  cold and dens e  H 2 gas  traced by 12CO  
and 13CO  (4–8 k pc). 

Th e  fraction of CO -dark  H 2 to total H 2 
increas e s  w ith  Galactocentric distance, 
ranging from  20% at 4 k pc to 80% at 10 
k pc. 

O n average, CO -dark  H 2 accounts for 
30%  of th e  m olecular m ass in th e  M ilk y 
W ay.

M eth od:
We subtracted th e   H I, e -, and PDRs, 
contributions  to th e  total [CII] intens ity.
W e find a 30% exce s s  of [CII] em is s ion, 
w h ich  w e  attribute  to CO -dark  H 2 gas .
 
To calculate th e  colum n dens ity distribution 
of th e  CO -dark  H 2 gas  from  th e  exce s s  [CII] 
intens ity, w e  us e  th e  th e rm al pre s sure  
gradient from  Wolfire  et al. 2003 m ultiplied 
by a factor 1.5 and w e  cons ider th e  Galactic 
m etallicity gradient.  

Th e  Galactic O bs ervations  of Terah ertz C+  (GOTC+ ) project is  devoted to 
surveying th e  [C II] 158μm  line  over th e  entire  Galactic dis k  w ith  
velocity–re solved obs e rvations  obtained us ing th e  H IFI instrum ent on H ersch el. 

W e pre s ent th e  first longitude–velocity m aps  of th e  [CII] em is s ion for Galactic 
latitude s  b = 0◦, ± 0.5◦, and ± 1.0◦. W e com bine  th e s e  m aps  w ith  th os e  of H I, 12CO , 
and 13CO  to s eparate th e  different ph as e s  of th e  ISM  and study th e ir propertie s  
and distribution in th e  Galactic plane . 

[CII] em ission is m ostly associated w ith  spiral arm s, m ainly em erging from  
Galactocentric distances b etw een 4 and 10 k pc.  It traces th e  envelopes of 
evolved clouds as w ell as clouds th at are  in transition betw een atom ic and 
m olecular. 
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[CII] as a Tracer of Star Form ation

We com pared th e  distribution of th e  [CII] lum inos ity of th e  M ilk y Way w ith  th at 
of th e  star form ation rate  derived from  radio continuum  obs e rvations .  

Th e [CII] and SFR  are  w ell correlated at Galactic scales  w ith  a relationsh ip 
th at is in excellent agre em ent w ith  th at found  for external galaxie s. By 
com bining [CII] and SFR  data points  in th e  Galactic plane w ith  th ose  in 
external galaxie s and nearby star  form ing regions, w e  find th at a single scaling 
relationsh ip b etw een  th e  [CII] lum inosity and SFR  applies over six orders of
 m agnitude . 

We us ed th e  [CII], CO , and H I em is s ion and a m odel for th e  electron distribution of
th e  galaxy  (NE2001; Corde s  &  Lazio 2002) to s eparate th e  diffent ph as e s  of th e
interstellar m edium  th at contribute  to th e  obs e rved [CII] em is s ion. 
Th e [CII] em issivity at b=0 degre e s is m ostly produced by d ense  ph oton
dom inated regions (47% ), w ith  sm aller contributions from  CO -dark  H 2 gas
(28% ), cold atom ic gas (21% ), and ionized  gas (4% ). 

H ow ever, th e se  ISM  com ponents h ave rough ly com parable contributions to th e Galactic [CII]  lum inosity: d ense  PDR s (30% ), cold H I  (25% ), CO -dark  H 2
(25% ), and ionized  gas (20% ). Th e  d ifference b etw een th e  percentages of th e  
[CII] lum inosity and th at of th e  [CII] em issivity at b=0 are  due  to th e  d ifferent
scale h e igh ts of th e  d ifferent ISM  ph ase s.
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