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Goal: Characterize the 

physical conditions of the 

Orion Bar PDR, a local 

template for dense and 

highly irradiated PDRs



What is a Photodissociation Region (PDR)?

We use CO 
as a tracer of 
temperature!



Submillimeter observations with Herschel / HIFI 

CO rotational ladder: from 500 GHz to 1900 GHz 



Rotational diagram: powerful simple tool (LTE)

CO
1.5x1017 cm-2

13CO
3.9x1016 cm-2

C18O
6.4x1015 cm-2



Non-LTE Modelling (RADEX) - Example CO J=2→1

Optically thin
𝜏v<1

Optically thick
𝜏v>1

RADEX (van der Tak et al 2007, A&A) 

Line opacity (2→1) increases with 
column density N(CO)

Higher levels (J>2) populated at 
higher gas temperature ; Nu=2 
decreases



Non-LTE Modelling (RADEX) - Example CO J=2→1

Optically thin
𝜏v<1

Optically thick
𝜏v>1

TR increases with column density 
N(CO) in optically thin regime and 
saturates in optically thick regime

 

RADEX (van der Tak et al 2007, A&A) 



Meudon PDR model 

Orion Bar: 
G0 = 2x104

Pth = nH·T = 108 K cm-3 

(isobaric)

=> H to H2 transition



Meudon PDR model 

C+ to C to CO transition

Orion Bar: 
G0 = 2x104

Pth = nH·T = 108 K cm-3 

(isobaric)





Thank you! Any question?



Meudon PDR model 

13C+ + 12CO -> 12C+ + 13CO + 35 K


