
Phase transition shocks in the WNM*** 

B. Godard, G. Pineau des Forêts, S. Bialy

*** Origin of neutral carbon at high pressure 

-15

-10

-5

 0

 5

 10

 15

-15 -10 -5  0  5  10  15

po
si

tio
n 

kp
c

position kpc

102

ve
lo

ci
ty

 (k
m

 s
-1

)



Introduction
Physics of phase transition shocks

Origin and dissipation rate

Tracers of turbulent dissipation ?
Mystery of CI at high pressure 
A possible solution ?

courtesy of P. Lesaffre



WNM 
8000 K

CNM 
80 K

turbulence 
& 

thermal instability

collapsecondensation

gravity

evaporation

probabilistic evolution

Introduction
Physics of phase transition shocks

Origin and dissipation rate

Tracers of turbulent dissipation ?
Mystery of CI at high pressure 
A possible solution ?

turbulent cascade in multiphase environment ? 

transfer / dissipation of mechanical energy ?
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89 lines of sight



Jenkins & Tripp (2011)

Introduction
Physics of phase transition shocks

Origin and dissipation rate

Tracers of turbulent dissipation ?
Mystery of CI at high pressure 
A possible solution ?

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0  0.1  0.2  0.3  0.4  0.5  0.6

f 2
 =

 N
(C

 3 P 2
) /

 N
(C

)

f1 = N(C 3P1) / N(C)

    

    

    

    

    

    

    

       

   

  
 

    

    

    

    

    

    

    

       

   

  
 

    

    

    

    

    

    

    

       

g l
o
w

g h
i
g
h

pressure (K cm
-3
)

10
3 10

4

10
5

10
6

10
7

   

  
 



???

Introduction
Physics of phase transition shocks

Origin and dissipation rate

Tracers of turbulent dissipation ?
Mystery of CI at high pressure 
A possible solution ?

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0  0.1  0.2  0.3  0.4  0.5  0.6

f 2
 =

 N
(C

 3 P 2
) /

 N
(C

)

f1 = N(C 3P1) / N(C)

    

    

    

    

    

    

    

       

   

  
 

    

    

    

    

    

    

    

       

   

  
 

    

    

    

    

    

    

    

       

10
3 10

4

10
5

10
6

10
7

   

  
 

 0

 0.2

 0.4

 0.6

 0.8

 1

pr
ob

ab
ilit

y 
di

st
rib

ut
io

n 
fu

nc
tio

n

  
 0

 0.2

 0.4

 0.6

 0.8

 1

pressure (K cm-3)
102 103 104 105

pr
ob

ab
ilit

y 
di

st
rib

ut
io

n 
fu

nc
tio

n

  

Jenkins & Tripp (2011)



   

   

   

   

          

   

  

103

104

105

106

10-1 100 101 102 103

10
0  K

10
1  K

10
2  K

10
3  K

10
4  K

10
5  K

10
6  K

10
7  K

Pr
es

su
re

  (
K 

cm
-3

)

nH  (cm-3)

   

   

   

   

          

10
0  K

10
1  K

10
2  K

10
3  K

10
4  K

10
5  K

10
6  K

10
7  K

a
d
i
a
b
a
t
i
c
 
h
e
a
t
i
n
g

isobaric cooling

i
s
o
c
h
o
r
i
c
 
c
o
o
l
i
n
g

WNM CNM

   

  

high velocity shocks in the WNM

Introduction
Physics of phase transition shocks

Origin and dissipation rate

Tracers of turbulent dissipation ?
Mystery of CI at high pressure 
A possible solution ?



Introduction
Physics of phase transition shocks

Origin and dissipation rate

Chemistry & radiative transfer
Phase transition process 
Production & excitation of CI

Xrays

Lehmann et al. (2020)



  multi-ionized species 

   chemistry (coll / photo ion, recomb) 

   cooling (thousands levels / lines) 

   feedback on shock chemistry 

  exact radiative transfer 

  iterative scheme

Paris-Durham shock code
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shock velocity up to 500 km s-1

chianti database 
Del Zanna et al. (2021) 
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Introduction
Physics of phase transition shocks

Origin and dissipation rate

Dissipation rate
Origin of phase transition shocks 
Link with interstellar turbulence

background sources in Jenkins & Tripp sample are OB stars 
=> should be correlated with SNR positions
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turbulent transfer rate in CNM

Hennebelle & Falgarone (2012) 
Miville-Deschênes et al. (2017)
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Introduction
Physics of phase transition shocks

Origin and dissipation rate

Dissipation rate
Origin of phase transition shocks 
Link with interstellar turbulence

 0

 10

 20

pe
rc

en
ta

ge
 o

f s
ou

rc
es

  
 0

 10

 20

εturb (erg cm-3 s-1)
10-28 10-27 10-26 10-25 10-24 10-23 10-22

pe
rc

en
ta

ge
 o

f s
ou

rc
es

  

→ surprising similarity between both quantities 

→ link between supersonic dissipation & interstellar turbulence


