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PDR: PhotoDissociation Region  
• Radiative feedback of massive stars via UV on the molecular cloud


• UV heats and photodissociates molecules: IR-rich and millimetric emission spectrum


• Excited molecules = Tracker of radiative feedback

What is the impact of radiative feedback on star formation ?
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Observable

H2 :

• Most abundant molecule in the interstellar medium


• Responsible for a major part of physical and chemical processes occurring in PDRs 


• Tracker for UV impact on molecular clouds

1. UV pumping 

2. Fluorescence / Dissociation

3. Rovibrational cascade (IR emission)

10% dissociation

90%  
fluorescence 

Lyman & Werner Bands
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Instrument :  IGRINS : Immersion GRating INfrared Spectrometer 

• Covering H and K band (1.45 and 2.45 ) 

• Spectral resolution of 45,000 

• Averaged intensity on a 1” * 15” slit

μm

Preliminary study Kaplan et. al. 2021 

• 5 PDRs : Horsehead Nebula, Orion Bar, NGC2023, S140, IC63 

• >120 ro-vibrational lines of H2 per PDR 

Since :  
• Calibrated data: absolute intensity


• Extinction correction of intensities


• Use of a code with detailed physics to model the consequences of 
observations: the PDR Meudon code
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Excitation Diagram of the Orion Bar
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Excitation Diagram of the Orion Bar
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3. Meudon PDR Code 

6

Meudon PDR Code : 

• State of the art 


• 1D model


• Stationary model


• Isobaric/isocore model

Aurélien Piluso

Structure of a PDR model:

G0 = 1
Observer side

H HH2 H2

isotropic RF isotropic RF

beamed RF

Star

Radiative transfer Chemistry 

Gas Grains

Thermal processes 

Heating 

• Photo-electric effect (dust)

• H2 pumping

• Cosmic rays

• Photo-reactions

• Exothermic reactions

• …

Cooling 

• C+, O, C

• CO, 13CO, C18O

• H2O, …

• gas-grain collisions 

(cooling or heating)

Quantum levels excitation

• 100s of species

• 1000s of chemical reactions

• tens of atomic & molecular species 

• thousands of quantum levels

•Processes: collisions, radiation, chemistry


→ Line intensities (H2, CH+, OH, CO, HCN,...)

• UV to radio domain

• absorption, diffusion, scattering

• continuum (dust & atoms)

• lines (molecules / atoms)

• self-shielding: H2, CO


• thousands of lines

• Ex: for H2, ~ 300 000 lines

• Surfaces: adsorption, diffusion, 
reaction, thermal & non-thermal 
desorption, …
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3. Meudon PDR Code
Varying parameters :  

• Thermal pressure  between 


• UV field intensity normalized in Habing  between 


• Geometrical Scaling factor  between 0.1 -10 

Pth 5 × 105 − 5 × 109 Kcm−3

G0 10 − 105

Ω



7Aurélien Piluso 7

3. Meudon PDR Code
Varying parameters :  

• Thermal pressure  between 


• UV field intensity normalized in Habing  between 


• Geometrical Scaling factor  between 0.1 -10 

Pth 5 × 105 − 5 × 109 Kcm−3

G0 10 − 105

Ω

  Comparison observations/models :  

• Creating a grid on the parameters to be studied 

101 102 103 104 105

G0

106

107

108

109

P
th

[K
cm

°
3 ]

Grid of models for this study



7Aurélien Piluso 7

3. Meudon PDR Code
Varying parameters :  

• Thermal pressure  between 


• UV field intensity normalized in Habing  between 


• Geometrical Scaling factor  between 0.1 -10 

Pth 5 × 105 − 5 × 109 Kcm−3
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  Comparison observations/models :  

• Creating a grid on the parameters to be studied 

Approaches to quantify the relevance of the model


•  minimisation


• Bayesian inversion and posterior exploration (beetroots) 

Interpolation within model grid :  

• Nonlinear interpolation (log RBF) 


• Neural Network learning of the grid : nnbma 
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4. Results 
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4. Results 

• Shape : 

• Flat region : less sensitivity to  and  Pth G0

Orion Bar
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4. Results 

• Shape : 

• Flat region : less sensitivity to  and  Pth G0

• Addition of constraints :  

• Best region needs  but we know that the Orion Bar is illuminated at least by 


➡Addition of prior at high UV intensity 


• Minor changes thanks to the flat region in parameter space
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Discussion : 
• Overestimation of para levels (for all v) linked to a 

”zigzag” pattern in models when the 
observations are linear 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4. Results : most relevant models

Most relevant models according to H2 rovibrational IGRINS observations (with additional constraints) 

PDR S140 IC63 Horsehead Nebula NGC 2023 Orion Bar

UV intensity (G0) 430-580 470-620 220-290 990-1050 10 000- 10 500
Thermal Pressure  

[K cm-3] 8*105 - 1*106 2-3 * 106 5-7 * 106 4.5-5 * 107 4.5-5.5 * 107

Reduced Chi2 1.7 1.7 3.8 4.4 5
% lines within a factor 

of 2 95 % 95 % 92 % 85 % 86 %
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4. Results : Pth-Go relation
 relationshipPth − G0



Photoevaporation : PDR compression due to intense FUV illumination making 
escaping high T gas at same density : correlation between Pth and Go

11Aurélien Piluso 11

4. Results : Pth-Go relation
 relationshipPth − G0

102 103 104 105

G0

106

107

108

109

P
th

,[
K

cm
°

3 ]

S140

IC63

Horsehead

Orion Bar
NGC2023

This work

Joblin et. al. 2018

Seo et. al. 2019

Best fitting models with constraints

Beetroots best fitting models without constraints



Photoevaporation : PDR compression due to intense FUV illumination making 
escaping high T gas at same density : correlation between Pth and Go

• CO observations (Joblin et. al. 2018, Bron et. al. 2018) : Pth = 1 − 4 × 104 × G0

• CO observations from PACS (Wu et. al. 2018) : Pth = 2.7 × 104 × G0.9
0

11Aurélien Piluso 11

4. Results : Pth-Go relation
 relationshipPth − G0

102 103 104 105

G0

106

107

108

109

P
th

,[
K

cm
°

3 ]

S140

IC63

Horsehead

Orion Bar
NGC2023

This work

Joblin et. al. 2018

Seo et. al. 2019

Best fitting models with constraints

Beetroots best fitting models without constraints



Photoevaporation : PDR compression due to intense FUV illumination making 
escaping high T gas at same density : correlation between Pth and Go

• CO observations (Joblin et. al. 2018, Bron et. al. 2018) : Pth = 1 − 4 × 104 × G0

• CO observations from PACS (Wu et. al. 2018) : Pth = 2.7 × 104 × G0.9
0

• Ionized regions (Carina Nebula : Seo 2019) with Kosma  models 
  (with theoretical calculations from Bertoldi 1989)

τ
Pth = 3.7 × 104 × G0.75

0

11Aurélien Piluso 11

4. Results : Pth-Go relation
 relationshipPth − G0

102 103 104 105

G0

106

107

108

109

P
th

,[
K

cm
°

3 ]

S140

IC63

Horsehead

Orion Bar
NGC2023

This work

Joblin et. al. 2018

Seo et. al. 2019

Best fitting models with constraints

Beetroots best fitting models without constraints



Photoevaporation : PDR compression due to intense FUV illumination making 
escaping high T gas at same density : correlation between Pth and Go

• CO observations (Joblin et. al. 2018, Bron et. al. 2018) : Pth = 1 − 4 × 104 × G0

• CO observations from PACS (Wu et. al. 2018) : Pth = 2.7 × 104 × G0.9
0

• Ionized regions (Carina Nebula : Seo 2019) with Kosma  models 
  (with theoretical calculations from Bertoldi 1989)

τ
Pth = 3.7 × 104 × G0.75

0

• Present results : H2 observations : Pth = 2.3 × 104 × G0.85
0

11Aurélien Piluso 11

4. Results : Pth-Go relation
 relationshipPth − G0

102 103 104 105

G0

106

107

108

109

P
th

,[
K

cm
°

3 ]

S140

IC63

Horsehead

Orion Bar
NGC2023

This work

Joblin et. al. 2018

Seo et. al. 2019

Best fitting models with constraints

Beetroots best fitting models without constraints



Photoevaporation : PDR compression due to intense FUV illumination making 
escaping high T gas at same density : correlation between Pth and Go

• CO observations (Joblin et. al. 2018, Bron et. al. 2018) : Pth = 1 − 4 × 104 × G0

• CO observations from PACS (Wu et. al. 2018) : Pth = 2.7 × 104 × G0.9
0

• Ionized regions (Carina Nebula : Seo 2019) with Kosma  models 
  (with theoretical calculations from Bertoldi 1989)

τ
Pth = 3.7 × 104 × G0.75

0

• Present results : H2 observations : Pth = 2.3 × 104 × G0.85
0

11Aurélien Piluso 11

4. Results : Pth-Go relation
 relationshipPth − G0
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4. Results : Microphysical processes
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Microphysical process : Distribution at formation for Intermediate PDRs
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• For v=1, at high J : observable difference 

• Sizun description preferred  

• Sizun distribution better fits the observations than the Boltzmann distribution 

➡ H2 forms preferably vibrating than rotating 
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Population repartition of H2 in its rovibrational levels :
• First levels are thermalized
• For higher levels : 


• Downward IR radiative transitions dominates in intermediate PDRs (Horsehead, IC63…) 

•  Downward collisional transitions dominate in intense PDRs like the Orion Bar

➡ Need of consideration of collision rate at high energy levels to accurately model PDRs (intense)

Microphysical process : Collisional rates for high energy levels
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