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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

IR ro-vibrational cascade
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2. Instrument 

4Aurélien Piluso

Instrument :  IGRINS : Immersion GRating INfrared Spectrometer 

• Covering H and K band (1.45 and 2.45 ) 

• Spectral resolution of 45,000

μm

Observables :  

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

• >120 ro-vibrational lines of H2 per PDR
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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 

Pth 5 × 105 − 5 × 109 Kcm−3

G0 10 − 105
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3. Meudon PDR Code
Varying parameters :  

• Thermal pressure  between 


• UV field intensity normalized in Habing  between 

Pth 5 × 105 − 5 × 109 Kcm−3

G0 10 − 105

  Comparison observations/models :  

• Creating a grid of 200 models 

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 

χ2
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G0
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Grid of models for this study
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4. Results 
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Similar results for Horsehead Nebula, S140, IC63
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Best fitting model

✓Sensibility of H2 lines to physical parameters -> Great constraint on physical parameters

✓Best model reproduces 90% of the observed lines -> Accurate physics of PDR modeled 

NGC 2023

Moderate PDRs : NGC 2023 Case

Similar results for Horsehead Nebula, S140, IC63
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✓Sensibility of H2 lines to physical parameters -> Great constraint on physical parameters

✓Best model reproduces 90% of the observed lines -> Accurate physics of PDR modeled 

✓Parameter space exploration -> Estimation of uncertainties

NGC 2023

Moderate PDRs : NGC 2023 Case

Similar results for Horsehead Nebula, S140, IC63
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Microphysical process : Distribution at formation for Intermediate PDRs

Comparison between :  

A. Boltzmann Distribution


B. Sizun Distribution (distribution around v=6 and spread in J)
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➡ H2 forms preferably vibrating than rotating 
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Until now, the observations could not allow to constrain distribution at formation
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Conclusion

Main 
• The Meudon PDR code reproduces 

• H2 rovibrational emission lines allow    Pth G0

• By adding    Pth G0

• v=1 highly rotational emission lines provide information of excitation     fi 

• Need of considering collision     
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Thank    
 

Do      


