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Many astrophysical themes :

Star formation

Young stellar objects
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Prestellar cores
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3 sites:
• Paris (Obs)

• Meudon (Obs)

• Jussieu (Sorbonne)

Multiple scientific themes, one common axis : 
bridging the gap from laboratory astrophysics to astrophysical observations

M. Rabenanahary et al.: Wide-angle protostellar outflows driven by jets in stratified cores
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Fig. 5. Maps at t = 10 000 yr of (a) hydrogen nuclei density nH, (b) fraction of core-originated material fa, (c) orthoradial velocity vR, and (d) axial
velocity vz of the shell driven by a conical pulsed jet in a flattened singular core. Parameters are identical to model M_SAWT in Table A.1 except for
a longer variability period P = 300 yr. Velocities in the colorbars are cropped to the range typically detected in CO outflow observations, namely
between 0 and 50 km s�1. The white contour in the left-half of panels of (b), (c), and (d) shows fa = 50%.

Fig. 5. We plot the full width as function of time at two differ-1

ent heights: z = 800 au (for comparison with Dutta et al. 2020),2

and z = 20 000 au (top of the computational domain, after the jet3

head reaches it). We denote the corresponding shell widths as4

W800 and W20 000.5

Figure 6 shows that the formation of two separate shells6

(denoted as the outer and main shells in Fig. 5) occurs around7

t = 1000 yr. Both shells are seen to decelerate at late times.8

Deceleration is stronger at lower altitudes, where the ambient9

core is denser. At z = 800 au, the main shell stops expanding10

after 6000 yr and reaches a final width W800 ' 2 ⇥ 1016 cm =11

1500 au. The corresponding final opening angle is ↵800 = 86�.12

This behavior is consistent with observations suggesting that13

the base opening angle of CO outflows stops increasing after14

t ' 8000 yr, with a final value (uncorrected for inclination)15

↵obs ' 90–100� (Velusamy et al. 2014).16

The widths W800 of the main shell at z = 800 au also fit very17

well within the observed range of flow widths at the same pro-18

jected height (indicated by grey bands in Fig. 6), measured by19

Dutta et al. (2020) in a sample of 22 CO outflows in Orion.20

On large core scales of z = 20 000 au = 0.1 pc, the main shell21

reaches a width W20 000 = 15 000 au at an age of 104 yr. This is22

similar to the observed CO outflow width at the same (depro-23

jected) height in HH46-47 (Zhang et al. 2016), indicated in blue24

in Fig. 6. On intermediate scales of z = 8000 au, the main shell25

width at an age of 104 yr in our simulation is 9000 au (see Fig. 5).26

This is also in good agreement with cavity widths observed at the27

same (projected) distance in scattered light, lying in the range28

1100–8500 au in 75% of cases (cf. semi-opening angles reported29

in Habel et al. 2021). Therefore, a jet driven into a flattened30

singular core seems able to reproduce typical observed outflow31

widths on both small and large scales for realistic long ages of32

�10 000 yr.33
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Fig. 6. Temporal evolution in the simulation of Fig. 5 of the full width
of the main shell (jet-ambient interface, crosses) and outer shell (for-
ward shock, circles) measured at altitudes z = 800 au (black) and z =
20 000 au (red). Analytical predictions for the equivalent “modified X-
wind” model of Lee et al. (2001) are shown as dotted black and red lines
of slope t1/2 (see text). The full range of CO outflow widths observed
at z = 800 au by Dutta et al. (2020) is indicated by the light grey band
(with second and third quartiles in darker grey, and median as a thin
green line). The full width of the HH46-47 outflow at z = 20 000 au,
from Zhang et al. (2016), is shown in blue.
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Laboratory 
astrophysics

Astrophysical 
models Observations

Studying the fundamental 
physical processes

Studying the structure and 
physical conditions of 
astrophysical environments

Modelling the full complexity 
of coupled physical/chemical 
processes

Fundamental 
physical and 
chemical data

Inference of 
conditions 
and 
structure

• 13 permanent researchers

• 4 engineers (IR & IE)

• 10 PhDs and 2 Post Docs

• 5 emeritus  

32 people :



Part 1 - The Atomic and Molecular Physics and ISM teams
(Meudon and Paris)



Atomic and Molecular Physics:  
Vacuum UltraViolet (VUV) Spectrograph 

•Focal distance : 10.7 m 
•High resolution ~ 150 000  (8mÅ, slit 30µm) 
•Wavelength range (300Å -3000Å) 
•Sources: vacuum sparks, hollow cathode lamp,  
Penning discharge lamp

Δα/α0= ( 6.36±0.35stat±1.84sys) x10-5

➢ Variation of fine structure constant with 
gravity (Fe V  in white dwarfs)

Section of vacuum spark spectrum of neodymium 
(370 – 480Å)

➢ Opacity of kilonovae: ionised lanthanides,  
ex: Nd3+ (1740 lines & 357 levels, previously 
unknown)

10m High resolution VUV spectrograph in Meudon: a unique instrument in Europe 

 →  moderately charged atomic ions (2+ - 5+) (transition metals and rare earths)  
       and small molecules (H2, D2, HD, CO…)

Astrophysical applications: 
➢ Stellar abundances (CP, supernovae, Sun)

Laboratory spectra + Analysis/parametric 
interpretation


Atomic data: λ, Δλ/ λ ~ 1 - 5 x 10-6


Energy diagram E, transition probabilities 
gA, log(gf), Landé factors gL

Christian Balança, Norbert Champion, Christophe Blaess, Lydia Tchang-Brillet



Atomic and Molecular Physics : collision rate calculations

Theoretical calculations of collision cross sections: 
(quantum chemistry, potential energy surfaces, collision dynamics)


•     Ro-vibrational excitation of molecules via collisions with He, H2 (ISM) 
N2H+, C2H-, C4H-, C8H-, HC5N (long carbon chain study)  
→ Needed to deduce physical conditions from molecular emission in the ISM


• 	 Stark broadening coefficient of atomic and ionic lines 
→ Needed e.g. to deduce the density in plasmas such as stellar atmospheres  
	 


Cross sections for reactive collisions: 


•     Gas-phase reactions involving neutral  
and/or ionic species


•     Perspective for solid phase interactions  
(e.g. ice mantles interstellar dust grains)


    → Needed to study ISM chemistry


LUX UMR 8262

Ch. Balança, F. Dayou, N. Feautrier , S. Sahal-Bréchot 

Diffusion of atomic and molecular data:
VAMDC (service d'observation)
C. M. Zwolf 



The Meudon PDR code
F. Le Petit, J. Le Bourlot, E. Roueff, E. Bron, A. Piluso, D. Languignon, A. Doussot

A state-of-the art model of photodissociation regions 
(PDRs)

Also a "service d'observation":
• Plateforme MIS et Jets (ANO5):  

making model results accessible to the community

• The Meudon PDR Code is now an ANO CC

Probing radiative feedback of young massive stars

Chemical balance
• hundreds of species 
• thousands of reactions

Thermal balance
• line cooling (tens of 

species) 
• tens of heating 

processes
Quantum level 

populations
• collisional and 

radiative transitions, 
chemical pumping, 
state-to-state 
chemistry

Radiative transfer
• from radio to UV 
• both continuum and 

line processes

• Involved in interpretation of several JWST programs

• applications in wide range of environments: PDRs, diffuse 

clouds, protoplanetary disks, high redshift DLA, ...
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Puzzle of H3+ excitation temperature in diffuse 
interstellar clouds:

➥ introducing a sufficient number of H3+ levels

➥ role of chemical pumping

➥ role of molecular fraction

Le Bourlot et al., Mol. Phys. e2182612 (2023) 
Felix-Gonzalez et al, A&A 693, 181 (2025)

Inferrence of maps of physical conditions:

➥ Bayesian inference + spatial 
smoothness prior


➥ new MCMC sampler: efficient local  
(P-MALA) and global (MTM) exploration


➥ neural network emulator of the Meudon 
PDR code to speed up sampling

Palud et al. 2023a, 2023b, & 2025 (subm.)

cl
as

si
ca

l m
et

ho
d

ne
w

 m
et

ho
d



PI : M. Gerin & J. Pety

Beslic+2025, Pety+2017, Gaudel+2022

https://www.iram.fr/~pety/ORION-B/

ORION-B IRAM-30m Large Program & ANR DAOISM
M. Gerin, H. Mazurek, I. Beslic, F. Le Petit, E. Bron

First study of ionization fraction across  
a full GMC:

• Detailed study of a star forming GMC

• ~106 pixels, tens of molecular lines

• Template for GMCs in galaxies

• Collaboration with data science & 

Machine learning

ionization fraction

• finding most informative line ratios from large 
model grids, a Machine Learning approach 
(Bron+2021)


• application on Orion B observations (Beslic+2025)



Gerin+2024

High sensitivity of H2CO 110-111 line to 
excitation conditions including x(e) 
Absorption more prominent in 
regions where x(e) << 3x10-5 and C+ 
has recombined to C and CO

x(e)

Ionization fraction in the diffuse ISM
M. Gerin

IRAC 1 image 
H2D+ contours

H2D+ image + white ct. 
D2H+ black contours

Chemistry and 3D structure of prestellar cores
L. Pagani

• complex task (no information along line of sight)

• taking advantage of chemical stratification



Tabone+2020, Rabenanahary+2022

Jets and outflows: models and observations
S. Cabrit

Disks, jets and outflows

• Interstellar heritage

• Mechanical, radiative 

and CR feedback


