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The Meudon PDR code

Transfert de rayonnement

Chimie

Bilan thermique
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1he Meudon FPDR code

Statlon nary model SO IVI ng : i ISRF computed with Meudon/IAS PDR+DUSTEM code

NGC7023 incident radiation

PAH features
Warm dust

e Radiative transfer: absorption in the lines of H, H,, CO, HD, ... |

absorption in the continuum
UV to sub-mm

e Chemistry: more than 100 chemical species 279 K Black Bocy
network of more than 1000 chemical reactions :
grain surface chemistry (formation of mantles)

e Statistical equilibrium of the populations in the levels of H,, HD, CO, HCO+*, H20, CS, Hs*, ...
takes into account: radiative and collisional excitation / de-excitations, photodissociation

e Thermal balance: heating by photoelectric effect, chemistry, cosmic rays ...
cooling in the lines of atoms and molecules
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1he Meudon FPDR code

missi _ Public code :
- Temperature and cl - - Spherical approxi http://pdr.obspm.fr
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Interstellar chemistry & cosmic rays

Cosmic rays have a strong influence on
interstellar chemistry

® [nduce desorption of molecules from grains ,. Limite Lyman

—
=

® stochastic heating of grains
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e Production of secondary photons . S Continuum

® |onize partially the gas
=> can take control of the chemistry

e (fast) ion-neutral reactions
® no energy thresholds

Molecules directly linked to cosmic rays : OH, HD, Hz*, OH*, H20+, ...
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Diffuse clouds

e Density : ny~100cm
¢ illuminated by to the ISRF

Very interesting objects :

® observations in absorption => direct access to abundances
® small molecules => simplified chemistry => study in detail ph
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ifuse clouds @ OH and HD

Get
H COS’YTL’LC H_|_ D_|_ H HD t.o

C~1-5-107 g1

Get D/H
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Difuse clouds 'Ha™

209
Hz + cosmic = Hz + e HD 183143  1.28

Hot + Ho — Hst + H

HD 20041 070 1.74 (14)

WR 104 2.10 ~ 2 (14)
WR 118 413  ~4(14)
WR 121 1.68 1.12 (14)
C Per 0.32 8.0(13)
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ifuse clouds @ Ha™*
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Application : the Zeta Perseus line of sight

Observations

min
Zeta Perseus is one of the line of sight used to get 5.7 (20) 7.1 (20)
C~110" s 3.2 (20) 7.1 (20)

0.53 0.66

McCall et al. (2004) : detection of Hs* towards Zeta Perseus 75
From a simple relation between N(H3+) and T they find : : 1.1 (16)

Mmax

C =100 107 g

7120) |

Temperature of the gas : 45 - 75 K - 7.1(20)

0.66
75
1.1 (16)
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Aoplication : the Zeta Perseus line of sight
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Application : the Zeta Perseus line of sight

Parameters
ny = 100 cm?3
UV Flux : 2 * ISRF

Observation

Column density of Hz*

® small dependance on T
® Observations require T =100 1017 s
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Application : the Zeta Perseus line of sight

Column density of OH

® n(OH) depends strongly on T

H*+O->0*+H k=6101e22"Tcm3 s
45 K k=23.910-12 cm* s
75K k=2.910-11 cm*3 s
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Application : the Zeta Perseus line of sight

Column density of HD

® n(HD) does not depend on T

H*+D->Dt+ H k =109 41T cm*8 g
D*+H->HD+H* k=1.210°
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Observation

N(HD) is a good constraint for € < 10-16 s

n(HD) is proportionnal to T if :
1) it is formed in gas phase by D* + Ho
2) it is destroyed by photodissociation

after the D/HD transition
HD + Hs* -> HoD* + H

n(HD) is no more proportionnal to T
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Application : the Zeta Perseus line of sight

ulfur 1onisation cross section

b
o

U}.(Av =1.0)
Sulfur ionization )

High value of T increases the ionization degree

Efficient recombination with electrons :
S + photon -> S+ + e-
S+ + e- -> S + photon

O = N W o 00 O N O O

1100 1150

C=10010-17 s-1
J

overproduction of neutral sulfur
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Observation
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Application | the Zeta Perseus line of sight

Interpretatin obs
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C
[-] O17 8—1]

Hz*
[cm™]

OH
[cm]

HD
[cm]

S
[cm™]

25 | 3.0(13) | 4.1(13) | 1.5016) | 2.6 (13)
100 | 6.3(13) | 1.4(14) | 2.0(16) | 82019
Obs. | 8.0(14) | 4.0(19) 1:? 8 g; . g 8 g;




Hs™ In the Galactic center

Observations towards the Galactic Center
Works done by : Geballe, Oka, McCall, Indriolo, ...

From 2005, they observed level excitation of Ha* on
different lines of sight in the central molecular zone

They conclude to a high ionization rate by cosmic
rays

[s it cosmic rays or X-rays which are responsible ?
(see 1. Montmerle remarks at AU Symposium 280)

Observation of (3,3), (2,2) (upper limit) and (1,1)
show that Hs* is present in :

e diffuse medium nn = 50 - 200 cm3

e warm gas T = 200 - 300 K

The observation of H3+ not only gives access
to the cosmic rays flux but also to the
density and temperature of the medium.
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Hst N the Galactic center

Atomic and molecular data concerning Hs*

® | evels energies and radiative transitions
e B. McCall PhD theses
e Neal et al. (1996)
e Miller & Tennyson, ApJ (1988) - » E, . —(2E, +E, ]
e | indsay & McCall, IMoSp (2001) SR S e ge _M]}
e Collisionnal data : no precise data C = 2x10° cm3 s-': Langevin rate constant for Hy* + H,
e Expression by Oka & Epp (2004)
e Our prescription :
e Hugo et al. (2010) : collision rates at low temperature (T <
® show existence of selection rules

Poor knowledge of Hs* + H2 collision rates
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p-H3 p-H3
F-Hg D-H;

1.89(-9) B.16(-10])
0.00 164.5

2.98(=10) 1.13(=9)
{165 =0.19
1.50{-9)
136.2

1.04({=10) 4.00(=10])
0.00 ~0.19

o-H3
p-H;

3.46(-10)
={.69
1.84(=9)
={.26
9.67(=11)
.14

o-H3
D-H;

5 88(-10)
198.2
8.03(=10)
32.6
B E4(=9)
170.0
1.20({=9)
0.07




Hst N the Galactic center
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Hst N the Galactic center
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Hst N the Galactic center

PDR model

e T has no impact on (3,3) / (2,2)
® PDR models confirm a low density

(3,3)/(2,2)

® The intensity of the UV flux has not a
significant role for low density medium

These models confirm the results
obtained by Geballe, Oka et al.
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—erschel results ¢ OHT and HoOF

Searcl

Ry

Among:-
Chemis

H H H
O+ _2) OH+_2) H20+ _2) H30+

HMW“H

Ho
0 <=2 OH «— H,0 AR
photon photon

—~ 5

O cannot react with Ha fc
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—erschel results + OHT and H2OF
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—Herschel results + OHY and HoOF

H H H
O?O+ _2) OH+_2) H20+_2) H30+

cosmic T _ _ e
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—erscnel results ¢ OHT and HoOF
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The lower the density, the higher N(OH*) / N(H20%) depends on the flux of cosmic ra

High flux of cosmic rays helps to maintain a high OH* / H20+ ratio
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—erscnel results ¢ OHT and HoOF

Other explanation : time dependent effect

Liszt (A&A - 2007) predicted the abundance of
OH*

He showed that OH* could be quite abundant
before the gas reaches a steady state.
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Future developments of the PDR code
http://pdr.obspm.fr

® Implementation of X-rays physics

® Better implementation of cosmic rays

® Energy deposit of supra-thermal electrons
® stochastic heating of grains

e cffect on grain surface chemistry
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