The formation of H,S in dark clouds
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To determine the ionization degree, C, N, O and S
depletions as a function of Av

l1.- Strong implications on our understanding of the gas
chemistry and the chemical composition of grains and

mantles.

2.- The ionization degree governs the coupling of the
magnetic fields with the gas.



Our sample
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Selected species to determine the 1onization fraction
and elemental abundances
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Cloud outskirts Av <20 mag

Selected transitions

l1,0 - Lo, 168767" T‘i 3. 2.677E-05

23- 15 99299.89 | 9.2 | 1.125E-05
2 97980.95 | 7.1 | 1.679E-05

110 positions

- 45 in TMC1

- 20 1n Barnard 1b
- 30 1n NGC 1333
- 15 1n Orion A
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H_ S in Barnard 1b
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H,S in NGC 1333
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H_ S in Orion A
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X(H,S) vs Av
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X(H,S) vs Av




X(H,S) vs Tdust
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X(H,S) vs Tdust

log10 [Area(H.S)/Av]= A * Tdust +B
A=(8.45+/-0.58)x 10"
B=—3.11+/-0.09




X(H,S) vs Tdust

log10 [Area(H.S)/Av]= A * Tdust +B
A=(8.45+/-0.58)x 10"
B=—3.11+/-0.09

3 mag < Av < 10 mag
10 meg < Av < 25 mng
> 10 mag




H_S abundance

logl0[X(H,S)] = 8.45E-2 T, -10.83

X(H,8) = 10" for T, =10K
X(H,8) = 10® for T, =30K



st formation

Thermal desorption  Tdust> 70 K
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Fig.4. Thermal desorption of the H>S:H,O = 7.5:100 ice mix-
ture, with a heating rate of 1 K min~!, corresponding to experi-
ment S6 of Table 1. The ion current in Ampere, 1epleaented on
the y-scale, corresponds roughly to the partial pressure in mbar.

Jiménez-Escobar & Muinoz-Caro 2011, A&A 536, 91



Photodesorption: Dependence with dust temperature

In a PDR, dust temperature 1s related to the incident UV field, G

T,=1{89 x 107"y, Gye ¥4 + 2.7°
434 x 10°2[0.42 — In(3.5 x 10™2¢, 0 Ty)]

610.2
X Tyoo Lot~ s

T, = 12.2G%% K

(Hollenbach, Takashi & Tielens, 1991, ApJ 377 192)



Photodesorption: Dependence with dust temperature

The photodesorption rate can depend on the dust temperature.
This effect has been recently measured in CO and H O (Oberg et

al. 2009, A&A 496, 281 and ApJ 663, 1209; Munoz-Caro et al.
2016, A&A 589, 16)



A proto-typical PDR: The Horsehead

[EXm,s] HCO B6.871

G,=50-100
(Guzman et al. 2014, FaD1 168, 103) Tdust=20 -30 K



A proto-typical PDR: The Horsehead
Horsehead
NGC 1333 ¢l Data provided by J.R. Goicoechea
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A proto-typical PDR: The Horsehead
Horsehead

NGC 1333 el ¥ Data provided by J.R. Goicoechea
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Summarizing...

1.- We have carried out a survey of H_S in the outskirts of

four molcular clouds (TMCI1, Barnard 1b, NGC 1333,
Orion A)

2.- The HJS abundance 1s very dependent on the
environment with a variation of a factor of ~50 from

TMC1 to Orion A.
3.- The H_S abundance 1s well correlated with the dust

temperature.

4.- This dependence is explained by differente G, and a

possible temperature dependency of the photodesorption
rate.
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