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Basic physical process on interstellar grains
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Stochastic Approach

All the possibilities are modeled with the random number
generators.

‘Ao
Monte carlo method belongs to this category. Very slow
. process. Quite impossible to couple with gas phase chemical

hetwork.






Formation of most abundant molecule, H,

Variation of n, and ny, on grains:
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H, formation efficiency
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Chakrabarti, Das et al. 2006, A&A

Difference be‘rween‘ fwo methods would be attributed due to the
assumption of average recombination efficiency (R,= Ay/S) in case of
rate equation method. In principle R,= A.,/S%) -



Steady state
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( v
[
a, Clearly deviates™from 1. Thus it is essentiagl to consider
Monte Carlo method to appropriately study the grain chemistry.



Hydrogenation network for the formation of water
and methanol '

Reactions Fao(K) Comments

H+H — Ha

H+0O — OH

H+OH — H20O

H+CO — HCO 2000 390K =+ 40K at 12K (Fuchs et al., 2009)
H+HCO — HoCO

H+HsCO — H3CO 2000 415K + 40K at 12K (Fuchs et al., 2009)
H+H3CO — CHsOH

0+0 — 02

O+CO — COa2 1000 2070K (Talbi et al. 2002). 2500K (Goumans & Andersson 2010)
O+HCO — COq9+H

0+4+09 — Og

H+0O9 —-HO> 1200 barrier less (loppolo et al., 2008)
H+HO2 —-H202

H+H209 —-H2O+0OH 1400 barrier less (Cazaux et al., 2010)

H+0Og3 — O9+0OH 150

H2+OH— HoO+H 2600




Simulation in mono-layer regime
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. Recombination efficiency strongly depends “on surface
coverage



Simulation in the multi-layer regime
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Observed abundance of ice phase species with respect
o H20
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Observational evidences
along dense cloud
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Various routes to the formation of H,O
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Measurement of D/H ratio




OSTIYy serve eurerared species aroun
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Surprisingly some molecular fractionation ratio found to bé >10™ or even
_ sometimes close to 1




Deuterium enrichment of most simplest &
abundant species H2 @ low temperatures
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Sahu, Das, Majumdar, Chakrabarti, 2015, New Astronomy
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Classification of clouds

Diffuse Atomic

Diffuse Molecular

Translucent

Dense Molecular

Defining Characteristic

fn113 < 0.1

f'y, > 0.1 f'c+ > 0.5

'+ < 0.5 f"co < 0.9

f'co > 0.9

Ay (min.)

0

~0.2

~1-2

~5-10

Typ. ny (cm™3)

10-100

100-500

500-5000?

~10%

Typ. T (K)

30-100

30-100

15-50?

10-50

Observational
Techniques

UV/Vis
HI2l-cm

UV/Vis IR abs

mm abs

Vis (UV?) IR abs

mm abs/em

IR abs

mimm €m

Diffuse
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Diffuse
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-
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molecular -

Snow, McCall, 2006, ARAA, 44, 367

* Our multi layer model strictly applies to 10K-15K. Thus we are defining
cloud parameters based on the hydrogen number density and A,,.




Deuterium enrichment of the gr'am mantle

Water(88.17%)

Water(88.17%) H20= 64.7% Methanol(9.377%)

&

Methanol(8.83%) HDO=22.3% CH30H=5.56%
DZO:I.ZO/O
ithout : Singly deuterated
dW'l' .u 26% of total W'Th ; c|—|3(;l[):1,3°/o
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a r e

fractionated - 2 _- gl Doubly deuterated
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Das et al., 2015, MNRAS (communicated)



Chemical evolution of gas-grain species
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Conclusions

O Monte carlo simulations are carried out for the formation of

simple o complex molecules on interstellar grains.
- ‘s : .

upon the grain
face coverage,

O Recombination efficiency is dependen:
parameters like accretion rate, grain siz
temperature efc. -

0 Composition of grain mantle
surrounding  physical conditiot
plays a crucial role towards the ch

dependent upon
lar radiation field
position.

some regions. Ar ‘the dense cloud region O; formation

QO Grain mantles are found to be heavily fractionated around
significantly enhance!.
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