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Interstellar Medium

M|SM - 10 0/0 MGaIaxy (ViSib'Q)

Gas & Dust
Mcas =99 % Mg,
Mpyst = 1% My,

Condenses in clouds that settles
in the aalactic blane



Nucleus
Central bulge

Spiral arm

Qaseous disk

Stellar disk



Multiple Phases of the ISM

Component T « N(md Maom,,)

mMolecular 10-20 102-10¢ 225
=Cold atomic 50 - 100 10-50 >6.0
=Warm atomic 8000 0.2-0.5

=Warm ionized 8000 0.2-05 % 1.6
=Hot ionized 106 0.001



Observed Molecules

‘Diffuse Clouds (UV from stars)
H,, CO,CH, ......
‘Dense Clouds (almost NO UV)

H,, CO, ..., H,O, ... H,CO, ... HC,N
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Surface Reactions

H2 (Waterloo, Syr-Catania-Jerusalem,
UCL, Munich, Odense, Cergy)

C02 (Syr - Catania)
HZCO, CH3OH + deuteration (Sapporo)

H O (Cerav — Catania)



Importance of H,

= The most abundant molecule in space

= Once ionized by Cosmic Rays triggers gas
phase reactions schemes that form other
molecular species

= Provides an efficient cooling mechanism for
clouds, helping star formation, shaping the
galaxies



The Dust Role

H2 does not form in the gas phase by the

radiative association of two neutral
H atoms

A third body has to absorb the excess energy

Interstellar grains act as

CATALYSTS!



Mechanisms of reaction

\‘ EIey—Ride; .
.\ Hot-atom \2.

® YN @
———

Langmuir-Hinshelwood:

& sticking, diffusion, reaction




Hollenbach & Salpeter

Assumed tunneling assures enough mobility

Ry, ~1/2(n,v,ASY)n,
Hollenbach et al. ApJ 163, 165 (1971)

but Smoluchowski (1979).....



Triply differentially
pumped time-of-flight
section with QMS 2o,

CH1

T3
CTT.
L

Ti

Main chamber
with QMS
Pumping section

Triply diffentially
pumped Deuterium
beamline

S1

I

Triply differentially
pumped Hydrogen
beamline



Experimental Conditions

Low kinetic energy of H atoms ~150-300 K
Low flux of H atoms < 10'2 atoms cms-
Low sample temperature 5K -40K

Low background pressure 10-'° torr

Two atomic beams



Catalytic Efficiency

The number of molecules coming off during irradiation is proportional to the area under the trace
|

50 Amorphous silicate (MgFe)SiO,

Signal during irradiation at 9.6 K|

The number of molecules coming off during the
. temperature programmed desorption is proportional to the area
M } \ under the curve
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Quantitatively

At grain temperatures

observations require Sy=.3
 Amorphous Carbon OK'!
* Polycrystalline Olivine NO !

* Amorphous Olivine ?
YES!



Polycrystalline Olivine

HD desorption from (original) olivine sample
Exposures: 5, 2.5, 0.5, 0.25 mins HD desorption from (criginal) olivine sample

Exposures. 1.5, 5, 7.5 mins
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L-H Hot Atom

* Low coverage * High coverage



At low H atom coverage

Ry, ~ 1/2 (ny vy AS T)° n,a

t,=v*texp(E,./kT) H residence time

a = v exp(-E/KT) mobility provided by
thermal hopping or
thermally assisted tunneling

| o I | N B | F . B N o Lo B 4 " 4d 774 NSANAN"351_N\



A simple model (Biham et al., 1998) £ %

on a single grain
dN, /dt=n_,v,AS —pN,—-aN,,

Mz = 72 0 Ny

Baealvsaly -aNgz =0  dNJAt=0

_ 1 _
Pe= 2 ON2=

p? +20PAS - p(p? + 4aPAS):

A ~



A simple model 2 (Biham et al., 1998

two limiting cases

a) p2<<2an,v,AS -2 r,,="%n,v,AS
(Hollenbach et al. 1971)

b) p?2 >> 2an,v,AS = r,,="%(n,v,ASt,)?a
(Pirronello et al., 1997b)



Desorption Rate (arbitrary units)
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Energy Barriers (mev)
Ediff Edes
polycrystalline Olivine 24 32

amorphous Carbon 44 57

Katz et al. (1999)
Cazaux & Tielens (2004)

Dawmmomdeens mde =1 O5NNAERN\



5000

o

35000

trary units)
5
=
S

"8 30000

arb

~ 25000

r—lr—hg
2 L

& & o
o o
- 2 QO

Desorption Rate
&
S

0

a- (Fex=o.5’M9x=o.5)2SiO4

xR

10 11 12 13 14

"a- ('Fe,Mg)ZSi] ' ' '
: il S

..

W

=
|

]
o
|

+
&
L

ne

[r|||||||1_

L A e

+ 4
3
o
=

0 10 20 30 40 50 60 70

Temperature (K)

1516 17 18 19 20 21 22 23

Perets et al. 2007



L
..-—-._
[—

Right peak
First order

2

Left peak
Second order

i
—
u
=
=
=
; R
)
Fan]
s il
T
L
= ]
’q.
4
L
-~
|
-
=i
i
!
i
!
jon
j -
ke
__f;
u
=
e

10 15 25

) Temperature (K) N (Per'eTS et Cll, 2005)




Recombination efficiency
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Energetics

Formation energy
*To the grain
-To formed molecule: excitation, kinetic

*Astrophysical relevance



Schematics of time-of-flisht measurements

collimator
chopper
chopped HD
sample molecules
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dN/dt
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Spectra obtained at
high coverages
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Summary on H, Formation

On realistic surfaces:

- At high coverage H, molecules may be formed by the Hot Atom
Eley Redial mechanism before H atoms accomodate on the grain

- Some H, molecules are immediately released in the gas phase,
most remain on the grain

- Depending on the surface a Temperature Window exists in which
H ad-atoms are mobile (thermal hopping or thermally assisted
tunnelling), may encounter and form H, by Langmuir -

Hinshelwood mechanism (even at very low coverage)
- In the ISM grains are inside such a Temperature Window

- a-Carbon & a-Silicates efficiencies are high enough to explain
observed abundances of molecular hydrogen in space !



