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How cosmic rays gave me a job




Some basic reactions to get the chemistry started
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H+H — H» reaction |
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H,* + H,—> H3* reaction llI
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ion-neutral reactions
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NO ENERGY BARRIER TO OVERCOME
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Hy —(H) + e

Diffuse clouds Dense clouds

l l

photons COSMIC rays

o warm star forming regions:

cold dark clouds:
complex organic molecules, e.g.,

CH,CO, C,H.CO, CH,OCH,, ....

DENSE CLOUD

’ ‘ .
//@ELLAR SYSTEM

. MASS LOSS |
Bill Saxton, NRAO/AUI/NSF

Wednesday, October 26, 2011



Dense interstellar clouds

Molecules seen in IR -

absorptlon and,radlo -
emission: #

..Q’

sHes Of s’tar
formatlon

Cosmlc rays ereate Weak plasm'a
F’rect*dnal. lenlzatlon < 10 7

The "Black Cloud" B68
ESO PR Photo 20299 ( 30 April 1999 ) (VI T AI\TL 2k FORS l ) © European Southern Observatory
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Diffusel clouds Dense ilouds
photons cosmic rays

WWhat cosmic rays “do” to molecules

AB + cr > AB "+ e +cr
AB + cr > A+ B+cr
AB + cr > A+B"+e +cr

AB + cr > AB"+ cr
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H+H — H;

Dense clouds Hy, — 5 Hy* + e
k3

H'+ H, —> H3*

cosmic rays ionization rate: |-5 10! s-! [Dalgarno 2006]

charge transfer with

proton transfer metal atoms
+\
L X M
dissociative recombination charge transfer and g
with electrons neutralization with PAHs
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Chemistry on dust grains

Contribution from the surface need to be considered

Cosmic rays interact also with the grains, activating the
chemistry on the surfaces
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Chemistry on dust grains

Contribution from the surface need to be considered

Cosmic rays interact also with the grains, activating the
chemistry on the surfaces

Understanding those systems is quite complicated!

- produce a beam of cr and accelerate them to
high energies (Van Der Graf accelerator)
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Chemistry on dust grains

Contribution from the surface need to be considered

Cosmic rays interact also with the grains, activating the
chemistry on the surfaces

Understanding those systems is quite complicated!

- prepare the surface (target) for collision morphology

temperature
mixture
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credits. Nigel Mason group, Open University (UK)
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Thanks!
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