
Electron emission and fragmentation of DNA/RNA 
components induced by proton impact

P.Moretto-Capelle, A.Le Padellec, M.Richard-Viard, J.P.Champeaux and P.Cafarelli
LCAR (UMR5589 CNRS-Univ.Paul Sabatier Toulouse 3) Toulouse, France



Damages induced by ionizing radiation
Target: DNA molecule 

e-
radiation

Surroundig water: radicals ≈70%

> Indirect effects

Electron emission Ionization, Base damage 
≈30%

> Direct effects

Strand breaks

Interaction of ions with matter: possibility of strong energy deposition
in a well defined region around the Bragg peak
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E<20eV: Dissociative attachement

Damages induced by electrons ?
Tracks:
From GSI

E>20eV: Ionization

Mainly calculation/measurement  on 
water

Direct effects: Component of DNA ?
Initial electron spectrum??



Experimental method

Electron spectrometer Fragments: Time of flight

Pulsed beam: ≈ns

Pulsed 
extraction

Gas phase Bases: oven ≈150°C



Electron emission: Tracks calculations needs Double Differential Cross Section

Absolute value ? Difficulty: density of jet !!

Idea
Electron spectroscopy                                      Other ‘known’ collisionnal process

Given angle and energy (DDCS)                    ‘Projectile’ diffusion DSC

Same experiment

0 500 1000 1500
0

20

40

60

N
um

be
r o

f c
ou

nt
s

Time of flight (ns)

Photons

H sc
att

ere
d 90

°
Elec

tro
n em

itte
d 35

°, 5
0e

V

dela
ye

d

ION detector
ELECTRON spectrometer

Higher feasility: molecular beam H3
+_ 25keV≡ 3 H+_ 8.3keV

Impact parameter ≈0.01ua

Electron CMA

Electron noise reduction: energy and time of flight



Results

Low energy electrons

No K shell ionization
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Modelisation: CTMC Calculation

Electron Classical equation of motion

Proton: -1/|Rp-r|

Forces:
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Molecular fragmentation
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