Abstra t
We investigated experimentally and theoreti ally the energy loss and angular dispersion of light ions transmitted through very thin lms (∼ 20 nm) of C, Cu and Ag

in the very low energy range (E < 25 keV/u). Using self-supported foils of amorphous
arbon, and

opper and silver poly rystals, we studied the velo ity dependen e of the

+
+
energy loss of protons, deuterons and H2 and D2 mole ules transmitted in the forward
dire tion. By means of energy spe tra measurements for dierent exit angles we obtained angular-energy distributions, from whi h the multiple s attering distributions
and the variation of the energy loss with the proje tiles exit angle were analysed.

The obtained results for the velo ity dependen e of the inelasti
the absen e of isotopi

energy loss show

and mole ular ee ts. The energy loss of light proje tiles in

ar-

bon targets is proportional to the velo ity in the low energy range, in agreement with
the theoreti al predi tions for the stopping power of slow ions by an ele tron gas. In
the

ase of the transition metals that were investigated,

opper and silver, the presen e

of both free ( ondu tion band) and nearly-free (type d) ele trons gives rise to two
dierent ele troni

stopping power behaviours. At very low velo ities, the energy loss is

only produ ed by the

ondu tion ele trons

ontribution. The nearly-free ele trons only

ontribute to the stopping power for velo ities greater than a

ertain

riti

velo ity.

This results in the so- alled threshold ee t for the ex itation of nearly-free ele trons,
that is observed as a deviation from the proportionality of the ele troni

energy loss

with the velo ity. In this work we present the rst experimental observation of the existen e of both energy loss regimes for hydrogeni

proje tiles in

We measured the angular distributions for H
opper and silver targets, and the data were
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and D
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opper and silver targets.

of 4, 6 and 9 keV in

ompared with a multiple s attering for-

malism that uses the redu ed variables approa h. For the amorphous
good agreement was found when using the interatomi
Biersa k-Littmark and Lenz-Jensen. In the

arbon,

arbon target, a

potentials of Molière, Ziegler-

ase of the poly rystalline opper and silver

lms, the results are better represented by using the power-law potential

V (r) ∝ r −2.8 .

The experimental data obtained for the angular dependen e of the energy loss (
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variation of the ions energy loss as a fun tion of the exit angle, after being transmitted
through a thin lm) are well des ribed by a theoreti al model that has been previously
developed in this group.

We also determined the energy loss of Be, B, C and O ions in a wide energy range
(50

. E . 1500

keV/u) on Zn targets, using the Rutherford ba ks attering te hnique.

These results were analysed with a theoreti al formalism that
mentary s hemes for the des ription of the

ombines two

omple-

ontributions to the energy loss of the

valen e and bound ele trons. The inuen e of linear and non-linear ee ts in the ex itation of target ele trons was investigated, a hieving a good des ription of the energy
loss in a wide velo ities range, that in ludes the maximum of the stopping power

urve.

Finally, we studied a theoreti al (non-perturbative) formalism of the semi lassi al
phase shifts for the des ription of the energy loss of light and intermediate ions. The
model results were evaluated for a series of light proje tiles (Z1
arbon targets,

= 1 − 8)

in zin

and

omparing them with the experimental data obtained in this work and

with others available in the literature.
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