
Vol. 83 (1993) 	 ACTA PHYSICA POLONICA A	 No. 3

Proceedings of the 24th Polish Seminar on Positron Annihilation, Sobótka-Górka 1992

ENERGY-LOSS OF POSITRONS IN FOILS

H. SCHNEIDER, I. TOBEHN, M. RÜCKERT

Strahlenzentrum der Universität Giessen
Leihgesterner Weg 217, 6300 Giessen, Germany

U. BRINKMANN AND R. RIPPLER

Fakultat für Physik, Universität Bielefeld
Universitätsstrasse 25, 4800 Bielefeld 1, Germany

The Giessen slow positron source TEPOS delivers intense beams in
the energy range between some eV and 6 keV; with postacceleration up to
80 keV. Results for remoderation are described shortly. Further the energy-
-losses of positrons with incident energy of 6-20 keV through thin aluminium
foils were measured. Cross sections for K- and L-shell ionization of thin silver
and gold targets by positron and electron impact have been determined at
projectile energies of 30-70 keV. The experimental results are presented in
detail; they are confirmed by calculations in plane-wave-Born approximation
which include an electron exchange term and account for the deceleration or
acceleration of the incident projectile in the nuclear field of the target atom.
PACS numbers: 07.77.+p, 29.25.-t, 34.80.Dp

1. Experimental

1.1. Positron source

An intense source for low-energy positrons (TEPOS) with a magnetic trans-
porting system has been provided at the Giessen 65 MeV pulsed electron linear
accelerator (LINAC) at the Strahlenzentum of the University, and is described
elsewhere in detail [1-2]. The source set-up consists of a vacuum chamber, contain-
ing the watercooled tungsten converter-bremstarget, and the tungsten moderator
with a repeller plate. A solenoid system and different adequate Helmholtz coils
transport the positrons to the experimental area.

1.2. Remoderation
To improve the beam quality of our positron source TEPOS (smaller beam

diameter and lower energy spread) we performed experiments with various remod-
eration arrangements in transmission mode using thin (1000 A) monocrystalline
tungsten foils and different electrostatic positron extraction systems. At the end
of the set-up a deflecting spherical condensor (with an adequate diaphragm) to
analyze the energy of the positrons, and channel plates are installed.
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The incoming positrons (e+it ) penetrate into the W-foil, where some of them
obtain thermal energies. Then, they diffuse in the foil and a part arrive at the sur-
face without annihilation. There, they may be reemitted (remoderated positrons

e+remod) with kinetic energies corresponding to the work function and are subse-
quently submitted to a postaccelerating system. The maximum yield of remoder-
ated positrons is achieved at an energy of the incoming positrons of about 5 keV
[2-3]. An arrangement for remoderation in a 1000 Å thick W-foil is shown in Fig. 1.

2. Experimental results

2.1. Energy-losses

The same arrangement as for the remoderation with, however, the spherical
condenser replaced by an electrostatic parallel-plate tandem spectrometer was used
to study the energy-loss of 6-20 keV positrons and electrons in thin metal foils.
First results for the mean energy-loss of forward-scattered positrons and electrons
in aluminium are presented in Fig. 2.

2.2. Inner shell ionization
The interaction of an incident projectile with a target atom may give rise

to a variety of different elastic and inelastic scattering processes. Ionization of
inner atomic shells, for example, is one of these processes which are of fundamen-
tal importance for our understanding of collision dynamics and also of practical
relevance for a number of fields [4-6]. For a quantitative analysis, reliable cross
sections for impact ionization are required. Calculated cross sections are frequently
based on first order perturbation theories (for example, plane-wave-Born approxi-
mation (PWBA) [7-8]), which provide reliable cross sections for sufficiently "fast"
collisions. These theories predict total cross sections which are independent of the
sign of the projectile,s charge.

In this paper we present experimental results for K- and L-shell ionization of
atoms by electron and positron impact, respectively, at incident energies close to
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the ionization threshold I. At the present experiments the positrons or electrons
enter a special vacuum chamber, containing the target support with the target foil
[9-10].

Partly the electron measurements are carried out with an electron gun,
placed in the transporting solenoid system at a distance of about 4 m from the
target chamber. To center the positron beam, channel plates were utilized. The
kinetic energy E0 of the impinging positrons or electrons, respectively, can be var-
ied by a suitably chosen electrical potential at which the target foil is held. The
target is connected therefore sideways to a high voltage power supply, and it is
hit under 450. The X-rays emitted from the target had to pass through a 50 μm
mylar window, and are registered perpendicular to the incident beam by a Si(Li)
detector.

2.2.1. K-shell ionization

Former experiments on K-shell ionization were performed for silver and cop-
per targets [9]; the thickness of these foils ranged from 950 Å. to 4950 Å. (100
to 520 μg/cm 2). In the silver case the X-rays resulting from K-shell ionization
(I = 25.52 keV; E0/I = 1.7...2.7) were normalized to the simultaneously recorded
X-rays from the silver L-shell (I 3.35 keV; corresponding to E0/I = 12...21).
Such a normalization procedure is useful as long as the cross section ratio (σ-L/σ+L
for L-shell ionization by electron and positron impact equals unity, which holds for

E0/I > 9. It circumvents the problem which otherwise arises from a normalization
to the incident beam current.
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2.2.2. L-shell ionization

In this communication we present and discuss also new experimental re-
sults for L-shell ionization of gold by lepton (electron, positron) impact at inci-
dent energies between 35 and 70 keV [10]. We performed the experiments with
Au/Ag-multilayer targets; several targets were used, e.g. Au 400 Å/Ag 125 Å,
Au 600 Å/Ag 1000 Å on a carbon backing, and Au 1450 Å/Ag 3500 Å. Further,
recent measurements were performed for electron and positron impact at an in-
cident energy of 30 and 35 keV with a thin multilayer target of Au 800 Å/Ag
1800 Å on a carbon-backing; it yielded identical results compared to the thicker
target. This confirms that the measurements presented here are not influenced
by the energy-loss inside the target foil. The purpose of these multilayer targets
was to use also the Ag-L X-ray as reference data to which the Au-L X-ray data
were normalized; as we shall see below, due to its comparatively low ionization
energy only a small sign-dependence of the Ag-L ionization cross sections may be
expected at the incident energies of interest.

The X-ray spectra resulting from Au L-shell ionization obtained at a projec-
tile energy of 45 keV are shown in Figs. 3a and 3b for incident positrons and
electrons, respectively. The peak at ≈Al 3 keV is due to the ionization of the
L-shell of silver (Ag-L); the peaks at 9.7 keV, 11.5 keV and 13.8 keV originate
from the Lα , Lβ and Lγ transitions, respectively, of gold. The additional peak at
8.5 keV (Fig. 3b) comes from the (Au-Ll) transition. Further, the course of the
bremsstrahlung spectrum induced by electron impact indicates that the efficiency
of our Si(Li)-detector decreases for photon energies Eγ < 5 keV.

The obtained cross section ratios σ-k/c+k and σ-L/σ+L for positron and elec-
tron impact are displayed in Fig. 4 [9-10]. As is shown by our calculations, the
cross section ratio σe-/σe+  as a function of the reduced incident energy E0// dis-
plays a pronounced energy dependence below E0/I < 5, whereas due to the near
cancellation of the combined Coulomb and exchange effects, this ratio is close to
unity already for E0/I > 10.

In the energy region of interest here corresponding to E0/I = 2.5...5.5
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3. Conclusion

The measurements of energy-losses are due to further investigation. Of spe-
cial interest are differences between positrons and electrons.

We show that the departure from the prediction of PWBA observed for K-
and L-shell ionization by electron and positron impact [7-8] is mainly due to two
effects: (i) the projectile-target nucleus interaction (Coulomb-effect, C), and (ii)
electron exchange between the incident and the bound electron (exchange effect,
Ex). The measured ratio increases with decreasing projectile energy; this result is in
fair agreement with our present calculations and can be explained by the Coulomb
effect which is most important at small WI. Our results, hence, stress the im-
portance of the projectile-target nucleus interaction. This means that the cross
section ratio σ-/  σ+ increases with decreasing energy of the projectiles, because
electrons are accelerated, whereas positrons are slowed down in the nuclear field
of the target. This effect overcompensates the exchange effect. The cross section
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ratio would otherwise increase with increasing incident projectile energy. Summa-
rizing, the main difference of the PWBA-C and PWBA-C-Ex compared to the
usual PWBA and PWBA-Ex calculations is the inclusion of the projectile-target
nucleus interaction by means of a simple correction; it takes the deceleration or ac-
celeration of the incident positron and electron, respectively, in the target nuclear
field into account (cp. [11]).
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