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Sample Conditions

Introduction
- In case of saturated positron trapping:
conventional lifetime / Doppler does
not give any information on defect
densities any more.
- However, backdiffusion experiments
using monoenergetic positron beams
do not have the limitation of saturated
positron trapping.
- Positrons diffusing back to the
surface can detect very high defect
densities.

Requirements and Limitations

- Polycrystalline nickel samples of 4 different material
classes were prepared (method of production denoted
by the first number in sample number).
- The samples were exposed to cyclic loading at room
temperature (second number) with constant plastic
strain amplitudes epa

- The dislocation density was obtained by Bragg
diffraction with synchrotron radiation at ESRF
Grenoble (for further details see [2]).

- The defect should be homogenously
distributed over the scan volume of
the positron beam.
- There should not be any internal
electric fields.

Possible Fields of Application
- Metallic alloys and powders
- Age-hardenable Al alloys etc.

Fig. 1: Some examples of S(E) and W(E) plots
obtained by a slow-positron beam system. The
data were used to calculate the positron diffusion
length L+.

Basics of the Measurement

Positron Experiments

- The total trapping rate can be
determined from the positron
diffusion length L+ (see Ref. [1])

(1)

- In case the trapping is caused by
several types of defects, positron
lifetime can be used to get the
fraction of trapping for each
individual defect. The following
example is valid for saturated
trapping and the presence of voids
and dislocations:

(2)

- Positron lifetime spectra were measured at room
temperature. Almost all samples showed a twocomponent spectrum with both lifetimes clearly larger
than bulk (for detailed results see the tables).
- A lifetime shorter than bulk could not be found. Thus
positron trapping is almost complete.
- Small voids and dislocations are the dominating
positron traps.
- The positron diffusion length L+ was obtained by
positron back-diffusion measurements using a
continuous monoenergetic positron beam (Fig. 1).
- The S(E) and W(E) profiles were analyzed by
VEPFIT seperately, and the two values ontained LW and
LS were averaged.
- From the diffusion length L+ the total trapping rate
Ktotal and the fraction of trapped positrons h was derived
using Eq. 1.
- Using the lifetime decomposition, the trapping rate of
the dislocations was calculated according to Eq. 2
(third line).
- Finally, the positron trapping rate of dislocations was
plotted versus the dislocation density obtained by Xray analysis (Fig. 2).

Combining (1) and (2):

Result

Fig. 2: Plot of the positron trapping rate versus
dislocation density. The slope of the curve was
obtained by linear regression. It represents the
positron trapping coefficient.

As the final result, the positron trapping
coefficient for trapping in dislocations in
Ni for high dislocation densities is
obtained to be mdisl = 4.0 ± 0.3 cm2/s.

References
[1] R. Krause-Rehberg, H.S. Leipner, “Positron Annihilation in
Semiconductors”, Vol. 127 of Series "Solid-State Sciences",
Springer-Verlag, Berlin 1999
[2] R. Krause-Rehberg, V. Bondarenko, E. Thiele, R. Klemm;
“Determination of absolute defect concentrations for saturated
positron trapping polycrystalline Ni as a case study”, to be
published in Nucl. Instr. & Methods in Phys. Res.
[3] P. Hautojärvi (Ed.), “Positrons in Solids”, Springer-Verlag,
Berlin 1979

Download this Poster
This poster can be downloaded from our homepage
as PDF-file: http://positron.physik.uni-halle.de

1

Fachbereich Physik, Martin-Luther-Universität Halle-Wittenberg, D-06099 Halle, Germany

e-mail: krause@physik.uni-halle.de
2

TU Dresden, Inst. für Strukturphysik, D-01062 Dresden, Germany

MARTIN-LUTHER-UNIVERSITÄT
HALLE–WITTENBERG

