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Positron spur structure emulated by variable energy slow positron beam
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Abstract

Variable energy slow positron beam was used to probe the positronic spur processes in
polymers: low density polyethylene and a polyimide (Kapton). A fraction of the injected
positrons was re-emitted as positron or positronium, whose fraction was dependent on the
energy of injected positrons. The energy of the re-emitted positrons could become quite
large, even larger than the band-gap energies of the substance. This was considered to be
the result of charge-up effect. This effect may provide a new concept for a "field assisted
slow positron moderator". ‘

Introduction :

Re-emission of positrons and positronium from the surfaces of ionic crystals(l) and solid
rare gases (2) are well recognized. Since the re—emission should take place when the
terminal positron spur is formed close to the surface, one may emulate the positron spur
structure by detailed studies of the re—emission yield and re-emission energies. It is
already well recognized that the re-emission yield becomes smaller when the energy of the
injected positrons becomes larger. This is because the terminal positron spurs are formed
deeper from the surface. We have tried fo apply

gtl;?lci{lilrléis ?rf I(I)lfef;rslgqu:ments to probe the spur Fig.t Conceptual drawing

poly ' of the experimental setup
Experimental
The experimental set-up is illustrated in Fig.1, saole | ge
Positrons with an energy V, are injected into the hoider | eop sample
sample mounted on the metal sample holder
which is biased a potential V against the ground. \ 1o
V, was scanned from —60 to +60 V maintaining a f R
condition that the impinging positron energy (Ep “’x]]“/_ﬁ'f——'e"
= V;-V)) is constant. Fp was varied from 200 to ct
1800 eV.  Total counts of the annihilation| I
radiation was measured with a Ge solid state v v,
detector. Thus any decrease in the counting rate
is regarded as the re—emission either as positron ' ’ ’
or positronium. The thickness of the polymer
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Fig.2 Results of one run of measurements for LDPE and Kapton
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films was 7-9 #m for both low densily polyethylene and polyimide (Kapton). In this kind of
experiments using insulators as the samples, the potential of the sample is always the matter
of problem. If the polymer films are regarded to be simply placed in the electric field,
however, the electric potential in them can be calculated by considering the dielectric
constant € in a way that the distance r in the polymers virtually equals the distance €r in
vacuum.  Since the thickness of the polymers is small, this does not give substantial
deviation of the sample potential from that of the sample holder. If there is space charge in
the polymer the potential is affetcted, but it can be calculated if the location of the charge
were known.

Kapton is a typical polyimide for which long-lived o-Ps component is not observed.® In
order to test the data reproducibilily, more than three successive runs of experiments were
performed for both LDPE and Kapton.

Results and Discussion

Re-emission yields are plotted in Fig.2 against the sample bias voltage with Ep as a
parameter. For nepative sample biases positrons are retarded back o sample, and for
positive sample biases the positrons are accelerated toward vacuum. In LDPE a substantial
fraction of positrons are re-emitted even when the sample was negatively biased, suggesting
re-emission of energetic positrons. But this is not due to something like "band-gap
energy" positrons as will be discussed later. The re-emission yield becomes larger for
smaller impinging positron energies both for positive bias and negative bias regions. The
re—emission in the negative bias regions corresponds to re—emission as Ps. Thus the data for
Kapton implies that Ps can be re-emitted from the surface even when Ps formation is not
observed in the bulk of Kapton. This is an important result m understandmg the mechanism
of Ps formation and is related to our report to this workshop In brief, Ps formation in the
bulk is inhibited because the energy levels of e~ and/or e* are low and that of Ps in the pores
are high. When the positron spurs are formed near surface, however, the energy condition
for Ps formation becomes favorable because of the existence of large open space.

Fig.3 and Fig.4 summarize three successive measurements like Fig.2 for LDPE and Kapton,
respectively. The data of Fig.2 corresponds to the run 2:00. It is seen that both the
re—emission yield and the maximum energy of re-emission increase according to the time
sequence of the measurements. Apparenily the re-emission yield and the energy of
re—emission change quite easily, and radiation effects or charge-up elfects are responsible



for them.

therefore less than about 57%.
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Since the same things are taking place for both LDPE (susceptible to radiation
damage) and Kapton (radiation resistant), charge—up effect is more probable. The intrinsic
re-emission, Ze re—emission in the condition of free of charge up effect, will thus be close
to the data of fresh sample (1:O). Intrinsic re-emission yield (positron and Ps included) is

It is noteworthy however that a substantial fraction of

positrons become emitted even at high implantation energies. This is a re—emission assisted
by internal field of positive charge created due to positron annihilation in the sample. There
is some hope to design an efficient moderator based on this mechanism.

Fig.3 Re-emission yield and the maximum energy of emitted positrons for LDPE
1.2 and 3 indicate the time sequential order of the experiments, t is the data just

after starting the experiments.
for the run 1, and are substantial for run 3.

Fig.4 Same
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