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Many radiation detectors rely on the use of an electric
field to drift the charged particles resulting from the
interaction of the incoming radiation with the medium
(Knoll, 1999). When migrating, and between collisions
with the medium’s atoms, they exchange energy with the
external electric field, increasing/reducing their kinetic
energy, thus increasing/reducing the total energy dis-
sipated in the medium. This effect may introduce
fluctuations in the energy and number of secondary
particles being produced (Rachinhas et al., 1999).

The response of Xe-based radiation detectors has
been studied using Monte Carlo techniques in order to
assess the total energy deposited in the detector, as this
quantity should give a fairly good indication in what
respects the degradation of the detector’s energy
resolution. The detector set-up is an L=5cm long
absorption region filled with Xe at 1 atm. Photoelectron
trajectories in the medium, under the external electric
field, were simulated with the PENELOPE code (Salvat
et al., 2001) until their energy fell below 150¢eV.

The total energy deposited by photons with energies
of 60, 100 and 200 keV in this detector has been studied.
Reduced electric fields (E/p), ranging from 0.1 to
0.8Vem ™' Torr™' (fields commonly used to drift
charged particles in gas detectors) have been considered,
for each photon energy. The histograms describing the
total energy deposition are shown in Fig. 1(a)—(c). At
each photon energy E, the importance of the drift
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electric field effect in the deterioration of the energy
resolution can be assessed by comparing the histograms
with the Gaussian curve labelled “Intrinsic”, whose
width is associated only to intrinsic fluctuations in the
production of electrons in the Xe medium, i.e.
FWHM =2.35(FwE )", where w=Ejii is the mean
energy required to produce a subionization electron in
the gas, F, the so-called Fano factor, is the relative
variance F= az/ﬁ, and 7 is the mean number of electrons
produced per X-ray photon of energy E (Knoll, 1989).

The data presented make it clear that drift electric
fields do affect the total energy that is deposited in the
detector. Also, the spread of the data in the curves is
seen to increase with the magnitude of the applied
electric field and the energy of the incoming photons.
This can be understood on the following grounds: under
higher electric fields, the increased potential variations
experienced by electrons result in more significant
energy transfers to/from the field. Additionally, in
regimes where photoelectric absorption dominates,
higher photon energies produce faster photoelectrons
and, since the electron scattering cross sections generally
decrease with energy (Perkins et al.,, 1991), faster
electrons will travel longer paths between collisions,
thus exchanging more energy with the field. The fact that
electrons with energies below 150 eV are not transported
and their contributions are neglected can, at the most,
result in an underestimation of the results. However, the
simulations have shown that the observed spreads are
mainly related to the longer paths followed by the higher
energy electrons, so this 150eV energy cut should not
greatly affect the results obtained. At higher energies,
the angular distribution of emitted photoelectrons will
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Fig. 1. Energy deposited in a Xe-based radiation detector by photons of (a) 60 keV, (b) 100 keV and (c) 200 keV: histograms showing
the spread in the full-energy peak for the indicated drift electric fields (units are Vem™ 1 Torr™ 1).

peak close to zero degrees and electron trajectories will
start in directions almost opposite to the field. In these
circumstances, electrons will, on average, gain (rather
than lose) energy from the field and so, at increasing
photon energies and electric fields, a progressive shift of
the energy distributions mean values towards energies
higher than E is clearly observed.

Simulation studies carried out have shown that, to
some extent, the spread observed in curves presented is
mainly due to energy transfer mechanisms undertaken
by the primary photoelectron. Again, being the most
energetic electron in the medium and giving away only a
small fraction of its energy in each collision, it will travel
longer distances, experiencing higher energy variations.
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In conclusion, for energies above ~ 100 keV the effect of
the field, in terms of fluctuations observed in the total
energy deposited in the detector, may indeed result in an
overall degradation of the spectroscopic capabilities of
the system.

The kind of behaviour observed in the results
presented here should, in principle, occur in all gas
and semiconductor detectors that make use of drift
electric fields. However higher atomic densities result in
much smaller paths between collisions, so that energy
exchanges with the field are much lower, making this
effect negligible in terms of the solid state detector’s
performance.
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