Paul Scherrer Institute, Annual report 1993, Annex II1I/A

1

29G3/H N\

155

TESTS OF THE REM DETECTOR ON THE BETATRON
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Intruduction

The Radiation Environment Monitor {REM) was
developed by PSI and CIR! for the study of proton and
electron spectra in space. The first flight version of the
REM detector will be launched in early 1994 on the
Space Technology Research Vehicle (STRV) to investi-
gate radiation conditions in the geostationary transfer
orbit and the earth’s radiaticn belts. The STRY model
of REM consists of two thin, totally depleted Silicon
diodes (300 pm thick, 25 and 150 mm? area) shielded
with hemispherical domes of 3.0 mm Al and 3.0 mm of
Al plus 0.75 mm of Ta respectively. The dome thick-
nesses correspond to ranges of electrons with energies

of 1.7 and 3.5 MeV respectively.

Experiment

During on-ground tests, the PSI Proton Irradiation
Facility (PIF) was used to establish the detector re-
sponse function for protons with energies up to 300
MeV?. First electron tests were done recently using
the electron beam from the BBC betatron of IMR. The
betatron works at 50 Hz and provides electrons with

‘energies up to 30 MeV3. As a typical spectrum of cos-

mic electrons decreases exponetially by about 3 orders
of magnitute between 1.5 and 5 MeV, only this energy
region is of special interest. Al these energies, however,
the betatron beam is to some degree contaminated with
X-rays.

Properties of the betatron beam were determined
using two plastic detectors arranged in a AE-E tele-
scope and mounted on the betatron beam line about 10
cm from the beam collimator exit, The thin AE de-
tector was 10x10x2 mm?® whereas the stopping detector
was a cylinder (25 mm diameter) of 72.5 mm length.
Compton edges of four gamma sources (%°Co, 137Cs,
54Mn and ?2Na) and the end-point energy of the *Sr
beta source were used to calibrate the E detector. {The
parameters of the calibration line were found with the
least squares minimization. method.) It was assumed
that the mean energy loss of the 1 to 10 MeV electrons
in the AE detector is energy independent (within 5%).
The AE detector was calibrated by fitting the shape
of the electron spectrurm with the help of the GEANT

code from CERN%.

In order to avoid counting more than one electron
per beam burst, the count rate had to be kept below
50 counts per second. In this way the number of pile-
ups was reduced to less than 2-4%. The spectra of the
electrons and X-rays background were determined using
AFE and E detectors working in coincidence and antico-
incidence - see Figures la and 1b.
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Figure 1: Energy spectra from the E-detector of the
AE-E telescope. (a)- electrons, (b) - X-rays.

It was found that the relative amount of the low en-
ergy tail electrans in the spectrum increased with lower
beam energies. Similarly, for lower energies, the con-
tamination of the electron beam with X-rays was higher.
Because X-rays were produced by electrons, their en-
ergies were always lower than the maximum electron
energy. Their spectrum was found to decrease expo-
nentially with the energy.

Experimental procedure for testing the REM detec-
tor consisted of two steps. During the first, the beam
parameters, e.g. energy, intensity, stability, were opti-
mized (as well as the non-electron background was de-
termined) with the help of the AE-E telescope set as
already desribed. In the second, the telescope was re-
placed by one of the REM detectors while the beam



was monitared by single AE plastic counter mounted
as close as possible to the REM, i.e. about 2.0 ¢cm from
the beam axis. The measurements were performed at
several energies between 1.0 MeV and 10.0 MeV. Both
plastic and REM detectar spectra were measured using
PC Multichannel Analyzers, and stored on the PC disk
for further analyses. The spectra measured by the small
{25 mm? area) REM detector at beam energies of 1.4
and 3.0 MeV are presented on Figures 3a and 3b (full
dots).

Results

The data are under evaluation. The largest part
of the analyses is performed using the particle tracking
code GEANT. The electron and X-rays spectra mea-
sured with the AE-E telescope are used as the program
input. For each beam energy the relative normaliza-
tion of their intensities is found by fitting the spectrum
shape of the single AE detector - see Figure 2. It allows
to determine the electron and X-ray contributions in
spectra of the REM detector. In Figures Ja and 3b, the
experimental REM data taken at beam energies of 1.4
and 3.0 MeV are compared with the simulated electron
and X-ray spectra.
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Figure 2: Energy spectrum of the monitor detector.
The solid line represents GEANT calculations with elec-
tron and X-ray contributions, The dashed line shows
the X-ray part of the spectrum.

Further tests with improved experimental apparatus
are forseen for the next future. It is planned to install
a gamma veto detector and to purify the electron beam
with the help of a simple magnet spectrometer.

We want to thank Fred Diirr, Reinhold Henneck and
Bob Nickson for their help with the measurements.
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Figure 3: Spectra of the REM detector at 1.4 (a)
and 3.0 MeV (b) beam energies. The solid lines show
GEANT caleulations with electron and X-ray contribu-
tions. Electron parts of the spectra are shown using
dashed lines.
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