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A DETECTOR FOR USE IN HIGH ENERGY BREMSSTRAHLUNG 

SHIELDING STUDIES. 

O.J. Wilson and J.E.M. Thomson 

INTRODUCTION 
The use in therapy, research and industry of high energy (> 5 MeV) 
bremsstrahlung X-ray beams, requires massive and expensive shielding. The 
design of such shielding requires an accurate knowledge of broad beam 
attenuation parameters for the shielding materials. Our previous laboratory 
report (Thomson and Wilson 1980) outlined the general areas of calculation and 
measurement of these parameters that are being investigated at this 
laboratory. That report also included the results of preliminary measurements 
which showed that a Moxon-Rae detector of the type described in references 1 
to 5 could be used to measure energy fluence of photons transmitted through 
thick shields. This type of Moxon-Rae detector, however, was designed for 
measurements of neutron capture Y-rays and has certain drawbacks when used 
with a pulsed high energy bremsstrahlung beam. We describe below the design, 
development and calibration of a detector, based on the principle of the 
Moxon-Rae detector, which is ideally suited to the measurement of the energy 
fluence of photons transmitted through a thick shield which has been 
irradiated with high energy bremsstrahlung. 

MOXON-RAE DETECTOR PRINCIPLE 
The principle of operation of a Moxon-Rae detector is shown in figure 1 and 
can be summarized as follows: 
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Figure 1. Principle of operation of a Moxon-Rae detector. 
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Gamma rays or x-rays which are incident on the front of the detector may 
interact within the converter plate by the photo-electric effect, Compton 
scattering or pair production. For monoenergetic incident photons, the 
average range of the electons resulting from these interactions is 
approximately proportional to the photon energy. Therefore for a given number 
of incident photons the number of electrons detected will increase with 
increasing photon energy. By careful choice of converter materials and 
thickness it is possible to construct a detector with an efficiency that is 
proportional to the incident photon energy. Such a detector will have an 
output which is proportional to the energy fluence of any photon field which 
is incident on its front face. The conversion technique, outlined above, is 
similar to that used in a P2 ion-chamber (Pruitt and Domen 1962) in which 
ionization is produced in the chamber which is proportional to the photon 
energy fluence. However, a Moxon-Rae detector is far more sensitive than the 
P2 because a beta scintillator and photomul tip Tier tube is used to count the 
escaping electrons rather than an ion-chamber. 

DESIGN AND DEVELOPMENT OF A NEW MOXON-RAE DETECTOR 
The preliminary experiment (Thomson and Wilson 1980) showed that a Moxon-Rae 
detector might be suitable for attenuation measurements, provided certain 
design criteria were met. There were three main features that required 
attention. The first was that the diameter of the detector should be small so 
that it could be used to scan across a beam or across the field at the back of 
a shield so as to measure the total transmitted photon energy. The total 
transmitted energy, for a narrow incident beam geometry, is equivalent to the 
energy fluence measured at a single location for a plane parallel incident 
field. The second requirement was to modify the energy response of the 
detector, by suitable choice of converter materials and thickness, such that 
the response of the device (coulomb/joule) was constant from 0 to 20 MeV. The 
third requirement was to extend the linear response range of the detector so 
direct beam intensity measurements of beams with end point energies up to 20 
MeV could be made. 

Another consideration, mentioned in the literature (Macklin et al 1963), was 
activation of the converter. These detectors were intended for neutron time 
of flight measurements and neutron activation was particularly important. To 
overcome this, converters were made of graphite or a combination of graphite 
and a high atomic weight material such as lead, instead of tin or copper which 
are otherwise good converter materials. In the present application only 
photon activation needs to be considered and, for incident energies less than 
about 20 MeV copper, iron, tin and PVC are suitable converter materials. 
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DESCRIPTION OF THE NEW MOXON-RAE DETECTOR 
This Moxon-Kae detector used a 50mm diameter EMI 6097B photomultiplier tube 
and a 0.25 mm thick N.E.102 beta scintillator. A variable thickness 
(6.5-8.5 mm) brass converter, a 10 mm brass converter with a 12 mm diameter 
PVC plug insert, a 12 mm mild steel converter and a 30 mm PVC converter were 
made in such a way that each could easily be attached to the detector by a 
threaded collar. The dynode chain circuit uses the earthed anode 
configuration for pulse and current mode operation. Dynode capacitors and 100 
k.ohm dynode resistors were used to give high current linearity when used with 
pulsed beams of high intensity. 

In the current node the output current from the photomultiplier tube was 
measured using an electrometer. An external dark current offset module was 
connected to the circuit. In the pulse mode the output pulses were amplified 
by a standard spectroscopy preamplifier and main amplifier and were counted on 
a scaler timer. 

ENERGY RESPONSE OF THE NEW MOXON-RAE DETECTOR 
Calibration of the Moxon-Rae detector was carried out using bremsstrahlung 
from the Melbourne University betatron together with various radioactive 
sources. The experimental setup for the calibration is shown in figure 2. 
The transmission chamber produced little attenuation in the beam and was used 
to provide a measure of the beam intensity in arbitrary units. The Moxon-Rae 
output relative to that of the transmission chamber was measured as a function 
of bremsstrahlung endpoint energy for each of the converters. The 
transmission chamber was then calibrated against the P2 chamber by making 
measurements at a series of bremsstrahlur.j endpoints without the Moxon-Rae 
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Figure 2. Experimental arrangement for calibrations of 
the new Moxon-Kae detector. 
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detector in the beam. The P2 chamber used was a replica of a National Bureau 
of Standards secondary standard ionization chamber (Pruitt and Domen 1962). 

The above data was used to produce a Moxon-Rae response relative to that of 
the P2 chamber, as a function of bremsstrahlung endpoint energy. This was 
then converted to Moxon-Rae response per unit energy in the bremsstrahlung 
beam (coulomb/joule) by using the P2 calibration data of Pruitt and Domen. A 
more desirable calibration is the response of the Moxon-Rae per unit energy in 
a beam of monoenergetic photons. This was extracted from the above using a 
matrix analysis technique similar to that of Penfold and Leiss (1959). Figure 
3 shows the resulting calibration curve for the brass-PVC converter. Points 
at the lower energy region have been obtained from the radioactive sources 
indicated. The response of the Moxon-Rae detector per unit energy in the beam 
is essentially constant for photon energies from 300 keV to 20 MeV. The 
detector is therefore close to ideal for measuring the energy fluence of an 
unknown beam whose photon energies are within this range. 

2-

cS 
0) £ 1 o 

i c o 
X 

Brass &RV.C. Converter 

K57c 
* fSsh. J i i i — i — I — i i_ 

10 15 20 
Photon Energy (MeV) 

Figure 3. Kesponse of Moxon-Kae detector to a beam of 
monoenergetic photons as a function of photon energy. 

PRACTICAL EVALUATION OF THE DETECTOR 
During the calibration experiment the new Moxon-Rae detector was used to 
repeat the shielding measurements described in the preliminary experiment 
(Thomson and Wilson 1980). It was found that this detector easily measured 
the attenuation of a concrete wall that was 76 cm thick for an endpoint energy 



above b MeV. However, a gain factor of 70 was possible by increasing the H.V. 
to the PMT from 700 volt to 1200 volt. This increase in gain would enable 
measurements to be made for thicker slabs of up to 150 cm or greater. 

CONCLUSIONS 
The new Moxon-Rae detector with the brass and PVC converter meets the three 
initial design criteria of size, energy response and direct beam intensity 
measurement. The Moxon-Rae detector is much smaller than the P2 ionisation 
chamber and is also less sensitive to movement and to changes in atmospheric 
conditions. It requires a far shorter warmup time and has a detection 
sensitivity (coulomb/joule) of the order of 10000 to 100000 times that of the 
P2. The high sensitivity, together with the excellent energy response 
discussed above, makes this Moxon-Rae very suitable for measuring the energy 
fluence of photons transmitted through thick shields which arc irradiated with 
high energy bremsstrahlung. 
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