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1. Introduction

Ionizing radiations around high-energy particle accelerators, in general,
form a mixed field consisting mainly of X-rays and neutrons. It is one of
purposes in dosimetry of such a field to evaluate the dose equivalent (DE).

It is desirable for DE evaluation to measure energy spectra of respective radi-
ations, but in practice a separate measurement in a mixed field is very diffi-
cult. In addition, all the spectrometers, which is based on a time-consuming
was that a radiation pulse is accumulated in a PHA one by one, can never be
used in a high-fluence-rate field as well as a single-burst one. Thus, we
proposed a method with an abreast-type ionization chamber in the previous
paper.[1] According to the method, the total absorbed dose due to all radi-
ations can be accurately determined if the collected charge would be corrected
by the collection efficiency, and the average quality factor (QF) can be esti-
mated from the average recombination coefficient which is regarded as a para-
meter of the ratio of a mixture of X-rays and neutrons.

In this report, the applicability of the proposed method is confirmed by
comparing with other ones in a reference field generated by an electron linear
accelerator. A spherical tissue-equivalent (TE) proportional counter is used
for evaluating an LET distribution of the absorbed dose. The DE, in this
case, can be obtained by integrating the product of the absorbed dose and QF
as a function of LET.

2. Measurement of LET Distribution of Absorbed Dose

A method for evaluating LET distribution of absorbed dose in tissue has
been already proposed and established by Rossi [2,3] According to the pro-
cedure, experiments were carried out with a TE proportional counter. A
mixed radiation field was generated by an electron linear accelerator installed
at ISIR, Osaka University, of which output current was adjusted as low as
possible in order for duplicate radiation pulses not to enter into the counter.
An example of the experimental results is shown in Fig. 1, where the LET on
the abscissa has beforehand been calibrated by a reference source. In a
mixed field consisting of X-rays and neutrons, ionization takes place by secon-
dary electrons and recoil protons. Their LET's distribute widely from about
0.1 to 91 keV/um. Aspecial instrument such as a log-amplifier must be re-
quired when one measures directly their LET's in wide range with a PHA.
Furthermore, it is very difficult to eliminate electronic noises from signals due
to electrons, because the heights of both pulses are often comparable with
each other.

Thus, we tried using the counter in combination with an ionization chamber
to evaluate DE in the mixed field. The DE, H, is expressed as follows:
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where D(L) is the absorbed dose per unit LET, which is evaluated for LET
higher than 3.5 keV/um with the TE proportional counter, and Di is the total
absorbed dose, which is measured with an ionization chamber. The DE then
can be evaluated even though one does not know the LET distribution for LET



lower than 3.5 keV/um.

3. Discussions

From a target bombarded by high-energy electrons, most of bremsstrahlung
X-rays are emitted forward and photo-neutrons nearly isotropically. The total
absorbed dose varies with the beam current, the pulse duration, the distance
from the target, etc. At a constant beam energy, however, the average QF
(QF = H/Dyg) becomes a function of only the angle with respect to the incident
electron beam. The average QF becomes large with increasing the angle be-
cause of different emission characteristics between X-rays and neutrons.

The angular dependence of the average QF was measured in such a way as
mentioned above, and the results are shown in Fig. 2 by dots. The symbol [
represents the results obtained by the proposed method with an abreast-type
ionization chamber previously reported. In addition, the results obtained by
the separate measurement of both X-ray and neutron doses with two ionization
chambers with different sensitivities to neutrons are shown by the symbol M.
The average QF in this method is obtained by substituting the evaluated sepa-
rate doses, Dx and D, into the following equation:

Q—F; = (DX+§FI’1DH)/(DX+DYI) ’

where Q—Fn is the neutron quality factor, which was determined to be 10.2 by
averaging QF weightened by the particle fluence as a function of neutron en-
ergy measured by the activation method and TOF one.[4] A good agreement
is found among the results by three methods. It is confirmed that the angu-
lar distribution of the average QF could be accurately obtained by the pro-
posed method in the mixed radiation field around the linear accelerator.
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Fig. 1. LET distributibution of ab- Fig. 2. Angular dependence of
sorbed dose evaluated with a TE average QF obtained by three
proportional counter. Electron energy: methods. Electron energy: 28
28 MeV, angle: 75°. MeV.



