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1. Introduction 

The pulse width of the output beam from an electron linear accelerator 
ranges from several ~sec to several tens of psec, and hence the ionizing 
radiations emitted from a proper target are also pulsed ones and they, in 
general, form a mixed field of neutrons and X-rays. 

In measuring such a mixed field it is desirable, though difficult, that 
both energy spectrum and fluence rate of the respective radiation could be 
determined separately. 

On the other hand, there is a case where no efforts are needed for the 
separate measurement to attain some limited objects. For example, the total 
absorbed dose of some material or the net dose equivalent is an integration 
of the effect due to the respective radiation and the·separation is not al
ways necessary. In order to obtain the dose equivalent in a mixed field it 
is, in principle, necessary to identify and specify each radiation in deter
mining the quality factor. We, however, have developed a method to evaluate 
the net dose equivalent approximately with an ionization chamber without 
identification and specification of each radiation [1]. 

The method is applicable to a mixed field around any particle accelerator 
as well as a linear accelerator so long as the fluence rate is high enough. 
Hence, it is suitable for evaluation of the dose equivalent when some one is 
exposed to a mixed radiation of high fluence rate in accident near the target 
or in the maze through the shielding, and it is not applicable to the case 
where the fluence rate of neutrons is so low as the environmental radiation 
outside the shielding. 

2. Dosimetry in pulsed-mixed field 

The absorbed dose of some material placed in a pulsed-mixed radiation 
field could be estimated with an ionization chamber through the cavity cham
ber theory by measuring the total charges liberated in a cavity. It is, how
ever, necessary to obtain LET00-spectrum of the mixed field in a tissue in or
der to evaluate the effect of the field to the human being strictly because 
of the LET00-dependence of the quality factor. There is some approximate 
method escaping from this difficult procedure by proper averaging. 

In general, both absorbed dose and quality factor are a function of the 
stopping power and the dose equivalent for a pulsed-mixed field is defined as 
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where D is the total absorbed dose and QF is the average quality factor when 
the absorbed dose is regarded as the probability density function of the 
stopping power. Accordingly, if QF. could be obtained by some method, H 
could be determined from eq.(l) because Dis obtainable with an ionization 
chamber. 

The quality factor is expressed as a function of the stopping power in wa
ter in the recommendation of ICRP 26. Accordingly, if in a mixed field the 
effective stopping power is defined as 

rr ~£ .. -z-[ cp.(E,t)dE] dt 
• '1- '1-

'1-
W r 0 Q 0 0 

L 

f\ foo$i(E,t)dE] 

\{! 

~ dt 
i 

0 0 

the corresponding QF(L) could be determined uniquely. It is, in general, 
not equal to QF mathematically, but approximately there might not occur so 
much errors even if we put 

QF;;; QF(L) • 

(2) 

(3) 

In eq. (2) <Pi ( E, t) is the fluence rate of i-th radiation species and Li is 
the effective stopping power of the i-th one averaged over <Pi(E,t). More
over, \{lis the total fluence, W is the so-called W-value in a tissue-equiva
lent material, which is nearly constant independently of the radiation quali
ty and 1"0 is the pulse duration, which is assumed to be equal for every pulsed 
radiation. Total number density of ion pairs generated in a cavity is de
noted by Q. 

After all, the dose equivalent is approximately expressed as 

H;;; QF(L). D. 
Consequently, H can be evaluated from the experimental data obtained with 
only an ionization chamber. 

3. Experimental results and discussions 

(4) 

The total ionic charges generated in a cavity chamber should be measured 
in order to evaluate the dose equivalent experimentally. Then, the charges 
are collected as an ionic current by applying an electric voltage between the 
electrodes and considerable amount of ions disappear through recombination of 
positive and negative ions during encounter. It is known that the higher is 
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the fluence rate, the more ions disappear, and hence it must be careful to 
estimate the generated ionic charges accurately under the field of such high 
fluence rate as would be considered here. 

We have already established a method to 
obtain the ionic charges generated in an 
ionization chamber placed in an unknown radi
ation field [2]. An abreast-type ionization 
chamber, twin chamber with different applied 
voltages as shown in Fig. 1, has been devel
oped to observe the responses to the pulsed 
radiation simultaneously. In Fig. 2 is 
shown an example of the output current shapes. 
Integrating the current, we obtain the col
lected charges with respective collection 
efficiency, f-value, which differs with dif
ferent applied voltages. The true f-value 
can be determined from the graphs obtained 
numerically beforehand [2] by taking a ratio 
of those collected charges and the true gen
erated charges can also be obtained. 

The total fluence ~ can approximately be 
obtained without applying an electric voltage 
to the chamber. Then, integrating the prima
ry current consisting mainly of photo- and 
Compton-electrons due to pulsed X-rays, we 
can obtain the primary electron fluence, 
which is nearly equal to ~. Then it is as
sumed that the recoil proton current is neg
ligible compared with the electron current. 
Accordingly, this method cannot be applied to 
the neutron-rich mixed radiation field, where 
the primary electron current becomes cancel
led by the recoil proton current. 

After all, the effective stopping power L 
and the dose equivalent H could approximate
ly be obtained if the primary charged-parti
cle fluence ~and the total number density Q 
is measured with an ionization chamber. 

In fig. 3 is shown an example of observed 
mixed field with a chamber, where the angular 
dependence of the generated charge is shown. 
In general, the high-energy X-rays are almost 
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Fig. 1. Abreast-type ion
ization chamber. 
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Fig. 2. Output current 
shapes of the abreast-type 
ionization chamber. 

generated in the forward direction, but neutrons are generated isotropically. 
Accordingly, if both radiation yields are controlled, the angular dependence 
would become different each other. In case of Al-target the neutron yield is 
low and the signal is undetectable more than 45 degrees in the forward direc
tion. When W-target is used, the signal is detectable even at 90 degrees be
cause lots of neutrons are generated isotropically. 

In Fig. 4 is shown the effective stopping power as a function of the elec
tron beam energy. It remains nearly constant in case of Al-target, where the 
neutron yield is very low, but increases with the beam energy in case of W
target, where the neutron yield is high enough for the recoil proton to con
tribute to the ionization in the cavity chamber though the proton current is 
still much less than the primary electron current. 
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Fig. 3. Angular dependence of 
the charges generated by a 
mixed field in the chamber. 

4. Conclusion 
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Fig. 4. Effective stopping power 
as a function of electron energy. 

The present experiments have been made with an air-equivalent ionization 
chamber and only the effective stopping power of a mixed field of neutrons 
and X-rays in air-equivalent material has been obtained. It is, however, 
necessary to prepare a tissue-equivalent ionization chamber to evaluate the 
dose equivalent practically. 

In order to express the intensity of a mixed field in one word, it might 
be possible to introduce, for example, mixed air-kerma from the total gener
ated charges with proper modification of Attix' method [3]. 
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