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Abstract 

In order to study the consequence of geometrical modeling of a finger tip ionization 
chamber and the difference of the calculated results using two Monte Carlo codes EGS4 
and ITS3.0, the energy responses of an ionization chamber have been calculated. In 
the EGS4 calculation, it has been developed a versatile user code PRESTA-CG to 
calculate the response of radiation detectors with more complicated geometrical design 
by the combinatorial geometry (CG) method. This paper presents comparisons of the 
energy responses between these codes. 

1. Introduction 

The response of radiation detectors to gamma rays has been the subject of many Monte 

Carlo simulations, and consequently a large amount of work has been submitted [1-5]. In 

particular, the characteristics of ionization chambers by Monte Carlo calculation have 

been studied well [1-3], as well as those by experiments, because ionization chambers are 

widely used for the measurement of gamma dose-rate in various radiation fields of nuclear 

facilities. Since ionization chambers calibrated in terms of exposure rate are also employed 

usually for the calibration of various radiation detectors and dosimeters for measuring x-

rays and gamma rays, ionization chambers play a central role in radiation measurements. 

However many of above Monte Carlo studies for radiation detectors had some restrictions 

on their applicability. Many studies were restricted for the detectors with simple shape, 

such as cylindrical and spherical detectors. Whereas some radiation detectors, ionization 

chambers in particular, have more complicated geometry, such as finger tip in shape, many 

calculations for such detectors have used simplified as cylindrical or spherical ones. 

In order to study the consequence of geometrical modeling of a finger tip ionization 

chamber, this paper reports the response calculation of the ionization chamber modeled 

as a cylindrical chamber, and that modeled as a more real finger tip chamber using two 
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Monte Carlo codes, EGS4/PRESTA [6,7] and ITS3.0 [8]. We have written a versatile 

user code called CYLRESP, which uses the EGS4/PRESTA code system to calculate the 

response of cyEndrical detectors. We have also developed a user code, named PRESTA-

CG, to calculate the response of detectors with more complicated geometrical design by 

the combinatorial geometry (CG) method. 

It is also described that the comparison with these calculation results and the experi

mental ones in this paper. 

2. Ionization Chamber 

In this simulation calculation, the ionization chamber (VICTOREEN Inc.: Radocon 

550-3) selected is a popular standard ionization chamber that is using for calibration of 

survey meters and other radiation measurement equipment. The shape of the chamber is 

a finger tip that is combined with hemispheres and a cylinder. 

A cross-sectional view of the ionization chamber is shown in Fig. 1. The ion-collecting 

electrode is made of polystyrene with 4.7 mm in diameter and 170 mm in height. Also, the 

chamber is made of polymethyl methacrylate (PMMA) with 56.2 mm in diameter and 176 

mm in height, the thickness of the wall is 1.4 mm (166 mg/cm22) and its effective volume 

is about 330 cm33. Moreover, for irradiation of high energy gamma rays above about 

500 keV, a buildup cap (BC) made of PMMA is usually covered over the chamber. For 

example, the BC with 3 mm thickness (368 mg/cm2) is used for cesium-137 and cobalt-60 

irradiation. 

We have calculated the response of the above chamber modeled as a cavity-volume 

and diameter equivalent cylinder using the EGS4/CYLRESP and ITS/ACCEPT, and 

the chamber modeled as a more real finger tip shape using EGS4/PRESTA-CG and 

ITS/ACCEPT, as illustrated in Fig. 2. ITS3.0 series includes various codes, such as 

TIGER, CYLTRAN, and ACCEPT. We have, here, selected ACCEPT code, because 

ITS/ACCEPT can make finger tip and cylindrical shapes by the CG description. 

In this response calculation, the broad parallel beam of monoenergetic photons was 

irradiated from the side on the chamber, and deposited energy in the cavity was calculated. 

To compare the experimental results, the atmospheric air in the cavity was employed at the 

pressure of 101.3 kPa and at the temperature of 22°C. The energy range of photons is from 

30 keV to 800 keV for the chamber without any BC, and from 500 keV to 5 MeV for that 

with the 3 mm thick BC. To reduce statistical uncertainties below 3 %, the calculations 

were performed in an arbitrary number of batches (10), and a billion histories for above 

800 keV photons and ten billion histories for other photons were used per batches. In 

the calculation using EGS4 code, we used the lagged Fibonacci pseudo random number 

generator developed by G. Marsaglia et al. [9]. 
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Moreover, using following equation, we evaluate the conversion factor [A/mR-h *], 

J=eE* r /MT, (7) 

where 

^ionization current per square centimeter [A/cm2], 

electronic charge [C], 

Ejcpt Deposited energy per unit photon fluence [eV/cm2], 

W: W-valuc for air ]=33.97 eV \\Q)). 

3 . Resul ts and Discussion 

The results calculated with EGS4/PRESTA and ITS/ ACCEPT for the cylindrical 

model are shown in Fig. 3. These data agreed well within 3region calculated, and 

there are not significant differences in the responses calculated by EGS4/PRESTA and 

ITS/ACCEPT. Experimental data are also good agreement with these calculational data. 

Moreover, responses calculated using EGS4/PRESTA-CG and ITS/ACCEPT for the fin

ger tip model are good agreement within 5 %, and agreed well with experiment, as shown 

in Fig. 4. 

From these results, it was not observed the difference of these geometrical models 

concerning the response of the ionization chamber. 

Responses calculated above are for uniform parallel beam covered whole cross section 

of the ionization chamber. Next, we calculated the response of the finger tip chamber for 

collimated parallel beam perpendicular to the central axis of the chamber. The width of 

beam was 5 mm, and irradiating positions were moved 5 mm by 5 mm from the top of the 

chamber to cylindrical portion. The response calculated is illustrated in Fig. 5. Although 

the response in low energy region below 500 keV is lower than that in high energy region 

in the vicinity of the chamber top, that is not so low in the vicinity of cylindrical portion 

of the chamber. From this result, it seems that the response for multiform beam field and 

for narrow beam field must be evaluated carefully in low energy region. 
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Fig. 3 Response of the ionization chamber modeled 
as a cavity volume equivalent cylinder 
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