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Abstract 

We have calculated the response of CR-39 (polyallyl-diglycol carbonate) in terms of charged 

particles produced per-unit-incident neutron for a foil of 2-cm diameter and 0.15-cm thick. We 

also calculated another set, using cylindrical slugs of lead of 2-cm diameter and 1 -cm and 2-cm 

thick, with the foil positioned on the end of the slug so that the neutron beam had to pass through 

the lead. MCNP was used to calculate the responses in all three cases for energies from 0.1 MeV 

to 20 MeV. LEHET was applied to calculations from 0.1 MeV to 1000 MeV. The MCNP 

calculation yields H(n,p), C(m,a), and O(n,a) reactions; the LAHET computation produces the 

sum of proton recoil and deuteron, triton, and alpha-particle production. The LAHET calculation 

indicates that the enhanced response due to Pb(n,xn) production may prove useful in neutron 

spectroscopy. 



Introduction 

A problem in using Bonner spheres for the spectroscopy of neutron of energy greater than 20 

MeV is that the response functions for differing polyethylene thicknesses become similar in 

shape, making the spectral unfolding quite difficult. The possibility that use of a neutron detector 

such as CR-39 that is sensitive to high-energy neutrons combined with a lead radiator that has a 

significant variation of cross section due to the Pb(n,xn) reaction above 20 MeV, led to the 

theoretical investigation of the response of a CR-39 detector with lead in front of it. 

Model 

The response of CR-39 in terms of charged particles produced per-unit-incident neutron is 

calculated for a foil of 2-cm diameter and 0.15-cm thick. Another set of calculations were done 

using cylindrical slugs of lead of 2-cm diameter and I-cm and 2-cm thick, with the foil 

positioned on the end of the slug so that the neutron beam had to pass through the lead. While 

this is not equivalent to a Bonner Sphere arrangement, it is close enough to make a test of the 

hypothetical response. 

Method 

Two transport code systems were used in this calculation: MCNP (Briesmeister 1988) and 

LAHET (Prael and Lichtenstein 1989). MCNP was used to calculate input energies from 0.1 

MeV to 20 MeV. In the computation of input energies fkom 20 MeV to 1 GeV, LAHET was used 
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coupled to MCNP. We calculated the number of charged particle reactions per neutron selected 

from a uniform energy distribution in each energy bin. The output depends on which code was 

used to do the calculation: the MCNP calculation yielded the H(n,p), C(n,a), and O(n,a) 

reactions; the LAHET computation produced proton recoil and deuteron, triton, 'he, and alpha- 

particle reactions as well as n+, no, and 7c- reactions. 

Results 

Results are expressed as the total number of reactions of a given type per incident neutron. The 

uncertainties of the proton and alpha results are less than 5%; deuteron, triton, and 'he 

uncertainties are up to 25%; pion results are good to within 50% and are given merely to show 

the order of magnitude of competing processes and the energies at which they become 

significant. In Fig. 1, we show the effect of inserting differing amounts of lead in the beam on 

the number of proton reaction. Similarly, in Fig. 2, we present the effect on the number of alpha 

reactions. The next three figures show reactions with no lead, 1 cm of lead, and 2 cm of lead for 

all the reactions except pions. Table 1 gives pion production per-unit-incident neutron. 

'Lead (cm) 
particle 7c+ 

0 
no 7c- n+ 

1 
no n- n+ 

2 
no n- 

251-398 MeV 1 .OD-5 2.5D-5 1.5D-5 1.5D-5 2.5D-5 1 .OD4 1 .OD-5 1.5D-5 1 SD-5 
398-631 MeV 7.OD-5 1.4D-4 1.9D-4 6.OD-5 1.3D-4 1.8D-4 3.9D-5 1.3D-4 1.6D-4 
63 1-1000 MeV 1.8D-4 3.7D-4 5.3D-4 1.7D-4 3.6D-4 5.2D-4 1.3D-4 4.3D-4 5.OD-4 

Table 1. Pion reaction per neutron 
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Discussion 

Track-etch detectors are used as dosimeters to detect alpha particles and proton recoils from 

neutrons. There is sufficient evidence from the data presented in this paper to justifl 

experimentation using these detectors at high energies. Exposure to a neutron spectrum with 

peak at 100 MeV should yield a significant difference among the three thicknesses of lead. The 

major difficulty in applying track-etch detectors at high energies will be in the determination of 

the energy response and the large angular dependence. 
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Fig. 3. Response of PN3 with no lead in beam 
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