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PRELIMINARY STUDIES FOR A HIGH ENERGY NEUTRON AREA MONITOR 

Robert T. Devine and Hsaio-Hua Hsu 
ESH-4, Health Physics Measurements, Los Alamos National Laboratory, Los Alamos, NM 87545 

Abstract 

Track etch detectors were exposed to neutrons produced by a spallation target struck by a beam of 800 
MeV protons. The fields were filtered by 0, 10, and 40 centimeters of polyethylene. The track etch 
dosimeters were exposed on a polyethylene phantom. The dosimeters were exposed bare and behind lead 
filters of 0.25,0.50,0.75, 1.00, 1.25 and 1.50 cm of lead with the face of the dosimeter perpendicular to 
the beam and bare and behind lead filters of 0.50, 1.0, and 1.5 cm of lead with angle of incidence 45" and 
75". Monte Carlo calculations of the these experimental comfigurations were done using MCNP and 
LAHET with input from the calculated spectra. These results are compared with the experimental results 
to understand the basic processes involved in the production of tracks with high energy neutrons and 
develop a high energy neutron area monitor 
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Introduction 

Previous studies have indicated the utility of CR-39 for high energy neutron dosimetry. Monitoring fields 
outside of the shielding of accelerators presents a problem which the use of CR-39 might present a solution. Two 
difficulties in the use of the solid state track etch dosimetry as a monitor are apparent: angular dependence and 
energy dependence of response4. The effect of the use of lead radiators is investigated to determine their capacity 
to flatten energy response using the (n,xn) reaction. This reaction becomes signiscant above 20 MeV. The angular 
dependence is studied with varying radiator thickness. 

* 

Experimental Method 

Materials 
The CR-39 used was produced by the H. H. Wills Physics Laboratory of Bristol University under the trade name of 
TASTRAK. This is a polycarbonate of allyl diglycol with a chemical structure of CI2Hl8O7 and a density of 1.32 
gm ~ m - ~ .  The plastic was precut into 2.0 cm by 2.5 cm by 0.15 cm foils. Lead sheets or radiators of thickness 0.25, 
0.50,0.75, 1.00, 1.25 and 1.50 cm formed in 10 cm x 10 cm squares were rolled by the Materials Science and 
Technology Division shops at Los Alamos National Laboratory. 

Neutron Irradiation 
The exposures were made at the Los Alamos Neutron Science Center. The neutrons were produced by an 800 MeV 
proton beam striking a tungsten target. Exposures were made to the unfiltered beam and with polyethylene filters 
of 10.2 , and 40.6 cm thickness. Electronic dosimeters (ALOKA CO., LTD., PDM-303) were used to scan the field 
uniformity. The beam was flat to within 5% over a square field of 10 cm width. The three dosemeters were placed 
unshielded or between two sheets of lead of the same thickness and supported by a polystryene foam jig centered 
in front of an IS0 water phantom. The dose for each irradiation was determined using a neutron beam monitor and 
a small plastic scintillator, normalized by the proton current on the target. A calculation provided the neutron per 
proton/cm2 /MeV at the tungsten spallation target. The neutron spectra were then corrected for attenuation by the 
polyethylene filter and air in the 90 meter flight path using the LAHET code. The NCRP-38 fluence-to-dose 
conversion was then used to convert the neutron spectrum to a dose equivalent. A 5 kG magnet at the front of the 
detector shed was used to remove charged particles from the beam. The spectra are shown in Figure 1. 



Development 
The chemical etch procedure used CR-39 plastic taken from one sheet. The dosemeters are given a pre-etch in a 
mixture of 60% by volume methanol and 6.25 N NaOH for one hour at 7OOC. This is followed by six hours in a 
6.25N NaOH solution at 70°C and ending with washing. 

Track Counting 
The PN3 foils were read using the NE Technology AUTOSCAN 60'. The reader used light incident on the edge of 

the PN3 plastic which undergoes total internal reflection from the faces where a defect or pit exists. The foil is 
viewed through a vidcon tube and camera lens and processed using an image grabber by a personal computer. The 
area read is 1.6 cm2. 

Calculation 

The Monte Carlo programs MCNP6 and LAHET7 were used to compute the absorbed dose using as input the 
spectra supplied by LANSCE. The experiment was modeled using the experimental configuration described above. 
The program was run until a statistical confidence of 10% was obtained. The contributions to dose from the 
production of protons, alpha, deuterons, tritons and helium-3 particles was included. 

Results 

The results of the angular dependence and radiator study are shown in Fig. 2. The response does not vary 
with increasing angle of incidence to the phantom at the two higher energies for any radiator thichess. However 
for the lowest energy spectrum the response with angle at every radiator thickness varies roughly as that reported 
by H w e y  for energies between 0.565 and 5.3 MeV. The effect of the radiators is marked in the highest energy 
experiment. It would seem that adding 2.5 or 5.0 mm of lead brings the response of this spectrum up to that of the 
lowest energy at zero angle of incidence to the phantom. The middle spectrum shows some increase with 
increasing radiator thickness but not as large as in the highest spectrum. The decision on a preliminary design for 
further testing is to use the 35' wedge used by Harvey with a 2.5 mm lead radiator. 

The results of the Monte Carlo study are shown in Fig. 3. The dose at zero angle of incidence is compared 
with the dose calculated from the Monte Carlo method. Both responses are normalized to the configuration with no 
radiator. The agreement is good for the case studies but a divergence appears at the highest energy. 
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FIG 3 Calculated and Experimental Responses Normalized at 0 mm Lead 
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