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ABSTRACT

The purpose of this study is to evaluate the photoneutron characteristics generated by the linear accelerator
target and collimator. The computer simulation design firstly, consisted of a target, a single material target and a
composite material target. Secondly, it consisted of a cone beam and a fan beam depending on the type of the
collimator. Finally, the material of the fan beam collimator is composed of a single material composed of only
lead (Pb) and a composite material collimator composed of tungsten (W) and lead (Pb). The research method
calculated the photoneutron production rate and energy spectrum using F2 tally from the surface of a virtual
sphere at a distance of 100 cm from the target. As a result, firstly the photoneutron production rate was 20%
difference, depending on the target. Secondly, depending on the type of the collimator, there was a 10%
difference. Finally, depending on the collimator material, there was a 40% difference. In the photoneutron energy
spectrum, the average photoneutron flux tended to be similar to the photoneutron production rate. As a result, it
was confirmed that the 9 MeV linear accelerator photoneutron are production increased more by the collimator
than by the target, and by the material, not the type of the collimator. Selecting and operating targets and
collimator with low photoneutron production will be the most active radiation protection. Therefore, it is
considered that this research can be a useful data for introducing and operating and radiation protection of a
linear accelerator for container security inspection.
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Table 1. Geometry information of the target

Dimension [mm]

Type Composition
Thickness Diameter
Single material Tungsten(W) 2 30
Tungsten(W) 1.8 4
Composite material
Copper(Cu) 2.5 4
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Table 2. Component and density of target and collimator
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Material [E?CSH Isotope u[r(%icmce
W-180 0.12
W-182 26.50
Tungsten(W) 19.30 W-183 1431
W-184 30.64
W-186 28.43
Cu-63 69.15
Copper(Cu) 8.96
Cu-65 30.85
Pb-204 1.40
Pb-206 24.10
Lead(Pb) 11.35
Pb-207 22.10
Pb-208 52.40
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A Study on Photoneutron Characteristics Generated from Target and Collimator of Electron Linear Accelerator for Container
Security Inspection using MCNP6 Code

Table 3. Threshold energy of photonuclear

Nuclear Abundance Threshold Energy [MeV]
(%] v,n v,2n
v + W-180 0.12 8.41 15.35
v + W-182 26.30 8.07 14.75
v + W-183 14.28 6.19 14.26
+ W-184 30.70 7.41 13.60 .
v (a) cone beam collimator for NDT
v + W-185 28.60 7.19 12.95
v + Cu-63 69.17 10.85 19.74
v + Cu-65 30.83 9.91 17.83
v + Pb-204 1.40 - -
v + Pb-206 24.10 8.09 14.82
v + Pb-207 22.10 6.74 14.83
v + Pb-208 52.40 7.37 14.11
(b) fan beam collimator for NII
21 B4 274 w2 A4 Fig. 3. Geometry of MCNP6 input for the ce?lculatlon
from (a) cone beam and (b) fan beam collimator.
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III. RESULT
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Collimator Result
. Average photon
Target Created neutron Neutron source Transmission rate  Average number energy lost to
Type Material number strength of neutrons neutron produced ho%gnuclear
yP [#/1E+07¢] [# /sg] out of the target per photonuclear p absorption
[%] absorption [M?V]
None 8.59 5.36E+04 99.80 0.844 8.112
Fan Lead 172.56 1.08E+06 96.86 0.996 7.635
Tungsten °%™  Tunsten+Lead 44.19 2.76E+05 81.88 0.880 8.077
Cone Lead 161.57 1.01E+06 96.87 0.995 7.626
beam 1 sten+Lead 41.878 2.61E+05 83.44 0.874 8.066
None 7.23 4.51E+04 99.91 0.510 7.771
Fan Lead 169.87 1.06E+06 96.93 0.964 7.611
Tungsten beam
+ Tunsten+Lead 42.657 2.66E+05 81.11 0.801 7.992
Copper
Cone Lead 159.42 9.95E+05 96.94 0.962 7.601
beam  rynsten+Lead 40.421 2.52E+05 83.66 0.791 7.978
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Table 5. Calculated neutron flux

Collimator Result
Average Maximum Average
Target Type Material neutron neutron neutron
p energy energy ﬂu>§
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None 0.619 1.59 2.14E-09
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