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Numerical Simulation of Geant4-based Neutron Angular Correlation

Distribution of Fission Nuclides
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ABSTRACT: To solve the problem that the measurement performance of neutron angular corre-
lation by experimental means is always restrained by experimental conditions, a set of neutron an-
gular correlation measurement model was built by Monte Carlo method and Geant4 software.
Based on the proposed models, the neutron angular correlation distributions of **U, **U,**Pu,
*Pu and **Cf were obtained by numerical simulation. Results showed that under the same condi-
tions, there are differences in the distribution of neutron angular correlation among different fis—
sion nuclides. The neutron angular correlation distribution of different nuclides obtained by the
proposed models is in good agreement with abroad experimental results.
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Fig.2 Evaporation of neutrons from fission fragments
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Fig. 3 Geometric configuration of the neutron angular

correlation measurement model
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Tab.1 Angular groups of the measurement model

bithi A ARIEAE I SHEE /*F
180.000 000 00 —1.000 000 O 8
145.494 822 30 —0.824 0750 8
137.127 623 20 —0.732871 0 16
123.844 786 30 —0.556 9450 16
95.046 436 51 —0.087 963 1 16
84.953 563 49 0.087963 1 16
56.155 213 68 0.556 9450 16
42.872376 79 0.7328710 16
34.505 177 73 0.824 074 0 8
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Fig. 4 Layout of the measurement chamber L1 A OCIR A3 A A R S TR .
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Tab.2 Average values of relatively conforming counts of angular groups of 30 g **U spheroid

A W (L) W (L), W (L)s

X 7T A i 4
HHE bR ZE

W (£)s

180.000 00  1.953 89E—5 1.91931E-5 1.897 78E—5
14549482 1.68785E—-5 1.66729E-5  1.690 08E—5
137.12762 1568 18E-5  1.55592E-5  1.58538E—-5
123.84479 1371 93E-5 1.40601E-5 1.409 03E—5
95.046 44 1.116 91E-5  1.066 74E—5  1.101 33E-5
8495356 1.08209E-5 1.092 82E—5 1.11558E-5
56.15521 1.20151E-5 1.24626E—5 1.201 37E—5
4287238 1.44702E-5 1.416 63E—5 1.438 82E-5
3550518 1.768 93E—5  1.770 00E-5  1.799 07E-5

1.959 88E—5 1.932 71E-5 2.936 30E-7
1.638 05E—5 1.670 82E—5 2.413 59E-7
1.586 12E—5 1.573 90E—-5 1.457 44E-7
1.377 7T1E-5 1.391 17E-5 1.906 37E-7
1.143 56E—5 1.107 13E-5 3.208 25E—7
1.146 00E—5 1.109 12E-5 2.827 25E-7
1.179 09E—-5 1.207 06E—5 2.817 712E—7
1.401 95E-5 1.426 11E-5 2.059 20E-7
1.835 71E-5 1.794 68E—5 3.029 45E—7
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Fig. 5 Neutron angular correlation distribution of **U
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Tab.3 Average values of relatively conforming counts of angular groups of 30 g *’Pu spheroid

AR 0 25
ya W (£), W (2), W (£); W (L), ~ -
¥1E bR 22
180.000 00  1.99505E—5  1.939 10E—5 1.987 67E—5 2.024 60E—5  1.986 61E—5  3.546 08E—7
14549482  1.624 75E—-5  1.798 32E—5 1.72594E—5 1.68836E—5  1.709 34E—5  7.254 63E—7
137.12762  1.653 13E—5  1.64721E—5 1.611 72E—5 1.58353E—5  1.62390E—5  3.253 45E—7
123.84479 1421 93E—5 1431 68E—5 1.45699E—5 1.469 40E—5  1.44500E—5  2.197 74E—7
95.04644 1261 19E—5  124502E—5 1.20743E—5 123697E—5  1.23765E—5 2252 57E—7
8495356 1.23669E—5 122964E—5 1.19269E—5 1.22790E—5  1.22173E-5  1.972 78E—7
56.15521 1334 66E—5  1.34232E-5 1.32195E—5 1.32159E—5 1330 13E—5  1.014 85E—7
4287238 1.57534E—5 1547 62E—5 1.55356E—5 1.56578E—5  1.560 58E—5  1.240 81E—7
3450518 1.83257E—5 1.87354E—5 1.75695E—5 1.840 16E—5  1.82592E—5  4.927 84E—7
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Fig. 7 Neutron angular correlation distribution of *’Pu
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Tab.4 Average values of relatively conforming counts of angular groups of 30 g **U spheroid

LERSE SRR
/ W (L), W (L), W (L); W (L),
¥ i ifE 22
180.000 00  1.301 96E—6 1.299 07E—6  1.31263E—6  1.297 78E—6 1.302 86E—6 6.745 41E-9
145.494 82  1.035 63E—6 1.05123E-6  1.052 50E—-6  1.032 22E—6 1.042 90E—6 1.046 17E-8
137.12762  9.683 70E—7  9.65237E—7  9.688 69E—7  9.705 97E—-7 9.682 68E—7 2.234 83E-9
123.84479  8.162 69E—7  8.236 23E—7 8.184 58E—7  8.176 20E—7 8.189 92E—7 3216 11E-9
95.046 44  6.284 62E—7  6.20949E—7  6.233 82E—7  6.265 80E—7 6.248 43E—7 3.337 15E-9
84.95356  6.15708E—7  6.241 S3E—7 6.078 86E—7  6.223 79E—7 6.175 32E-7 7.387 28E—9
56.15521  6.73562E—7  6.74229E-7 6.771 31E-7  6.763 78E—7 6.753 25E-7 1.700 99E—9
42.87238 8.51966E—7  856205E—7 8.55541E—7  8.492 89E—-7 8.532 50E—-7 3.230 88E-9
3450518 1.15718E—6  1.13809E—6 1.130 79E—6  1.14518E—6  1.14281E—6  1.123 64E—8
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Fig. 9 Neutron angular correlation distribution of **U
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Tab.5 Average values of relatively conforming counts of angular groups of 30 g *'Pu spheroid
HEX 45 4
ya W (2) W (/). W () W (/). .
H1E i
180.000 00  7.41147E-7  7.448 10E-7 7473 79E-7 7.528 92E-7  7.46557E-7  4.936 98E-9
14549482 6391 57E-7  6.35514E-7 6.34841E-7 6.34899E—-7  6.361 03E-7  2.058 62E—9
137.12762  6.028 30E-7 5999 67E—7  6.01025E—7  6.13130E—7  6.04238E-7  6.044 82E-9
123.84479  5.43389E—7  5.44133E—7 544705E—7 549521E-7  545437E-7  2.775 62E-9
95.046 44 4.74422E-7  4.83923E-7 4.74025E-7 4.82861E-7  4.78808E-7 5313 57E-9
8495356 4.85087E—7  4.93254E-7 4.87470E-7 4.82202E-7 4.87003E-7  4.690 72E-9
56.15521 5.84499E—7 5878 65E—7 5934 70E—7 5928 99E—-7  5.896 83E—7  4.276 47E-9
42.87238 727097E-7  7.23064E-7 7.179 5S3E-7 7.25500E-7  7.23403E-7  3.994 07E-9
3450518 1.014 16E-7  1.001 94E—6  1.002 34E—6  1.003 22E—6 1.00542E—6  5.853 36E-9
1.1E-6 W (). 1.0E-6[ L]
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Fig. 10 Angular correlation distribution of **Pu neutrons
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Tab. 6 Average values of relatively conforming counts of angular groups of 30 g *>Cf spheroid

LIRS EERE N

XA T
ya W (L), W (L), W (2)s W (L), —
¥IME bRk 2
180 6.991 69E—7  7.07529E—7 7.02592E—7 7.093 69E—7  7.046 65E—7  4.648 71E—9
145.49482  629796E—7 6349 82E—7 6303 14E—7 628691E—7  6.30946E—7  2.775 04E—9
137.12762  6.02755E—7  6.041 85E—7 6.090 03E—7  6.052 02E—7  6.05286E—7  2.673 18E—9
123.84479  5.64769E—7 5.614 7AE—7 5.61058E—7 5.607 80E—7  5.62020E—7  1.854 29E—9
05.04644  5.01552E—7  5.00238E—7 4.99629E—7 5.037 67E—7  5.01296E—7  1.832 10E—9
84.95356 4.991 42E—7 4986 80E—7 5.01194E—7 5.01202E—7  5.000 54E—7  1.333 71E—9
56.15521 5333 54E—7 537147E—7 534185E—7 534077E—7  534691E—7  1.678 53E—9
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Fig. 12 Neutron angular correlation distributions of **Cf
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