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Fig. 1. Study framework of this paper.
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Fig. 2. Data-driven neural network for Monte Carlo simula-

tion.
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Fig. 3. Comparison of results of MC simulation and import-

ance data (MC- results of Monte Carlo simulation, IMP-

results of importance data).
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Table 1. Phase space meshing parameters of the

Fe model.
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Fig. 4. Network training loss curves: (a) Trained with
1000 results samples of MC simulation; (b) trained with a

combination of importance data and MC results.
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Fig. 5. Diagram of Kobayashi-1 benchmark.
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Table 3. Prediction results for different detectors
by networks of Kobayashi-1.
\ N R R s
R i iR Wikh
{1 H /em
(15,15, 15)  0.0424  0.0458 0.0408
(25, 25, 25) 0.0426  0.0431 0.0442
Kobayashi-1-i
(35, 35,35) 0.0473  0.0478 0.0458
(45, 45, 45)  0.0473  0.0483 0.0452
(15, 15, 15)  0.0392  0.0401 0.0387
(25, 25,25) 0.0394  0.0404  0.0364
Kobayashi-1-ii
(35, 35,35) 0.0402  0.0456 0.0443
(45, 45, 45)  0.0413  0.0455 0.0425

HBR2 &2 3 & /A2

H.B. Robinson-2 (HBR-2) #ZHL i /& Westing-
house 24 ) B 19 By FH K 52K B i e, T
1971 - FF 41217, 3 Carolina Power and Light
Company 4. H.B. Robinson-2 & JJ 25 #5 E 2&
YA 1S 2 0 i HBR2 A% HL i i ) 25 24 9 R
AR i
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%4 Kobayashi-1 BUELR I 58 0V Tl (22 43 1
Table 4. Deviation distributions of predicted-results for different detectors by networks of Kobayashi-1.
i g 22
FEAEAS FRIMARLE /cm —
¥IE BRE bR < 0.05H41"/ %
(15, 15, 15) 0.0408 0.152 0.0078 95.5
(25, 25, 25) 0.0442 0.178 0.0116 94.2
Kobayashi-1-i
(35, 35, 35) 0.0458 0.214 0.0256 92.6
(45, 45, 45) 0.0452 0.220 0.0250 92.2
(15, 15, 15) 0.0387 0.126 0.0106 96.2
(25, 25, 25) 0.0364 0.211 0.0230 95.7
Kobayashi-1-ii
(35, 35, 35) 0.0443 0.245 0.0288 93.4
(45, 45, 45) 0.0425 0.253 0.0298 93.3
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Fig. 6. Deviation distributions of predicted-results for different detectors by networks of Kobayashi-1.
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Fig. 7. Detector geometry diagram of HBR-2 benchmark.
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FURFE . MC AU Pl 1 2 DR 1
ZIR) YIS, P YR RN e B e 1) 5
A A BERADU 22 (R R4 LA DR Ao 14 i
GERZIRFIZOR, ARG T 4.0%
105 — 6.0x 108 AVKi -, DAPRIERR KGETT IR 22 fR
£ 5% VAN . 4R MC BN T 942 45
pk A R E RS, Horh 754 ARG AE I
GRHEAR, 92 D RGIB A B AR, 92 45343
BRI MAKEEAS, 35 48 (9) 2070 53 5 ik
A BIEREAS | PR AR5 (R D 22 75 5 11 2 B
2= Bk 22 | iR 2= (3% 5).
%5 HBR-2 BURAIRI B0 4 H R

Table 5. Prediction results for different location detect-
or networks of HBR-2 benchmark.

i g Yl 22 Wil 2 MR 22
@ 0.0413 0.0402 0.0398
@ 0.0425 0.0412 0.0442

25 G T IO £8% X33 A A 45 114 T 24
IR 22 B4 43 A DL 2% 6 FIIRL 8. 4% il 45 S it F
PIAXHm 225350 0 3.98% F1 4.42%, /NT 5% HIRE
AR i S A B 1) He 2 3 90%, TR 5] —
P, B R A 25 25 5 HH B B 30 S DXl R 0 B
PRI R B AL E, i %A B N5 A 5 5
15 2 R X A R T (s A5 B TR0 45 SR 5 T i 22
#EiT 5%. eS| H AR PR A G R R R 4
A3 Z2 UK AMAR I i A 2 48 1T H bR R 5T
HRI I, PR UL BOME R 22K 5% 22 BH W 254
WSS FAEEEAT A ELR . et R Ay T, AX T MC
BEALKE T H AT R BN 4 0 2 0.3 s, SEER T
B E NS, Robertol® 76 [l i {7 &
T TORT 2 )7 T B # M55 X HBR-2 3
HEREHEA T, B0 CPU B RIAE SR 4T/ N %
AL DA SCAR 7 ] DA il TRERG AR v 1Y
T 25 5, A R 5 R G MC B He] L
ZWEANTE, I ARAT 8RR LT

46 FIBR-2 WO [RIERIIAE 19 1545 T 22 53

Table 6. Deviation distributions of predicted-res-
ults for different detectors by networks of HBR-2.

) I i 22
B - .
E WBARME WfEZE < 0.05HM
@ 0.0398 0.0826 0.0096 92.3%
@ 0.0442 0.0965 0.0132 90.2%

*ENZS RS FLAEAT X 22/ T 5 % BUREAS o5 S AR AS B A
L fl
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Fig. 8. Deviation distributions of predicted-results for differ-
ent detectors by networks of HBR-2.
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Abstract

Monte Carlo (MC) method is a powerful tool for solving particle transport problems. However, it is
extremely time-consuming to obtain results that meet the specified statistical error requirements, especially for
large-scale refined models. This paper focuses on improving the computational efficiency of neutron transport
simulations. Specifically, this study presents a novel method of efficiently calculating neutron fixed source
problems, which has many applications. This type of particle transport problem aims at obtaining a fixed target
tally corresponding to different source distributions for fixed geometry and material. First, an efficient
simulation is achieved by treating the source distribution as the input to a neural network, with the estimated
target tally as the output. This neural network is trained with data from MC simulations of diverse source
distributions, ensuring its reusability. Second, since the data acquisition is time consuming, the importance
principle of MC method is utilized to efficiently generate training data. This method has been tested on several
benchmark models. The relative errors resulting from neural networks are less than 5% and the times needed to
obtain these results are negligible compared with those for original Monte Carlo simulations. In conclusion, in
this work we propose a method to train neural networks, with MC simulation results containing importance
data and we also use this network to accelerate the computation of neutron fixed source problems.
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