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Fig.1 Monte Carlo model of gamma-ray density well.
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Table 1 Computational efficiency with one PHVRT.

Jik b BE R 24575 PHVRT MXTi% 2 Relative error /77 Variance FOM
T T 2555 No PHVRT 0.0589 0.003 5 0.29
DX Ik DXTRAN 0.023 2 0.008 6 0.87
W5 & {23k Implicit capture 0.054 1 0.003 4 0.27
SRIAAHE Forced collision 0.048 1 0.003 3 0.42
}8%AF# Exponential transform 0.0383 0.002 6 0.67
V5 W Source bias 0.154 4 0.030 8 0.55
JUT 4334 Geometry splitting 0.1551 0.030 3 0.55
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Table 2 Computational efficiency of DXTRAN used in conjunction with the other variance reduction techniques.

Jok o i 5 9 7 Z£ 42 75 PHVRT AR5 2 Ti 7% FOM
Relative error Variance

DX Bk, F58%0F#: DXTRAN and exponential transform  0.020 0 0.048 2 1.20

DX Bk, #iAffH DXTRAN and forced collision 0.023 4 0.169 4 0.84

DX Bk, JL{MT4%¢ DXTRAN and geometry splitting 0.0194 0.007 6 1.30

DX Bk, HE%{%3k DXTRAN and implicit capture 0.020 4 0.007 1 0.83

DX EK. JF{mfi DXTRAN and Source bias 0.0189 0.0184 1.30

030501-3



¥ R 2015, 38: 030501

HiF 2 AT, DX BRRAL Aoy 280545 23 £ Mesh ;&

A BORIE LB i 5 80%, JLrh DX Bk
AR 25 [ F A5 P AT R o AR SR80, TR Ay i) A
L AT HE L LE AR (kL1 4 ] X T
AT TR, O R N B 4 s

BUE (5 T BOR SR R T & L%, AL
PR AT OB A SO T2 R B AR % b B
1t J2 RS R < ) 2 i e DAy S B AELFY) 1710
AT T AT P, 200 P B AL 1R A S
b 8 LA N AR U BLES T TS b B 5, O

6 XU AT R LG A 5 s, P4 mi v th 2
L3 Wy BEAR iy, Lrp i 2% i 4 25 e AR R ZE HAE 0.5%
34 PAR, ] WL B BT R A 500
Zs .
g —— 1/10 Real Density
2 4 F —— Real Density
! =0
0 01 02 03 04 015 016 017 ;, P
Energy / MeV E
1 -
4 DX BRFEAR TG 8 v IR
Fig.4 Corresponding response curve achieved by using . . |
DXTRAN with source bias. 0 01 02 03 04 05 06 07
Energy / MeV
Bl 4 rh L& BB AR R 2L 0 20%, —LEX
S v N > -\ NI 7 B Sy R BE /Fl Z% -+
FRERE TR, SRR, TRERYT 5 WEBNALEENANEERML
o e B o BB % 2 ) ~ Fig.5 ‘Correspondmg response curve aghleved by usmg.welght
ZER A RRAR T A R BT 2 i) . R TR T s window generated by reduced density and real density
KTl A By 07 22 BRIk T 72 respectively.
#3 Mesh NESHM—FMRAERLEESERITEYNE

Table 3 Computational efficiency achieved by using mesh-based weight window in conjunction

with one of the other PHVRT.

Fok v s BE VR A 22 45 1 %A Tteration AR iR 22 7 FOM
PHVRT Related error Variance
Mesh B & A1 Iterationl — — —
Mesh-based weight window AL 2 Tteration? _ _ _
1A% 3 Iteration3 0.5 0.2500 0.35
Mesh B . DX £ &AL 1 Tteration] 0.005 7 0.0413 36
Mesh-based weight window (¢ 2 Teration2 0.009 7 0.0009 20
and DXTRAN AC 3 Tteration3 0.179 6 0.1828 5
Mesh B &+ Sifia filf 45 &A% 1 Tterationl — — -
Mesh-based weight window AL 2 Tteration? _ _ _
and forced collision YL 3 Iteration3 0.4692 0.2963 0.38
Mesh BU& I B 73R 4% 1 Tterationl 0.001 8 0 87
Mesh-based weight window (¢ 2 eration2 0.003 5 0.000 3 52
and implicit capture L3 Tteration3 0.001 8 0 87
Mesh BUE PR A1 Tterationl 0.1293 0.1072 13
Mesh-based weight window AL 2 Tteration? 0 0 0
and source bias 43  Tteration3 0.265 0.703 3.5
Mesh 85 JLAT 454 41 Tterationl 0.003 9 0.000 1 5.9
Mesh-based weight window (¢ 2 eration2 0.004 0.000 1 8.4
and geometry splitting L3 Tteration3 0.004 0.000 5 57
Mesh % R EA 1 Iterationl — — —
Mesh-based weight window AL 2 Tteration? _ _ _
and exponential transform 4y 0 3 orations 0.4282 0.233 4 0.46
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Table 4 Computational efficiency of Mesh-based weight window and DXTRAN in conjunction with one of the other PHVRT.

ik e DR T ZE 45 F %AX Iteration FRR 1R 22 Ji % FOM
PHVRT Related error Variance

Mesh B DX Bk S Al %A% 1 Tterationl 0.004 1 0.062'5 51
Mesh-based weight window, DXTRAN  i%4X 2 Iteration2 0.007 6 0.000 4 25
and forced collision IEA 3 Iteration3 0.003 1 0.002 2 510
Mesh B DX Bk, JUT 5054 %A% 1 Tterationl 0.003 5 0.007 7 65
Mesh-based weight window, DXTRAN  i%4X 2 Iteration2 0.006 6 0.000 5 31
and geometry splitting 1513 Iteration3 0.1013 0.0309 3.80
Mesh B %+ DX Bk, P54 %A% 1 Tterationl 0.003 7 0.0225 63
Mesh-based weight window, DXTRAN ~ i%4X 2 Iteration2 0.006 9 0.000 4 31
and source bias IEA 3 Iteration3 0.003 7 0.0218 64
Mesh B DX Bk, UL %A% 1 TIterationl 0.004 2 0.007 1 61
Mesh-based weight window, DXTRAN  i%4X 2 Iteration2 0.007 3 0.0009 23
and exponential transform 1513 Iteration3 0.001 3 0.000 1 39
Mesh L% DX 2R, I & 175K %A% 1 Tterationl 0.003 6 0.000 6 69
Mesh-based weight window, DXTRAN  i%4X 2 Iteration2 0.009 4 0.000 6 21
and implicit capture 1518 3 Iteration3 0.007 5 0.000 6 22

%5 Mesh IREFARBHIHIELR DX Bk H MR A ERIESERITERE
Table 5 Computational efficiency of Mesh-based weight window, DXTRAN and forced collision in conjunction
with one of the other PHVRT.

it v FEVR T 254 1 JEAX Tteration AT 22 i 2 FOM
PHVRT Related error Variance

Mesh U DX Bk, siiamiiiE. faa0k AL 1 Tterationl  0.004 4 0.1143 45
Mesh-based weight Wil’ldOW, DXTRAN, forced j%'f{] 2 Tteration2 0.007 5 0.000 5 25

collision and exponential transform

Mesh B DX 3R, SHOEMERE Y51
Mesh-based weight window, DXTRAN, forced
collision and source bias

Mesh £ % . DX BK. wRigff., 53173k
Mesh-based weight window, DXTRAN, forced
collision and implicit capture

Mesh % . DX Bk, dRiEflEfE . JLffsr3e
Mesh-based weight window, DXTRAN, forced
collision and geometry splitting

%A 3 Iteration3 1 1 0.17
%A% 1 Iterationl  0.003
%A 2 Iteration2
#EAX 3 Tteration3 1 1 0.2
#EAC 1 Tterationl
A2 Tteration2
%A 3 Iteration3 1 1 0.23
%A% 1 Iterationl
%A 2 Iteration2
%483 Tteration3  0.004

0.009 7 79
0.006 4 0.001 8 30
0.002 6
0.006 9

0.001 5 97
0.000 8 29

0.003 6 0.0529 66
0.007 3 0.0144 26
0.000 9 6.90
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Table 6 Computational efficiency of improved PHVRT.

Jhk v B ek 7 22 5 PHVRT

AR 2

Related error

Ji %

Variance

FOM

Mesh B % . DX k. sRIGfHE, FRECTH

Mesh-based weight window, DXTRAN, forced collision and
exponential transform

Mesh B % . DX k. sRiaffE, LA 5r3

Mesh-based weight window, DXTRAN, forced collision and
geometry splitting

Mesh A% DX Bk, siiafiHE . PR FT Mesh-based weight window,

DXTRAN, forced collision and source bias

Mesh B % . DX Bk SRIEMERE. a5, JLM 53
Mesh-based weight window, DXTRAN, forced collision and
exponential transform and geometry splitting

Mesh B~ DX £k, smidfilfsE. FHmA. JUTo%

0.003 1 0.008 8 640

0.0030 0.0012 632

0.002 8 0.000 4 720

0.0030 0.0002 706

0.0029 0.000 5 713

Mesh-based weight window, DXTRAN, forced collision, source bias

and geometry splitting
Mesh B % . DX BK. wRigflf., JEimf. FaBrk it

0.0030 0.000 6 708

Mesh-based weight window, DXTRAN, forced collision, source bias

and exponential transform

Mesh B DX BR. SAfEE . WA, SRECR S, L3R

0.002 9 0.000 5 709

Mesh-based weight window, DXTRAN, forced collision, source bias,

exponential transform and geometry splitting

W 6 o, N EHARRT Z 5 Ja - 54
B RAT B, Ul LA A Al Ty 22 50 7
IREF I MR

N S 7R A ISP ZE BT IR R LA sk
T ZE BT 0 T MU fariz S R AN A AN SRy 22
By e nf i fia i R

()

6 W MABATRL TREERE, R 2 DX K
(a) AMEHIWTT 28 T5324T 50 000 AR JH 1, (b) A3 H Ik
T3 ZEFET5IEAT 500 ANk 1 A 1
Fig.6 Particle collisions in the visualization tool, the dotted
box is DXTRAN.
(a) Collisions of 50 000 particles histories with no PHVRT,
(b) Collisions of 500 particles histories with PHVRT
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Pulse-height tally variance reduction in deep penetration problem
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Abstract

Background: In deep penetration application such as well-logging, medical physics and radiation

shielding, analog Monte Carlo method will cause long calculation time and large variance. The newly released Monte

Carlo code MCNPS version 1.51 allows almost all of MCNP’s variance reduction techniques to be used with pulse

height tally. Purpose: This paper aims to find an optimize pulse height variance reduction technique (PHVRT) to

solve low efficiency with pulse-height tallies in deep penetration problems. Methods: A variety of variance reduction

techniques including an auto-important sampling method-Mesh-based weight windows were proposed, and all kinds

of variance reduction techniques proposed were tested and results with different variance reduction techniques were

compared. Results: Mesh-based weight windows used with DXTRAN and forced collision get good calculation

efficiency. After optimizing, the efficiency can be improved with large amplitude. Conclusion: Mesh-based weight

window used with other variance reduction techniques can resolve deep penetration problem effectively.

Key words Deep penetration, Pulse height tally, Variance reduction, Mesh-based weight windows
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