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Effects of different Geant4 physics lists on boron neutron capture therapy dose calculation

CHEN Zhao, LEI Qin, YANG Peng, WEN Yumei, HE Donglin, WU Zhangwen, GOU Chengjun
Key Laboratory for Radiation Physics and Technology of Ministry of Education/Institute of Nuclear Science and Technology, Sichuan
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Abstract: Geant4 is an open source Monte Carlo simulation toolkit written in C++, and it provides a variety of physical lists
including neutron interactions with matter. Herein several physical lists given by Geant4 are used to calculate the depth
distributions of total absorption dose, boron dose and non-Boron dose along the direction of the neutron beam, and the obtained
results were compared with FLUKA. The simulation neutron energy is from 0.025 3 eV to 10 MeV. In the studied energy range,
the results show that the high-precision neutron physics list (Geant4 HP_T) with S(a,f) thermal model agrees well with FLUKA
in the depth distributions of total absorbed dose, boron dose and non-boron dose, which preliminarily verifies that Geant4 can
be used in the researches on boron neutron capture therapy (BNCT). For low energy neutrons (<1 MeV), the S(a.,f3) thermal model
has remarkable effects on the depth distribution of BNCT dose, and both QBBC and QGSP BERT aren't suitable for the
calculation of BNCT dose distributions.

Keywords: boron neutron capture therapy; boron dose; non-boron dose; dose depth distribution; Geant4; FLUKA

ke

]

][

FUF TR, SO BNCT SRS 3 w4y
(1) #F4E (Boron dose) , {X FHZHZU 1) *B 5 F4H B
YR P72 A 15 LET 8 o A LiBE AR L2 57 R TURR
(2)3E#7 5 (non-Boron dose ) , BB 1 B 5 1 F-1EH
FEAIR o FULURE T2 AN, AR 80 ) N
KA UN(n, p)"“C B A2 1 0.54 MeV Y i1 i
¥ CHE TR LR, 412 P %) 'H % A 'Hn, n')p
SN ) S o s E AL A 5 ORR, A8 Y

i ¥-173%3777 (Boron Neutron Capture Therapy,
BNCT) & —ff —JCHLIA T HOAR , H1 Locher T 1936
AEEUAR Y . TR RN E F H 2D BNCT fit 257
A= R GRL, BN BT DT o ML SRR R
SRPP A BRI R R A A i Ly A A

(e7% E 8 12018-07-26 H i+ %4 'H(n, y)*H WA 2.2 MeV 1 y TR
(36908 1R LA 21 (2016YFCO105103) BiieF Ty S AL SO TTRUAI R, T BNCT4R
e WL DALSSEO: 3652 et | BT P 2 10 BNCT 097 9 R
UBRIES |2 M0R, B5 5, S 050714 GRS 5 IS B E- (Treatment Planning System, TPS ) Ff 5 & 1SR HEAK

mail: GOUCJSCU720@scu.edu.cn FH%*%‘E(%(MONG Carlo, MC) *%f?ﬁﬁ?*ﬁ*ui-l—%jﬁwo



-2 - Hh [ R A B A RS %3645

Geant4 ( Geometry and Tracking 4 )J& F TA 0T
38 3 Py 5 MC R PE T EADL, i BN i o 2 4
(CERN) T4, I EZ W HI T e R B R AR B 25 (ARt
2 R RERE S B 5 S . Geantd LR
HERR P BES FRIE AT FUFEACHS , P AT LA
FE A O ARSI ELS RS S B FE . Geantd
AT Z RS b S5 B EAE R Y 2
Tavakoli %" LB W) PRSI F 115570 MeV 1R RE
FAEAKR R 2= UT, QGSP_BIC_HP ¥ #51% 5
FLUktuierende KAskade( FLUKA )312.45 AT S 1T
Geng %5 X Geantd HAN [RIYT IS R AE SRS B PR IRHE
Hh 5 RS LU B AR R TR TR,
ZEVE R R B B [ B R R R
FIMCNP HEZE RS 841, R S (a, B)FAH 1
B, GEIsl/ NSRS BE P TP PG 36 5 MCNP 2 [B] i 22
5+, Rosane 25§ Ff Geant4 AN [R) ) BRS X 45 5 b 3
T ) ] L > ] BRI SR R A T AR R
T 15 MeV i, (o B T BRI S (o, B)
A (R RGN R4 2R LA H b B vh - ) B
RGP IAF A O R R . [FIRT, Rosane % fE 3¢
18 H Geant4 J& 51t A BNCT =155, HjM A,
Ghal-Eh 45 B 45 5K 55000E 1 FLUKA /] LT T BNCT
FEETHA MR 2 ARG IS A2 Ad FH A9 MCNP(X)
AN —i5FF . AR Geantd AR LS FX%F
BNCT Fl 4 73 BEATAHSC ST , -5 FLUK A BEAU4S
AT

| BRI

1.1 #EHUHRE

RS A 40 (8] 1 7, B4 (Phantom) /Ny
(15x15x15) cm’, H 7 ICRU 46 54455 rp (1) 454k 41
ZUbRL, BARA ZUb R 53 WL 3R 1, "B W 2 2 30
ppm, UE T2 d . WA B R ) U YRR
A S . BT R A 0.025 3 eV # 10
MeV. FrfBEITHRGE BRL 50 1004, 1dsR X
B 1R W )RR S mm il sk SR I
i B0 ) S AR R R IR A Al sk = K/
(20x20x5) mm’, A HHRE5 RN A SR H—1k
1.2 Geant4 #2381

AR Geant4.10.3 Ji4s . BNCT fifi i (1) 7
A e R I g 5 B, Geantd T AT
Mg 5w EMEEHBN Y XA
QGSP_BIC_HP.FTFP_BERT HP.QGSP BERT HP,
QBBC fil QGSP_BERT %% "', H.ff QGSP_BIC HP.
FTFP_BERT HP Fl QGSP_BERT HP = K & ¥ #1 47

Phantom

Scoring slice
(20%20x5) mm’

‘ ‘
Neutron

[¢—— 15cm —P

1 =R E

Fig.1 Simulation model
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Tab.1 Composition of tissue equivalent material (density: 1.0 g/cm’)

Element H C N (0]

Percent/% 10.1 11.1 2.6 76.2
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Tab.2 Neutron interaction model in different physics lists of Geant4 (<20 MeV)
Physics list
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Fig.2 Depth distribution of total absorption dose

a-f represent the incident neutrons of 10 MeV, 1 MeV, 10 keV, 100 eV, 1 eV, and 0.025 3 eV, respectively. The results are normalized to a primary neutron.
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Fig.3 Depth distribution of boron dose
a-f represent the incident neutrons of 10 MeV, 1 MeV, 10 keV, 100 eV, 1 eV, and 0.025 3 eV, respectively. The results are normalized to a primary neutron.
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Fig.4 Depth distribution of non—boron dose

a-f represent the incident neutrons of 10 MeV, 1 MeV, 10 keV, 100 eV, 1 eV, and 0.025 3 eV, respectively. The results are normalized to a primary neutron.
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