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(2018 4E 3 A 2 HUHI; 2018 4E 4 A 2 HW BB A )

TE 73997 (BNCT) 25 & b, sRITEETE AR (BSA) BIFE FH &% b I AR i b P A 18tk &= 4
P FREX (0.5 eV < E < 10 keV), FF/RAT RIS PR 7 bR S 2RI B4, TR] B ERAIE A 1 7 1)
PE, Kt 52 BNCT 2 B #it TAEMZ LA Z —. AR 3.5 MeV, 10 mA 15 7 2% i # 4§,
M B L (p, n) Be P2 AE [ o ON YR I, 415 BSA K18 Ak A AR R 2544 L BE 2 AR R IR IR 1 R
FEESHGEAT SE R R PR 5. BRI, KA Fluental 1 LiF B 1240 A BHATRE 2 cm ZIRHE S
(1 =BG BSA WL, FELRUETR o 17 & B3 (Dr/pepi), v TUE T (D~ /pepi) FIFA T LEA oen / pepi 1 2
TAEA-TECDOC-1223 i 55 EFE ZR I R RT, 75 BSA H D AL # b 733 B R A 1 50 (5 F Fluental A5
F LiF ) BSA #¢it. BSA H FHAMEIER) Synder A Sk JUFITBLES B (77 & /0 A T 545 R oR: BRI = B yR e 8
(AR B 7] i 43 A 5 B Fluental 4 RHE B 1) 25 A 2 T 5003 F LiF #4978, 2B Fluental f1 LiF
EARHES 1) = 76 BSA M2 — P AT 4T 1 BSA 4514

KR M TEPEATT, S RP IR, AR, i
PACS: 28.20.-v, 87.56.-v, 81.40.Wx, 28.41.Pa DOI: 10.7498 /aps.67.20180380

BT MM A, 7] DAAESH B K P B ) ik

1 8 = JEANA. OB AXT T4 ZH A Wt (O, 0.19 mb

(1b=10"2m?); C,3.5mb; H,0.333 b; N, 1.91 b)

1936 4, LEW) ¥ H 2% 5K Locher ' 1E 2 H ] BA AR KR 7308000, 5] 3838 b. #vr
PRI BTV SRS AR S, | F5 OB KAWL R N

10 6.3% 771

B + n¢hermal — ‘Li1.01 Mev + &1.78 MeV, (1a)
10 93.7% 7 .

B + nghermal — 'Lio.g4 Mev + ®1.47 Mev + V0.48 MeV, (1b)

|
SN BT RE T Y MeV & 20 RE & o ki F A TLi KL, Mo A S 5. [RIEE, 76 ARG, 0.84 MeV
Ly BTk, BT EAEmRLtmraEEE, S5 7L S RN 9 um, 1.47 MeV ) o bL T 5 72 8
AT A 2808 (RBE) F1AE 90 52495 386 5, %o i 93 41 5 wm, 54 REAR 2, 3 v L B o) 7 2
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ST M PR AT, 7 A B AT D R B e K PR R
IEH A, K A A b 1 IR i, R R
BE SIS LR B R VA T . S5 A v v S [ R SR
EANBRE L T2 T 20 20 50 SRR TR
I HE SR B R TRV T A, SRR IR
sz (231 20 440 80 AFEARHT KA B TR S TR 1 £ M)
2 A e A R N L B I R TR R
BN T R AR 3R T [ 20 D 90 EAR, R
T 2B 4t 2T s B HE (R AR T AR T
F DL BEE IR RS BRI, 5T s A% f i
TAFIRVATT (A-BNCT) 2 B K JEIRHE, 5 5 M HE
TURAHEL, BAT S B AT 4D 17 B A VR TR
PPIRE L 5 T8 N 0B 2 b X1 e 3 % A5 FH S50
IAEREE HA 52 E S+ A EREH
A-BNCT [ 72, 645 o7 72 A2 S8 i i 78 1671 4
o AN 7 7 5 A BRI B T A (BSA) R 3t 15100
T TR AR PR 5 i D A i 2
(o g (9] 45

SR A T R A B v R A B AT P
EA 1 3.5 MeV $ 4037 (RFQ) i T i 25 14
@K BNCT 5256255 B 1 BSA #itfitk. BN
24 A-BNCT (1) JR B A BSA 145 ¥y M Ih g, 2 Ja i
RIAT I BSA 28 1511 DL R BSA I 4k 45 F it
TP B Fh 5 5 TAEA-TECDOC-1223 ) 45 #E
FEM BSA H H ) o 7 R 2 80 AN 7 2 Syn-
der N A Sk A5 Hf (14 70 & 20 A5 VP 0 07 15 S A
BSA AL T THE AR AL, THE VR THEZ
g,

2 A-BNCT E# 5 BSA
2.1 A-BNCT

H A, BNCT Frfff i o 738 & B0 & B
W IR AR 2 YR, A-BNCT 2 58 15 F ik
B4 B AR R (R ) R A, 15 3
f 7 /E N BNCT # 1 i. 2 TAIRE BT bk
B R T UR R ] Li#E o Be #8, R A% & N
"Li(p,n)"Be A1 °Be(p,n)’B Jx M. /= A o . "Lifl
9Be I [ N R BE 4351 1.88 MeV F12.057 MeV, £
JRF R T 10 MeV B, "Li H 7 7= 4l = T °Be,
JT-REEN 3.5 MeV B, H#LEE 7 P-4 29 Al 8 1)
3745, IFRA TR B3 T4, 3.5 MeV Jii 131
o B P AR PR R T BSA 124015 1k A
WO, AR TR A BIIRYT .

2.2 BSA WG 5ILEE

"Li(p,n)"Be J M43 2| (1) TP RERTE 0.724
MeV, B 2 55 A K 5 35080k B P 7 77 &=
BSA {0 1/F F 2 b 7 B8 218 40 28 #oh 7 3 H
(0.5 eV < E < 10 keV), [RIBFARAE A7 1 5 1 1,
FHIL 0T BER IS A 5 B P T B Ry G 4R 1) Rk
5y, BSA S MWE 1 Frs, EEAFEIS0E RS
s HEELAS B FIRSUZE ANy B 555 5

1- A

2- - AEIE
3- 1@k

4- HEH

5- HHF PR AR
6- P TIIZ
7- B2

K1 BSA &k

Fig. 1. Schematic of beam shaping assembly.

18 Ak, 25 A4 R} FF AR PR A - P R 2 e = 2
PEeX, RN AR T R, A 2 T
7 508 AR T A% P A 0 Al A 1) e B AR
K AE 5HZMR T EA K,

L (M — m>2

AL = M2+ "/ p, (2)
Hof M m 4 AU R &R E, EAT
TG R, A8 A4 kL R 7 5 &= AN B K.
T A 18 A R SR A = R R A RO K
SSPATT, 7 R AR BR X 30 AT 0D, R A2 A
FE P A )y BRI CLRN AR A IE 18 AL AR
H AlF3, D50, LiF, Fluental, MgF, %5, H 1 Flu-
ental & —Ff N FHE I Z A ML i 8 69%
Jii = LA ) ATFs, 30% (9 AR 1% (1 LiF [19],

SRR 1) Ty e 2 K NG AL 28 3% L 1R 3 2 v 7
SRS 1L 2%, f BSA H T AL v i B R A
KAk, Fob R} T3 A ) s S AT A Wi
B kBRSO R T TR AN
J7 T, 8 H A A X R AR,
— R FH B 1B S B HE T L 25 R R R
NI AL B R SHGTT; vh T AR, HhE
F B PR RAHZRE, M BNCT JR 77 35
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SRR, ik b b ek B AN IE W AR R B
Wi, 5 AE BSA Fp g B R i 1 H 7 IR S T )
A IR D AR S5 0 e R AL S5 &
BSA ISR R v LR =

3 BSAEZLLIT 50 F %
3.1 BSA E#i%it

AT Z /0B AR B e 1 BSA JE £ % i
B 1R, H 7= A SO0 R, B AR N 10 em,
JR ARSI LT AR, LI AN 10 em; B2
W R 5], Mk S e R BT T ARE, NE
140 em (IEFEAR, BCA Fluental; KA IR R
% FH Teflon £ 2 SEAR RS0 85, TEARAL 3812 M) 1) 2
FER20 emy; B R F 86 (Bi), A7 T8 AL 28 Al
SRR T, BN 0.2 ey $4 T FIRURE B AR
& SLid Rl SLif &% E N 0.11 g/cm?; #HEH AR
IR RER AL R 206, TN 10 cm, #EEH 2
T e A P (R4 /R K E) v 0.75,
TALEH E AR 7.5 cm. ASO g Ak B8 1 45
FARIAA AL DA K~y B iz 2 A0 3 R W2 1 2 B
TSk

3.2 BSAIEITERTFMN

SR A Al T VR0 BT A 285 SR BEAT PR A
55— B UTAL 7 2R FH 22 1 P A I I B LT RE AL
45 (TAEA-TECDOC-1223) #E# (1 Hi 1 A g vp 7
RIS ZHON S bt 1),

#£1 IAEAHEF7H O ALAEE 53 16]
Table 1. BNCT neutron beam parameters recom-
mended by TAEA [16],

RS WY

R TR R (opi)/cm?-s > 10°
Perb R (De/pepi)/Gy-cm?n | <2x10713
VY (Ds /pepi)/Gy-em?n_ L <2x 10713

A F ] oen [ Pepi < 0.05

MaEimEtE J /o > 0.7

P FREX E/eV E>10

AR TREX E/eV

MR TREX E/eV

0.5 < £ < 10000

E <05

R1LR T T B D/ pepi Ty 7 Dy [ @epsi
3 PR b Ay SR B S R b v R
M LR B 7 BBl oo /pepi AT HH FTARIA R 7 5
R R R ) RS EE T/ 2R
WU A AR R R e E, R TR
J7 e ARAG B AR R T T D/ Qepiny 5T
D/ pepi~ BT LA oin /) pepi 52 B R K 12
RIS v RedE R R A

K AE IE 1) Synder A A S B o (1) 771 & 73 A7 25
RVPAE BSA B B — R e ik L
SURTTHE R 8 AN TR FEE AT B P ey 5
HIEHH LG & (SR 2w I 4797) VR EE T
Iei) () e KA ) BB, FH T SR A X6 AH S B Jie g 1 v
JTREST. [FIE, 58 SV TT IR EE D I8 a7 & K
TSR T 1E 5 2H 2 TR B R BE 7 ) 1) A R AE R
B, Bl Ry =1 BIREE, FT-3RAEH 1 00 %58 P
AT BNCT Y697 MBI IR BE, AR Ry {E AN
Dy ABE X BSA it 5 — NP ARt

4 WHEER5ITET®

i 5 52 4 R 2B L1 MONPX 18]
MCNPX Sz 3 [ % 1 Bl 47 55 47 [ 58 556 % 1 K
— BT IEY) I s R E SRR P
THEFRFE, PRl - 6T B S 4y FURL T
TEVIR H iz,

K IR B S 7, DA TR
B]. B 56K MCNPX 5 7 fa 8 L] 648 F B
10 cn BI51 34 ) 3.5 MeV i F R &k i HLAR N
10 cm. JE 24290 pm 88 1) H S P RE R AR
28] o A, K% N TLi(p,n) " Be #4fE I H ENDF7.0
BRI, RAE FR oA REE T S8 BSA A
B AR 10 em. BN 290 pm Y EE JE AL
MCNPX i N R B R IR T, AR 8 5 2k 150t
SHUESLBSA UL SR BRIk 7R
T, AT BSA JUAI RSB o 7/ S 2R dnia 1
FEHE O P R S B, A A G o S
H AL E LR N 0.5 cm, AN TS em (S
H 22— 20 Mo, FF IAEA-TECDOC-1223
RS H S RERT R4

BEAT SRS T & 0 AT v SRS, 75 BSA B H F AL
B I IER Synder A Sk JLATREA 171 £ Synder
SR AR R R R I T TR L R N 4 mm, RN
2.5 mm [/ T, FAS [R5 1 /N Al oG ok 43 ) A
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FUR LR FE AR H T, BNCT F) Sk Ff Jif e 771
A 5 R AR B — IR R A2 15 /) Synder i 3K
B AZIE [ Synder NSk 1 =Mk 4Lk

X 2 y 2 2z 2

(65) +(8) +(5) - (82)

z+1 2 Y 2 z 2_

<8.3) +<m> +(9_8) =1, (3b)

z+1 2 Y 2 z 2_

<8.8) +(73) +(103) =L 39
(31), (3b), (3c) 3040 A PR Sk 22
RIBG HTE. Skob g = AR L BRHIRR, o 7 80055

AR BRI 2R s A0Sk B 23, ey A
5 JEE [ o A A R 5 R B 4 4R 7 ICRU-

46 11T BARBR gk 2 fr g, 4L iR
HE R 2H 2 i v i) oA e R A o A — 3, AR
SCH e g RE 4 2R BRI 2 43 SR 35 ppm Al
10 ppm (1 ppm = 1076) 2],

FE BNCT 697 Hr, 4 b i 32 2 7 B4 C,
H, O, NAIB, JiJ8g F1 1E 7 2 23 5 77 B 2 2ok
H AR JUAS 7 870 & 2k | #eb 7R OB 1
R IRAF AR S 8 AN B R T S AR S
B s ek ZONE FEBR SR TR R
JL 4N (n, p) 4 C AR T DTk, 5 — EE AL
By S AR, Ok B AREL A b T R SAE IRR
BSA Hr= A 1 S 265 CHFI O JU R T N K
A7) B E R o ER R

2 TR LA TR AL R g 15519

Table 2. Elemental composition and density of brain, bone, and scalp [

15,19]

P /g-cm™3

TLERAR/at. %

i 1.04
fi B 1.61
LR 1.09

H, 10.7; C, 14.5; N, 2.2; O, 71.2: Na, 0.2; P, 0.4; S, 0.2; CI, 0.3: K, 0.3
H, 5; C, 21.2; N, 4; O, 43.5; Na, 0.1; Mg, 0.2; P, 8.1; S, 0.3; Ca, 17.6

H, 10; C, 20.4; N, 4.2; O, 64.5; Na, 0.2; P, 0.1; S, 0.2; C, 1.3; K, 0.1

X T2 240 BRI 4 D 5% 5 1 A 5 % 18
ANTR) SRR AN AW 2 N, 5T (DreE)
2 4 B A B b 5 i) 3T DR xek A 4 2 0 R
TR, (1) P

Drpg = T8rDs + Z(TéBE x Di),  (4)
H 4 D; 5358 Dy, Dy, D, Do, Dy, NRTIEA
SRV TR W WS By T g 9 AH I PR A2 ) 2 R TR
TP IR S S R R K A 2 OB TR 4
KH TRNBE =3, Tllx{BE =3, TROBE =3, Tf({jBE =3,
Tape = 3. 505 00 52 i AN AL 5 A AR 27 RO
AR, 1520 B B O LA AL B A S8, P b
FINEERT TS, g RARME SR T A
[F), A V15 e e 751 R i e 2H 2 7R I i)

Tgﬁtumor = 3.8, T(]j31—:‘tissue =1.35 [22].
5 WHEERSITH

5.1 BSA MO FEEIESHMMKL

K 2 FiTE 3 W 7 B AE A Fluental #1 LiF {E
FBAEA R AR R R 24—38 cm B BSA

CHAR T RERE (#h1). B EoR, B2k
FIFSE T35 T Re &, Sl LiF 2t Ak
{6 ¥ 784 B Bt A FH Fluental 49 80 B 75 (1018 A0 41
BHE AR, XK — 7 LiF H 19F 5 & Ll
(73.2%) KT Fluental (47.6%), “F M5 — . 5~
KA 518 109.9 keV F1197.1 keV, 7E100 keV DL
A v B AR R O TR, RT DA PR A PR
KEAEER 100 keV LLF; 75— 7T LiF 1) "Li #H
Xt T Fluental FH i 27 ALE /N R i &, HF7E
BG5S L PR A A BT TALRE R R A2
A&, Fluental #4 [ H 1 §E 1 75 2030 keV
60—70 keV X IA W AN, 1X Mg 3 2L T Flu-
ental BT H 27 keV I FIEIUT 70 keV 4b FI4 /N
BN FBOXREX 717 B R, B
#&; 4 Fluental 3 021 2 8% JE FEH, 60—70 keV B
X [ U6 55 20—30 keV fE X (170359855, [RIB BSA
H ORI 2 PG, KRR TEZ T
18 A RS AN HE 1 A7 B S R T EE R ) L
AN EAb, GG 110 keV JLAERME R E T~
BEOMRL B LR (73R, 5 299Bi A H i L iR 0
AT R 1M 7E LiF ) 24 1 BE 3% b, W H b T 1 keV
oA, 60—70 keV U £ 5 FE (1) 38 IO AE TLi (R gtk
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BURE T R BB, T DA R BRI bR b 7 (i B
f1l; AEL[R] N LiF AHXS T~ Fluental 23 184477 42 55 2 34
AN TR AT R Ay B, TR BNy B
MO P RIS A P E 2 B AR H 1T A op 7
AR BOMFRATEL ) 3 BAT 1) R AR
FoA7E L& AE FH Fluental A1 LiF WAl K} 52 A 4544
s N IR L T

Flux/108 n-cm~2s~1

O T T T T T T
10-8 10-6 10-4 10-2 100
Neutron energy/MeV

2 AFEEFE Fluental ] BSA H N FRE i
Fig. 2. Neutron energy spectra of different thickness
of Fluental at BSA exit.

Flux/10% n-cm—2-s~!

T T T = =
10-8 10-¢ 104 10-2 100
Neutron energy/MeV

3 A LiF i) BSA 1 7Rk
Fig. 3. Neutron energy spectra of different thickness
of LiF at BSA exit.

F AT H T Fluental £ LiF M5 #0412 & &
Ebfl oyt -1, 201, 3 12 RFEM, LA
LR AS [R] 2 AR 6 1 A A 07 3K, R 302 0K 1) B 1)
—HEMA R E SR ERT . B4 B8R
T B2 cm JZ AR 18] % Fluental 1 LiF 1E &40 41 Kl
TEA A JE R BSA tH Db gedt. B 5 8R T 1
A =R Y R 1 0 A A T Y RE B R B L, B
H ) Fluental-LiF = BRIE # 8 9 6E 2 cm J2 4R [A] &

Fluental Ml LiF. & J& & 430 cm; Fluental f4 %K
FMUAS H Fluental /E 42 46 A R, JE BN 36 cm;
LiF #) 28 Sy s fif H LiF 1R A8 Ak A4 8L, BN
26 cm. M5 0] LLFE # Fluental-LiF = 8 ¥ #4)
FIBETE £ 1040 keV X [A] L Fluental 1 74 f B ALK,
Al 60—70 keV AU AR FEARR, B/ 1 BR o (4
3 AN LiF R A8 R 7E 1—10 keV X [] 5 5,
B AR S AR .

DLHT 3R = 48 4k &5 7 B4 A Dy BERll, 720 2
PR F B De/ pepis VT Doy [ Pepin A HF I
B otn [ Pepi X =S HIPEH ZE R FTHZ T, F
& BB B K Ao i E R
th. EER 1S Hh, Ry 59 D/ pepi, v 5"
Doy [@epi~ BT LU oo [/ epi 77 HMREE T AR H T
y S B AN A IR AR S S H s AL

6 - —24 cm
—26 cm
—28 cm
5 —30 cm
i —32 cm
@ —34 cm
T4 ——36 cm
g 1 —38 cm
o
2 34
)
i
~
£ 27
£
14
0 T T T T T T ==
10-8 10-6 10-4 10-2 100

Neutron energy/MeV

4 AFAEER Fluental-LiF =BG BSA O
o7 i

Fig. 4. Neutron energy spectra of different thickness
of Sandwich Fluental-LiF configuration at BSA exit.

2.5
——Luental 36 cm
——LiF 28 cm
2.09 —FLu-LiF 30 cm
«
5 1.5
4
a
2 1.0
~
a
=
0.5 4
0 "

1078 10~7 107 1075 10=* 102 10-2 10~ 10° 10!
Neutron energy/MeV
K5 AR BSA i OREERS L
Fig. 5. Neutron energy spectra at BSA exit of different
BSA configuration.
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i VNN =TI/ 2 ol = S S SR
Dt/ epis D/ @epi Al @th/@epiz/l\%%ﬁ?%EIAEA
10 HE 2 AR HE (1 25 A8 R, B H Fluental 12 46 44
BEE R R (R AL 1), Ak 24009 Fluental JE FE
46 cm, yBEZE B E N 1LS em, IR
I8 2 OLi 2 B 4 0.004 em, BSA H ) 5 K #4
P EE RN T7.81x108 n/(cm?-s); A H LiF
YE 18 A+ BE R B (R B4 2) LA 2= # h: LiF

REEN36 cm, BEEN1T cm, SLiEE N
0.06 cm, BSA t H i K FiEE Y 8.79 %
108 n/(cm?-s); 18 H Fluental F1 LiF # #1216 44 %l
2 cm ERMES 0 = BVA M AL (M2 3) R Ak S Hh:
Fluental f1 LiF /& 8 &4 39 cm, $4E N 1.9 cm,
OLi JE 9 0.024 cm, BSA H I & K b 138
BEBHRN.14 x 10%n/(cm?-s), LT 1 FIR R 2 56
. BARRE N S5k 3 pr gl

®3 MR =P R R R S 4
Table 3. BNCT beam parameters of different configurations.

BB o) ) et Gt e
y-em?n ;. /Gy em®mn_ /flux /n-cm™?s
4% 1 Fluental 46 cm; % 1.5 cm; ®Li 0.004 cm  1.93 x 1013 1.99 x 10713 0.0482 0.723 7.81 x 108
F 2 LiF 36 cm; 4% 1.7 cm; 51i 0.06 cm 1.94 x 10713 1.96 x 10713 0.0487 0.726 8.79 x 108
13 Fluental&LiF =2 39 om; 1.99x 10713 1.98x10-13  0.0489  0.731  9.14 x 108

HEEE 2 cm; 451.9 cm; 5Li 0.024 cm

5.2 EFIENE

N T B BNCT ¥6 97 I 57 & 1 40 A0 15 0L, £
BSA I H EAL B InAEIER) Synder A=k JUAR 47
K 6 A0 A AE IE 1Y Synder Sk A ) 11 SR Y JL AR 1]
T P, e o A [ 285 44 B D42 TR 89 Synder SkAR,
BSA W& IR & 1.

6 BSA 5 Synder 3ki#
Fig. 6. Beam shaping assembly and Snyder head

phantom.

TE A B R 3 = Fh BSA M 2 F Synder
SRR R R FE A, B 7 R 2 Ak R RBE
ERGHE, AMAER N Re . BT EoR T RTIRE

. BONE BNE A E. y LA E @
FREHL LM 75 B e 00 ) DA R Ak e 2H 2 T
ek e e AR B B R T AT L. TH AR R A
FUIRES, S 57 s 2 R0 P 50 o 2 2R B2 38 ok
10 ppm, THE MR SRR, Sk 2
KH 10 ppm, PN 300G 2 2R 00 v >R ) 35 ppm. A
LAFE tH, BSARAL BLJG Db - Fod 7y 55 2R Bl
G B BRALS, AH N B AIG T i R 2 AR B A
FIEA y SRR, KAGH T JUMA R EG
J7 I 1] (IR % A 230 &L ) 12.5 Gy I [A]) . D,
Rrmax. P LUE B =35 1767 IR £ — 2 Fluental-
LiF =BG M B (R 2 3) LU LiF M B (R B4 2) 5 o
= 0 Ry (EAARIE B9 Y7 I 8], 5 Fluental #4728 (14
B1) Rp fHIEEAM Y, HEHp s R, M
XT T Fluental 74 81 (#4) 84 1) Fir 75 V6 97 I ) B0, 2
— P IF ) BSA #42.

F 4 RITEA RITIREE Ry W EE
Table 4. Therapy time, treatment depth, and maxi-

mum therapy ratio.

VAYTHT (] / min YRITIREE Jem RTmax
R 1 53 8.7 4.50
FR 2 45 8.7 4.36
FEL 3 44 8.7 4.49
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Fig. 7. Depth distributions of the equivalent doses and depth distributions of therapy ratio: (a) Fluental; (b) LiF;

(c) fluental and LiF (1 : 1), thickness (39 cm); (d) depth therapy ratio comparison of different moderator.
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Abstract

Boron neutron capture therapy (BNCT) is expected to be an effective method of improving the treatment results
on malignant brain glioma and malignant melanoma, for which no successful treatment has been developed so far. The
beam shaping assembly (BSA) of accelerator-based boron neutron capture therapy (A-BNCT) consists of a moderator,
a reflector, gamma and thermal neutron shielding and a collimator. The BSA moderates the fast neutron produced in
target to epithermal energy range. Design of BSA is one of the key jobs in BNCT project. An optimized study was
conducted to design a beam shaping assembly for BNCT facility based on 3.5 MeV 10 mA radio-frequency quadrupole
proton accelerator at Dongguan Neutron Science Center. In this simulation work, the neutron produced from the “Li
(p, n) "Be reaction by 3.5 MeV proton is adopted as a neutron source term. In order to search for an optimized
beam shaping assembly for accelerator-based BNCT, Monte Carlo simulation is carried out based on the parameters of
moderator material and structure, the Gamma shielding, and the thermal neutron filter in the beam shaping assembly.
The beam shaping assembly in this work consists of various moderator materials, teflon as reflector, Bi as gamma
shielding, °Li as thermal neutron filter, and lithium polyethylene as collimator. After comparing the simulation results
of Fluental and LiF moderator materials, the beam shaping assembly configuration based on sandwich Fluental-LiF
configuration is proposed. The sandwich Fluental-LiF configuration is made up of Fluental and LiF layer by layer, like
a sandwich structure, and each layer is 2 cm thick. According to the beam quality requirement of the TAEA-tecdoc-1223
report, the optimized epithermal neutron flux in air at the exit of BSA of the sandwich Fluental-LiF configuration is
9.14x10® n/(cm?-s), which is greater than those of the Fluental configuration (7.81x10® n/(cm?s)) and LiF configuration
(8.79 x 10® n/(cm?:s)), when the ratio of fast neutron component to gamma ray component to thermal neutron is less
than the limiting value of IAEA recommendation. Subsequently, the depth distribution of the equivalent doses in the
Snyder head phantom is calculated to evaluate the treatment characteristic. The simulation results show that the therapy
rate of the beam shaping assembly based on the sandwich Fluental-LiF configuration is basically equal to that of the
Fluental configuration and better than that of the LiF configuration, and the therapy time is less than that of the
Fluental configuration. This means that the beam shaping assembly based on the sandwich Fluental-LiF configuration
is one of the suitable options for our accelerator-based BNCT.

Keywords: noron neutron capture therapy, Monte Carlo simulation, beam shaping assembly, moderator
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