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BTE, IRIEMED A DR RRIRIRIE & LR v R T-Hife#7: (BNCT: Boron Neutron
Capture Therapy) 723EH STV 5, I, TERDJFEFIFFHEFIR 2 H 72 BNCT OERIELH]
OB E ERT 2 72012, /NINEES 7R Z V72 BNCT 2R ST\ 5, g
PEFIROF T, Li(p,n)"Be ST IRITA 17O —2 L 7o Tnd, ZOMIGIE, BNCT

WZE RN RV — DT 2155 T2 D ORI Y 72 -0 AR &2 LB & L 72 WFIR S
Ho, LML, BTaY FULCBET S & PIETFAFAET 57210 T < BIIRAIy# 5 AE RS

CEDYEBRRAEL, ZOFTH TLilp,py) Li K& & TLi(p,y) 8Be 2 X Dyftix BNCT %4179
er?) BEOYPIRREIZF S LT b, LEEBN->T, BV F v ahtETJE% v BNCT %%
AESE 2720121, 2D Oy EE ~OBIEREIZ < G WEET 2 0% 5§ 5 M2
HbH, LrL, BT -V %WAJiﬁST%E?“éyﬁ’ﬁc:F%ﬂ“éT—& FFEFICZ L, Bk CITfE
SN EE R <AThbN TV 5 SIS Wiy, & 2 TARAZECTIE, "Lilp,p’y) 7Li i & 7Li(p,y) 8Be
BB B Oy FEEE B < HIE L Ty AR R OS2 R, b2, BonillEftisz i
WTZNHOpfRO BNCT BE~OWIRREDOF G 2T T v I 2 b—y 3 U280 G
TAHZEEHE L,

HE BRI BV T, ﬁﬁi%jt%@ 3UH-HC I~ VL b & IR D DR F v — L% Li #
—7y NS L7, #—%7 v ML, "Li(p,n)"Be KE D L X W=k /LF— (1.880MeV) I
DT ORFEL D b+ FE v Li @F%ﬁOFb\& 7w b (BEEH 300 pum T, [EWF —5
M ERES,) LB TOMREL Y BV HFYEFIRAEIIT ORI D LifgaFfiod —5 v ~ (&
10 pm T, RN =5y 8 EFES,) ZEH Lz, EWX—5y MIK i L B E
HEIELZLIZEoTERL, Wy —F vy MISRE Li 28k BICEZ2 208 SETER LT,

INHOE—7y N RWT, vy AERGIZ X 5yﬁ’*§<§%$%®7~§7 157, T BTre—
Nyl :ﬁ LT oMy 7 b ik Nal(TDAR 45 2 5% Lyl s A7 V&2 457-

(FEBR 1), WIZ, yRFEAERURIC X0 B S Dy 0 4 55 %ﬁ%{ﬁl/m“ét 2, B AT
5F LT 0°,30°, 55° 90°, 125° 7 [E)(C =2 > 7 b IR Nal(TDH: g 2 % B Lyl A2 hu
g (EER2), MG - —Ii%, EB 1 Tl BEny—4 >y M LT Li(p,n)"Be
Mt L& DR LEX—1 0 4 210 keV K\ 1.670 MeV & 10 keV KU 1.870 MeV, W4 — 47
NMZIE 1.870 MeV & 22keV @&V 1.902 MeV Th o7z, L2 TIXZNETNOAEICBW T, &
W —7 Moxt LCIE 1.920MeV & 1.870 MeV D5 1B — A ZBE L, W2 —47 v Mkt




LTI 1.920 MeV O £ — L 2 R LTz,

HIEDOFER, BEOKT - U F 7 LR PETIRZ A7z BNCT O#EFHM O STk Ciis Sh T
ToyRds A b i35 & TLip,p’y) TLi SO Tl AAFZE T D V72 1T 40-85% 1KV = &35y
Molz, Flo, EWF—0y NEEWZ—7y "D Oy EREZ T 5 &, Y —F v |
ERHWHZ LI L oTEWS =5y N D by EEZ %R TE 5 2 LNk ole, Fiz,
"Li(p, y) 8Be SUS TIE, 4 F CHEFEM O SCHR CHE S TW oy AR LD & 2 MK & 22l
Kb, £z, BED Lip, y) $Be SUGKTmFEHIE T — # 2> bR U loyfi A & & g3 2
& ARHFFE TR B IVIAEIE 40-50% KV ME & e o2, FIEWX—F y b EEWNWZ—F y R
DOyRBEEREZ T D L, MNE—7 Y b Z2AND Z LI L > TyiBEAEREZ R 90%KH T %
Z el

AT THF S A7z TLilp,p’y) TLi SIS K& OF TLi(p,y)8Be S A> B Oyl 3 A & f OV 434 & VT
BNCT 16 RFIC I 1T 2 FBFE OB R A a1 - B Fikd A = — N 27 4 PHITS % W CEt
HWL7Z, TOME, 20D OpROWIGHEREIT 10B(n,a)7Li SOGIE X 2 WU & & el L C 1 #7184
AN SWZ Ry inoTe, Ei, EERFOKBEIZ L o TE Z 5 HMEERIG) O Oyt & b
RTH LD 2HVNESL D T e Wnhole, £lo, HWFY—Fy MERHWD L JEng —7F
v LV HEEOWIRRED Lilp,py) Li BUG Tl 75%. TLilp,y)8Be SUGHIZ W Ttk 90%1K
WMCTEDLZ N nholz, ZNHDZ b, BNCT IZBW T U F U LHhEFJEE WD
B4, TLilp,py)7Li BUG KON Lilp,y)8Be FUitn» & DyRRIC K 5 BE ORI EIXEE TRV LR

Sy T,
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Boron neutron capture therapy (BNCT) has attracted attention as effective treatment of infiltrating cancers over years.
BNCT has been practiced using neutron beams from nuclear reactors. However strict safety regulations associated with
nuclear reactors limit clinical practice of BNCT. Recent years, in order to overcome such limits, small accelerator-based
neutron sources have been proposed for BNCT. The “Li(p,n)’Be reaction is one of the candidate neutron production reactions
for accelerator-based BNCT. The emitted neutron energy of the "Li(p,n)’Be reaction is suitably low enough for BNCT, thus a
large neutron moderation system unnecessary. However, one potential disadvantage of the p-Li neutron source is that not
only neutron production reaction but also y-ray production reactions occur. The y-rays from 7Li(p,p’y) "Li and 7Li(p,y)®Be
may have serious impact on patient absorbed dose. Contribution of the y-rays to the patient dose must be
evaluated based on reliable nuclear reaction data. However, existing nuclear data of those y-ray production
reactions are insufficient for dose evaluation. Thus, the objective of the present study is to experimentally
determine the y-ray production yields and the angular distributions of 7Li(p,p’y) ’Li and "Li(p,y)8Be and, then
evaluate their contribution to the patient absorbed dose based on the present experimental data.

Experiments were carried out in the Tokyo Institute of Technology. A Li target was bombarded with a
proton beam from a 3UH-HC Pelletron accelerator. Li targets were made in two types: thick and thin. The
“thick” target had a thickness of about 300 um, thick enough to stop the incident protons near the threshold
energy of 'Li(p,n)'Be (1.880 MeV). On the other hand, the “thin” target was very thin, about 10 pm thick. The incident
protons pass through the thin Li target with a small energy loss but the thickness is enough for neutron production. The thick
targets were fabricated by attaching metal Li foil onto a copper plate with a hand press. The thin targets were made on copper
plates by vacuum evaporation.

Using these Li targets, y-ray production yields were measured. First, y-rays from 7Li(p,p’y) Li and "Li(p,y)8Be were
detected with an anti-Compton Nal(Tl) detector at a detection angle of 0° with respect to the proton beam. The pulse height
spectra at 0° were measured (Experiment 1). Next, the angular distributions of the y-rays were measured, changing the
detection angle at 0°, 30°, 55°, 90° and 125° (Experiment 2). In Experiment 1, for the thick target, the incident proton energy
was set at 1.870 and 1.670 MeV, which were 10 and 210 keV below the neutron threshold. For the thin target, the incident
proton energy was 1.870 and 1.902 MeV. In Experiment 2, the proton energy was set at 1.920 and 1.870 MeV for the thick
target, and 1.920 MeV for the thin target.

As a result, the present y-ray production yield of "Li(p,p’y) "Li was 40-85% smaller than a previously reported
value. Comparing the 7Li(p,p’y) 7Li yield between the thick and thin targets, the yield can be reduced by 75%
when a thin target is used. For the 7Li(p,y)8Be reaction, the present thick-target yield was 40-50% smaller
than an estimation from previous experimental cross-section data. The yield can be decreased by 90% by
using a thin target.

Including the obtained y-ray production yields and angular distributions of 7Li(p,p’y) 7Li and "Li(p,y)%Be,
the patient absorbed dose in BNCT using a p-Li neutron source was evaluated by using the Monte Carlo
simulation code PHITS (Particle and Heavy Ion Transport code System). It is found that y-ray absorbed dose
was one order of magnitude smaller than that of 1°B(n,a)7Li, and one or two orders of magnitude smaller than
dose of y-rays from neutron capture reactions in human body. By utilizing a thin Li target, the y-ray dose can
be reduced by 75% for 7Li(p,p’y) 7Li and by 90% for 7Li(p,y)8Be. It is concluded that the y-ray production
reactions "Li(p,p’y) "Li and 7Li(p,y)8Be do not significantly affect the patient absorbed dose in BNCT using a
p-Li neutron source.
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