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LET Distribution and RBE of Be (d,n) Neutrons

Physics Division, National Institute of Radiological Sciences, Chiba, Japan
Kazuchiyo Chmachi

Chemistry Division, National Institute of Radiological Sciences, Chiba, Japan

The distribution of absorbed dose with respect to LET of the charged particles that are liberated in

‘water was calculated for external irradiation with fast neutrons which are produced by bombarding the

thick Be target with 2.8 MeV deuterons. 'Then, the mean LET was estimated, that is, the dose average
LET = 45.7 keV/p. for protons and the dose average LET = 61 keV [p. for protons and heavy recoils.

‘Calculations were carried out for the distribution of dose with respect to “Y”” which is defined as the energy

given in individual events to small spherical region in irradiated tissue divided by the sphere diameter.
‘The dose average ¥ = 39.2 keV/u for sphere of 1 p diameter.

On the other hand, the relative biological effectiveness of the above-mentioned neutrons was experi-

mentally investigated for reduction of the secondary antibody produced by the in vivo culture spleen
cells in mice. The RBE value was estimated at 2.3 -+ 0.2, and the relationship of RBE to the mean LET

was discussed in considering the results of other studies.
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MeV LIF o7 Cik Z oFFFEH PN E VD
T, HEAHPHETFEOWTED =545 — Ea 1T

Fig. 1. Energy distribution of primary protons
in water irradiated by neutrons comming from
thick Be target bombarded with 2.8 MeV deu-
torons.
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Fig. 2. Energy distribution of slowing-down
protonsin water irradiated by neutrons com-
ming from thick Be target bombarded with
2.8 MeV deuterons.
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Fig. 3. The LET spectra in water for neutrons
produced by ‘Be(d,n)'*B reaction with 2.8 MeV
deutrons. The number of protons is plotted
as a function of LET (broken line). The
fraction of energy dissipated per unit LET is
plotted as a function of LET (solid line).
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BFECFS LET, In BT LET, Ip & 23
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Lw=25,8keV/u
Lb=45.7keV/u
L.
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Fig. 4. Comparison of LET distribution of dose
in water for neutrons. Solid curve: protons.
produced by deutrons from thick Be target bo- -
mbarded with 2.8 MeV deuterons. Broken
curve: protons produced by mono-energetic 2
MeV neutrons. Histgram: proton plus heavy
charged particles produced by mono-energetic
2 MeV neutrons.,
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2P, I LMHANCRET OMNRETBOME
wEE L TSRS R L 5 2 5 b FH 5 icBE
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% critical volume OEEE d 2B T2 gl,xa)ﬁj
BRFDO=31¥ 0%, 4E %iR3 “event si-
ze” DFEI:

Y=4E/d (6)
O RDI. ORI TENET 4

HAREZERM RS <M H20% H5%

Fig. 5. Distribution of dose in water as a fun-
ction of “‘event size’’, ¥, for critical volume
of 1 diameter and neutrons from thick Be
target bombardment with 2.8 MeV deuterons,
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BEff) %FEL S5 EV5FMHxb 2.
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EBRTEGLTRBRND LBV THBA, LD
FIEDO KR Fig. 6 w3, Tibb, 500R
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Fig. 6. Schematic presentation of the in vivo

culture procedure for radiation effect analysis

of antibody response. Radiation was delivered

2 days after transfer of spleen cells and secon-

dary antigenic stimulation antibody titers were
determined 6 days after the stimulation.
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Bleed an*‘[ltrate sera -

517

ik (16X 1000 LR (SR BC—3¥iki
HOZIERE Gop) T35, CO%E, Bk
#HE LTRSS XERIBS < v A (Recipient)
52 R EIGE T, B S oM o
ZAUE R LR 5 . MiEHR & SR e
ES L 2 PR AEREORGR LB L, &
BT 4 BECE M LT % o Mg ofidid fiE
T5.

= AT AR O first collision 3ff
L & A MSERGE Al o R Ry Ze R R & Tl &
febRikbitwn. o b BT ADKE S
ZE B L - FEHEOEBREMD Eico\wT, Sny-
der® sie v « AAwih XY BEOMEIE
Lic. CORREFBLT, T TcoFhFa~
7 P ATDNT = 7 ARSI A = v
—JkE5E LT

D (Dmouse= 2.8x107? rad/nscm?
wxic. B, = ACAETBpETF L=
A, N%ERE O BEHE » 5 R FiEnE
(D)ZEOP, DO mowe & NOBH~ ¥ AT X
BRI TEEERE L L.

(2) SEEER

Bl EoJFEic & oT i bt IR BETR BEE D
fRE% 100& L, ZOm%w37% il 5 cam
AR« R Dy fH) 5 200kVp XH
(f == 0.943rad/R) % ILHE L L{-R B EfH% 3k
Wi, BEHHIh Y, 25rads/min. RE\WTH R
Nic. PRETFRICGRET S v ROBELRDB 0D
12®Co-1 FiT 2\ TRDI-FEIL

(8Co-7) = 1.0

THote. B0 Y2 an (d, n) Rt bo
HAPPETRBHACES YIRORBE & LTZ Off
PHAGWTES E B\, Fig. 7 Rt Xk ok
PUARBEA ISR 2 2 7. BANXER, Bl
BFRCIBEDTHS. WED Dy EDOLD
B

RBE (F.N.) = 2.3+ 0.2
.

Bateman &' ki, = v A S X0
ROBEMA o\ CTHPEFOR B E ( 250kV
XA HHELT5) LEELETOBGREIERT

_E_



518

Fig. 7. Comparison of the effect on secondary
antibody response due to X-ray and neutron
irradiation, Broken lines indicate ‘374 sur-
vival dose in the abscissa.
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Fig. 8. RBE versus mean LET (L) for various
biological effect and different neutrons. (a);
RBEE=0.94-0.05 T for monoenergetic neutron
studies of spleen and thymus weight loss in
mice'®. (b); RBE=0.944-0.03L for secondary
antibody response of the in vivo culture mouse
spleen cells, for Be (d,n) neutrons (authers’
data). A-F; RBE for heterogeneous neutron
studies of 30 days mortality in mice, A; Ril-
ey'®, B; Carter'” and Tochilin'®, C; Upton'®,
D; Storer'®, E; Delihas'®, F; Tsunemoto'”.
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