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ABSTRACT

With the increasing utilization of cyclotrons in medical, research, and industrial applications, effective shielding
in cyclotron rooms has become crucial to ensure worker safety. This study focuses on optimizing the shielding
wall thickness by using a water-based composite shielding wall in cyclotron rooms. The Moyer model was
employed to calculate the external dose rates from neutron reactions at various energy levels (8.4, 13, 18, 30, and
50 MeV) on an Nb target. The neutron energy spectra required for the calculations were derived using the Talys
program. The shielding efficiency of the water-based composite wall was compared with that of a conventional
concrete wall. The results showed that the optimal thicknesses of the composite shielding wall were 1.38m at 8.4
MeV, 1.58m at 13 MeV, 15.8m at 18 MeV, 15.8m at 30 MeV, and 1.58m at 50 MeV. The composite wall
demonstrated its potential for more efficient neutron shielding by reducing the required thickness across various
energy levels. This study provides foundational data for neutron shielding design in cyclotron facilities and is
expected to contribute to the optimization of practical shielding materials and thicknesses.
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II. MATERIAL AND METHODS

B oTn AjelZzEsde) woud FAA
WS Nb(Niobium) B} WHES-AAH A= 54
s

A, ek B magow A A8 W

A=A EEM]E‘QI(HDPE) =
A(HDPE) - FAHE - Wolt}. z7hzhe] FA= ¢

S 0044 m, ZAYEE 03 m, 1EDE ZFoEd
S 0.05 m= s AASFTE oyl E& 0.6,

0.8, 1.0, 1.2 m=Z W& FATL
o]Z wWlasl7] $J3l, Moyer model?} TalysE A}
&3t AFHE &S At Moyer model 2}
- AFES AAtetr] fs AREEHA oM,
Talysi= Moyer modelS AFH8-317] 913 Q3+ oy
2| =~ ER o tis) AAketr] HEl] AFE-EH ST

ds ’

LI O R PO P O (z) =
dE ( n’ T e ) k=~,n,p,d,t,h,a i
s 2N, E i), B,i))  dS

P(Z,N,E,(i)) dE, (i = O
dsi(Z,N, B, (i), B,/ (i)
kE' iL, S(zn

H(E,0,d/)\) = h(ﬁf’) exp(—B0) X exp(—

0 Angle between the beam direction
7 Distance between the beam direction
B : Constant

- 6[1’<77Zd - 5(1k77’t - 67,‘/677’/1, - 6/1,16’1(1

- 5nk7lp - 5pk7ld -

1. Talys

Talysi= 200 MeV ©]ate] uk3- AlEd o] dE
At AZEez AT ¥ 72 ¥ ks 2dS
7hte 2 S TalysE o] &-3le] Aol 2
ol YA o8 (8.4, 13, 18, 30, 50 MeV)E Nb E}A
HESAIA wAsE TR duA AFERS
Tl olw, A Ao T A el gk RS o
WHE 37l ¢35k NIST(National Institute of
standards and technology, cross-section calculator)E
A& AT Talyse] 2] (1), )2k 2o 4 (1)

= Wk Z27] @A A A g °1X}°ﬂ o & i)—ﬂE
=

to
i
o
o9
v
>,
S

:
A
o}i
oE
e T

o
5
_\,L
;O
o
=)

(¢

,_1 Moyer model %
T AsAEs LE}G}ﬂ] xds
flux 32 ICRP 1169] Table A.5(for mono-energetic

particles incident in various geometries)ol] W2} =
—,—X]-é— 71‘31‘_1_01—0% /\%E]: 52 ‘:ﬂﬂo}oﬂqwm] Moyer
model®] 2] (3)3} #th.

_6ak7E:L'(i)) (1)

Oarr it = Oppryy = Oppoin — Oy

n,rn — — — — - - d ’ . . . . . .
dT: 2 Z Z Z Z Z d% , (7’71’7’71’11177%’211,’%&) (2)

d(9)/\) 3

d(a) 1 Effective shielding thickness at angle 0

A :  Attenuation length for neutrons in shielding material
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Fig. 1. The energy spectrum of neutrons at 8.4 MeV.

Fig. 2. The energy spectrum of neutrons at 13 MeV.

Fig. 3. The energy spectrum of neutrons at 18 MeV.

Fig. 4. The energy spectrum of neutrons at 30 MeV.
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Fig. 5. The energy spectrum of neutrons at 50 MeV.

Table 1. Efficiency of the existing shielding wall and the
combined shielding wall at 8.4 MeV

Total External dose rate
Water (M) Tyickness (m) (uSv/h)
Existing wall 0 1.5 0.792
0.6 1.38 0.759
Composite 0.8 1.58 0.711
wall 1 1.78 0.668
1.2 1.98 0.628

Table 2. Efficiency of the existing shielding wall and
the combined shielding wall at 13 MeV

Water (m) gy sy (m) EXteﬂEﬁlsS/%s)e rate
Existing wall 0 1.8 1.897
0.6 1.38 1.927
Composite 0.8 1.58 1.805
vl ! 178 1.693
1.2 1.98 1.593

Table 3. Efficiency of the existing shielding wall and
the combined shielding wall at 18 MeV

Total External dose rate
Water (m) Ty ness (m) (uSv/h)
Existing wall 0 1.8 2.357
0.6 1.38 2.397
Composite 0.8 1.58 2.245
wall 1 1.78 2.103
1.2 1.98 1.978
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Table 4. Efficiency of the existing shielding wall and
the combined shielding wall at 30 MeV

Total External dose rate
Water (m) Thickness (m) (uSv/h)
Existing wall 0 22 2.670
0.6 1.38 2.707
Composite 0.8 1.58 2.573
wall 1 1.78 2374
1.2 1.98 2.270

Table 5. Efficiency of the existing shielding wall and
the combined shielding wall at 50 MeV

Total External dose rate
Water (m) Thickness (m) (uSv/h)
Existing wall 0 2.5 2.891
0.6 1.38 2.927
Composite 0.8 1.58 2.819
wall 1 1.78 2.607
1.2 1.98 2.452

IV. DISCUSSION
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V. CONCLUSIONS
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