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Abstract

In the experiment of neutron spectrum measurement in radiation field, the laboratory environment
scattering will affect the accuracy of neutron spectrum. In this paper, the neutron spectrum of
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241Am-Be is measured by a Bonner sphere spectrometer. Firstly, Monte Carlo method is used to sim-
ulate and calculate the influence of air and the wall of the neutron laboratory on the measurement
of 241Am-Be neutron spectrum. The simulation results show that the air scattering rate increases
with the increase of the distance between the neutron source and Bonner sphere. Floor scattering
is the main factor affecting the detector count in the laboratory, and the smaller the size of the Bon-
ner sphere, the greater the impact of scattering on it. Secondly, the influence of the inter-sphere
scattering when Bonner spheres are measured at the same time is analyzed. The results show that
the error caused by the inter-sphere scattering is larger for the smaller and larger Bonner spheres.
Finally, we complete the 241Am-Be neutron experiment. The neutron experimental counts are mod-
ified according to the scattering effect results obtained by Geant4 simulation, and then the neutron
energy spectrum is calculated. The experimental results show that the neutron energy spectrum of
241Am-Be is closer to the standard energy spectrum after deducting the scattering effect. Compared
with the original energy spectrum, the root mean square error is reduced by 3.75%.
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Figure 1. Geant4 simulation model
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Table 1. The density and atomic ratio of materials in the lab system resulting data of standard experiment
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Rkt 2.50 H:0:Na:Mg:Al:Si:S:K:Ca:Fe = 1.2:51.8:0.5:0.8:6.2:28.7:0.5:1.4:6.5:2.4
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g3k
=5 1.20 x 1073 C:N:0:Ar=0.01:75.53:23.18:1.28
RIE 0.96 CH=12
NGt 8 Fe:Cr:Ni=74:18:8
3He S1K 3.32 SHe =100

Y 11.35 Pb =100
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Figure 2. Three types of neutrons in air scattering
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Figure 3. Scattering of polyethylene balls at different distances
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Figure 4. The left picture (a) is a top-down view of the lab, and the right picture (b) is a side view
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Figure 5. Fraction of neutrons detected in polyethylene spheres
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Figure 6. Normalized counts of polyethylene spheres with or without inter-sphere scattering
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Figure 7. Neutron response function of the ball spectrometer
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Figure 8. Multi-ball spectrometer experiment site

B 8. ZIKIEUSLWING

i DA SRS IR 418, AT SIS IS h T B AT IR, EERR TR EUE .
T SR AR 1] O SE A8 T80 AR O RE IR . B IR TS5 T UG TR B 5 U TG ot s A Rt 6 B
Z

I,=1,-1,(Aa+Bp+Cr), A= ¢ gL - | (6)
a+p+r a+p+r oa+p+r

e, 1 RFEGBI, o &7REUE, B R 325 AL M I HUR 26 T RN A B EE 5 R AR
B, r RERIABUNZ, AL By C N4 ml v Horh — PR 2 5 SO R EE . Geantd BT TS
BN 23 S CSRIR T RB IR S R 2 PR RERRHIZ, & 2 P 40 cm FHE T % DUHUR %
(W SEUR %), FHAEHE 3 M2 IR BB LN, T2 TR bR g BE 55 (th YRS SP9 BEEY
A 40 cm) FFT AT I BRAL. Geantd R AERR LT HE B AT N 204 -

Table 2. Raw experimental data and scattering-corrected data

2. IR RIGHIES MATIEERE

HREAR G U R Hh THTHSOR 2R BRJA I B IE Kt
4 534 0.34% 29.72% 12.42% 404
5 1077 0.31% 26.30% 7.55% 841
6 1161 0.29% 23.22% 5.38% 933
7 1717 0.28% 21.07% 4.74% 1410
8 1768 0.26% 19.81% 4.21% 1469
9 2367 0.25% 18.13% 3.96% 2002
10 1959 0.24% 14.80% 4.34% 1718
12 662 0.22% 12.87% 1.99% 588

43. BEEEELER

ASCAEHBN 12K Gravel BT 17], ZEZE TGN RN LB TERITE. &
FETE SAND-IE VLR SR BT T B BE AR M k. EERRIT R+, K%E%Xﬂ‘@jiﬁﬁ%ﬁ, &
R HLAEATREAE e, X Ind  FEATIEA, IR Rt Go i 45 R LA 1S DL .

DOI: 10.12677/mp.2026.165013 119 A


https://doi.org/10.12677/mp.2026.165013

FHREAE, /AR

XA R@ M, ATLARE A ().

N, = Zn:{Riiexp(lnCD/.)} (7

Jj=1

X HBEAT R ETT, B

In N, _1nz\,;(k)+zwy_(k)(1nq)j _ln®j(k))+___ ©
J=
R, exp(In®d, 2
i Fyea(n®;) N2 o
: Nl.(k) o’
N = Z{Rij exp(ln d)j(") )} (10)

=
L2 J5, Gravel HiEREARFRIE AT LLE H(10).
i = @ exp

Zz’il (hl Ni - ln Z’/l':l |:R,'/ eXp(lH (Dj(k) ):|)

h )
k 2
zm ‘/Vij O-r
i=1 0_1_2
o, k IEARREL O NE k+ 1SRRI ikl R o, N MBI RRELE, o, :ﬁ,
N, FEUE ) 0, W o, B 1.
(@) (b)
0.8 T T T 1.0 T T T T T T T T
" —IS0 8529-1
0.7 — 180 8529-1 i E 099 _._ Corrected data spectrum )

~--=- Corrected data spectrum
- Original data spectrum

- Original data spectrum

1 2 3 4 5 6 7 8 9 10
Energy (MeV) Energy (MeV)

Figure 9. Comparison of spectral results between original data and calibration data, the left (a) shows the neutron spectrum in
logarithmic coordinates, and the right (b) shows the neutron spectrum expansion in linear coordinates from 1 to 10 MeV
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