


.Bymmx A'll M np o : , e
‘Pacqer Meronom Monre Kapno q)ona MCIU]CHHBIX HCHTpOHOB
ja sxcnepumeme no Heurpon-uevrrponuomy paccesmmo Ha peaxrope Bl/ll'P

\, l'lponenenu pacqem Mcronom Monre Kapno oxunaemom q)ona MCIUlCHHI:Ixf
-HEeHTPOHOB B T/IaHHPYEMOM . npsmom sxcnepnmenre no uamepenmo ceueHus Heil-
\Tp0H Hemponnom paccesmusr Ha umnynbcnom peaKTope BHUTP. l/lcxonnue snep-.
TeTHYECKHE H npocrpancrnennue pacnpenenenus MEUIEHHBIX HEATPOHOB Ha nosepx- ;
HOCTH 3amennmenﬂ ‘GbuTH paccunTaHs! € nomomuo l'lpOl‘paMMbl MCNP - nexons
U3 pea.nncmqnou cbuauqecxon Monenu reomerpuu ‘peaktopa, 3aumm 3amezumrenx\f
;u xonnmuaropon Ipu pacyére Tpancnopra MEJUICHHBIX  HEHTPOHOB -B ' KOJLTHMH-
3’py10u1cn CHCTEME Y4UTHIBAIOCH HE Gonee | zByX - axroa ynpymm paccexmm B MOBep-
- XHOCTHOM. CI10e BHYTPEHHEro KaIMHEBOTO noprmm xonnnmaropon Buqucnennbmv
‘qaon MEIEHHbIX HeHTPOHOB ‘Gonee uem Ha MopsioK HUXE OXHJ12EMOr0 sq)qaexra'
or Hem'pon HCHTpOHHOl'D paccesmmi npu HOMHHaJlele uMnynbcax peaxTopa BHI'P t

B t_PaGoTa Bunonncna B Jla60paropm| Hemponnou qmamcn HMl/qu)paHKa
Old}lld ’ :

Cooﬁmenne ‘Qﬁbcnmlennoro nn’c'rirry;ra sinepnrii necnenoaaunﬁ, 11y6Ha 1995 =0 ¢

Budnik AD.etal. -
: Monte Carlo Calculatlon of the Slow’ Ncutron Background »
in: the Neutron~Ncutron Scattenng Expenmcnt at the Pulse Reactor BlGR

E3-95:351

Slow neutron background calculatlons were performed for the proposed‘
jgeomctry of the ncutron-neutron scattering: cxpcrlment at the: BIGR pulse reactor.

- The incoming slow neutron space and spectral dlstrxbutlons ‘on the moderator surface'“
‘were: calculated ‘with: the MCNP program ‘starting from’ the exact: physlcal model-,
of the reactor fuel: and moderator and: shreldmg geometry “Two elastic’ scattermgsf
-of slow ncutrons from the neutron absorbmg cover (Cd) msrde the: collr'natmg'
"and shreldmg &ystem were taken: into- account. The: calculated: thermal neul:ron'
,background ls srgmﬁcantly lower than the c.stlmated n- cattcrmg effect R

; The mve.stxgatron has been performed at the Frank Laboratory of Ncutron,
jPhyslcs JlNR o . ST ERRA




1 Introduction

Direct measurement of the neutron-neutron scattering cross sec-
tion has never been performed before[1l]. The BIGR pulse reactor
(2] has record neutron pulse ﬁux—power parameters, convenient
for performing such an experiment: the neutron fluence on the .
surface of the reactor jacket is ~ 10'%n/cm?, pulse width 2ms.
The reactor is located in the center of the 10 x 10m? reactor hall,
allowing a vacuum neutron-neutron collision cavity to be built
in the vicinity of the reactor jacket surface. This cavity is sur-
rounded with the moderators, necessary collimation system and
a neutron guide through the hole in the wall of the reactor hall
to the coordinate thermal neutron detector. |

The character of the experiment requires the preliminary
calculation of the possible background of slow and fast neu-
trons in the complicated geometry of moderators, collimators
and shielding. In this paper we describe the method and presént
the results of the Monte Carlo calculations of the slow neutron
(En < 200meV) background for several similar collimation ge-
ometries.

2 Geometry of the experiment and
the method of calculations

The geometry of the n-n scattering experiment is shown in fig-
ures 1 and 2. Near the BIGR reactor inside the aluminium alloy
vacuum jacket a moderating system, consisting of four polyethy-
lene sheets which form the n-n collision chamber, is placed. The
thermal neutron detector ”sees” the n-n collision cavity through
a special collimator which maximally suppresses the probabil-
ity of neutron penetration the detector from any site except the
internal region of the n-n collision cavity. The entire internal sur-
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face of the collimating system is covered with sheets of cadmium

absorbing slow neutrons. The only source of slow neutrons in
this case is the surface of polyethylene moderator.

The moderator surface and spectral distribution of slow neu-
trons (up to 0.2 eV) were calculated with the MCNP program
[3], outgoing from the exact geometry of the reactor fuel and
construction, and geometry of moderators and shielding. The
spectrum of slow neutrons averaged over the surface of the mod-
erator is shown in the fig.3. Angular distribution of slow neutrons
with respect to moderator surface normal obeys the cosine law:
®(6) - dQ2 ~ cosB - d). Scattering of slow neutrons inside absorb-
ing walls was considered isotropic and was taken into account in
a one collision approximation, due to the small value of the ra-
tio of scattering and capture cross sections for Cd in this energy
range. '

The probablhty of slow neutron scattering from the absorbing
wall was calculated according to the formula, obtained as a result
of integration over infinite wall thickness of elementary isotropic
scattering acts: R

w(¢)1)b) = USC/UQ' COS¢/(COS¢ + COS’l,b), (1)

where ¢ and 1 are angles of incoming and scattered neutrons
with respect to the surface normal, o,, and o are the scattering
and total cross sections for a given energy of the neutron. Only
- elastic scattering in Cd was taken into account. This simplifi-
cation leads to some exaggeration of the calculated background
because, for the major part of the spectrum, inelastic scatter-
ing lessens the neutron energy, decreasing the ratio of scattering
to the capture cross sections. Only two re-scatterings in the
collimating system were taken into account (as each subsequent
re-scattering diminishes the reflected flux by three orders of mag-
nitude).

Seven types of slow neutron trajectories, by which neutrons
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outgoing from the moderator’s surface, can reach the detector
after two rescatterings in the surface layer of the collimating
system, are shown in fig.4.

Table I shows nine different configurations of the shleldlng—
collimating system, corresponding to different combinations of
the sizes of collimators cross sections.

3 Results of calculaticns

The results of the calculations are shown in fig.5 and Table II.
Fig.5 shows the dependence of the background on the length
m of the pyramidal section of the collimator. It can be seen,
that for a short collimator, when the possibility opens for a one-
scattering neutron trajectory reaching the detector, the back-
ground increases drastically. For the "closed” geometries, when
one-scattering trajectories are forbidden, the background de-
pends on the length m of the collimator only slightly.

Table II shows the contribution of the different trajectories
from fig.4 to the total slow neutron background. /

4 Conclusion

The estimation shows that for the maximal BIGR reactor pulse
with a total neutron production of 10'® neutrons per pulse, the
number of registered thermal neutrons from n-n scattering is
about 0.5n/cm? for configuration 1, (Table I). From Table 1I
for this configuration and reactor pulse intensity the total slow
neutron background is about 1072n/em?, which is almost two or-
ders of magnitude lower. This calculations show that the thermal
neutron background is not a serious problem in this experiment.
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Fig.1 The scheme of the experiment for direct measurement
of the neutron- neutron scattering cross section: XY - horizon-
tal section, YZ - vertical section. 1. BIGR pulse reactor, 2.
polyethylene moderator, 3. graphite reflector, 4. . shielding, 5.

n-n collision cavity, 6. back wall, 7. back collimator, 8. for-

ward collimator, 9. neutron detector, 10. Cd covering the entire
internal surface area of the collimating system.

Fig.2 Geometric scheme of the shielding-collimating system:
S = 100cm, M = 450cm, h = 20cm, ¢ = 20cm, d = 40cm,
| = 5m, §/2 + m + L = 20m, the sizes of a, A, b, B, and m were
varied according the Table I and fig.5.
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Fig.3 Monte Carlo calculated slow neutron spectrum on the

surface of the moderator.
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Fig.4 Configurations of background slow neutron trajectories
inside the shielding-collimating system.
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Fig.5 The calculated thermal neutron background in the n-n
scattering experiment per one neutron of the reactor for different
configurations of the shielding-collimating system, according to
Table I, as a function of the length m of the pyramidal section.

Table I. The numbers of geometric configurations of the

shielding-collimating system according to sizes a, 4,b, and B of
collimating section. ‘

a 516 |7
b 20124 |28
AlB N,
8133|1412 |3
9 {38 516
11 (43 7 (819
G

Table II. The contribution of seven different types of slow
neutron trajectories Vi, according to the notations of fig.4, to
the total slow neutron background for nine geometric configura-
tions N, according to Table I for m = 135¢m. The upper row
for each of the nine geometric configurations gives the absolute
slow neutron background multiplied by 10%°, per one neutron of
the BIGR reactor, per 1em? of the detector, located at a dis-
tance S/2+ m + L = 20m from the center of the n-n scattering
cavity. The lower row gives the relative contribution to the total
slow neutron background for each configuration from different
neutron trajectories according to fig.4.

(Ve | L | 2 | 3 | 4 ] 8 [ 6 [T [¥ ]
1 0.034 | 0.018 | 0.012 | 0.019 | 0.015 } 0.023 | 0.0 | 0.12
0.28 0.14 0.10 | 0.16 | 0.13 0.19 | 0.0 | 1.0
2 0.049 | 0.026 | 0.015 | 0.031 | 0.025 | 0.047 | 0.0 | 0.19
‘ 0.25 0.13 0.08 | 0.16 0.13 0.24 | 0.0 | 1.0
3 0.066 | 0.035 | 0.015 | 0.045 | 0.037 | 0.083 | 0.0 | 0.28
0.24 0.12 0.05 | 0.16 | 0.13 0.30 | 0.0 } 1O
4 0.026 | 0.018 | 0.018 | 0.031 { 0.015 | 0.027 | 0.0 { 0.14
0.19 0.13 0.13 | 0.23 0.11 0.20.] 0.0 | 1.0
5 0.037 | 0.025 | 0.023 | 0.050 | 0.025 {0.054 | 0.0 | 0.21
0.17 0.12 0.10 | 0.23 0.12 0.25 | 0.0 | 1.0
6 0.061 | 0.034 } 0.025 | 0.074| 0.037 | 0.099 | 0.0 | 0.32
0:16 -} 0.11 0.08 | 0.23 .| 0.12 031 | 0.0 ] 1.0
7 0.009 | 0.018 | 0.031 | 0.040 | 0.015 | 0.033 | 4.8 | 5.0
0.002 { 0.004 | 0.006 | 0.008 | 0.003 | 0.007 | 0.97 | 1.0
8 0.013 | 0.026 | 0.039 | 0.070 | 0.025 | 0.068 | 20.7 | 20.9
0.0006 | 0.001 | 0.002 | 0.003 | 0.001 | 0.003 |{ 0.99 | 1.0
9 0.022 | 0.034 | 0.044-{ '0.10 | 0.037 | 0.13 | 44.4 | 41.8
0.0005 | 0.0008 | 0.001 { 0.002 | 0.0008 | 0.003 | 0.99 | 1.0
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