
E3-95-351 

A.D.Budnik, G.A.Ososkov, Yu.N.Pokotilovski, A.D.Rogov 

MONTE CARLO CALCULATION 
OF THE SLOW NEUTRON BACKGROUND 
IN THE NEUTRON-NEUTRON SCATTERING 
EXPERIMENT AT THE PULSE REACTOR BIGR 



Ey.llHHK: A;ll, H .np; . . . ... E3-95~35 l 
Pac'leT MeTO.llOM MoHTe Kapno cpc'ma Me.llJleHHhJX HeihpoH.<>B ... . . . 
· B 3KcnepHMeHre no HeihpoH~HeihpoHHOM)' pacce.11~mo Ha peaKTope 611f'P 

·f . . . . . . 

. : :·npose:ileHhi paC'l~Tl:1 M~O.llOM MoHTe.Kapno m1miiaeMoro·.cpoHa:Me.llJleHHhlX 
HeiiTpoHOB. B nnaHMpyeMOM np.llMOM 3KCnepHMeHTe. no H3MepeHHIO ce'leHH.11 . Hett-

. TpOH-HeHTpOJ_IHOro pacce.llHH.11 H~ minyrii.cHOM peaKTope 611rP. HcxoiiHhJe 3Hep-: 
reTH'lecuie H npoc-rpaHCTBeHHhle pacnpe.neneHH.11 Me.llJleHHhlX HettTpOHOB Ha riosepx- . 
HOCTH JaMe,unl-i-rei'i.11 6hmH pacc'l~T~Hhl c noMOIUblO nporpaMMhl MCNP Hcxo.n.11 
H3 peanHCTH'IHOH q>HJH'leCKOH MO,lleJJH reOMeTpHH peaKTOpa; 3lllllHThi, J_aMe.ll]IHTeJJ.11 
1-i .. KOJIJIHMaTOpOB .. TT pH pac'!eTe -ipaHcnopTa Me.wieHHhlX HefiTpOHOB · 13 • KOJIJIHMH'-; 

"pylOIUCH CHCTeMe Y'fHThlBaJJOCh He 66nee :nsyx aKTOB ynpyroro pacce.llHH~ B. nosep:: 
. XHOCTHOM cnoe BHYTpeHnero Ka.llM~CBOro noKphlTH.11 KOJIJJHt.'iaTOpos: Bhl'I.HCJICHHhlH 
cpoH Me.llJlemlblX H_eHTpOHOB. 6onee 'leM Ha _nop.11.llOK HH)Ke' O)KH,llaeMOI'O 3<pcpeKTa 
OT HeHTpOH-i1ei-iTpoHHOIU paCCe.llHH.11 npH HOMHHaJJhHhl~ HMnyJJhCax peaKTOpa 611rP. 

Pa6oTa _BhlO~JJHeHa . s Jia6opaTOpHH ·. :HeHTpOHHOH '. ct,HJHKU HM.11.M:<l>pa~Ka 
0115111. - . . 

.• Coo6weuHe 061.eJ1~HCHHOro HHC!~TYTa ll)lepm,ix HCC11eJ1oeauuit, .lly611a, 1995 

BudnikA.D; et al. E3-95'-35l 
Monte Carlo Calculiti_on_of the Slow Neutron Background· .. .· _ 
in the Neutron-Neutron Scattering Experiment at the Pulse Reactor BIGR ' · 

. -
.: Slow neutron. backgro~nd calcufations. were · performed for the proposed 

' geometry-of the ne:utron~neutron scattering experiment at tlie BIGR pulse reactor. 
, The incoming slow neutron space and.spectral distributions on the moderator surface 
·were.'calculated with the MCNP program starting from the exact:-physical ~odel 
of the reactor fuell_and moderator. and shielding geometry; .T~o elastic· scatterings 
of slow neutrons from the- neutron absorbing cover (Cd) inside. the· collimating· 
and shielding system were taken into• account The· calculated'. thermal neutron 
background is significantly lower than the estimated'.n~n·scattering effect: 
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1 Introduction 

Direct measurement of the neutron-neutron scattering cross sec
tion has never been performed before[l]. The BIGR pulse reactor 
[2] has record neutron pulse fl.ux-power parameters, convenient 
for performing such an experiment: the neutron fluence on the 
surface of the reactor jacket is ~ 1015n/cm2

, pulse width 2ms. 
The reactor is located in the center of the 10 x 10m 2 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 present 
the results of the Monte Carlo calculations of the slow neutron 
(EN < 200me V) background for several similar collimation ge
ometries. 

2 Geometry of the experiment and 
the 1nethod 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-



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: 
<I>( 0) · df! ~ cos0 · an. 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 probability 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: 

w(<f>,'ljJ) = Use/a.+.: cos</>/(cos<f> + cos'ljJ), (1) 

where </> and 'ljJ are angles of incoming and scattered neutrons 
with respect to the surface normal, Use and Ut 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 c~lculated 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 shielding
collimating system, corresponding to different combinations of 
the sizes of collimators cross sections. 

3 Results of calculations 

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 1019 neutrons per pulse, the 
number of registered thermal neutrons from n-n scattering is 
about 0.5n/cm2 for configuration 1, (Table I). From Table II 
for this configuration and reactor pulse intensity the total slow 
neutron background is about 10-2 n/cm2, 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. 

This work was supported by Grant No. 94-02-05247 from the 
Russian Fund for Fimdamcntal Research. 
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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. 
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Fig.2 Geometric scheme of the shielding-collimating system: 
S = 100cm, M = 450cm, h = 20cm, c = 20cm, d = 40cm, 
l = 5m, S/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. ,~,' p:s{:-~-2 
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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, A, b, and B of 
collimating section. 

a 5 6 7 
b 20 24 28 

A B Ne 

8 33 1 2 3 
9 38 4 5 6 

11 43 7 8 9 

6 

... 

Table II. The contribution of seven different types of slow 
neutron trajectories Ntr, according to the notations of fig.4, to 
the total slow neutron background for nine geometric configura
tions Ne according to Table I for m = 135cm. The upper row 
for each of the nine geometric configurations gives the absolute 
slow neutron background multiplied by 1020 , per one neutron of 
the BIGR reactor, per lcm2 of the detector, located at a dis
tance S /2 + m + L = 20m from the ~enter 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. 

II 1 2 3 '1 5 6 7 

0.03'1 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 O.Hl 
0.25 0.13 0.08 0.16 0.13 0.2'1 0.0 1.0 

3 0.066 0.035 0.015 0.0'15 0.0:H 0.083 0.0 0.28 
0.24 0.12 0.05 0.16 0.13 0.30 0.0 1.0 

'1 0.026 0.018 0.018 0.0:H 0.015 0.027 0.0 0.1-1 
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 0.051 0.03'1 0.025 0.074 0.037 0.099 0.0 0.32 
0:16 0.11 0.08 0.23 0.12 0.31 0.0 1.0 

7 0.009 0.018 0.031 0.0'10 0.015 0.033 -1.8 5.0 
0.002 0.00'1 0.006 0.008 0.00:3 0.007 lUl7 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 O.!J!J 1.0 

9 0.022 0.034 0.0'1'1 0.10 0.037 0. 1:3 ·1'1.4 4·1.8 
0.0005 0.0008 0.001 0.002 0.0008 0.003 O.!l!) 1.0 
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