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Infroduction

@ Neutron Shielding design for ultra low
background experiments

@ Neutron Production Spectra

@ Modane rock vs Boulby Rock

@ Propagation through Lead and CH: shielding
@ Neutron splitting

@ Results

@ Conclusions

Matt Robinson, University of Sheffield - 12th Geant4 Collaboration Workshop
Low Energy Neutron Propagation in Geant4 and MCNPX R. Lemrani et Al. NIM A 560-2 (2006) 454



Shielding Materials
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Modane Rock vs Boulby
Rock

@ Boulby Rock
@ NaCl
@ 2.17 g/cm?
@ 60 ppb U, 300 ppb Th

@ Modane Rock (by Mass)

@ 1% H, 6% C, 50% O, 1% Mg, 2% Al, 7% Si, 31%
Ca, 2% Fe

@ 2.65 g/cm’
@ 840 ppb U, 2450 ppb Th
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Neutron Production
Spectra

@ Dominated by Alpha-n,
some spontaneous
fission

Neutron Production Spectra according to Modified SOURCES

Boulby ——
Modane

@ SOURCES code modified
to add elements and
extend energy
spectrum beyond 6.5
MeV
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@ Spectra similar despite
differences in rock

Energy (MeV)
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Physics

@ pinched from examples/advanced/
underground_physics

@ Problems with inelastic neutron cross-
sections for Cl in G4NDL3.7

@ Only neutron physics turned on. Fission,
Elastic, Inelastic. HP below 19 MeV, LE
above.

@ Secondary particles not tracked
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Results - 2 rock types

Rockface Comparison Modane Rock
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@ Very small error in cross-section tables made a big difference in
the results

@ Despite differences in rock, similar spectra at rock-face
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@ Neutron suppression
(Boulby spectrum) as
a function of
shielding depth.
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@ Total neutron flux
(Boulby Rock) as a
function of depth of
CH: shielding

Energy > 100keV

o GEANT4
o MCNPX

—_
e
(0]

@ Maximum observed
difference in
j Energy > 1MeV
infegrated neutron
flux after 40 g/cm? —E

(55 cm) CH- ~50% | 20 30

CH, Depth (g/cm?)

c'\ll_l

-

)

%)

%)

S

pasd 10
= 10
)

L.

X

=

L

—

o
4L
N

Matt Robinson, University of Sheffield - 12th Geant4 Collaboration Workshop
Low Energy Neutron Propagation in Geant4 and MCNPX R. Lemrani et Al. NIM A 560-2 (2006) 454



Conclusions

@ 30 cm Lead + 55 g/cm? CH:; is sufficient to
suppress neutron flux by 6 orders of
magnitude

@ Geant4 is sound for low energy (>10 keV)
neutron propagation

® Geant4 may be used to test neutfron
shielding designs for low background (e.g.
Dark Matter) detectors.
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