Safeguards, Nonproliferation, and Material Detection

119

Time-Dependent Simulation of Neutron Detector Response

S. Prasadl*, S.D. Clarkel, S.A. Pozzil, E.W.Larsen'
"Department of Nuclear Engineering and Radiological Sciences,
University of Michigan, Ann Arbor, MI 48109
*shikhap@umich.edu

1.0 INTRODUCTION

Neutron time-of-flight (TOF) measurements
are applicable to nonproliferation efforts to
indentify special nuclear material (SNM).
However, current Monte Carlo codes such as
MCNPX cannot simulate neutron detector
response [1]. MCNP-PoliMi and its detection
postprocessor can simulate neutron detector
response, but only if the simulation is performed
in analog mode, resulting in time-consuming
simulations [2, 3]. This technique has been
applied in the past and has shown good
agreement with measured data [4, 5].

In this paper, the TOF distribution from a
#2Cf source is computed using a novel method
and compared to measured results from the
Detection on Nuclear Nonproliferation (DNNG)
Lab at the University of Michigan. Monte Carlo
techniques are used to compute the neutron
spectrum  entering the detector and a
predetermined detector response matrix is then
used to predict the distribution of the detected
neutrons as a function of time.

2.0 THEORY

2.1 Geometry Description

The measurement set-up contains an
isotropic *>Cf source placed 40 cm from the
face of an EJ-309 liquid scintillation detector.
The detector is a cylinder with a radius of 6.34
cm and a length of 12.51 cm. The chemical
composition is 54.8% hydrogen and 45.2%
natural carbon by number. It is assumed that
neutrons enter the detector uncollided. This is
reasonable because a very small fraction of
neutrons scatter in air before reaching the
detector in case of a 40 cm source-detector
distance. The 40 cm source-detector distance
subtends a maximum angle of 9° along which a
particle can travel. This justifies the second
assumption: particles incident on the detector
face are mono-directional. The last assumption

is that the first scatter of a neutron defines the
timing of the light pulse, and only one light
pulse is created per incident neutron.

2.2 Sampling Procedure

In order to simulate the **Cf neutrons
detected by the EJ-309 detector three parameters
are randomly sampled: the energy of the
neutrons, the radial distance from the center of
the detector face, and the distance travelled
before the first collision after being incident.
The velocity of the neutron is determined by its
energy which is sampled from the MCNP-
PoliMi **Cf internal source distribution. To
sample the radial distance at which the neutron
is incident, » the cumulative density function
(CDF)
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is used for the detector radius, R. In order to

sample distance travelled by the neutron before
its first collision the following CDF is used:
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Here X" (E) is the total macroscopic cross-

section at an energy, £ for the EJ-309 detector
material, x is the distance travelled until the first
collision after the neutron is incident on the
detector. Given the randomly sampled energy
and the total distance travelled by the neutron
(calculated using randomly sampled parameters
r and x) the TOF detector response is determined.
Each neutron was tallied based on its weight
which is the intrinsic efficiency that a neutron
incident at that energy will be detected. The
intrinsic efficiencies have been extracted from
an EJ-309 detector response matrix simulated
with the MCNP-PoliMi code.



120 Safeguards, Nonproliferation, and Material Detection

3.0 RESULTS & ANALYSIS

A comparison of the simulated TOF
distribution with measured TOF distribution is
shown in Figure 1. The agreement in the
distributions are good, however, it can be
noticed that the simulated TOF distribution is
skewed towards longer detection times. Work
continues on resolving this discrepancy. The
measured result has an unusual feature at about
6 ns that is suspected to be contribution from the
gamma peak that has been excluded.

— Measured
— Simulated

o
o
&

0.04

0.03f

0.02

0.01f

Probability Density of a Detected Neutron [1/ns]

(=}

80 100

Time [ns]

Figure 1: A comparison of the TOF distributions [6]

4.0 CONCLUSION

TOF measurements have several applications in
the field of nonproliferation. They can be
important in characterizing fissionable sources.
However, they are difficult to simulate using
standard Monte Carlo codes, which cannot
simulate neutron detector response. A novel
technique has been applied here to simulate TOF
detector response to an unshielded **>Cf source.
This was done be randomly sampling neutron
parameters such as its energy and its flight path
and solving for the TOF. An intrinsic efficiency
response matrix for the EJ-309 detector was then
utilized to tally for the detected neutrons only.
Preliminary result show good agreement with
the measured results from the DNNG lab. Future
work will include investigation of the slight shift
of the simulated results to longer detection times.
This method will then be applied to shielded
configurations and for varying sources.

5.0 REFERENCES

[1] Denise B. Pelowitz (ed.). MCNPX User’s
Manual, version 2.6.0. Los Alamos National
Laboratory, LA-CP-07-1473, April 2008.

[2] S. A. Pozzi, E. Padovani, M. Marseguerra.
MCNP-PoliMi: A Monte Carlo Code for
Correlation Measurements, Nucl. Instr. Meth.
A, 513, pp. 550 — 558, 2003.

[3] S. Pozzi, E. Padovani, M. Flaska, and S.
Clarke. MCNP-PoliMi Post-Processing Code
Ver. 1.9. Oak Ridge National Laboratory
Internal Report, ORNL/TM-2007/33, 2007.

[4]. S. A. Pozzi, S. D. Clarke, M. Flaska, and P.
Peerani. Pulse Height Distributions of
Neutrons and Gamma-Rays from Plutonium
Oxide. Nucl. Instr. Meth. A 608, pp. 310 —
315, 2009.

[5] S. D. Clarke, M. Flaska, S. A. Pozzi, and P.
Peerani. Neutron and Gamma-Ray Cross-
Correlation Measurements of Plutonium-
Oxide Powder. Nucl. Instr. Meth. A, 604(3),
618 — 623, 2009.

[6] Measurement done by Scott D. Ambers,
DNNG, Department of Nuclear Engineering
and Radiological Sciences, University of
Michigan, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


