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Motivation

» Accurate prediction of special nuclear material (SNM) measurements
o Using Monte Carlo (MC) radiation transport codes

» Historically: uncorrelated fission emissions

« Reality: correlations in time, energy, and multiplicity [1]

* This work: investigates the performance of various current MC codes
with correlated physics of fission




Fission multiplicity distributions

* P(v) have large impact on correlated neutron results
o Probability of emission of v neutrons in a single fission
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Fig. 1. Example multiplicity distribution.



MC codes

Monte Carlo N-Particle Transport code (MCNP)

MCNP®6 [2]

o Default: bounded integer treatment

o Optional: FMULT card to input multiplicity distributions/parameters
MCNP®6/FREYA [3,4]

o FREYAfission event generator produces neutrons and gives to MCNP for
transport

MCNPX-PoliMi [5]
o Choose from a few different built-in multiplicity distributions
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Fission event generator (FEG)

* Uses:
o Fission fragment mass and kinetic energy distributions
o Unbounded statistical evaporation models
o Conservation of energy and momentum

« Generates number, energy, and direction of neutrons released by each
fission event [3]
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Fig. 2. Representation of a fission
event.



LANL BeRP benchmark

 Los Alamos National Laboratory (LANL) bare plutonium metal (BeRP
ball) benchmark measurement

4.5 kg sphere of a-phase Pu [6] / \
_ . . . /'/ N 304 stainless steel shell
* Original MCNP input file adjusted t (L /\
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Fig. 3. BeRP ball
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Simulation geometry

 Bare BeRP ball (bare configuration only) with NPOD detectors
o LANL 3He multiplicity detector
o 15 3He neutron detectors in polyethylene moderator

50 cm detector distance

This model came from
the evaluation FUND-
NCERC-PU-HE3-MULT-
001

Fig. 4. BeRP benchmark bare case geometry
(VisEd)



List-mode data

* Only time and detector of interaction

o MCNP®6 and MCNP®6/FREYA: obtained from particle track (PTRAC)
output files

o MCNPX-PoliMi: obtained from collision data file

 Feynman histogram: list-mode data binned into multiplets according to
specified time widths (Momentum [7])

« Singles rate (R,): detector count rate

* Doubles rate (R,): frequency of detection of two neutrons from the
same fission chain




Data processing

Table I. Variable definitions [8].

Specified time width

I 1t order reduced factorialmoment DS



P(v) comparisons

 Differences in Feynman histograms, R;, and R, are expected to be
sensitive to differences in underlying multiplicity distributions

« MCNP®6 and MCNPX-Polimi: Lestone [9], Santi [10], Terrell [11]
o Specified as CDF or Gaussian mean and width
o Induced fission means taken from ENDF/B-VII.1
« MCNP®6/FREYA: FEG
o Extracted from PTRAC file
o Frequency distribution of v
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Multiplicity distributions
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Induced fission
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Fig. 5. Induced fission multiplicity distributions (at
2 MeV) incident neutron energy.

Table II. Induced fission multiplicity distribution parameters.

3.1784 3.1784 3.128

m 1.1401 1.1408 1.057
Terrell “ENDF

MCNP®6 MCNPX- MCNP®6/FREYA
PoliMi



Spontaneous fission

* In general: 0.4 - T el
. i . ® PoliMi (Santi)

* R, expected to change only with : 4 FREYA

mean of P(v) _ . »
« R, and Feynman histogram Zo2

expected to change with both L |

mean and width - -
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Table Ill. Spontaneous fission multiplicity distribution _ v o
parameters. Fig. 6. Spontaneous fission multiplicity

T distributions.
MCNP®6 | MCNPX-PoliMi | MCNP®6/FREY istributions
A

2.1511 2.0932 2.109
1.1511 1.1992 0.942

lLestone Z2Santi
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Code comparisons



Feynman histogram
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Fig. 7. Comparison of Feynman histograms at 1000 us time width.
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Singles/doubles rates
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« R;and R, from MCNP®6 and
MCNPX-PoliMi are within 2-4%
of the measured results

« MCNP®6/FREYA R; show <1%
deviation VNS NCER M eners Soommon

o Doubles show 10% deviation.
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Fig. 5. Singles and doubles rates at 1000 us plotted
alongside both the benchmark measured results and
MCNP®6 default bounded integer treatment.
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Comparisons
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Conclusions

* Preliminary comparisons of correlated physics Monte Carlo codes
show similar performance

» Discrepancies in correlated neutron results are more pronounced when
discrepancies exist in the multiplicity distributions used

« Future work:
o Investigate other MC codes with correlated physics of fission (CGMF)
o Input multiplicity distributions from other codes into MCNP®6
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