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Benchmark Study of TRIPOLI-4
Through Experiment and MCNP Codes

Maugan Michel, Romain Coulon, Stéphane Normand, Nicolas Huot and Odile Petit.

Abstract—Reliability on simulation results is essential in nu-

clear physics. Although MCNP5 and MCNPX are the world
widely used 3D Monte Carlo radiation transport codes, alterna-
tive Monte Carlo simulation tools exist to simulate neutral and
charged particles’ interactions with matter. Therefore, bench-
mark are required in order to validate these simulation codes.
For instance, TRIPOLI-4.7, developed at the French Alternative
Energies and Atomic Energy Commission for neutron and
photon transport, now also provides the user with a full feature
electron-photon electromagnetic shower. Whereas the reliability
of TRIPOLI-4.7 for neutron and photon transport has been
validated yet, the new development regarding electron-photon
matter interaction needs additional validation benchmarks. We
will thus demonstrate how accurately TRIPOLI-4’s “deposited
spectrum” tally can simulate gamma spectrometry problems,
compared to MCNP’s “F8” tally. The experimental setup is based
on an HPGe detector measuring the decay spectrum of an *>Eu
source. These results are then compared with those given by
MCNPX 2.6d and TRIPOLI-4 codes.
This paper deals with both the experimental aspect and sim-
ulation. We will demonstrate that TRIPOLI-4 is a potential
alternative to both MCNPX and MCNP5 for gamma-electron
interaction simulation.

Index Terms—TRIPOLI, MCNP5, MCNPX, Benchmark,
Monte Carlo simulation, Gamma-ray spectrometry, HPGe, Effi-
ciency calibration

I. INTRODUCTION

ITH the growing need for simulation in nuclear re-
W search and industry [1], reliable results given by
Monte-Carlo codes is important for economic requirements.
Continuously developped since the 1970’s and available from
the OECD/NEA databank since 2003, TRIPOLI-4 [2] (TRIdi-
mensional POLYKkinetic) is a 3D continuous-energy Monte-
Carlo transport code. It is the reference Monte-Carlo neutron
transport code for France and its efficiency to meet the
requirements in core criticity simulation or radiation protection
studies has been reviewed by many publications [3], [4], [5].
Both TRIPOLI-4 and MCNPX [6] have been extensively
benchmarked regarding neutrons’ transport, but the “deposited
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spectrum” capability offered by TRIPOLI-4, equivalent to
MCNP’s “F8” tally still has to be reviewed. The main purpose
of this paper, in which we will compare simulations and
experiment, is to provide a benchmark for TRIPOLI-4 and
to show that this code’s full feature electron-photon electro-
magnetic shower is a good alternative to both world reference
codes in the latest versions we could use: MCNPX 2.6d and
MCNPS [7].

For this benchmark, we will rely on three different models
that have been studied in the past years.
The first study was able to complete a partial benchmark
of TRIPOLI-4.6 through MCNPS5. It is re-run in order to
observe the behaviour of TRIPOLI-4.7 and MCNPX as well.
The second study completes the first by adding complexity
to the geometry. The last study, in which simulations are
compared to experimental results shows as well the importance
of the knowledge of the geometry when dealing with nuclear
instrumentation simulation.
The three studies are reviewed one by one, the description
of their setup and the results they yielded being analyzed
qualitatively and/or quantitatively.

II. STUDIES’ OVERVIEW

During this benchmark, we used TRIPOLI-4 (version 4.7)
and MCNPX (version 2.6d), unless stated otherwise.

Each study concerns the measurement of an °?Eu source
which’s discrete gamma ray spectrum was taken from JANIS
(ENDF/B-VIL.O database [8]). MCNPX’s “F8” tally is used
to determine the deposited energy in the germanium detectors
while TRIPOLI-4’s analogous function, the “deposited spec-
trum” response is used. Both are defined with 1 keV bins and
considering a punctual radioactive source.

To subtract the Compton contribution from the different
peaks at a given energy (IN(F) denotes the number of full
absorbed photons of energy E, centered on bin n), obtained
from equation (1):
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Fig. 1. First study. Simulated geometry (TRIPOLI-4 screenshot).
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Fig. 2. First study. Simulated spectra.

Most intense: TRIPOLI-4.7 (thin) and MCNPX (thick).

Least intense: TRIPOLI-4.6 (thin) and MCNP5 (thick).

The difference in intensity between simulated spectra is for visualization
purpose only.
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A. First Study

Conducted two years ago within the frame of the work
of R. Coulon [10], [11], a posteriori missing information
concerning the surroundings of the experiment impeached the
feasibility of a complete benchmark. The results produced by
this study can although be used for a comparison of the only
codes. Simulated geometry is presented in Fig. 1.

As can be seen in Fig. 2, both TRIPOLI-4.6 and TRIPOLI-
4.7, yield qualitatively identical results to those of MCNP5
and MCNPX’s. Quantitative results are presented in Fig. 3
and reported in Table L.

Although the mean bias is less than 4 % (see Table I), which
is considered as good in many studies, it can be assumed that
TRIPOLI-4 could be considered as a good candidate for these
studies.
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Fig. 3. First study. Relative error of TRIPOLI-4.6, TRIPOLI-4.7 and MCNPX
simulated photopeaks of the ®2Eu source simulated; MCNP5 is used as
reference.

TABLE I
FIRST STUDY. PEAK RELATIVE ERROR TO MCNPS5 FOR EACH CODE

Energy TRIPOLI-4.6 TRIPOLI-4.7 MCNPX
(keV) (%) (%) (%)
121.8 0.29 + 0.26 0.88 + 0.23 -0.51 £ 0.31
2447 0.41 £ 0.65 0.08 + 0.56 -0.29 £ 0.76
344.3 1.16 = 0.42 1.73 £ 0.36 -0.46 + 0.49
367.8 -0.22 £ 222 -0.63 £ 1.92  -2.36 £+ 2.64
411.1 1.69 £+ 1.54 -0.20 + 1.32 0.52 + 1.81
778.9 3.10 = 0.94 3.34 £ 0.79 -1.00 £ 1.09
867.4 2.76 £ 1.70 441 + 1.42 -0.09 £ 1.95
964.1 4.14 £ 1.01 547 £ 0.84 -0.54 £ 1.15
1085.8 3.85 £ 1.27 3.94 £ 1.04 -1.22 £ 1.44
1089.7 11.82 £+ 3.02 11.23 £ 2.51 1.03 £ 3.44
1112.1 6.52 + 1.10 5.63 £ 0.92 -0.35 £ 1.26
1299.1 7.00 £+ 3.49 7.44 £+ 2.84 -1.64 + 3.90
1408.0 7.73 £ 1.01 8.30 + 0.84 -0.12 £ 1.15
Mean 3.87 £ 143 397 £1.20 -0.54 + 1.65

The first geometry was rather simple concerning photon scat-
tering in the surroundings of the source, a more complex
simulation was decided and conducted during this work.

B. Second Study

In order to compare the difference between TRIPOLI-4
and MCNPX in a more complex situation, another study was
started, inspired by the measurement of an '*>Eu source inside
a lead shield.

The shield used as a basis for this work is model 667 from
Canberra, with copper, tin and lead layers (see Fig. 4)

Fig. 5 shows that TRIPOLI-4’s relative error to MCNPX
increases with energy, from 3.82 % (244 keV) to 20.47 %
(1299 keV), with a mean uncertainty of 1.63 %.

While MCNP codes simulate a given number of particles’
histories (NPS), TRIPOLI-4 simulates B batches of N parti-
cles, yielding, when NPS = B x N, simulations with similar
uncertainty. The increase in relative error of TRIPOLI-4, in



(a) 3D view of the lead shield and the
HPGe detector.

Fig. 4. Second study. Lead shield and sensor views.
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Fig. 5. Second study. Relative error of TRIPOLI-4, compared to MCNPX.

this study, is currently investigated.

C. Third Study

The last study aims at comparing both codes with the
experimental calibration curve of an HPGe diode, measured
and calculated by a primary radioactive metrology laboratory.
MAESTRO (Ortec) and COLEGRAM [12] were used for data
acquisition and processing.

The main dimensions of the detector (GMX35P4, Ortec,
35 % relative efficiency) is based on the datasheet, coherent
with radiographies (see Fig. 6). Results from MCNPX and
TRIPOLI-4 are compared to the detector’s calibration curve
(Fig. 7), with a correction on simulated photopeaks prob-
ability using the JANIS database intensity values (7;) and
equation (1):

(b) Simulated geometry (TRIPOLI-4 screenshot). Left
to right, starting from the hole in the germanium:
vacuum, germanium, vacuum, aluminium, copper, tin,
lead. Layer above the detector: polyethylene.

40%

4 TRIPOLI-4
» MCNPX
0% A
g LA
= 20% | T
: 4
)
o A
_E 10% ‘
©
$ 3
0% L=
'10% T T T T T T T
0 200 400 600 800 1000 1200 1400
Energy [keV]
Fig. 7. Third study. Simulations (TRIPOLI-4 and MCNPX) compared to

the calibration results of an 1°2Eu source measured by the REGe GMX35P4
diode.
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Results of this comparison are presented in Fig. 7.
TRIPOLI-4 is also compared to MCNPX (Fig. 8).

Considering the detector manufacturer’s datasheet, the dif-
ference between codes and experiment range from 29 %
(121 keV) to 1 % (1408 keV) [Table II]. Such disagreement,
also observed in other studies may be reduced by optimizing
detector parameters [14], [15], [16], [17], [13], [18], and
particularly the dead layer [19].
The two large discrepancies on the 444 keV and 564 keV
photopeaks are probably due to a too low peak intensity and
insufficient number of simulated particles. This problem is
currently investigated.



(a) Radiography.

Fig. 6. Third study. REGe GMX35P4 (Ortec, 35 % relative efficiency)
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Fig. 8. Third study. TRIPOLI-4 comparison to MCNPX.

III. CONCLUSION

From the three studies presented in this article, it can be
asserted that, besides neutron transport — for which it has
been validated, TRIPOLI-4 can also be used as a reference
for the simulation of gamma instrumentation.

The first study showed that TRIPOLI-4 results differ from
those of MCNP5 with a mean relative error of less than
4 %. Also, the qualitative results from this study shows that
the Compton spectra from TRIPOLI-4.6 and TRIPOLI-4.7
perfectly match those of MCNP5 and MCNPX.

In the second study in which a more complex geometry is
simulated, TRIPOLI-4 presnets a mean relative error compared
to MCNPX which is, considering results of the first and second
study, probably due to an insufficient number of simulated
particles.

The last study showed a good agreement between TRIPOLI-
4 and MCNPX with relative errors to within 10 % and a
mean relative error of 0.85 4= 1.06 % (median value: 0.32 %).
Since MCNPX’s “F8” tally is validated by many studies for

(b) Simulated geometry (TRIPOLI-4 screenshot). In
pink: Ge-Li dead layer, not used as a scoring cell.

TABLE II
THIRD STUDY. 152Eu PEAKS RELATIVE ERRORS.

. Codes vs experiment TRIPOLI-4
]fli‘:{,ﬁy I:tf(')‘f';y TRIPOLI-4 MCNPX ys MCNPX
(%) (%) (%)
121.8 179 29.15 £0.55 29.10 £0.76  0.04 & 0.65
244.7 48 2508 £0.81 2415+ 144 075 £ 145
295.9 3 21.08 £2.84 2043 £542 054 £572
344.3 167 19.37 £ 0.66 1984 £ 099 -0.40 £ 0.90
411.1 14 17.01 £1.59 16.09 £ 3.08  0.79 & 3.26
444.0 18 3021 £ 1.34 2423 £273  4.82 +2.89
564.0 3 -325 £358 1.70 £ 6.68  -4.86 £ 6.96
688.7 5 11.56 +2.89 2299 £552 -9.30 £ 5.88
7789 82 13.58 £ 0.87 658 £1.72  6.56 = 1.80
867.4 27 1491 £ 145 1071 £298  3.80 &+ 3.17
964.1 91 9.43 £+ 0.89 940 £ 1.72  0.02 £ 1.81
1085.8 64 10.94 £ 1.07 538 £2.17 528 £ 2.28
1112.1 84 8.18 = 0.99 8.68 £ 189 -046 + 1.97
1213.0 9 10.78 £ 2.68 1572 £ 555 -427 £ 6.00
1299.1 10 14.82 +£2.62 1029 £556  4.11 £ 5.98
1408.0 131 7.07 £090 090 £172  6.11 £ 1.76
Mean 12.66 £ 1.66 1173 £ 325 0.94 £+ 343
Median 11.56 10.29 0.79

this problematic, TRIPOLI-4’s equivalent, “deposited spec-
trum” may be considered the same. When compared to the
experiment, both codes present a relative error on photopeaks
ranging from 29 % to 1 % (121 keV and 1408 keV).

While they can be used when uncertainty isn’t critical,
Monte Carlo codes cannot be used for metrological purpose
since critical parameters (e.g. exact material constitution or
geometry) are known with a confidence level significantly low.
They are, yet, valid for approximation when setting up the
experiment is impossible or difficult [1], [20].
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