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ABSTRACT. Proton recoil proportional counters are usedewnegal metrological institutes as

reference neutron spectrometers within the enesgge from a few tenth of keV up to a few
MeV. When such counters are used to determineaiveehergy range of neutron fields with

energies above 5 MeV, protons generated by (ngmticms within the stainless steel counter
walls will add their contribution to the proton céicprocess. In this work, this contribution has
been estimated in the calculated response of theteg using MCNPX Monte Carlo code. The
validation of the calculated response has beeropaed at several AMANDE mono-energetic
neutron fields.

KEYWORDS Detector modelling and simulations | (interactiof radiation with matter,
interaction of photons with matter, interactionhaidrons with matter, etc); Gaseous detectors;
Interaction of radiation with matter; Detector mbidg and simulations Il (electric fields,
charge transport, multiplication and induction,geuformation, electron emission, etc).
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1. Introduction

Proton recoil proportional counters are used areete spectrometers within the energy range
of a few tenth of keV up to a few MeV by severaltrokgical instituteslﬂm]. In the last
years, the importance of the high energy neutrelddiis increasing due to the development of
fusion or medical facilities, high energy accelerat etc. The recoil proton proportional
counters can be used to determine precisely theyertstribution in the low energy part of
these fields. However, the main drawback of thesenters is their limited energy range. For
neutron energies above the detector energy rahgesarresponding recoil protons lose only a
part of their energy in the detector gas. The doution of these recoil protons is substracted
using a downscattering correcti[3], i.e the orse of the detector to the neutron energy
distribution above the counter energy range isract#d to the experimental pulse height
spectrun [4].

However, with high energy neutrons, (n,p) reactibesveen the incident neutrons and the
counter stainless steel wall compounds (Chromiwam, INickel) create protons, which deposit
also their energy in the gas of the detector. Galyethe energy threshold of these reactions is
above a few MeV. Whereas the elastic scatteringroelcross section on hydrogen decreases
with the incident neutron energy, the (n,p) reaciooss sections increase and induce a larger
modification of the counter response energy distidm. This modification has to be taken into
account in the simulation if these detectors aexlus determine the neutron fluence energy
distribution, below a few MeV, of neutron fieldsttvienergies above several MeV, in order to
complete the neutron energy distribution obtaineligher energies by other detection systems
as liquid scintillators.

In a first step, the response of a spherical pitigprzal counter of SP2 type is calculated
with the MCNPX Monte carlo co], with and witltdaking into account the (n,p) reactions
into the detector walls. The calculation is perfechat several neutron energies to determine the
neutron energy above that the (n,p) reactions itorion is no more negligible. The
simulations are then compared to experimental datained at IRSN AMANDE facilitm].
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Figure 1. Comparison between the cross sections of the neetestic scattering reactions on hydrogen
and the cross sections of the (n,p) reactions thittstainless steel elements [7].

Reactions Qaction(MeV) Ethreshold(MeV) Ep max (MeV)
*Cr(n,p) | -0.256 0.261 =20
*Cr(n,p) | -3.193 3.255 =17
*'Fe(n,p) | 0.085 no threshold |= 20
*Fe(n,p) | -2.913 2.965 =17
*Ni(n,p) | 0.401 no threshold |= 20
®Ni(n,p) |-2.041 2.076 =17

Table 1. (n,p) reaction thresholds for the main elementhénstainless steel and maximum proton energy
for 20 MeV incident neutrons.

2. Impact of the (n,p) reactions on spherical proportional counter response

2.1 (n,p) reaction cross sections

The walls of the proton recoil proportional coustare typically made of stainless steel. When
the incident neutron energy is higher than 2 Md&¥, threshold of some (n,p) reactions with the
elements present in the stainless steel giv can be reached and the corresponding
reaction cross sections become not negligible coaab® the elastic scattering cross section on
hydrogen as shown if figurd 1. In this figure dletdata are issued from the ENDF-BVI
database. As shown 1, the energy of theops produced by the (n,p) reactions can
reach up to 10 MeV and be then deposited at leadlyypin the detector gas.

2.2 SP2 spherical proportional counter response simulation

This study will focus on a 2 cm radius SP2 sphéqeaton recoil proportional counter filled
with 3 atmosphere pure hydrogen. The voltage applethe 25 um diameter wire anode is
1860 V. The cathode is constituted by the sphemni@ls of the counter made of 0.5 mm thick
stainless steel, most common wall thickness eneoedtfor such counters.

The proton ranges in stainless steel for 10 MeVM&Y and 20 MeV protons are
respectively of 0.25 mm, 0.50 and 0.83 mm. It methas if the maximum neutron energy is
below 10 MeV, only neutron reactions inside thadashalf layer of the wall generate protons
able to reach the reactive gaseous volume of theatea Therefore, for neutrons below



Figure 2. 3D vision of the counter as modelled in MCNPX.
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Figure 3. Comparison between the calculated response fulsctidna spherical counter SP2(H2) -
0.3 MPa at 5, 8, 11 and 14.8 MeV, with and with@,p) reactions.

10 MeV, the contribution of the (n,p) reactionstiie detector responses depends more on the
inside surface of the walls reached by neutrores {he detector geometry) than on the wall
thickness. For neutrons above 15 MeV, the maximuatop range exceeds 0.5 mm and the
contribution of the (n,p) reactions to the detecemponse increases with the wall thickness.

The energy range of this SP2 counter is betweerkédtand 800 ke‘m]. Up to now, the
(n,p) reactions were generally not included in tesponse calculation. Following recent
developments in the proportional counter respoiseilation , the MCNPX Monte Carlo
code has been used in that aim with the ENDF-Bibi&ry. This code allows to describe in
detail the counter geometry (as showreim)l it is possible to take into account the
electric field effect inside the detector using thethod described in a previous wrK [8].

The response of this counter has been calculated é&mergies, respectively 5, 8, 11 and
14.8 MeV, which were generated from a circular @tef of section equals to the diameter of
the detector and, parallel to the horizontal akithe counter. At each energy, calculations are
performed with and without taking into account (hg) reactions and are comparere 3.



5 MeV 14.8 MeV
Detector angular positio 0° 0°
Incoming deuton energy| 1847.5+ 1.6 keV| 208.G 0.2 keV

-

Beam current 2.0 yA 3.3 pA
Target TiD TiT
Backing Ag—-0.5mm Al — 0.5 mm
Target name IRSNO4 IRSNO6
Target thickness 825 pg.cm-2 796 pg.cm42

Target-counter distance| 48.1+ 0.1 cm 48. % 0.1 cm

Table 2. Experimental conditions for the SP2 counter meamargs at the AMANDE facility.

As the number of reached reaction thresholds isergath the incident neutron energy, as
well as the relative impact of the (n,p) reactionsmpared to the elastic scattering on hydrogen
(), the discrepancy between the two cuimeseases logically with the energy, to reach
up to 40% at 14.8 MeV, as already observed in &ique work. At 5 MeV, only a small
difference between both calculations is observedmRhis study, it can be concluded that the
(n,p) reaction impact has to be considered whetroesiabove 5 MeV energy are present in the
measured neutron fields. To not take into accobnesd reactions would lead to an important
overestimation of the neutron fluence in the deteehergy range.

3. Comparisons between simulations and experimental data

3.1 Experimental set-up

Experimental data were obtained at the AMANDE ficiproducing mono-energetic field
between some keV up to 20 M[6]. The measuremaate performed with the SP2 counter
at 2 neutron energies: 5 MeV and 14.8 MeV, whiclrewproduced respectively using the
D(d,nyHe and D(t,nHe reactions. The SP2 counter is well characterizet traceable to the
primary reference neutron fields of the PTB in temwhfluence and enerdgz[l].

For this study, the SP2 counter was placed at 4&am the target and at 0° with respect
to the proton beam direction. The reference fluewas determined by the BC501A liquid
scintillator of the Iaboratom] with a relativecertainty of 5%. The relative fluence delivered
during the irradiation was followed by®ale long counter, in a De Pangher type moderating
shielding, situated at 6 meters from the target @ndn angle of 20° with respect to the beam
axis. This monitor allowed to normalize the SP2ezipental data to the BC501A reference
fluence. Th2 presents all the experimeaaatlitions to create the mono-energetic fields.

For each measurement carried out with the SP2 epuart additional measurement with a
shadow cone placed between the target and thearowat performed to correct the data from
the events due to the scattered neutrons.

3.2 Comparison with the simulation

In order to compare the experimental data with MM&NPX simulations, hew MCNPX
response calculations are performed using the orediience energy distribution calculated by
the TARGET cod], normalized to the referenicerice, as source term. As previously,
calculations of the response of the counter arfopeed with and without taking into account
the (n,p) reactions in the detector walls. Theltest 5 and 14.8 MeV are showr{in figute 4.
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Figure 4. Comparison between the simulated response functiithsand without (n,p) reactions and
experimental data obtained at the 5 MeV and 14.8 heno-energetic neutron field.

At 5 MeV, both calculations reproduce the measurgrabove 150 keV. Below this value,
the discrepancy between the simulation and thergrpatal data is significant whereas the
response of the counter is very good in this eneeg;;ge. The observed discrepancy is
assumed to come from an underestimation of theéesedtneutrons by the TARGET code, due
to a simplified geometry used to describe the tasgwironment or to the target itself. This
point has to be verified in further studies.

At 14.8 MeV, a good agreement is observed betwkersimulation integrating the (n,p)
reactions and the measurement. However, the ctitmulavhich does not integrate these
reactions, underestimates greatly the experimetdtd. These results shows that the (n,p)
reaction contribution to the recoil proton propoantl counter response is well described by
MCNPX and that this code is suitable to calculatecizely the response matrices of these
counters.

4. Conclusion and outlook

In this work the impact of the (n,p) reactions ¢w tresponse of a spherical proton recoil
proportional counter was studied. These reacticcwuroin the detector wall between high
energy neutrons and some elements of the staistestsand their relative contribution to the
counter response increases with the incident ne@nergy. This study has shown that the (n,p)
reaction impact is no more negligible for neutroergies above 5 MeV.

The simulation of the detector response with theNW& Monte Carlo code including
these (n,p) reactions are validated by the measnmenperformed at mono-energetic neutron
fields. The fact to not take into account the (mgactions leads to an underestimation of about
40% of the detector experimental response at 14£8.M

As a conclusion, MCNPX code appears suitable tailsite correctly the response of the
proton recoil proportional counter in high energyutron fields, and then allows the use of these
counters for spectrometry in such fields and ndy an mono-energetic neutron fields below a
few MeV. This study focused on SP2 counters butlmampplied to all kind of recoil proton
proportional counters as spherical counters, cyitiatl counters, or the commercial device
ROSPEC.
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