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Abstract. The design of new generation fast nuclear reaategsires
highly accurate cross-section measurements in #i¢ &hergy region. The
24Py fission cross section is of particular intefestPu incineration and
nuclear waste production. There are discrepancmsd 1 MeV incident
neutron energy between libraries and among expatahdata. Some data
suggest the presence of a strong structure betivaed 1.2 MeV whereas
it is barely visible on some other data and itgpshia very different among
evaluations. The large majority of tR&Pu(n,f) measurements have been
carried out with respect to t#é&U(n,f) secondary-standard cross section.
This introduces a strong correlation between inddpat measurements and
this cross section exhibits structures, in paréical steep increase of +10%
at 1 MeV. Therefore, we aim to re-measure #eu(n,f) cross section
relative to the primary-standafti(n,n)p cross section, by using a proton
recoil detector. This standard has a very high r@ayu(0.4%), is not used
for of other?*2Pu measurements, and is structureless. An experihzan
been carried out in October 2022 at the MONNETIifsén JRC Geel, with
incident neutron energies from 0.9 MeV to 2.0 M&We experimental setup
will be presented, and the analysis procedurebgiltietailed.

1 Introduction

The maximum of the neutron flux in a nuclear reatdcaround 1-2 MeV for neutrons are
produced at these energies. In thermal reactodsdae to the 1/v cross section behaviour,
the thermal part of the neutron spectrum is predantiin the fission rate. However, in fast
reactors, this thermal part is negligible, and tiegority of the fissions are due to the 1-2
MeV neutrons. The knowledge of fission cross sestim this energy region is then of key
importance for such reactors.



One of the goals of nuclear fast reactors coultblecinerate nuclear wastes and nuclear
materials. The majority of waste radiotoxicity isedto Pu isotopes. With a half-life of
375.000 years, th&?Pu is the main contributor to the long-term radiatity. A precise
knowledge of its behaviour in reactor is then maoda

The?*?Pu fission cross section has been measured séveealin the past decades. There
was a renewed interest since the 2000’s when iinesded in the HPRL [1,2], with a target
uncertainty of 5% in the 1-2 MeV energy range. Heeve there are some discrepancies
between experimental dataset and among evaluatioparticular, a structure at 1.2 MeV is
visible on ToF data of Weigman [3], Tovesson [4fl dtoegler [5] but do not appear as
clearly in quasi mono-energetic data of Salvadcsti@igera [6]. This feature cannot be
explained by the nuclear structure?##u* compound nucleus, but could be linked to the
24%pu structure itself [7]. Major evaluations are lahsae ToF data and then all show the same
structure at 1.2 MeV. They are however in disagesgnon the average value, with JEFF-
3.3 being the highest (+3%) and JENDL-5 the lowe).

Nearly all experimental measurements have beewmeel with respect to tiéU(n,f)
cross section, apart from Salvador-Castiniera.ewvlagére?3®U(n,f), 2%U(n,f) andNp(n,f)
cross sections were used. Every measurement padousing?>*U(n,f) standard are then
strongly correlated. These standard cross sectams well confirmed by integral
measurements, but discrepancies can be seen littieea@. For instance, th&U(n,f) cross
section show a “threshold-like” structures arounilldV, with a +9% increase within 150
keV, and discrepancies between experimental datzasereach up to 5%.

Another method is to use th(n,n)p cross section as reference, known as prewil
method. This cross section is a primary standaitth, an uncertainty of less than 0.4% on a
large energy range [8], and without any structieasurements using this standard can add
precious accurate and uncorrelated values to hetpgrove the cross section knowledge. In
2012 &*%Pu(n,f) measurement was carried out by our teanguhkis standard [9]. Technical
issues prevented us from obtaining enough enerispio bring new information about the
structure at 1.2 MeV. Nevertheless, these resotcampatible with the lower JENDL-5
evaluation, and much less with JEFF-3.3 or ENDF/{B-V

A new experiment has been carried out in 2022 tmeasure thé*Pu(n,f) in the 1-2
MeV energy range. This paper present the experahaetup and the main stages of the
ongoing analysis.

2 Experimental setup

2.1 Facility and sample

The experiment took place in October 2022 at tive MONNET facility in JRC Geel [10].
This facility had two major advantages that justifihis choice:

- it allows the use ofH beam target, which enables to produce neutrotis @rergies
covering the energy range of interest ;

- the JRC has a radioactive sample laboratory tead*?®Pu target made there for previous
experiments was still available. TRPu sample has an activity of 98.4 kBq for a diamete
of 29.95 mm and is electroplated on a 0.25mm-tAlekacking.

The neutron production reaction wakp,nHe, producing neutrons with an energy from
0.9to 2.0 MeV. Two different TiT targets were usdgth thicknesses of 930 and 260 pg/cm2.
The beam intensity varied from 15 to 40 pA. A vigit water-cooling device was used on
the TiT target, ensuring a low quantity of scattieneutrons.

The first element of the experimental setup wasgaa®0 mm away from the neutron
production point. A closer distance of 60 mm wasduwith the thin production target.



2.2 Fission setup

Fission events were measured via the detectionsifigle Fission Fragment (FF) by two
photovoltaic cells of 40x20 mm2. The Pu targebisated in a compact fission device, with
two photovoltaic cells placed in front of it at stdnce of 5.4 mm. The cells frame is used as
a collimator with a square aperture of 34x34 mmg eells are 0.5 mm apart.

The interaction energy on th&Pu target depends on two factors: the TiT targektiess
and the angle of aperture of the Pu target. Thibduisetup distance of 90 mm was used to
reduce the energy spread when using the thickanjet.

2.3 Proton recoil setup

The proton recoil technique consists in irradiatimgH-rich material with neutron, in order
to convert a small part of the neutron flux inteye#o-detect protons. For this purpose, a
polypropylene (PP) foil was placed downstream thsidn setup. The recoil protons were
emitted by neutron scattering in every directiomvdstream. A silicon detector was placed
95 mm further, with a 15 mm diameter collimatorpinder to collect protons emitted with a
very small angle. The proton energy is given by:

E, = cos*6 X Ey, &)
with 8 the proton scattering angle with respect to tieedent neutron direction. The protons
also lose energy going through the PP foil itsdfending of their starting point. To reduce
this phenomenon, the PP foil thickness had to Ip¢ &mall. A 4 pm-tick PP foil was used,
ensuring a proton energy loss lower than 15% imthiest case: for the lowest neutron energy
(0.9 MeV) and a recoil proton emitted at the bemigrof the PP foil.

The detected protons energy is then close to thatiment neutrons, and can be more easily
discriminated from the background. In particulagail protons from scattered neutrons will
have a lower energy due to a lower incident newtrargy and a different incoming direction
(see equation 1).

To subtract recoil protons coming from other sosyce tantalum screen could be
remotely placed downstream the PP foil to stopealbil protons coming from the foil.

3 Data Analysis

3.1 Cross section calculation

The?*?Pu fission cross section is measured relativeddHlkin,n) cross section, with several

correction factors:
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x Py fep o Nep
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with:

- Nerand N, the numbers of fission fragments (FF) and recaitgns detected respectively;
- &p anderr the detection efficiencies of recoil protons aidrEspectively;

- QppandQaszputhe solid angles of the PP foil affdPu target respectively;

- Nppand Nazpythe number of hydrogen atoms in the PP foil #ffélu atoms in the Pu target
respectively;

- On(,n) the neutron elastic scattering cross sectiottbn



All these correction factors take into account tiiéferences in counting rates,
efficiencies, irradiation and atom quantities betwéhe?*?Pu target and the reference PP
foil.

3.2 Counting rates

Fission spectra in photovoltaic cells show lesskbemund and a clear alpha/FF
discrimination, as can be seen in Figure 1. Howed&u undergoes spontaneous fission
that has to be subtracted (see following sub-sektim addition, there is also a small
contribution of a constant background, which haanbmeasured without Pu target at the end
of the experiment.

Due to the amount of structure materials in thetno@uproduction target, the reaction
chamber and the structure materials, some scattengtdons may irradiate the fission target
and induce parasitic fissions. The scattered newrergy is usually much lower than the
one of direct neutrons, due to the production aagie the scattering process. An MCNP
simulation has to be carried out to subtract thisticbution. In the 2012 experiment, this
represented 5 to 15% of the fission rate, dependimthe neutron energy and the cooling
system used. A low value of about 5% is expectedtiits experiment, as the neutron
production device and cooling system was very light
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Fig. 1. Fission spectrum in one photovoltaic cell.

Proton recoil spectra are polluted with a strong Energy background coming from
electrons generated by the neutron production geofdl]. When the proton energy is high
enough, the proton peak can easily be discriminftad the background. However, this
discrimination is trickier at low energies suchlagleV.

In addition, some hydrogen contaminations on stimgctnaterials can emit recoil protons
up to the maximum proton energy. To reduce suclribotions, efforts have been made to
minimize and clean hydrogen contamination of theeeixnental device. A measurement with
a tantalum screen downstream the PP foil enablenegasure most of this background.
Typical spectra are shown in Figure 2. Measuremarg and tantalum screen runs have to
be normalized one to each other by a combinaticfission number and neutron flux (via
MONNET long-counters).
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Fig. 2. Protonrecoil spectra with (measurement) and without (gemtnd) PP foil, for an incident
neutron energy of 2 MeV.

3.3 Efficiencies

The fission efficiency is quite difficult to infethere is a non-sensitive collection grid in the
front face of the cell, and polycrystalline cellaynhave some unconnected grains which
won't participate to the energy collection. Thesiiim efficiency is then deduced from the
spontaneous fission (SF) emissions. Thus, SF rams been performed almost every night
or weekend. The SF efficiency has the advantag@lso include the real target features
(thickness and homogeneity). The results are pteden Figure 3. Some runs are still to be
analysed to fill the gaps, and to conclude abaeigéneral trend of this efficiency.
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Fig. 3. The spontaneous fission efficiency for differentr8fs is shown. Still several runs has to be
analysed. The mean value with its uncertaintydécisted by the orange and red lines respectively.

To obtain the fission efficiency from the SF effioty, one has to take into account
several physical effects: irradiation profile imxland energy, kinematic effect and fission



anisotropy. These corrections are calculated wiimailated efficiency, and then applied on
the experimental SF efficiency.

The proton detection efficiency is determined viedations, considering source
characteristics, PP irradiation profile in flux agergy, and kinematic effects.

3.4 Irradiation

The third term in equation 2 deals with the amaafnbeutron passing through the fission
target and the PP foil. For an isotropic neutrorission, this term equals the ratio of
respective solid angles. The accuracy of this rsttiongly depends on the uncertainties on
the distances, lengths and radii knowledge of ¥peemental setup. In particular, the larger
distance used for the thick neutron productiondatglps to obtain a lower uncertainty on

this term. As the neutron production is anisotrppicimulation is carried out to calculate
this ratio.

3.5 Material quantities

The fourth term in equation 2 corrects for theatiéint number of nuclei between the fission
target and the PP foil. As a radioactive isotope,riumber of*Pu atoms is measured via
alpha spectrometry with a high accuracy. MeasuttiegH content in the PP foil is trickier,
relying either on a micro-weight measurement oadhickness measurement. In any case,
preventing H-contamination of the PP foil is madatas the subtraction of induced recaoil
protons is difficult and introduce an additionatartainty [9,11].

3.6 Preliminary results

Few steps of the analysis have been done so farsereral corrections still need to be
applied. Nevertheless, the general shape o"*fRe cross section begins to appear, as can be
seen in Figure 4.
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Fig. 4. Fission cross section &Pu with preliminary result from this experimenskown. Error bars
of these points do not include systematic uncer&sn



As can be seen, a thorough check of each poietdessary. Indeed, an incorrect background
subtraction in the proton recoil spectrum may léadcextremely high or low values. In
addition, some corrections may change the globapeatof the cross section. In particular,
the scattered neutrons correction is different frmme energy to the other, as well as the
proton or fission efficiencies. Other correctiorke material quantities and clean
background fission subtraction, influence mainly gbsolute value of the cross section. At
the end, the cross section will be obtained fouafiieen different energy points.

4 Conclusion

The?*?Pu fission cross section is an important nucleéa tta the use of future nuclear fuel.
Some discrepancies still exist among data and@luations. This cross section has been re-
measured at the MONNET facility at JRC Geel. T af this measurement is to provide a
cross section value strongly independent from thistiag data: different reference cross
section, different measurement method and diffetyg@ of detectors.

New data will bring valuable information about thgucture around 1.2 MeV. The
analysis is still ongoing and it is too early t@drany conclusion from the results.
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