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Abstract. Neutron induced fission cross sections of seve@bpes have been measured at the
CERN n_TOF spallation neutron facility. Betweenntheome measurements involve isotopes
(**u, Am, #*Am, **Cm) relevant for applications to nuclear technaésgiThe n_TOF
facility delivers neutrons with high instantanedlus and in a wide energy range, from thermal
up to 250 MeV. The experimental apparatus coneisé® ionization chamber that discriminates
fission fragments and. particles coming from natural radioactivity of tlsamples. All the
measurements were performed referring to the stdrmass section 6f°U.

Keywords: Neutron cross section, neutron-induced fissiontreas, n_TOF
PACS: 25.85.-w,25.85.E¢,28.20.-v

INTRODUCTION

Progress in the field of Nuclear Technology reiigestrong effort in order to
improve the current knowledge of cross sectionsoAgnthem a better accuracy on
fission neutron-induced cross sections is mandaffing design of systems based on
the Th/U fuel cycle [1], Accelerator Driven Syste(®S) [2—4], and Gen-IV nuclear
reactors [5] depends on a better determinatiohexéd cross sections.

In particular, it would be possible to increase #féciency of the fuel cycle,
improving the fuel burn-up, and to upgrade thetyadéfuture systems. Moreover, the
presence of an higher fraction of actinides inftred mix would be possible.

One has also to consider that nowadays one of #ie limitation of nuclear energy
programs is the nuclear waste treatment and stofagignificant fraction of the high-
level nuclear wastes is constituted by minor agéej and between them Am and Cm
isotopes. A possible solution to the problem ofleaic waste management could be
the transmutation, via neutron induced fission @nsuranic elements, both in
subcritical and critical systems.

In order to improve the reliability of evaluated talsases [6] the n_TOF
collaboration has performed several measurementeuatfon induced cross sections
(capture and fission). In this contribution somsuis on®*U, ?*+?*Am and?**Cm
are reported.

In particular, the’*3U(n,f) cross section is crucial for the study oé thh/U fuel
cycle, which interest resides in the abundancenef¥Th seed and in the reduced
production of long-lived actinides. Moreover, digancies up to 15% between data
from different measurements [7-10] are presenh@fast neutron energy region for
the 2**Am(n,f) cross section; stringent requirements fos tross section were found
for Advanced Minor Actinides Burners (ADMAB), whegereduction of a factor 5 of
the uncertainty is requested. Stronger improvemamtaccuracy are requested for the
23am(n,f) and ?**Cm(n,f) cross sections, where a reduction factor7oéind 15,
respectively, were demanded [11].

The measurements performed at the CERN n_TOFtfaeilowed to collect high
accuracy data from thermal energy up to tenths e¥Mwith this full energy range
covered simultaneously, thanks to the favorableditmms offered by the neutron
facility.
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EXPERIMENTAL SET-UP

The measurements were performed at CERN takingnéalye of the neutron beam
available at the n_TOF facility [12, 13]. The ungrdented high instantaneous
neutron flux in combination with the low duty cygcleigh resolution, and low
background of the n_TOF neutron beam allows oneottect capture cross section
data with good accuracy and with an excellent digmhackground ratio. The pulsed
neutron beam of the n_TOF facility is generatedpallation reactions in a massive
lead target by 20 GeV protons [13]. The spallati@utrons are slowed down and
moderated in the lead target and in a 5.8 cm thaigkr of cooling water surrounding
the target. The resulting neutron spectrum runsftoermal energies to 250 MeV.
The neutron beam is transported through an evatiiight path with collimators at
135 and 175 m to the measuring station at a distahcd85 m from the spallation
target. The beamline extends 12 m beyond the ewpeatal area to minimize the
effect of back-scattered neutrons. Background duefast charged particles is
suppressed by a 1.5 T sweeping magnet, heavy tengadls, and a 3.5 m thick iron
shielding.

Measurements of neutron-induced fission cross@extiave been carried out using
Fast lonization Chambers (FIC) [14] built in colkmbtion between the Joint Institute
of Nuclear Research (JINR, Dubna, Russian Fedajatibe Institute of Physics and
Power Engineering (IPPE, Obninsk, Russian Federgtiine Istituto Nazionale di
Fisica Nucleare, and CERN. The detector consists sthck of ionization chambers,
assembled along the direction of the neutron behas allowing the simultaneous
measurement on several isotopes. Each chambestoosithree electrodes: a central
one, 100um thick Al foil plated on both sides with sampleteréal, and two 15umn
thick Al anode foils at a distance of 5 mm from ta¢hode, used to define the electric
field. The electrodes are 12 cm in diameter, witilediameter of the sample deposit is
8 cm, so to match the size of the neutron beam.dBbector is operated with a gas
mixture of 90% Ar and 10% CF4 at 720 mbar pressure.

The total mass of the measured samples is report@dble 1, together with the
sample activities. The samples were prepared bysnefathe painting technique [15].

All detected signals were recorded with fast digits; a sampling rate of 100
MSamples/s was chosen, which allow to extend tme-bf-flight (TOF) range to 80
ms, corresponding to a minimum neutron energy a@ual30 meV. Then, the data
were processed and stored by the standard n_T@Fadatisition system [16].

TABLE 1. Mass and activity of the samples involved in thesuwements.

Sample Mass (mg) Activity
235U 31.8 0.2 kBq
233U 28.8 5 MBq
241Am 2.26 76 MBq
243Am 4.80 7.4 MBq
245Cm 1.71 0.2 GBq
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DATA ANALYSIS

Cross sections were extracted referring®fJ, which is an accepted standard
between 0.15 MeV and 200 MeV [6]. In particular tieutron-induced fission cross
sections are extracted by Eq. 1,

0.0, £) = g (n, £y e M A @
N235 m A235

where

—o235(n,f) corresponds to the tabulated ENDF/B-VII.0 §8pss section,
— x stands for the investigated isotope, £&J, *’Am, **Am or 2**Cm,
— Ny is the number of fission events detected for igeio

— my is the mass (in grams) of isotope

— Ay is the atomic number of isotoge

Since the investigated isotopes and 4l reference samples are mounted in the
same detector, they are exposed to the same nélutxon

The number of detected fission events obtaineddylEhad to be corrected for self
absorption and dead-time. The number of partidasihg the sample as well as their
energy spectrum is determined by the sample thgskndoreover, since the samples
have slightly different thicknesses correspondinfiiciency corrections were
determined by means of detailed Monte Carlo sinanatof the energy loss in the
sample and in the gas volume. It was assumed hbdigsion events were uniformly
distributed inside the sample and that the fragmerdre emitted isotropically. The
FLUKA code was used for the simulations [17]. Thesl of counts due to the dead-
time induced by the reconstruction routine wasuated under the hypothesis of a
non-paralyzable model. The efficiency and dead-timeections were found to be of
the order of a few percent, with a correspondingeutainty of less than 1%.

It is important to note that the data are not ndized to any previous result, as in
some past measurements, but rely only on the sw@ftal(n,f) cross section. For the
first time, the whole energy range from thermateioths of MeV is covered in a single
measurement, thus minimizing possible systematitentainties related, for example,
to the absolute normalization of the cross section

RESULTS

Accurate and high resolution neutron-induced cezsgions were extracted. These
results will contribute to improve the reliabilitf cross sections databases. Detailed
information on the results can be found in therexfeed cited in [18]. In the following
few examples of the impact of present results bélgiven.

Figure 1 shows how the high resolution of the n_Tdaka would allow to extend
the limit of resonances listed in current databa#igs is particularly important to
estimate self-shielding effects in reactor simolasi
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Figure 2 shows a comparison between present datgpavious evaluations in
different energy ranges [6, 19] for th&U(n,f) cross section. This figure shows a
general agreement with past measurements, withetegant exception of the energy
range between 100 eV and 10 keV where databasdgsmeée revisited.
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Another important example concerttse **Am(n,f) cross section. Present data
allow solving a long-standing discrepancy of mdrart 15%; as shown in Figure 3
n_TOF data confirm current evaluations, againstmeprevious results [8].
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Measurements df’Am and?**Cm fission cross sections were difficult because of
the higha activity of the samples; this situation was alsmplicated by the presence
of contaminants in the samples. In these caseadtpossible to extract cross sections
with larger uncertainties=(0%) [18].

CONCLUSIONS AND PERSPECTIVES

Taking advantage of the high instantaneous flux taedhigh energy resolution of
the CERN n_TOF facility, neutron-induced fissioross sections of>U, **'Am,
3Am and ?**Cm have been measured. The results are importantegolve
discrepancies in previous data, thus providindiabde basis for future evaluations.

Long-term plans of interest for fission measuremeaaitn_TOF also include the
construction of a short, 20 m flight path that wballow the study of very low mass
samples and of very low cross sections, taking sidgge of the unique characteristics
of the n_TOF neutron beam.
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