EPJ Web of Conferences 62, 01006 (2013)
DOI: 10.1051/epjconf/20136201006

C Owned by the authors, published by EDP Sciences, 2013

-ray spectroscopy of fission fragments from the
cold-neutron 235 U induced fission with EXILL
T. Konstantinopoulos1,a , A. Astier1 , C. Petrache1 , A. Abudra1 , R. Bontemps1 , I. Deloncle1 , S. Kaim1 ,
R. Leguillon1 , C. Petrache1 , M.-G. Porquet1 , T. Zerrouki1 , L. Grente2 , M.-D. Salsac2 , M. Zielinska2 ,
G. de France3 , Z. Janas4 , M. Karny4 , A. Korgul4 , M. Ramdhane5 , G. Gey5 , G. Simpson5 ,
A. Vancraeyenest5 , A. Blanc6 , M. Jentschel6 , U. Köster6 , P. Mutti6 , T. Soldner6 , W. Urban4,6 ,
G. Duchêne7 , R. Lozeva7 , F. Ibrahim8 , A. Gargano9 , A. Covello9 , D. Mengoni10 , C.A. Ur10 ,
M. Sferrazza11 , and B. Melon12
1

CSNSM IN2P3-CNRS and Université Paris-Sud, 91405 Orsay, France
CEA, Centre de Saclay, IRFU/SPhN, Gif-sur-Yvette, France
3
Grand Accélérateur National d’ Ions Lourds (GANIL), CEA/DSM-CNRS/IN2P3, BP. 55027,
14076 Caen Cedex 05, France
4
Faculty of Physics, University of Warsaw, 00-681 Warsaw, Poland
5
LPSC, Université Joseph Fourier Grenoble 1, CNRS/IN2P3, Institut National Polytechnique de
Grenoble, 38026 Grenoble Cedex, France
6
Institut Laue-Langevin, 6 rue J. Horowitz, 38042 Grenoble, France
7
Université de Strasbourg, IPHC and CNRS, UMR 7178, 67037 Strasbourg, France
8
Institut de Physique Nucléaire, IN2P3-CNRS, 91406 Orsay, France
9
Istituto Nazionale di Fisica Nucleare, Complesso Universitario di Monte S. Angelo, via Cintia,
80126 Napoli, Italy
10
Dipartimento di Fisica, Università di Padova, 35131 Padova, Italy
11
Département de Physique, Université Libre de Bruxelles, Faculté des Sciences, Boulevard du
Triomphe, 1050 Bruxelles, Belgium
12
Institut für Kernphysik, Universität zu Köln, 50937 Köln, Germany
2

Abstract. A cold neutron induced fission experiment recently took place at the Institute
Laue-Langevin (ILL) in Grenoble. The neutron beam was provided by the nuclear reactor
facility at ILL and the detector setup that was used for the -spectroscopy of the fission
products consisted mainly of the detectors of the EXOGAM array [1], thereby the name
of the campaign is EXILL. The main purpose of our measurement was to investigate the
nuclei in the region with N = 50 close to 78 Ni as well as the nuclei close to the N = 82
shell closure. In this paper, the motivation of the experiment is described as well as the
experimental setup and the status of the ongoing data analysis.
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1. Motivation
Although the magic numbers have been well established for stable nuclei, the question still remains for
nuclei far from stability. Particularly in question is the N = 50 neutron gap at Z = 28 since there are
controversial evidences for either the support of the doubly magic nature of 78 Ni [2] or its weakening
for nuclei beyond N = 50 [3]. The -ray spectroscopy of nuclei in the vicinity of 78 Ni could shed some
light to this ambiguity by providing matrix elements involved in the residual proton-neutron interactions.
Also of interest are the nuclei around the N = 82 shell closure. Through the experimental study of
their metastable states, the intensity of the pairing correlations and the residual interactions in states of
different seniority can be estimated by comparison to theoretical calculations.

2. Experimental setup
The cold-neutron 235 U induced fission mechanism can yield enough statistics for nuclei in both regions
of interest mentioned above. For that purpose, such an experiment was performed at ILL using the
EXOGAM array at the PF1B line of the laboratory.
The neutron beam is produced by the nuclear reactor of the Institut Laue-Langevin with an intensity
of 108 n/s/cm2 . After being well collimated, it impinges on a ∼ 600 g/cm2 UO2 target enriched by
99.7% in 235 U. The targets were put between dense backings in order to stop the fission fragments thus
avoiding the Doppler shift of the peaks. Around the target an array of 16 HPGe detectors is placed
consisting of ten four-segmented detectors (clovers) and six single crystal ones. Eight of the clovers and
all the single crystal ones were surrounded by BGO crystals for Compton suppression. The detectors
were arranged in three rings at 45◦ , 90◦ and 135◦ (see Fig.1). With ∼105 fissions/s and 23 days of
measurement enough statistics were acquired in order to construct the ---coincidence cube needed to
analyze fission data.

3. Ongoing data analysis
The raw data are sorted using the “lst2root” code provided by ILL through which the events are built
each of which has a certain multiplicity of -rays which is dependent on the coincident time window set

Figure 1. The experimental setup used for the experiment. The neutron beam coming from the reactor, is well
collimated and it impinges on the 235 U thus causing the fission. With an array of 16 detectors the -rays of the
fission products are detected.
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Figure 2. Due to the continuous gainshift of some of the detectors a thorough calibration procedure is necessary.
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Figure 3. A total projection of a ---coincidence cube from the 235 U fission data.

by the user. Within ROOT the energy calibration and the addback correction for the clover detectors is
performed.
Special attention must be given to the energy calibration as it will strongly affect the energy
resolution of the cube. A test was performed to check wether it would be better to use a quadratic
calibration but it proved that this is not necessary up to ∼ 3 MeV at least.
Also, a significant and continuous gainshift was observed for some of the detectors (see Fig. 2),
therefore separate calibration parameters were extracted for each run. After the energy calibration and
the addback correction a ---coincidence cube was created for part of the data in the projection of
which peaks of known fission products have already been identified (see Fig. 3). The analysis is ongoing.
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