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Introduction

Spallation Reactions:
Interactions between relativistic light projectiles and heavy target nuclei

Collision -> nucleon-nucleon de-excitation
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In general, Spallation reactions are:

v optimum neutron sources with many application fields,
v' source for the radioactive ion beam productions.



136X e + deuterium reaction

Motivations:

4 Study of the intra-nuclear cascade process (NN collisions) measuring the
iIsotopic production cross-section of the spallation residues in the reaction
136Xe + d at 500 AMeV using inverse kinematics.

peripheral collisions
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Isotopic Cross-section:

136Xe (500 AMeV) +d




Experimental Procedure

Setup: FRagment Separator (FRS) at GSI  Inverse Kinematics
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Separation of fragments

Identification Matrix:
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Velocity Distribution

Momentum Distribution:
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Isotopic production Cross-section
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Energy deposition in spallation reaction

Peripheral reactions - differents

Frontal reactions - 2N (500 MeV) = 1N(1000MeV) berioheral collis
Why is different? eripneral collision
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Energy deposition in spallation reaction

INCL4 - Peripheral collision - different

Frontal collision - 2N (500 MeV) = 1N(1000 MeV)
Peripheral collision
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Role that the neutron plays in the reaction

136Xe(500 AMeV) +d - residual fragments
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Role that the neutron plays in the reaction
Comparison with other system: 136Xe( 500 AMeV) + p , 136Xe(1000 AMeV) +p
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Role that the neutron plays in the reaction

INCL4 - good description (1GeV) / agree in tendency (500MeV)
ISABEL - bad description (1GeV) / tendency is inverted (500MeV)
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Summary

- More than 600 residual nuclei produced in reactions induced by 136Xe projectiles on
deuterium were unambiguously identified and their production cross sections were
determined with high accuracy.

- The magnetic analysis used in this work even made possible to separate the elastic
and inelastic components for the charge pickup channels

- These data, together with other reactions previously measured, were used to
investigate the energy deposition and the nature of in-medium N-N collisions in
spallation reactions.

- The comparison of the isobaric distributions of residual nuclei obtained in this
reaction and in the reaction 13¢Xe+p at 1000 AMeV show that contrary to expectations
and intra-nuclear casacade simulation codes, two nucleons at 500 AMeV deposit less
energy in the target nucleus than a single proton at 1000 AMeV.

- The comparison of the isotopic distributions of residual nuclei close to the projectile
shows a larger production for reactions induced by 13%Xe projectiles on protons at 500
AMeV than on deuterium at the same energy. This observation is explained by the fact
that the neutron inside the deuterium does not contribute to any elastic charge-

exchange process. This behaviour is not described by all intra-nuclear cascade codes.



S184 Collaboration

P. Armbruster, T. Enqgvist, V. Henzl, D. Henzlova, A. Kelic, R. Pleskac, M. V.

Ricciardi, K-H. Schmidt, C. Schmit, O. Yordanov.
Gesellschaft fiir Schwerionenforschung, D-64291 Darmstadt, Germany

J. Benlliure, E. Casarejos, M. Fernandez Ordoiiez, J. Pereira.
Universidade de Santiago de Compostela, Santiago de Compostela, Spain

L. Audouin, M. Bernas, A. Lafriaskh, P. Napolitani, C. Stéphan, L. Tassan-Got
IPN Orsay, Universite Paris-Sud 11, CNRS/IN2P3, F-91406 Orsay cedex, France

A.Boudard, B. Fernandez-Dominguez, S. Leray, C. Volant
B DAPNIA/SPAN, DSM-CEA, Fo11,91 Gif-sur-Yvette cedex, France

A.Heinz
AW. Wright Nuclear Structure Laboratory, Yale University, New Haven,
Connecticut o6s11, USA

F. Rejmund
GANIL, CEA/DSM-CNRS/IN2P3, BP 55027, F-14076 Caen cedex 5, France



Cross-section
Comparison with other system:  3¢6Xe( 500 AMeV) + p , 136Xe(1000 AMeV) + p
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Feynman diagrams

proton-Nucleus and neutron-Nucleus inelastic reactions:
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