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Spallation Reactions

* Projectile splits the target nucleus

* Emission of large number of neutrons




Applications

m Accelerator driven transmutation.
s Production of U-233 from thorium

m Accelerator driven sub-critical system for
power production.

s Material science studies.




We need to estimate:

(Neutron yield per projectile)/(Projectile energy
im GeV)




Generally,
Intra-nuclear cascade (INC) models used.

In INC incorporation of pre-equilibrium stage is not
done in a self-consistent way.

We have used, mstead.,

the Quantum Molecular Dynamics (QMID)
approach

tollowed by a
Statistical Decay Model (SIDM)




OBSERVATIONS:

a2 Non-equilibrium processes do not contribute
much (~ 25%) to neutron emission

However, high-energy neutrons are produced through
these processes.

a2 _«Majorcontribution to neutron emission 1S
from statistical decay (evaporation+fission)
of primary fragments




. SDM i1s responsible for low energy emission
restricted up to about 50 MeV

The non-equilibrium process (QMD), on the
other hand, gives rise to high-energy
neutrons with energies extending beyond 400
MeV

Angular distribution of neutrons 1s not highly
anisotropic




Production of projectile-like and target-like
fragments 1s high

Calculated neutron multiplicity distribution
shows under prediction at low multiplicity at
high incident energies

Radioactive gases like tritium, xenon and
krypton-are produced 1n significant
quantities.

Several other long-lived radio-nuclides are
also produced




Saturation activities of the following radio-
nuclides produced will be about 10" dps for 1
mA proton on 1 mm thick Pb:

SZSi 35S 49V 54Mn

55F6 60CO 65 71
QOZI.
QQMO




Table 1. Average neutron multiplicity and kinetic

energy carried out (300 MeV p on Pb).

Emission energy (MeV)

0-2

2-20

2O'Einc

7.59

2.26

6.5+0.7

1.9+0.2

6.9

*

7.1

2.1

46.17

187.57

384

200 + 20

42

211

42
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800 MeV

900 MeV
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