6.10 Cross-section of nuclear reactions
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fraction does. For a proper understanding of nuclear reactions,
¢ with an individual

probability that a single particle will interac
target nucleus. In this context, an important parameter 1S the
is a quantitative Measure of the

reaction cross-section, a'l._{l}l
f a nuclear reaction and is a type of

probability of occurrence O
effective area presented by the target nucleus to that projectile

for a specific reaction.\It has nothing to do with the geometric
cross-sectional area of the target nucleus.

Let a parallel beam of N monoenergetic particles be incident
per unit time normally on a target foil T of surface area A and
thickness Az, having n nuclei per unit volume. Now, the number
AN of nuclei in the foil undergoing nuclear reaction will be
proportional to (i) the intensity of the beam and (ii) the number
of target nuclei contained in the foil (Fig. 6.9).

The intensity I of the beam = N/A and the number of nuclei

in the foil = nA-Az. So, the number of nuclei transmuted i:
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where ¢ = a constant Nl :
' A =71 Az, the number of nuclei per unit area of target foil.

The constant ¢ ig C
alled the nuclear reaction cross-section and is given by

AN
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Nt (6.10.1)
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Since the nuclear radius is ~ 1
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reaction cross-section is a barn being defined as : Incident
—neutron—
beam
1 barn = 10728 1,2
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surface on a plane normal to the direction of incidence T
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nucleus = TR2N 4, where Ny = N/A is the number of Fig. 6.10 Geormetrcal significance of

particles incident per unit area of the target. nuclear reaction cross-section

But the number of nucleiper unit area of the target is n 4. So the number of incident
particles intercepted by the target nuclei in the foil is :

nsA x TR2Ny = 1R’ Nng (- Na = N/A)
.. The probability of encounter of 2 single particle (N = 1) with a single target nucleus
per unit area (na = 1), that is, o is given by

R2Nn
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which is the geometrical significance of the reaction cross-section, g.
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Geometrically, therefore, the reaction eross-section is the area of cross-section of an
unaginary disc assocriated with cach target nucleus such that 1f the incident projectile
passes through it, the reaction occurs.

Differential cross-section In many nuclear reactions, the product particles
are not emitted wsotropically in all directions. The angular distribution is measured in
terms of differential cross-section, do /dS), the number of product particles emitted per
sec in a solid angle dQ2 at some angle  relative to the direction of incident beam.

) IN IN/dD
2 M B /{mﬂ-i (6.10.2)

dQ ~ Nn, Al Nn- Az

where dN number of product nuclei are emitted per sec. in a small solid angle dS? at
¢ with the incident beam, n being the number of nuclei per unit volume of target of
thickness Axr.

The differential cross-section, do/dQ, however varies with the solid angle.

Total cross-section — The total or integral cross-section, o. over solid angle (2 is

do
o= > mdﬂ (6.10.3)

The reaction cross-section, o depends on (i) the nature of the projectile, (ii) the
nature of the absorber and (iii) the energy of the projectile. It may vary from a value
as small as 107%° barn, as in neutrino interactions, to as high as 10° barn in nuclear

reactions of large cross-section.
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