Nuclear Reactions:
' Q Equation

6.1 :-Nuclear reactions

Our knowledge of nuclear structure is mostly the outcome of experiments of bombarding

a nucleus with various projectiles such as protons, neutrons, deuterons, a-particles etc.

On bombardment, the mass number or atomic number or both of the target nucleus may

change, that is, nuclear transmutation may occur. A nuclear reaction is then said to take
place}’A nuclear reaction is thus a process that occurs when a nuclear particle, such
as proton, neutron, deuteron, a-particle, a nucleus etc., comes in close contact (within
10~15 m) with another, and energy and momentum exchanges take placeT) The final
products are also some nuclear particle(s) that leave the point of contact In different
directions. The process results in the transmutation of the target nucleus.

usually involve strong nuclear force. Processes that
decay) or are purely electromagnetic (e.g. Coulomb
under nuclear reactions. Changes of nuclear states
included.

Changes in a nuclear reaction
involve weak interactions (e.8. f-
scattering) are mot usually included
due to e.m interactions however are
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Like a chemical x:eactiOu, a nuclear reaction has also a reaction equation. A geneny
equalion representing a nuclear reaction is of the form:

X+z—Y+y or, X(z,y)Y
where X, Y are target and product nuclei, z and y are bombarding and ejected particles
In a nuclear reaction, charge number, mass number, total energy etc. are conserved
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6.3 Types of nuclear reactions

S baSI.S of the projectile used, the particle ejected and the residual nucleus formed,
there are different types of nuclear reactions classified as follows. '

(Ll ; L scattering — In elastic scattering reaction, the projectile and the
TRag T DR mile e e samey i.e., the projectile is scattered in different directions

and there is no loss of energy./The residual nucleus is the same as the target nucleus
and is left in the ground state as the latter. So, iwgd_ﬁ_s%_(mﬂX . An
example of elastic scattering is the scattering of neutrons by graphite : 2C (n,n) 2C.
F. Inelastic_ scattering — In inelastic scattering, the projectile and the outgoing

article are also the same.f They are scattered in different directions with different
energy, as there is loss © ﬁergy due to collision. The residual nucleus, which is the
same as target nucleus, is left in an ezcited state so that the process can be represented
as X(z,z)X*. An example is the collision of fast neutrons and U-238.

. Pickup reactions — When the projectile gains nucleons from the target, the
nuclear reaction is called pickup reaction. For example, :
50 (31, 18) 0
N

WStripping reactions — In stripping reactions, one or more nucleons from the
projectile are captured by the target nucleus i.e., the projectile loses nucleons to the
target; the remaining stripped nucleus is emitted in a different directi’oﬂ

@ In pickup or stripping reactions, the involved nucleon is assumed to enter or
leave (the shell of) the target nucleus without disturbing the other nucleons. So, these -

reactions are also called direct reactions. f
H Compound nuclear reactions — Here the incident projectile A is'cdptured
by the target nucleus B to form a compound nucleus' C* in an ezcited state. The
de-excitation of the compound nucleus ‘C* occurs into a product nucleus D and an

emission of a particle £ or a~y-photon.

So, this type efatclear reaction may’be represented by A+ B — C* — D + E.

Th,e same compoi;n& nucleus may be formed in a number of different ways and

may also decay in a number of ways independent of the mode of its formati "For

ins(::z,nc:" the c!(l)mpound nucleus $4Zn may be formed in an excited state (§52n)" by
’ A ® (& /
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two different Ways and then decays variously as Sh(;W!_l ;
. : = gy
1. ®Cuilg., (ggzn) — 870 4 1n 1
— $3Zn+ o+ gn
— $Cu+jn+H
. * 1
2. ggNi + $He — (gan) — $7n +in
N - — S%Zn i (1)11 + (1)11
— gf,Cu + (l)n : o %H
® We shall stud

y Bohr’s idea of compound nucleus and the experimental iy,
tions of the above

. eStiga.
reactions by Ghoshal later in appropriate time and place,
capture — Here, the incident particle is absorbed by the

goes down to the ground state. So the process is X (z,7)Y.

Here, a very energetic photon is absorbed by the tay
nucleus so that it ig raised to an excited state and subsequently disintegrates, [t o
be represented as X (v, )Y

P

¢ Neutron activation—Neutrons ore electrically neutral and 50 interact 2%
easily with nuclei.. When a nucleyg is b : )

;
Ombarded by neutrong a compound nud:‘”lw

formed. For instance, when 13Cd is bombardeq by’neutrOns’ the compound
144Cd* results which decays ag g b

[ .
¢ 1804+ -y 80 = #Ca+ 4, e “ ket
¢ . { ™ g L B v % ’ R h
The y-ray energi'&. Eud"\inteml _itlﬁs are charaetengtm of Uscyy nueleus. Since t )
yique, the compound nucleus 1M4Cax g target nucleus 1130g may be ideﬂ"‘gfd
;'1;1 o genefal technique, known ag neutron act .1 me

Wation aniipsis e s o erfit]
1ontifying elements, U8Ls 1=
£ 2 dant



