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(P;) Many bgdy reaction : When the kinetic energy of the incidep

particle is high, two or more particles can come out' of the compoupg
nucleus. If y;, y,, y3, etc. represent these different particles, we can write

the reaction equation as XX )i Y2 )’3)Y Examples are
16 ) 15N 16 150, 16 14 otc. When the energy of x i
O(p, 2p) '°N; 'O(p, pm) "°0, "O(: 3p) X is
very high, a very large number of reaction products usually result (3 to 20
for example). Such reactions are known as spallation reactions.
() Photo-disintegration: In this case t'he_ target nucleus s
bombarded with very high energy Y-rays, SO that it is raised to an excited

state by the absorption of the latter. The compound nucleus C* = X*. The

reaction can be written as X(1,») Y.
(g) Nuclear fission : When X is a heavy nucleus and y, Y have

comparable masses, the reaction is known as nuclear fission. An example
is 238U (n, f). (see Ch. XIV).

(h) Elementary particle reactions : These involve either the.
production of elementary particles other than nucleons or nuclei as a result
of the reaction or their use as projectiles or both of these. Examples are

p+pop+n+w ;
n+pon +n;
p+i° 5K +A%etc.
These reactions are usually produced at extremely high energies which
may be several hundred MeV or more. ©~ =
(9) Heavy ion reactions : In these reactions the target nucleus 18
bombarded by projectiles heavier than a-particles. Various types ¢
products may be produced. The reactions usually take place at faiﬂy‘h‘gh
energles (several hundred MeV) of the projectile. Exainples are :

lOB (160 ’4He) 2 Na,
NN B NN ete,
10.3 Conservation laws in nuclear reactions

The occurrence of a nuclear reaction i By a0
conservation laws. on is usually governed by

target nucleus X to form the
subsequently goes down to the
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(a) Conservation of mass number : The total number of neutrons and
cotons in the l{UClel takmg Part in a nuclear reaction remains unchanged ’
after tzt;e t;ea:;ltgn.fThus In the reaction X(x, y)Y represented by Eq. "
10.1-2), the O mass numbers of X and ‘
: f,f the mass numbers of Y and y: 5.0 be eael 0 b s |
A+a=A"+¢ .(10.3-1)
In the general case of rea-ctions involving elementary particles the
law can be expressed by requiring the total number of heavy particles
(baryons) remains unchanged in a reaction (see Ch. XVIII). |

(b) Conservation of atomic number : The total number of protons.of
the nuclei taking part in a nuclear reaction remains unchanged after the

reaction. This means that the sum of atomic numbers of X and x is equal
to the sum of atomic numbers of Y and y :

Z+1=7'+7 ..(10.3-2)

In view of the conservation law (a) and (b) above it is easily seen
that the mass number and the atomic number of the product nucleus in
Rutherford’s experiment (Eq. 10.1-1) should be A'=A+a-d’ =
4+4-1=17 and Z'=Z+z-7=7+2-1=8, so that the product
nucleus must be the isotope "0 of oxygen.

Further, in view of (a) and (b) the neutron number N remains
unchanged in the reaction.

(c) Conservation of energy ; Q value of a nuclear reaction : In order
to apply the law of conservation of energy in the case of a nuclear
reaction, it is necessary to take into account the mass-energy equivalance
predicted by the special theory of relativity. Conservation of energy
requires that the total energy, including the rest—mass energies of all the
nuclei taking part in a reaction and their kinetic energies, must be equal
to the sum of the rest-mass energies and the kinetic energies of the
products.

Writing My , M, My and M, as the rest-masses of the different atoms
in Bq. (10.1-2), their rest mass energies are My, M,cz, Myc? and M)x:2
rESpectivc.ély, Denoting the kinetic energy by E we then get
My’ + Mc? + Ey + E, = Myc® + Mc* + Ey + E,,
During the nuclear reaction, the target nucleus is usually gt rest, so
that Ey = 0. The above equation then becomes
M+ MG +E =M< + M + EytE, (10.3-3)
ation is often written without the
which means that the masses are

The above energy balance equ
factor ¢* in the mass-energy terms,
®Xpressed in energy units.
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two sides of the equation and the electronic binding energies cap b,
neglected. .

lati ies, the kineti :
It may be noted that at relatwely lou-rer _c_t;;l'gzl/z Wices th:i energy
; is given by the non-relativistic expresions E=My i h hicaloy nergies
| of the particles involved in the reaction are very nigh, the case of
many elementary particle reaction, the rc;la;:twlstlc2 expression for the

2 oy .
kinetic energy must be used : E= pzc +Mgc" —Mqc”. Here My is the reg

mass of the particle and p = Mov/\}l — p? is its linear momentum (see C},.
XVIII).

(d) Conservation of linear momentum : lf_ Px; Px Py an(.i Py represent
the momentum vectors of the different nuclei taking part in a reaction,
then the law of conservation of linear momentum gives

Px + P, =Py+PD, (103-4)
Eq. (10.3-4) holds in an arbitary frame of reference. In the laboratory

frame of reference (L-system) in which the target nucleus is at rest
Px=0 and the above equation becomes

px = pY + Py (103-5)

In the frame of reference in which the centre of mass of the two
particles before collision is at rest (C-system), we have to write py + P |
= 0, which gives py + p, = 0 i.e,, the centre of mass of the product
particles is also at rest in this system.

(e) Conservation of angular momentum : In a nuclear reaction of the
type X + x — Y +y, the total angular momentum of the nuclei taking
part in the reaction remains the same before and after the reaction.

Let Iy, I,, Iy, I, denote the nuclear spins (total angular momentum) of
the nuclei X, x, Y and y respectively. Let I, represent the relative orbital
angular momentum of X and x (i.e., in the initial state). Similarly ly

denotes the relative orbital angular momentum of Y and y (i.e., in the final

state). Then according to the law of conservation of angular momentum,
we must have.

Application of the law of conservation of the angular momentum taking
into account tl_1e well-known quantum mechanical properties of the former
leads to certain selection rules.

(f) Conservation of parity : Since the nuclear reactions discussed I

this chapter take place due to the strong interaction in which parity ¥
conserved, the parity IT; before the react;

: on must be equal to the parity
after the reaction.

Denoting the intrinsic parities of the nuclei taking part in the reactio”
by Iy, IT,, Ty and I, we get for the initial and final s.gtaptes of the reacti®”

IT= I, I, (-1)%
I=n, I, (-1)y

—
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he conservation of parity requires that
MM, nh=mn nt
Except in the cases of elementary particle reactions, the intrinsic
panty need not be taken into account. Hence we get
=Dh=(-1
Panity conservation results in certain selection rules which limit the possible
sciear reactions that may occur starting from a given initial state i For
cxample, in the case of clastic scattening [ can change only by an even integer.
(g) Conservation of isotopic spin : Denoting the isotopic spin
vectors for the initial and final states by T, and T, we have from the law
of conservation of i1sotopic spin applicable in the case of strong interaction

T =T

i S/
Smce for the reaction X + x = Y + ), T, =Ty + T, and T, =Ty + T,
¥t have TX+T,=TY+T,

Isotopic spin 1s a characteristic of the nuclear level. Hence the above
“omservation law can be used to idenufy the levels of the nucler produced
e reaction. In particular if T, = T,= 0 (as for the deuteron or the
“parucle), we must have Ty = Ty.

This rule must be obeyed in reactions of the type
.6)(d, d) (a, d), (@, @) etc. The rule has been verified for the nuclei °Li,

and '*N for 7 = 0 in the ground states.




