Radioactive Decays (ll)



Conservation Laws

e Conservation of Energy
e Conservation of linear momentum

e Conservation of angular momentum

e.g. total number of nucleons is conserved,
but Z and N can change



Alpha, Beta and Gamma Decays

Let the radioactive nucleus ﬁX be called the parent and have
the mass M (7 x)

v

Two or more products can be produced in the decay.

Let the lighter one be M, and the mass of the heavier one
(daughter) be M.

The conservation of energy is M(ﬁX) =Mp+M,+Q/c?

where Q is the energy released (disintegration energy ) and
equal to the total kinetic energy of the reaction products.

0=|M(;X)-M,-M, |’

If Q > 0, a nuclide is unbound, unstable, and may decay.
If Q <0, decay emitting nucleons do not occur.
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a-particle = ;He: cluster in the nucleus — a: very tightly bound system

¢

Tunnel effect (decay probability)

Q-value energy (Q>0, if one wants to have the decay to
occur spontaneously)




a-decay

.

Tunneling (E, more
likely than E,)




Example

Lets consider:




(2-body) kinematics

 How to calculate the kinetic energy of the a particle (and
the kinetic energy of the daughter nucleus) ?

Conservation of the energy:

Conservation of the (linear) momentum:

In the case of the a-decay:

NOTE: the kinetic energy of the a particle is well defined



b-decay

can transform a proton into a neutron or a neutron into a proton
(It's actually happening at the guark level)

b- decay: n p+e e electron

b* decay: p n+et e*: positron
Electronic Conversion:p+e n

A U \
Example: b* decay

p nleadstoa °

more stable configuration oo
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00 | 00

neutrons protons



Evidence for the neutrino

 Experimental energy spectrum of the electron:

Not a 2-body process
(like the a-decay)

At least one more particle needed: — suggested by Pauli



Elementary process: N p+e +n

A A _
Decay of the nucleus: XN ze1Vaat € + N

Elementary process: [ n+e"+n

A A
Decay of the nucleus: zx N Z—1YN+1+ e + n

Alternative process: electron capture (from atomic orbit)
p+ e n+n

A A
XN+ e 71 Yne1 + N



DE

g-decay

When the nucleus has undergone a a- or b-decay, the daughter nucleus may
be in an excited state, e.g. protons, neutrons (or a combination of them) are
not on the lowest energy levels possible in the potential well.

- The energy difference DE is radiated away by one
" | gradiation  or more g-rays (electromagnetic radiation):
NAVAVAYA Eg few keV  few MeV

S E=hn
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Example:




Radioactive Nuclides

Example: the decay chain of 438U




Radioactive Nuclides (II)



Reactions

e Nuclear Reactions:
X+X y+Y or

Q = (Initial Mass) ¢” — (Final Mass) ¢”
= (M c*+Myc?) — (M,c*+M,c?)

Example:
a+™N p+*0 or

Q = (Initial Mass) ¢” — (Final Mass) ¢”
2 2 2 2
= (M,c"+My405C") = (M,c"+My75C7)

[Can be generalized to any (low energy) reactions: X,;+X, Y, +Y,+Y +...]



