Beta — Decay (B — decay) :

In beta decay electrons (8~) positron (%) are emitted from
the nucleus with continuous energy distribution (continuous
spectrum), the third type of beta decay is the electron capture,
the three types of beta decay can be presented as follow :

@D B~ -decay : in— 1P+ B+ (antineutrino)

@ B*-decay : 1P — In +B*+ v (neutrino)

() electron capture (E.) : 1P +& — ln+0v
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The continuous electron spectrum of
Cs-137 and K, L, M conversion lines
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Neutrino Hypothesis (1933) :-

The continuous spectrum in B — decay cannot be explained
without the existence of neutrino (v)
Tpmax = [Mp— (Mg + my)]c? — s oy
ANALS Mp ) sl A My oSy AL gp,

There is a violation of the energy conservation law, because

of the beta particle is emitted only there will be definite energy
by it.

Since the spectrum is continuous this cannot be explained by
the equation above.

There must be another particle carries part of the energy

which should has Zero charge , Zero mass called the
Neutrino (v)

Therefore the equation above must be :-

Tﬂmax=[MP_ (Md+ 7ne)]c2 _TU - HM&*SJA&LL

ol Syl s A8 m, = [20100 N 25100] me

From the conservation of the momentum and according to the
(n = p) hypothesis and all odd — A nuclei, are expected to have
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2 integer spin
If the neutrino is not exist , then, i.e.
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is not correct, therefore must exist a particle with 5 Spin
andZ=0, A=0
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x Energetic in Beta — decay :-

The conservation law of energy in B — decay can be written
as follows :

Tpmax=[Mp— My— M,]c*—T,
# Tg+T,=[Mp— My— M,]c?
Q=[Mp— My— M,]c* = Q=Tp +T,= energy—decay
Ade Aila (Q) Py Zals

Q=Tg+T,=[Mp— My— M,]c?

Ty < Mc?



@ B~ - decay
“n—P+f7+0
H, —> 3He, + i~ +0
(Parent) »¥/ M(A,Z) > My4(A,Z +1) +m, + Qg ....... *
Qp-=Tp-+T;
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(3He;) asde I (3H,) Wil oY) 31 gil) Jai Laxie (%) sl a3
Al (s 5 SN UG e ) (B) el Ui g lacil il ) ()55 (g0 Dlicad
(Qp-=Tpg-+T;) Qp- bo~ie i N ALYl (M) 4US

C_m(*)z\hl.xd\@).kg\ Zm, 48l s p

M(Alz) +Zme = Md(A,Z+ 1) +Zme +m, + Q_

c2

M(A,Z) + Zm, = My(A,Z+1) + m,(Z+1) + 25
Qp-
M(A,Z) = Md(A,Z+1) + C_z

~ Qp- =[Mp — My]c?



@ B* - decay
P n+Btru
e B+ +0
515 A e 81 8l 815 R ) (BH) cam sl Ly PVl JN& o
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— Qﬁ+
M(A,Z)=MD(A,Z—1)+me +C_2
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_ Qp+
M(A,Z) +Zm, = Mp(AZ-1)+Zm,+m,-m, +m, o

Y Q
M(A,Z) +Zm, = Mp(A,Z-1)+(Z— 1)m, +2m, + Ci;

Qs+
M,=M)p +2me+ci2

Qp+ = [Mp — Mp — 2m,]c?
m,c? =0.511 MeV
2m,c? = 1.022 MeV

I Caany Y (Mp — Mp)c? < 1.022 Ol



@ Electron Capture :-

L X-ray

iBes; __ec , JLig+v
53.6d

Q

MP+me—>Md+c—2

Or
Mp(AZ) — MyfAZ- 1)+
Qec= [MP - My(Z - 1)] c* - E,

Where E, isthe binding energy of electron in its atomic
shell capture
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Decay constant for Beta Decay :-

The half life for beta decay vary approximately from 10713 sec
up to 101 year.

The various types of beta decay can be classified by

@ The orbital angular momentum () carried by electron and

neutrino (e - v pair).
@ The parity change (Am) which occurs
@ The direction of spins of electron and neutrino (T!) or (T7)

a) If the directions of spins of electron and neutrino are parallel
(TT) or ({!) the decay is called Gammo — Teller

Se || S,
1 1
o SB—E+E—1
~ Sg=1 = (G-T)decay mode

b) If the directions of spins are anti parallel (T!) , then the
decay called Fermi—decay

Sg=0 = Fermidecay mode



x Fermi Theory of Beta Decay :-

Our treatment of beta decay based on a fundamental
theorem of quantum — mechanics which state that the
transition rate A between an initial (i) and final (f) states is

given by :
dN .
o level density

(density of state)

Empty levels /

il —— \ Occupied levels

Quantum mechanical treatment of transition probability o(t)

Av (is perturbation Potential by transition)



The decay constant of states (or the transition probability per
unit time) is proportional to :

dN . -
A x —5 = leveldensityor p(E) Asledl olal) diis

dN
= const. —
A = const T

2 dN

2 *
7»=?n|f'}’fAU'PidU| —

Where

¥; (system) = W, (parent nucleus)
W ¢(system) = ¥ p(daughter) ¥ g-(electron) W (antineutrino)

Therefore

_2m % rrr X 2 dN¢ot
A=—|[¥) ¥p- W5 v ¥, dv pry

Where M = isthe matrix element of transition

M= [W, WP W5 A0 ¥, do

dN
And Wtot' = the density of states (levels) which mainly
5-

determined the shape of beta spectrum
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Spectrum of momentum and kinetic energy for B and B~

emitted from **Cu

The electron (B7) is hold back by the positive electric field of
the nucleus (+Ze), while the positron (B7) is repelled by the

nucleus ; therefore , the quantity |[M|? is found to contain a
coulomb penetration factor



IM|*=F(Zp,P.) IM|°

Where |[M| = isthe matrix element without
penetration factor.

F(Zp, P,) = isthe penetration
effected or Fermi — Function.
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Example :-
Determine the energy release due to free neutron
decay (ti =10 min),if m, =1.008665 amu,
2
mp =1.007825 amu, m, = 0.0005498 amu and
My =1.007825 amu ?
Solution

“n—op+B+0
Q=(M,— M, — Mpg- — My)c?
My =0 — g
Q = (1.008665 - 1.007825 - 0.0005498)c*

= (0.000841 amu) x 931.5 = 0.782 MeV

Example :- Giving the following nuclei

65Ni — 63.94813amu  , $5Cu — 63.9494 amu
8%Zn — 63.94932amu , $1Ga — 63.95710 amu

@ which one of them is stable? Which one is radioactive?

@ Which one can decay by (8 - emission, What are the end
points of the spectra and Q — value of the decay?

64 64 N7 o
* 55CU — SgNi+ BT +0 b

Qg+ =[Mp - My - 2m,]c? 2m, = 2(0.51 MeV)
= 1.02 MeV



64 64 — — . v e
* 29CU — 30ZN + B~ + 0 an sy i

Qp- =[Mp — My]c?

+§16a— §hzn + " 4o Qp+ =7
Count/min
End point
TB = max E
T,=0

(sl oLl QLS (8213 Anda 6-12 Jlm )



