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Alpha emission equation

» o= Het? and M(a) = 4.001506u = 3.7274MeV /2

» Alpha emission equation
X =58 +a+Q
» Decay energy (K = p?/2m)

Q= (Mx — My — Ma)c® = Ky + Kq
X —rest frame : p, = py — MK, = My Ky
M, 4 A—4

Lo T LK ="""
My A—4'" A ¢

For example 23*Po — 21°Pb + o, with Q = 7.83MeV

210
Ky = 512 X 7.83MeV = 7.68MeV



Gamow theory of alpha emission

> George Gamow (1928)
> Assumption: the « particle is already exist inside the nucleus.
Its emission is quantum tunneling through Coulomb barrier

Coulomb
barrier

Energy (MeV)

3 h : r(fm)

» Tunneling coefficient, with Z = Zy,

, 2
T(E) ~ 672‘/": k(r)dr7 k(r) _ \/22204 <22i(e . E>




» Calculation, using the fact that E = K, = 2256 then we can

write
2ME rp
InT = —24/ 2 /H—ld
Assign : x = rpcos? 6, 0 = cos 1/7
b

dx = —2rpsinf cos0do

% e —on, [ odo = —om [0 L4
r—>/ p ldr = 2rb/sm 0d0 = —2rp [2 4S|n(29)]
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In the limit of wide barrier, ry, > r;, we will have

cos(m/2 — 0) = sin() Y 0

(G2



» Calculation (cont.), with 1 —r,/rp >~ 1, we have

2MLE |7 ra
InT ~ —24/ ——. /2 7
n h2 b [2 b ( )

. 2 .
Replacing rp, = % we will have

M, Ke? M,
InT =~ 8\/%21/2@/2 —4rKe |5 ZET2 ()

s 2.97ZY212 3957712 (9)

with [E] = MeV, [r)] = fm
» Using the fact that InA = ﬁ logg A = 0.4343log;g A, we
will have from (9)

logyo T ~ 1.20Z%/27}% _1.727E-1/2 (10)



Decay constant

» Frequency of the alpha particle comes to hit the Coulomb
barrier is determined to be

» The decay constant becomes

V,
=fT=-2T 11
A 2 (11)

logo A == logyg 2"—;)‘ +1.207V2022 _172ZE712 (12)
a

This is known as Geiger—Nuttall law:

z z
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» Geiger-Nuttall plot
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