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7 Gamma Emissions

7.1 Decay equation

Gamma particle (γ) is energetic photon (≥MeV ).
Its emission results from the process of de-excitation of excited nucleus.
The decay equation reads

A
ZX

∗
N → A

ZXN + γ +Q (7.1)

Decay energy is calculated as

Q = (MX∗ −MX)c2 = Eγ +KX (7.2)

where KX is the recoil kinetic energy of X nucleus. In the rest frame of X∗

nucleus we will have

pX = pγ =
Eγ
c
→ KX =

p2X
2MX

=
E2
γ

2MXc2
(7.3)

Figure 7.1: Schematic diagram of gamma spectrum.
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Figure 7.2: Gamma emissions of 60
28Ni

∗.

7.2 Nuclear electromagnetic transitions

The transition rate is derived basically from Fermi’s golden rule

Wfi = λ =
2π

h̄
|〈ψf |V |ψi〉|2ρ(Ef ) (7.4)

where |ψi〉 is initial state of excited nucleus and |ψf 〉 is product of final
nuclear and photon states. The last factor, ρ(Ef ) is the product of the
density of nuclear and photon states that are available to the system after
the transition.

The matrix element 〈ψf |V |ψi〉 deal with electromagnetic interactions
of photon with proton in nuclear levels. According to V. Weisskopf cal-
culation1, with single proton approximation, we can derive expressions of
transition rate in the form

λ(E(M), l) =
8π(l + 1)

h̄l[(2l + 1)!!]2
k2l+1B(l, E(M)), k =

Eγ
h̄c

(7.5)

B(E, l) =
kee

2

4π

[
3

l + 3

]2
R2l, ke =

1

4πε0
, R = r0A

1/3 (7.6)

B(M, l) =
10µ2n
π

[
3

l + 3

]2
R2l−2, µn =

eh̄

2mpc
(7.7)

We can express (7.5) in terms of Eγ and A, with specified radiation modes
with (l), as appear in the following figures.
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Figure 7.3: Gamma emissions modes, replace T with λ.

Figure 7.4: Gamma emissions modes.

Gamma emission selection rules: ∆l = ±1, see figure (7.5).

Li → Lf , |Li − Lf | ≥ l ≥ |Li + Lf | (7.8)

πi → πf πγ = πiπf (7.9)

πγ(E) = (−1)l, πγ(M) = (−1)l+1 (7.10)

7.3 Isomeric transitions

Ordinary electromagnetic transitions take place within 10−15−10−12s. One
may observe transitions with longer lifetime, i.e., in ns or longer, these are

1Blatt and Weisskopf, THeoretical Nuclear Physics (Springer, 1979)
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Figure 7.5: Gamma emissions modes.

called isomeric transitions of isomeric nucleus.
Nuclear isomers are atoms with the same mass number (A) and atomic

number (Z), but with different states of excitation in the atomic nucleus.
The higher or more excited state is called a metastable state, while the stable,
unexcited state is called the ground state. The nuclear symbol for isomeric
excited state will indicated my m, i.e., AmZ X or A

ZX
m.

Otto Hahn discovered the first nuclear isomer in 1921. This was Pa-
234m, which decays in Pa-234.

234m
91 Pa −−−−−−−−→

t1/2=1.17min

234
91 Pa+ γ

The reason metastable states form is because a larger nuclear spin change
is needed in order for them to return to the ground state. High spin change
makes the decays ”forbidden transitions” and delays them. Decay half-life
is also affected by how much decay energy is available.

For example of isomeric decay diagram

Figure 7.6: Isomeric transition of 99mTc.
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7.4 Internal conversion

The emitted gamma particle hit atomic electron to be ionized, we observe
x-ray spectrum from atomic de-ionization instead to the gamma, see figure
(7.7).

Figure 7.7: Internal conversion.
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Internal conversion coefficient

α =
# of e− emission

# of γ decays
=
λe
λγ

(7.11)

Figure 7.8: Internal conversion coefficient.

Problems 7
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