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Theory of β decay: Energy relations. Spectrum shape and decay constant in Fermi theory. Gamow-
Teller transitions. Electron capture. Literature: Lecture notes 9, Bertulani: Chapter 8 (B-8); Krane:
Ch 6. Note that Bertulani uses Gaussian units. A recommended source of nuclear data to consult is
www.nndc.bnl.gov, or the handbooks listed in the previous Exercises.

Electromagnetic transitions, gamma decay, internal conversion and IPF, Mössbauer effect, Coulomb
Excitation Literature: Bertulani: Chapter 9 (B-9); Krane: Ch 10.

1. (B-8.11, Fermi-Kurie plot)

(a) Depict the Fermi-Kurie plot for the β− and β+ decays of the I = 1+ ground state of 64Cu,
using points extracted from Fig. 8.1 (B-8) and values of the Fermi function from Fig 8.2 (B-
8). Say, from the aspect of the figures, if they correspond to allowed (L = 0) or forbidden
(L > 0) transitions.

(b) A non-relativistic expression for the Fermi function (in Gaussian units) is

F (Z,Ee) =
2πη

1− exp (−2πη)
where η± = ∓Ze

2

~ve
= ∓Zα

β
,

α is the fine-structure constant (= e2/~c in Gaussian units), and ve = βc is the velocity of
the electron corresponding to the energy Ee. Calculate some (3) representative values and
compare with those that you used in (a). (Hint: Use reduced variables for momentum and
energy.)

(c) Use table (B-8.1) to determine the orbital angular momentum L of the emitted β particle in
each case. Are the results coherent with those obtained in (a)?

(d) How does one obtain the momentum distribution for the β particles in each case?

2. (B-8.12, Classification of β decay)

The Iπ = 0+ ground state of 50Mn decays by β+ to the ground state of the same spin and parity
of 50Cr, with a half-life of 283.21±0.11 ms. Decay scheme is shown in the attached figure.

(a) Is the transition a Fermi transition or a Gamow-Teller transition?

(b) Determine the value of fT1/2 for this transition.

(c) Is the result compatible with table 8.1 and figure 8.5 (in Bertulani)?

3. (B-8.19, Electron capture, often denoted by ε in the literature)

(a) Try to xplain why the electron capture branch 50Mn→50Cr is very small compared to β+

branch (Fig 1).

(b) Use Eq. (B-8.42) and Fig. (B-8.4) or the corresponding expressions and figures given in
the lecture notes to find the proportion of electron captures with respect to the β+ decay of
125
55 Cs that emits positrons with maximum energy of 2.082 MeV.

(c) Compare the result with the value obtained from Fig (B-8.12) and with the experimental
result shown in the attached decay scheme (Fig. 2).
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Figure 1: Decay scheme of 50Mn.

Figure 2: Decay scheme of 125Cs.
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4. Transition probabilities. The total transition probability (for Ji → Jf) is sometimes expressed in
the form

λfi =
∑
L,ν

|γ(νL, Ji → Jf)|2 , λi =
1

τi
=
∑

f

λfi (1)

where the absolute transition amplitude is defined as

γ(νL, Ji → Jf) = iL+Λ(ν)

[
8π

~[(2L+ 1)!!]2
L+ 1

L

(
Eγ
~c

)2L+1

B(νL)

]1/2

. (2)

Here i2 = −1 and Λ(ν) = 0 for electric (ν=E) and Λ(ν) = 1 for magnetic (ν=M) transitions.
The sum is over all possible multipoles allowed by the selection rules πiπf = (−1)L+Λ(ν) and
∆(JiJfL). The reduced transition probabilities B(EL) and B(ML) are

B(νL; Ji → Jf ) =
1

2Ji + 1

∣∣∣〈f ||M̂(νL)||i
〉∣∣∣2

and they contain the essential nuclear structure information of the transition. Often two (some-
times three) multipoles contribute to the total transition probability (1) and the (multipole) mixing
ratio with L > L′ is defined

δ(νL/ν ′L′) =
γ(νL, Ji → Jf)

γ(ν ′L′, Ji → Jf)
(3)

(a) Show that in the case of competing E2 and M1 multipoles, the transition probability can be
expressed in terms of B(E2) and δ(E2/M1).

(b) Show that B(µL; Jf → Ji) = 2Ji+1
2Jf+1B(µL; Ji → Jf ).

5. Single-particle units (Weisskopf units, W.u.)

The reduced transition probabilities are expressed in e2fm2L for EL multipoles and in µ2
Nfm2L−2

for ML multipoles. An often used estimate is the Weisskopf unit, given

B(EL)W.u. =
1

4π

(
3

L+ 3

)2

(1.2A1/3)2L e2fm2L (4)

B(ML)W.u. =
10

π

(
3

L+ 3

)2

(1.2A1/3)2L−2 µ2
Nfm2L−2 (5)

(a) For a light nucleus (A = 10), compute the ratio of the emission probabilities for electric
quadrupole (E2) and magnetic dipole (M1) radiation according to the Weisskopf estimates.
Consider all possible choices for the parities of the initial and final states.

(b) Repeat for a heavy nucleus (A = 200).
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