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All available experimentally determined absolute γ-ray transition probabilities in odd- and even-mass nuclei of the

rare earth region (with neutron numbers 89 ≤ N ≤ 116 and proton numbers 60 ≤ Z ≤ 78) and of the actinide region

(N ≥ 138) have been analyzed. 432 K -forbidden γ-ray transitions have been identified. The Weisskopf hindrance

factor FW for E1, E2, E3, M 1, and M 2 transitions has been calculated; empirical relations between logFW values

and the degree of K -forbiddenness have been determined.

PACS: 23.20.-g, 23.35.+g

1. INTRODUCTION

In deformed nuclei γ-ray transition probabilities be-
tween states with different values of the quantum
number K (K being the projection of the angular
momentum onto the nuclear symmetry axis) are sub-
stantially dependent on the magnitude of this differ-
ence. If the difference in K -quantum number |∆K|
is larger than the multipole order L, electromagnetic
transitions are called forbidden. The degree of K -
forbiddenness ν is defined as

ν = |∆K| − L. (1)

In order to characterize the probabilities of such
transitions the Weisskopf hindrance factor FW is
used. It is defined as the ratio of experimental γ-ray
transition probabilities to the Weisskopf estimate:

FW =
T(1/2)γ(experimental)

T(1/2)γ(Weisskopfestimate)
, (2)

where T(1/2)γ is the partial γ-ray half-life.
There is a correlation between the Weisskopf hin-

drance factor FW and the degree of K -forbiddenness
ν . According to the ”empirical rule” proposed by
Rusinov [1]:

logFW = 2× (|∆K| − L). (3)

This estimate of the K -forbidden γ-ray transition
probabilities is very rough and holds true approxi-
mately, which was clearly shown by Löbner [2]. Un-
fortunately, the author did not offer an alternative
relation. At the same time, such estimates are very
useful and essential for nuclear spectroscopy. We
have made significant progress on this issue [3].

2. THE RESULTS AND DISCUSSIONS

All available experimentally determined absolute
γ-ray transition probabilities in odd- and even-mass
nuclei of the rare earth region (with neutron numbers
89 ≤ N ≤ 116 and proton numbers 60 ≤ Z ≤ 78)
and of the actinide region (N ≥ 138) from the Evalu-
ated Nuclear Structure Data File (ENSDF - Septem-
ber 2014 version) [4] have been analyzed. 432 K -
forbidden γ-ray transitions have been identified. The
number of cases of transitions with given multipolar-
ity and the degree of K -forbiddenness are distributed
according to transition type as follows (Figs.1 and 2).

The Weisskopf hindrance factor FW and empir-
ical relations of logFW values on the degree of K -
forbiddenness have been calculated for all of these
transitions. As a result, more realistic estimates
of such γ-ray transition probabilities have been ob-
tained (Figs.3-7).
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Fig.1. The experimental data on the probabilities of

K-forbidden electric γ-ray transitions
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Fig.2. The experimental data on the probabilities of

K-forbidden magnetic γ-ray transitions
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Fig.3. Relation between the Weisskopf hindrance factor

FW and the degree of K-forbiddenness ν = |∆K| − L

for the E1 transitions. The parameters for interpolation

formula are the following: a = 5.5 ± 1.1, b = 1.0 ± 0.3

(see text for explanation)
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Fig.4. Relation between the Weisskopf hindrance factor

FW and the degree of K-forbiddenness ν = |∆K| − L

for the E2 transitions. The parameters for interpola-

tion formula are the following: a = 2.6±0.5, b = 0.3±0.1
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Fig.5. Relation between the Weisskopf hindrance factor

FW and the degree of K-forbiddenness ν = |∆K| − L

for the E3 transitions. The parameters for interpola-

tion formula are the following: a = 0.0±0.5, b = 1.8±0.2
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Fig.6. Relation between the Weisskopf hindrance factor

FW and the degree of K-forbiddenness ν = |∆K| − L

for the M1 transitions. The parameters for interpola-

tion formula are the following: a = 3.2±0.5, b = 0.8±0.2
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Fig.7. Relation between the Weisskopf hindrance factor

FW and the degree of K-forbiddenness ν = |∆K| − L

for the M2 transitions. The parameters for interpola-

tion formula are the following: a = 1.5±1.2, b = 1.5±0.3
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The dependencies of the Weisskopf hindrance fac-
tor values FW on the degree of K -forbiddenness
ν = |∆K| − L are given for E1, E2, E3, M 1, and
M 2 transitions. The numbers near the error bars in-
dicate the number of γ-ray transitions with known
transition probabilities corresponding to FW values
in this range for this type of transition. The solid
lines are defined by the following equation: logFW =
a + b × (|∆K| − L). The parameters for interpola-
tion formulas were found by the least-square method.
Dashed lines indicate a 68% confidence interval.

Our estimates of the K -forbidden γ-ray transi-
tion probabilities are similar to the ”empirical rule”
of Rusinov for M 2 and E3 transitions and are signif-
icantly different for the M 1, E1 and E2 transitions.
The lack of experimental data did not allow us to
determine such relations for M 3, M 4, E4, and E5
transitions.

Empirical dependencies for E1, E2, E3, and M 1
transitions with similar values of the interpolation
lines parameters were also obtained by the authors
of Ref. [5].

The reduced hindrance factor fν (hindrance per
degree of K -forbiddenness) is often used in nuclear
spectroscopy for systematics of K -forbidden transi-
tion probabilities:

fν = (FW )1/ν . (4)

The dependence of the log fν values on the de-
gree of K -forbiddenness ν = |∆K| − L for E1 tran-
sitions is shown in Fig.8. The figure clearly shows
that the correlation mentioned above is well de-
scribed by a polynomial of the second degree, while
a linear relation can be observed for the logFW val-
ues. The same holds true for other transitions as
well. However, we believe that using empirical re-
lations shown in Figs.3-7 for evaluation of the K -
forbidden γ-ray transition probabilities is preferred.
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Fig.8. Relation of the reduced hindrance factor

fν = (FW )1/ν on the degree of K-forbiddenness

ν = |∆K| − L for the E1 transitions. The solid line

is defined by the equation log fν = a + bν + cν2. The

parameters are: a = 7.4 ± 2.2, b = −(1.9 ± 0.9), c =

0.15± 0.09

The empirical formulas for the calculation of the
K -forbidden γ-ray transition probabilities, which

have been derived in this paper, should be used
in experiments on the search for high-multipolarity
transitions excited by discharging of K -isomers to the
levels of rotational bands of the parent nucleus. The
methodology of such calculations has been described
in detail in Ref. [6].

3. CONCLUSIONS

In conclusion, we would like to note the following.
This systematics of K -forbidden gamma-ray transi-
tion probabilities can be used for verification of exper-
imental data on the probability of such transitions,
especially when it comes to the data obtained in a
single work.

Let us consider Fig.5 as an example. The fig-
ure describes the experimental value of the Weis-
skopf hindrance factor FW for the E3 transition
with ν = 7 to be significantly different from in-
terpolation line. It is the transition with the en-
ergy of 39 keV discharging 1705 keV isomeric state
IKπ = 10 10− (T1/2=9.9 min) to the 1666 keV level,
IKπ = 8 0+ of the ground state rotational band
of 190Os. M 2+E3 multipolarity with the multipole
mixing ratio δ(E3/M2) = 0.0094 ± 0.0008 has been
calculated by an evaluator [7] based on conversion
data of Ref. [8, 9]. The authors of papers men-
tioned claim that this transition has M 2 multipolar-
ity. Experimental value of the Weisskopf hindrance
factor FW for the M 2 transition with ν = 8 is in
good agreement with empirical dependence of FW on
the degree of K -forbiddenness for M 2 transition (see
Fig.7). From our point of view, such large value of
the admixture of E3 multipolarity is caused by mis-
takes in the calculation of experimental errors by the
authors [8, 9].

References

1. L.I. Rusinov. Nuclear isomerism //Uspekhi Fiz.
Nauk. 1961, v.73, p.615-630; Soviet Physics Us-
pekhi. 1961, v.4, p.282-290 (in Russian).
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ÑÈÑÒÅÌÀÒÈÊÀ ÂÅÐÎßÒÍÎÑÒÅÉ K -ÇÀÏÐÅÙËÍÍÛÕ ÃÀÌÌÀ-ÏÅÐÅÕÎÄÎÂ

À.Ï.Ëàøêî, Ò.Í.Ëàøêî

Áûëè ïðîàíàëèçèðîâàíû âñå äîñòóïíûå ýêñïåðèìåíòàëüíûå äàííûå î âåðîÿòíîñòÿõ γ-ïåðåõîäîâ â
íå÷ëòíûõ è ÷ëòíûõ ÿäðàõ îáëàñòè ðåäêèõ çåìåëü (ñ ÷èñëîì íåéòðîíîâ 89 ≤ N ≤ 116 è ÷èñëîì ïðîòîíîâ
60 ≤ Z ≤ 78) è îáëàñòè àêòèíèäîâ (N ≥ 138). Èäåíòèôèöèðîâàíû 432 K -çàïðåùëííûõ γ-ïåðåõîäà. Äëÿ
ïåðåõîäîâ E1-, E2-, E3-, M 1- è M 2-ìóëüòèïîëüíîñòåé ðàññ÷èòàíû ôàêòîðû çàäåðæêè Âàéñêîïôà FW

è îïðåäåëåíû ýìïèðè÷åñêèå çàâèñèìîñòè âåëè÷èíû logFW îò ñòåïåíè çàïðåòà.

ÑÈÑÒÅÌÀÒÈÊÀ ÉÌÎÂIÐÍÎÑÒÅÉ K -ÇÀÁÎÐÎÍÅÍÈÕ ÃÀÌÌÀ-ÏÅÐÅÕÎÄIÂ

À.Ï.Ëàøêî, Ò.Ì.Ëàøêî

Áóëè ïðîàíàëiçîâàíi âñi äîñòóïíi åêñïåðèìåíòàëüíi äàíi ïðî éìîâiðíîñòi γ-ïåðåõîäiâ â íåïàðíèõ i ïàð-
íèõ ÿäðàõ ðiäêîçåìåëüíî¨ îáëàñòi (ç ÷èñëîì íåéòðîíiâ 89 ≤ N ≤ 116 i ÷èñëîì ïðîòîíiâ 60 ≤ Z ≤ 78)
i îáëàñòi àêòèíî¨äiâ (N ≥ 138). Iäåíòèôiêîâàíi 432 K -çàáîðîíåíi γ-ïåðåõîäè. Äëÿ ïåðåõîäiâ E1-, E2-,
E3-, M 1- i M 2-ìóëüòèïîëüíîñòåé ðîçðàõîâàíi ôàêòîðè çàòðèìêè Âàéñêîïôà FW òà âèçíà÷åíi åìïiðè÷-
íi çàëåæíîñòi âåëè÷èíè logFW âiä ñòóïåíÿ çàáîðîíè.

28


