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All available experimentally determined absolute 7-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 ~-ray transitions have been identified. The Weisskopf hindrance
factor Fw for E1, E2, E3, M1, and M2 transitions has been calculated; empirical relations between log Fy values

and the degree of K-forbiddenness have been determined.

PACS: 23.20.-g, 23.35.4g

1. INTRODUCTION

In deformed nuclei v-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 |AK]|
is larger than the multipole order L, electromagnetic
transitions are called forbidden. The degree of K-
forbiddenness v is defined as
v=|AK| - L. (1)
In order to characterize the probabilities of such
transitions the Weisskopf hindrance factor Fy is
used. It is defined as the ratio of experimental ~-ray
transition probabilities to the Weisskopf estimate:

T(1/2) (experimental )

Fw = T(1/2)y(Weisskop festimate)’ @)
where T{1 /2y, is the partial y-ray half-life.

There is a correlation between the Weisskopf hin-
drance factor Fy and the degree of K-forbiddenness
v . According to the ”empirical rule” proposed by
Rusinov [1]:

log Fyww =2 x (|AK|— L). (3)

This estimate of the K-forbidden v-ray transition
probabilities is very rough and holds true approxi-
mately, which was clearly shown by Lébner [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
~-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 ~-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 Fy and empir-
ical relations of log Fy values on the degree of K-
forbiddenness have been calculated for all of these
transitions. As a result, more realistic estimates
of such v-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 v-ray transitions
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Fig.2. The experimental data on the probabilities of
K-forbidden magnetic v-ray transitions
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Fig.3. Relation between the Weisskopf hindrance factor
Fw and the degree of K-forbiddenness v = |AK| — 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 v = |AK| — 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 v = |AK| — L
for the E38 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 v = |AK| — 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 v = |AK| — L
for the M2 transitions. The parameters for interpola-
tion formula are the following: a = 1.5+1.2, b =1.5+£0.3



The dependencies of the Weisskopf hindrance fac-
tor values Fy on the degree of K-forbiddenness
v = |AK| — L are given for E1, E2, E3, M1, and
M2 transitions. The numbers near the error bars in-
dicate the number of «-ray transitions with known
transition probabilities corresponding to Fyy values
in this range for this type of transition. The solid
lines are defined by the following equation: log Fyy =
a+bx (|AK| — 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 v-ray transi-
tion probabilities are similar to the ”empirical rule”
of Rusinov for M2 and E3 transitions and are signif-
icantly different for the M1, E1 and E2 transitions.
The lack of experimental data did not allow us to
determine such relations for M3, M4, F4, and Eb5
transitions.

Empirical dependencies for £1, E2, E3, and M1
transitions with similar values of the interpolation
lines parameters were also obtained by the authors
of Ref. [5].

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

fo = (Fw)"". (4)

The dependence of the log f,, values on the de-
gree of K-forbiddenness v = |AK|— 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 logFy 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 ~-ray transition probabilities is preferred.
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Fig.8. Relation of the reduced hindrance factor
fv = (Fw)l/” on the degree of K-forbiddenness
v = |AK| — L for the E1 transitions. The solid line
is defined by the equation log f, = a + bv + cv®. The
parameters are: a = 7.4+22, b= —(1.9+£0.9), ¢c =
0.15£0.09

The empirical formulas for the calculation of the
K-forbidden ~-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 Fy, for the FE3 transition
with v = 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
IK™ =10 107 (T1/2=9.9 min) to the 1666 keV level,
IK™ = 8 0% of the ground state rotational band
of 190s. M2+ E3 multipolarity with the multipole
mixing ratio §(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 M2 multipolar-
ity. Experimental value of the Weisskopf hindrance
factor Fyy for the M2 transition with v = 8 is in
good agreement with empirical dependence of Fy, on
the degree of K-forbiddenness for M2 transition (see
Fig.7). From our point of view, such large value of
the admixture of £3 multipolarity is caused by mis-
takes in the calculation of experimental errors by the
authors [8, 9].
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CUCTEMATHUKA BEPOSITHOCTEN K-3AIIPEIIIFHHBIX TAMMA-IIEPEXO/I0B
A. II. JTawxo, T. H. JIawxo

Brun npoanam3upoBaHbl BCE IOCTYIIHBIE IKCIIEPHMEHTAIbHBIE JTAHHBIE O BEPOSITHOCTIX 7Y-IIEPEXOIOB B
HEUETHBIX W YETHBIX SIAPAX ODJIACTH PEIKUX 3€METb (c qucaoM HefTponos 89 < N < 116 u YMCIOM MTPOTOHOB
60 < Z < 78) u obnacru akrurugos (N > 138). Unenrudpuinposannt 432 K -3anperiéHubix y-nepexoia. s
mepexonos E1l-, E2-) E3-) M1- u M2-myasrunonabHOCTEl paccuanTanbl hakTophl 3aaepkku Baiickomnda Fiy
U OTIPEIENIEHBI SMITUPUYECKUE 3aBUCUMOCTH BenduHb! log Fyyr oT crenenu 3ampera.

CUCTEMATUKA MMOBIPHOCTEM K-3ABOPOHEHUX 'AMMA-IIEPEXO/IIB
A.Il. Jlawxo, T. M. Jlawxo

Bynu mpoanamizoBani BCi IOCTYIHI €KCIEPUMEHTAIBHI JTaHi TPO HMOBIPHOCTI Y-TIepEX0/IiB B HEMaPHUX 1 Tap-
HUX g1pax piakozemesbHOI obusiacti (3 uucsom ueiirponis 89 < N < 116 i uucsom nporonis 60 < Z < 78)
i obmacri akrunoinis (N > 138). Inenrudikosani 432 K-3abopoueni y-nepexoqu. Jnsa nepexoxnis El-, E2-
E3-;, M1-1i M2-myasTnnonbHocTel po3paxosani dhakTopn 3arpnMkn Baiickonda Fyy Ta BU3HatMeHi eMmipnd-
Hi 3ameykHOCT] Besmmunnu log Fyy Bl crynens 3a00poHH.
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