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The nature of hard y quanta from w182 is studied by measuring internal conversion in {3 
decay of Ta182. The experimental ratios of the reduced probabilities are compared with 
the predictions of various theoretical nuclear models. 

INTRODUCTION 

THE even-even nucleus w182 is in the deformed­
nuclei region. The complex level scheme of w182 
was first constructed by Murray et al [1] from a 
parallel study of the {3 spectrum and the conver­
sion -electron spectrum with a {3 -spectrometer 
and of the y-ray spectrum with a bent-crystal 
spectrometer. Some of these conclusions were 
confirmed by measurements of the angular yy 
correlationC2J and measurements of the coinci­
dencesC3J for Ta182 decay. 

At the present time the main features of the 
w182 level scheme have been sufficiently well es­
tablished. There are still, however, some unan­
swered questions, both theoretical and experimen­
tal. In the present work we investigated further the 
nature of the w182 'Y transition in the high-energy 
region by measuring internal conversion in {3 de­
cay of Ta 182 . 

To check on the predictions of the various theo­
retical models as applied to this nucleus, we cal­
culated the ratios of the reduced probabilities. 

EXPERIMENT AND MEASUREMENT RESULTS 

The measurements were carried out with a {3 
spectrometer with double focusing at an angle 
rr..f2. The resolution ol. the {3 spectrometer, de­
termined from the K lines of the 411.8-kev'radia­
tion of Hg198, was 0.2%[4J. 

The source used was tantalum oxide dissolved 
in amyl acetate. The sources were deposited on 
an aluminum substrate 51-1 thick. We used sources 
3.6 and 1 mg/cm2 thick to investigate the conver­
sion spectrum in the energy regions 800-1000 and 
1000-1300 keV, respectively. The compound was 
obtained by bombarding the source with a neutron 
current of 1.8 x 1013 cm-2 sec-1 for one month. To 
eliminate the component due to the decay of Ta183 
( T 1;2 = 5 days), which results from double capture 

of a neutron, the measurements were made one 
month after the end of the bombardment. 

The results of the measurements are shown in 
Fig. 1. We observed most w182 y transitions pre­
viously reported by other workers, who employed 
different procedures. We determined the energies 
of the w182 y transitions, using the K and L con­
version lines, with an accuracy of ~ 0.05%. The 
determined average values of the y-transition en­
ergies are listed in the first column of Table I. 
Our values of the y-transition energies, 1158.0 
and 1257.5 keV, are in good agreement with the 
results of [SJ. 

Table I lists also the experimental values of the 
internal-conversion coefficients of ac on the K 
shell for the w182 'Y transitions in the high -energy 
region, and their theoretically calculated values 
for different multipolarities [SJ. The coefficients 
ac were calculated by comparison of the intensi­
ties of the conversion electrons and of the y rays 
of the investigated transitions with the intensity of 
the conversion electrons and y rays of the 1221.8-
ke V transition. 

The 1221.8-keV transition is pure E2, since it 
occurs between levels 2+ and o+. We have as­
sumed for it the theoretical value ac = 2.58 x 10-3. 

Comparison of the experimental and theoretical 
values of ac yielded the multi polarity. The pro­
posed values of the multipolarities of the y tran­
sitions of w 182, which follow from our results, 
are listed in the last column of Table I. 

Using the data by Murray et al [1] and Ryde et 
al [a] concerning the nature of the y transitions 
at low energies, together with our experimental 
results, we can plot the level scheme of w182, 
shown in Fig. 2. 

DISCUSSION OF THE RESULTS 

A characteristic of w182 is that high excited 
levels are obtained for energies > 1 MeV. In de-

635 



636 STARODUBTSEV, BEGZHANOV, and RAKOVITSKII 

N, counts/min 
t[}IJ 

I( fZ7.4 

I I 

(}. !/5/lllll 

N,counts/min ! IU/22 

5/J/l 

J/J/J 

4/J/l 

J/J/J 

a I( 1110!.8 

11. 8.717/lll 

X!?ZZ 
lx tt8!l 

1._ 

ImA 

FIG. 1. Conversion spectrum of 
y-transitions: a - energy range 800 
-1000 keV; b - energy range 1100 
-1300 keV. 
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formed even-even nuclei, the density of the levels 
increases rapidly at such energies, owing to the 
stronger coupling between the rotational motion 
and the oscillation in the vibrational and single­
particle motions. Therefore in this energy region 
the rotational motion cannot be separated com­
pletely from the other types of motion. 

However, if the intervals between the levels are 
not very small, then their interaction can be re­
garded as a perturbation [10]. We then obtain for 
the energy levels inside the rotational band 

EJ = £ 0 +A [J (J + 1)- lo (10 + 1)] 

- B [J (J ·~··I)- lo(Jo -~- 1)]2 , 

which coincides in structure with the formula for 
the pure rotational levels. 

(1) 

In Fig. 2 the levels are distributed by rotational 
bands on the basis of the energy relation (1) and the 
experimental values of the spins. For the sake of 

/(/2!/!J 

clarity, the different rotational bands are shifted 
horizontally. 

In order to clarify the nature of the w182 levels, 
we have calculated the ratio of the reduced proba­
bilities, knowing the ratio of the intensities of the 
conversion electrons and the multipolarities of 
the y transitions. These data are compared with 
the theoretical relations calculated from the uni­
fied model [11] and from the theory of the non­
axial nucleus [12•13] in Table II. We shall stop to 
discuss some of the results of the evaluation of 
the levels of W182• 

The 1221.8-keV level. The characteristics of 
this level, namely 2+, are uniquely established 
from the nature of the 1121.6- and 1221.8-keV 
y transitions (Table I). For these transitions 
the ratio of the reduced probabilities, in accprd­
ance with the unified model [H], is expressed in 
terms of the Clebsch-Gordan coefficients: 
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B (L; J;--> Jf) I (J,LKi Kt- K, I JiLJ!}(f) \2 
B(L; J{--> Jf') = (J,LK,Kt- K, I JJ.',.t<f) 

(2) 

the calculation of which calls for knowledge only 
of the values of J and K and of the order of mul­
tipolarity of the y transitions between the states 
under consideration. As is seen from Table II, 
the experimental ratio 

B(£2;2+.2->2+.0)/B(£2;2+.2-:.0+. 0) cc J.(i(i 

agrees both with the calculations by the Alaga rule 
[U], and calculations by the theory of the non-axial 
nucleus [12 •13]. This level, however, cannot be in­
terpreted as a rotational level of a non-axial nu­
cleus, for experiment deviates greatly from the­
ory for the 892.4-keV y transition. The best 
agreement is obtained with the calculations by 
the Alaga rule [HJ under the assumption that K 
= 2 for this level. In this case the 1221.8-keV 
level should be regarded as a y-vibrational state, 
due to the collective excitation. This is confirmed 
also by the fact that the moment of inertia, deter­
mined from the energies of the two lowest levels 

in each of the corresponding rotational bands, dif­
fers in the excited state (the 1221.8-keV level) 
from the moment of inertia of the ground state by 
10%. Such a result can be obtained if the excita­
tion is collective and not single-particle. 

The 1331.6-keV level. From the nature of the 
low-energy y transitions [1•9] filling this level, it 
follows that its characteristics are 3+. This level 
is the first rotational state of the well-known ro­
tational band with K = 2, based on the 1221.8-keV 
level. As can be seen from Table II, the experi­
mental value 

B (£2; 3+. 2 -• 4+. 0)/B (£2; 3+. 2 ~ 2+. 0) = 0.57 

is in good agreement with the Alaga calculations 
for K = 2. The next rotational states of this band 
should have spins 4 +, 5+, .... Our data are close 
to those of Gvozdev et al [5] and Harmatz et al. [14] 

The 1258-keV level. The nature of this level 
still remains unclear. Thus, Gvozdev et al [5 J as­
cribed characteristics, J, 1r = 2+ and K = 0 to this 
level, while the characteristics J, 1r = 1- and K = 1 
were assigned in earlier papers [1, 15]. An interest-

Table I. Multipolarities of y transitions of w182 

at high energies 

transi- Theoretical values of 10' a,[10] 
tion Intensity of Experimental Multipolarity of 

Y-

en ergy, 

I I I Ml I M21 
y rays, values of y transition 

keV E1 E2 £3 M3 '7o lO'ac 

~27,4 1.8 4.6 9,5 9.6 25.5149.0 <; 2. 7 [7-8] 7.5±1.3 M1, £2 or 
M1+E2 

~61.1 1.7 4.3 8.5 9.0 22.8 43.0 <; 1.8 p.s] 9.1±1.1 £3 
t002.8 1.45 3.72 7.45 7 .. 55 18.5 36.0 5±2 p.s] 5.8±0.8 £2 or £2+ Ml 
1121,6 1.23 3.1 6.3 6.05 14.6 27.8 100 [9[ I :3.16±0.20 £2 
"1158.0 1,17 2.94 5.90 5.6 13.6 26 4.2±0. 9 [9] 4.28±0.35 £2 or £2+ M1 
1189.2 1.11 2,80 5.70 5.3 12.6 24,5 47 .5±1. 9 [9] 3, 98±0.:35 E1+M2 
1221.8 1.07 2.5815.40 4.85 11 :s 2::: •• 5 81.0±4.7191 I 2.58 £2 
1231.6 1.04 2,5215.2 4.6 1 11.4 21,8 29.1±1.9[9] I 2.62±0.20 £2 
1257.5 1.00 2,38 5.1 4,45110.8120,5 5.t±o.9t9J I z.67±o.2o £2 
1289,5 10.96 2.:30 4. 9 . l,.zo 10.0 19.0 <.~~!lL-'-.1o. 4 ± o. 9 M2 

Table II. Comparison of experimental and theoretical ratios 
of the reduced y-transition probabilities 

from a common level 

Theoretical ratio B(E2) 
Excitation ------
energy of Energy of Spin and Experimental According by the Alaga rule 

common level, y transition, parity of ratios to 

K=O I K=lf=2 kV; spin and keV final state B(E2) D(.vydr 
parity I 12 I 13 

I 
I 

1221.8 892.4 4+ -0.06 0,2 2.57 1.14 0.07 
1121.6 2+ 1.66 2.0 \.4:3 0.35 1,4:3 

2+ 1221.8 Or 1.0 1.0 1.0 l.O 1,0 

1:3:31,6 1002.8 4+ 0.57 0.82 0 2.5 0.40 
;)r 12:31.:3 2• 1.0 1.0 0 1.0 1,0 

1258.0 927.4 4+ 2.92 0.18 2,57 1.14 0,07 
1158.0 2• 1.6 2.0 1.4:3 0.:35 1 ,1.:3 

2+ 1257.5 o+ 1.0 1.0 1.0 1.0 1.0 

1289.7* 961.1 4+ - - 2,57 1.14 0.07 
1189,2 z+ 2.1 - 1.4:3 0.:35 1,4:1 

z- 1289.5 o+ 1. 0 - l.O 1.0 1.0 

•Experimental ratio for B(M2). 
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FIG. 2. Level scheme of W182 (the level and transition 
energies are in keV, K - quantum number of the rotational 
band). 

ing result was reported recently by Kondrat'ev et 
al [16], who proposed that this level had a spin J 
= 3 with negative parity and an uncertain quantum 
number ( K equal to zero or 2). The authors 
started here from the fact that the 1258-keV tran­
sition is essentially of the E3 type. Our results 
on the multipolarities of the 927.4-, 1158-, and 
1257 .5-keV y transitions show that the character­
istics of this level are 2+. Assuming these tran­
sitions to be pure E2, we calculated the ratio of 
the reduced probabilities. As seen from Table II, 
the best agreement is obtained with calculations by 
the Alaga rule with K = 0, that is, this level is the 
first term of the ,8-vibrational band, the initial 
state of which is the level with J, 1r = o+ and K = 0. 
Harmatz et al [14] obtained from the Re182 decay 
( T 1; 2 = 60 hr) the higher terms of this band, with 
K = 0. Assuming the 1443-keV level (4+) to be 
the second term of this band, we calculated the 
empirical parameters of relation (1), and found 
them to be A= 12.66 and B = 0.019 keV. We then 
obtained an excitation energy of 1181 keV for the 
o+ level. 

The 1289.7 -ke V level. This level is well fixed 
by the six transitions which begin or end with it. 
Starting from the multipolarities of these transi­
tions, we see that the quantum characteristics of 
this level are 2-. This level is the ground state 
of the known rotational band with K = 2- and with 
spin sequence 2-, 3-, 4-, . . . . The rotational band 
with K = 2 is established on the basis of the energy 
relation (1) with empirical parameters A =.14.11 

keV and B = -0.029 keV, and partially also by the 
nature and intensities of the de-exciting emissions. 
As can be seen from Table II, the experimental 
ratio of the reduced probabilities for 1189.2- and 
1289.5 keV y transitions, assuming them to be 
pure M2, is found to be 

B (M2; 2-, 2---+ 2+, O)jB (M2; 2-, 2---+ o+, 0) = 2.1. 

In order to reconcile the experimental value 
with the theoretical value 1.43 at K = 2, we must 
assume that the admixture of M2 in the 1189.2-
keV y transition is smaller than 15%. However, 
the experimentally obtained admixture is 26%. A 
similar result was obtained by Vasilenko et al [17], 

who found the M2 admixture to be ( 25 ± 8 )%. 
The 1553.7 -ke V level is filled by the ,8 decay 

of Ta 182 • The characteristics assumed for it, 
K = 4, J, 1r = 4 +, agree with the established mul­
tipolarities of the y transition in the region of 
lower energies [1•2•9•15]. This level can be the 
beginning of the fourth ''rotation -vibration'' band, 
but it can also be regarded as a "partially excited" 
level. 

In conclusion, we take this opportunity to thank 
the personnel of the VVR-S reactor (water-cooled, 
water-moderated) of the Institute of Nuclear Phys­
ics, Uzbek Academy of Sciences, for irradiating 
the specimens on time. 
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