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1. Introduction 

182 w 
The level scheme of even-even deformed nucleus has 

been investigated by many authors, mai"nly in the decay of 
182 

Ta 

and in Coulomb excitations. The most completed survey of the ex-
182 . 

perimental data and the analysis of the W level scheme is given 

in the work of Voinova and DzhelepoJ
1f. There is relatively poor 

182Re 
information about the decay of isomers ( T Ya = 12.7 h and 

64 h ) / 2- 7 / to the excited states of 18 2 W • The results of the inves

tigations of conversion electron spectra from 
18 2 

Re /
3- 6 / are rather 

ambiguous and in the gamma-ray spectra/
3

•
4

/ only groups of non

resolved lines have been observed. 

The aim of the present investigation was to obtain further 

knowledge of the levels of 182 W studying the decay of 13-hour 
182 

Re isomer by the measurements of gamma-ray spectra with 

a Ge(Li) detector and by the extensive use of electron-gamma 

and gamma. -gamma coincidence measurements. The preliminary re

sults of these investigations were published earliejs, 91. 
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2. Ex,erimental Methods 

2.1. Source 

The gold target was irradiated for 0.5 - 2 h with 660 MeV 

protons in the synchrocyclotron at Dubna. The osmium fraction was 

distillated from the target material 20-30 min after irradiation and 

trapped in the chloroform solution of diphenylthiourea. This solution 

was left for 10-12 h to get rid of 
181 

Os ( TYJ •105 min) and then 

the daughter rhenium activities were isolated by extraction with 

4N HCI and discarded. After it during 22-24 hours the 
182

mRe 

activity grew from the decay of 
182 

Os ( TYJ .. 21 h ) and later 

the rhenium activities were extracted with 4N HCI • The HQ so-

lution from the second extraction included mainly 182
mRe and the 

188 Re ( ) ' small amount of TYa = 71 d which did not interfere in the 

measurements. The long-lived isomer of 
182 

Re ( TYz= 64h ) was not 

present in the sample because it is not produced in the decay of 
18 2 

Os • The sample was purified of possible osmium traces by 

distillation and passed through the Dowex 1x8 column 8 x0.2 em. 

Rhenium was absorbed on the resin from 1N HCI and eluted with 

4N HN03 • To prepare the thin sources for electron-gamma mea-

surements the microcolumn technique was applied/
10

/. 

2.2. Experiment 

The gamma-ray spectrum was measured with 5 em 
3 

and 13cm 
3 

Ge(Li) coaxial detectors. The resolution of the counter-pream-

plifier assembly was 3.5- -6 keVin the energy region of 50-2500 keV. 

For internal energy calibration use was made of the gamma-transi-

t . . d . th d Is 2 T Is 2 W •t ton energtes measure tn e ecay a ... Wl h an accu-

racy better than o.oz>fi, /11
•
12

/. In the high energy region Ey>1500keV, 
II 

the 2614.1 keV gamma-line from Th ( B + C + C ") was used as ca-

4 

.-

~ 

libration standard. The dependence of detector ef.ficier 

energy of gamma- rays was checked experimentally usir 

46 Sc 169 Yb d 226 R t• ·t· I t , an a ac lVl tes. n he measuremE 

standard electronic equipment was used having a 409E 

plitude analyzer. Some parts of the measurements werE 

out by using the spectrometric apparatus built on the 

computer Minsk - 2. The data were handled with an o 

having a light pen by the method described by Zabiya 

The electron-gamma coincidence spectra were mE 

means of an orange type magnetic six-gap spectromete 

1.5"/o, transmission - gofo) and of a gamma-ray spectrorr 

either 7,6 em diam. x 7,6cm NaJ(Tl) crystal or with a 

crystal having a sensitive volume of about 2 cm3• 

The gamma-gamma coincidence spectra were mea 

the N a I ( Tl)- Ge ( Li ) coincidence spectromete/14/. 

nel analyzer served to record the coincidence spectra, 

3. Results 

In the present work the spectrum of gamma-rays 
182m 

the Re decay was investigated by means of Ge( L. 

tors for the first timex/. Some parts of the spectrum ar 

ted in figs. 1 and 2. The energies and relative intensit 

rna-rays are presented in Table 1. The intensities of g 

are given with errors not exceeding 30"/o for the weak 

5-10"/o for the most intense transitions. For the transiti 
182 182 

from the Ta ... W decay the energy values establi 
. /11 12/ 

great accuracy 1n refs. ' were accepted. In the ga 

spectrum the major part of the transitions was found wl 

x/In the course of preparation of the present work the inve 
'182 

of gamma-ray spectra from the nne decay have become l 
5 

,·,$!"~ I ~ 



2. ExJDerimental Methods 

target was irradiated for 0.5 - 2 h with 660 MeV 

synchrocyclotron at Dubna. The osmium fraction was 

the target material 20-30 min after irradiation and 
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-12 h to get rid of 
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passed through the Dowex 1x8 column 8 x0.2 em. 
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o prepare the thin sources for electron-gamma mea
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spectrum was measured with 5 cm
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and 13cm
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xial detectors, The resolution of the counter-pream-

ly was 3.5 · -6 keV in the energy region of 50-2500 keV. 

nergy calibration use was made of the gamma-transi-

measured in the decay 
18 2 

Ta -+ 
18 2 W with an accu-

an 0.02";{, /
11

•
12

/, In the high energy region Ey>1500keV, 
II 

V gamma-line from Th ( B + C + C ') was used as ca-

4 

~ 

libration standard, The dependence of detector efficiency on the 

energy of gamma- rays was checked experimentally using the 24 Na 

46 Sc , 
169 

Yb and 
226 

Ra activities. In the measurements the 

standard electronic equipment was used having a 40 96 channel am-

plitude analyzer, Some parts of the measurements were carried 

out by using the spectrometric apparatus built on the basis of the 

computer Minsk - 2, The data were handled with an oscilloscope 

having a light pen by the method described by Zabiyakin et a/
13

/, 

The electron-gamma coincidence spectra were measured by 

means of an orange type magnetic six-gap spectrometer (resolution 

1.5o/o, transmission - go;{,) and of a gamma-ray spectrometer with 

either 7,6 em diam, x 7,6cm NaJ(TI) crystal or with a Ge(Li) 

crystal having a sensitive volume of about 2 cm
3

, 

The gamma-gamma coincidence spectra were measured using 

the N a I ( TI)- Ge ( Li ) coincidence spectrometer/
14

/, A 400-chan-

nel analyzer served to record the coincidence spectra. 

3, Results 

In the present work the spectrum of gamma-rays accompanying 
182m 

the Re decay was investigated by means of Ge(L i) detec-

tors for the first timex/, Some parts of the spectrum are presen

ted in figs, 1 and 2, The energies and relative intensities of gam

ma-rays are presented in Table 1, The intensities of gamma-rays 

are given with errors not exceeding 30°;{, for the weak lines and 

5-10o/o for the most intense transitions, For the transitions known 
18 2 18 2 

from the Ta ... W decay the energy values established with 
. /1112/ 

great accuracy 1n refs. ' were accepted. In the gam'Tia-ray 

spectrum the major part of the transitions was found which have 

x/ln the course of preparation of the present work the investigatirns 
'182 7 of gamma-ray spectra from the "Re decay have become known 15 
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'!'able i 

Energies and Relative Intensities of Gam.,..,..Rays 

ftallitioa !rallai tiOil . 

··(:~ J( llll.erg 'J,-

I 2 I 2 

84,68 a) 7 ,8J:.I .0 1374.0 c:r 0,59t.(l,07 

IOO,IO 2l) 45.2±_4.5 I4I0,4 c., rJ.,e) o .. I2:tO,o2 

I13,68 a) } 2.~0.4 1437~8 !.) < 0,05 

II6,42 a) I523:t2 d,e> "'0.05 
152,43 a) 18,6:!;.2,0 I537:t2 d) "' 0 •. 05 
156,39 a) 1,0£0,.3 I543:t2 d) "' 0,05 
I79,39 ci) 0,97:tO,I9 I558t,2 ol.,e) 0,24::t:.0,0.3 

I98,36 a) 0,58J:.O,I2 1756±,2 ol.) 0,~0.04 

222,IO a) 2,I:t0,3 I77I:t2 
a.e) 

I.,06£0,II 

229,32 a) 5,2:!;.0,7 1811±.3 .( 0,07 

264,07 a) 0,98J:.O,I5 I818,5:!;.2,0 d~ 0,34:!;.0,04 

470,0 b> 6,2:t0,6 I857:t2 ,I d.) o,I~0,02 

5n.3 .b)e} < 0~4 1871±.2 0.,9I:tO,IO 

536,I j)) 0,67:tO.I2 1875±..3 ol,eJ O~I9f.0,06 

555±.1 0,35f.O,IO 1879±.3 d) O,I7f.O,p5 

598~5 b) I ,23f.O,I5 'I9I2±.2 d) O,I5f.0,03 

64~.5 b) I ,09f.O,l8 I957 ,5:!;.2,0 I I,41f.0,14 

734,5 b) I,I9f.O.I5 201QV. dJ 0,37±.0.10 

786,6 b) 0,76f.0,13 2016~5:t2,0 2 ,62±.0 ,.30 

BOOt. I d..) 0,47±.0.I2 2031±.3 d,fl) tU 0,07 

810;3 b) I.I7±.0J5 2048t2 0,42:t0,06 

836,2 P) I,45£0,I8 2057 ,5±,2,5 ' '3,0I:t0,20 

894,9 it) 6 .. 6::t:.0,6 2014:2:.2 a) 0~14±,0,02 

900,7 j,) I,I?:t0,24 2084 ,5±,2,0 d) ,(),zot.0.03 

927,.9 e) I,4If.0,20 2099t,3' d,e) ru o,o8 

959,7 e) 0!99f.O,I7 2110±.2 0,82:tO,Q8 

IOOI,6 e) N 0~7 213I±..3 d..,e) < 0,02 

I044,4 e) 0,56:t0.07 '214I:t3 d) O,II:t0,03 

II21,.3 C) IOO 2148t3 d.J 0,04±,0,0I 

II57,4 C) 2,3If.O,I8 2159±.3 d.,Q) I .( 0,02 

II89,0 c) 47 ,9f.2,4 2175;!2 d) "11~ 16:0. 03 

I221,4 c) 79,2~,0 2189:3 d.,t) 0.055:0.015 

I23I,O c) 4,04f.0,24 221<Jt2 d.) 0.30;t0.04 
,I257,5 C) 4,4I:t0,22 22i6t,3 ilj N 0,07 
1273~7 c) I,74f.O,ZI 2230±..3 d,e.) 0,034:!;.0,010 i 

1289,3 e) 4~02±.0~20 23I6±.3 cL) 0,025:t0,005 
I 

a) Transition energies adopted according to Gruber et alfl.l.f 

b) Transition energies adopted according to Harmatz et a1./
5

/ 

c) Transition energies adopted according to Korkman and Biic.diJll/, 

d) Transitions observed for the first time in the decay of 
182 "Re. 

e) Transitions not placed in the decay scheme, 
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and Relative Intensities of Gamma-RAys 

ft'aDai tiOD . 
perg 1,-

2 

1374.0 cr 0,59±,0,07 
1410,4 c,d,e) O,I2:t_(l,02 
1437,8 l:o) < 0,05 
1523±.2 d.,e> "'0,05 

18,6±,2,0 1537±.2 d) fV 0-.05 
I,ot0.3 I543t.2 c/.J "' 0.,05 

0,97t.O.I9 1558±.2 d., e) 0,24:t_0,03 
0,58f.O,I2 1756±.2 cl.J 0,2ot0.04 
2,It.0,3 I77It.2 

d.e) 
I,.06f.O,II 

5,2±.0,7 IBII±,3 < 0,07 
0,98t.O,I5 IBI8,5t_2,0 d~ 0,34±.0,~ 

6,2t.0,6 I857t.2 / d) O,Iot.0,02 
< 0~4 1871±.2 0,9It.O,IO 
0,67t.O,I2 1875±.3 d,eJ 0~19±_0,06 
0,35f.O,IO 1879:£3 d) O,I7f.O,__o5 
I ,23t_O,I5 1912±.2 d.) O\.I5f.0,03 
I ,09:t_O,I8 1957 ,5t.2 ,0 I I,4If.O,I4 
I ,19±,0,15 20IQV. d) o.37t.O.IO 
0,76f.O,I3 2016;5±.2,0 2,62±.0,30 
0,47f.O,I2 203It,3. d,e) IV 0,07 
I.l7f.O,I5 2048±.2 0,42t.0,06 
I ,45f.O,IB 2057 ,5t.2 ,5 . '3 ,Oit.0,20 
6,6±.0,6 2074±.2 d.) 0,14±_0,02 
I,I7t.0,24 2084 ,St_2,0 d) , b ~zoto. 03 
I,4If.0,20 2099±.3 · d,e) N o,oa 
0.99±_0,17 21Iot2 0,82t.0,08 
rv 0~7 2131±.3 el.,e) < 0,02 

0,56t.0.07 ·ZI4It,3 d) O,IIt.0,03 
IOO 2148±,3 dJ O,~O,OI 

2,3It.O.I8 2159±,3 d..,Q) < 0,02 
47,9±,2,4 2i75+2 d) -15~16:0.03 
79,2±.,4,0 2189t3. d,t) 0.055:0.015 
4,04±,0,24 2210;!'2 d.) 0.30;t0.04 
4,4It.0,22 22I6t,3 ilj N 0,07 
I,74f.0,2I 2230t.3 cl,e.) 0,034t.O,OIO 
4,02t.0~20 2316±.3 r.L) 0 ,025±.0 ,005 

fl..lf adopted according to Gruber et al, 

adopted according to Harrnatz et a1/5 / 

adopted according to Kerkman and Bac.din/11/, 

for the first time in the decay of 182 nne. 
the decay scheme, 
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• th . /5,6/ f 182 mRe been seen 1n e converston electron spectra rom 

and apart from it 28 new gamma-transitions. Almost all nevv gamma

lines belong to the en~rgy region E y > 1500 keV. The energies of 

the new transitions, as well as of the high energy transitions seen 
• • 182m /5 6/ . . 

earher m the Re decay' ' were esbmated wtth an error 0.10 -

0.15o/o. The new lines· with energies of 1523, 1537, 1543, 1811, 

2031, 2099, 2131, 2159 and 2216 keV are weakly pronounced ~n 

the spectra and therefore only the upper limits of their intensities 

are given. 

The possibilities of the electron-gamma measurements in the 
182 

decay of the short -lived Re isomer are rather limited due to 

the small amount of strongly converted transitions - therefore the 

gamma-rays were measured in coincidence with L68, L85, L100, 

M100 conversion ele.ctrons only. In the electron-gamma coinciden

ce experiments with a Ge( Li) -detector only the strongest gamma

lines with energies 1121, 1189 and 1221+ 1231 keV were seen 

(fig.3). In the investigations of coincidences of high energy gamma

rays the scintillation spectrometer with a N a(TI) crystal was applied. 

In the scintillation gamma-spectrum gated with 1\11100 keV conver

sion electrons besides gamma-rays mentioned above those with 

energies 1770, 1958 and 2016 keV (fig.4) were recorded, 

The spectra of gamma-gamma coincidences were m~asured 
I 

in the following way: the window of the single channel analyzer in 

the branch of Nal ( TI) spectrometer was set so as to cover the 

complex gamma-line with an energy of about 1200 keV (1121 +1189 + 

+1221+1231+1258+1289-keV). In the branch of the spectrometer with 

a Ge(Li) detector the gamma-spectrum was measured gated with 

the chosen 1200±100 keV gamma-rays (fig.5). In the coincidence 

spectrum the 470, 536, 598, 65-0, 734, 787, 810, 836, 895 keV 

gamma-lines were observed. 
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conversion electron spectra /
5

•
6

/ from 182m Re 

28 new gamma-transitions. Almost all ne\1\T gamma

energy region E y > 1500 keV. The energies of 
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of the electron-gamma measurements in the 
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Re isomer are rather limited due to 

strongly converted transitions - therefore the 

measured in coincidence with L68, L85, L100, 
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gamma-spectrum gated with M100 keV conver

ides gamma-rays mentioned above those with 

8 and 2016 keV (fig.4) were recorded. 

gamma-gamma coincidences were m~asured 

the window of the single channel analyzer ln 

spectrometer was set so as to cover the 

an energy of about 1200 keV (1121 +1189 + 

keV). In the branch of the spectrometer with 

gamma-spectrum was measured gated with 

00 keV gamma-rays (fig.5) • In the coincidence 

536, 598, 65.0, 734, 787, 810, 836, 895 keV 

observed. 
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4. The K -Cor1version Coefficients and Multipole On: 

The conclusions on the transition multipolarity werE 

comparing the experimental and theoretical K -conversion 

(table 2). To establish experimental conversion coefficien 

lative intensities of gamma-rays (table 1), (see also ref./E 
, , , 182mRe , /56/ on the tntensthes of the convers1on electrons ' 

Because the results of the works by Harmatz et a1/5 / a 1 

Badalov et al/
6

/ differ significantly for the majority of tr.: 

it seems reasonable not to use their mean values but to 

the K -conversion coefficients separately for each group 

The conversion coefficients calculated basing on the date 

ref/
5

/ were normalized by assuming the theoretical E2 c 

for the 1221.4 keV transition. In the work of Badalov e 

conversion electrons K 1221 and K 1231 have not beer 

and therefore, the normalization in this case was made "II 

use of the K 1121,28 keV transition for which the Ml a< 

does not exceed 2o/o/l/. 

In the determination of the multipole order of the tr• 
. . t' t . th ta 2 T ta 2 W whtch have been also tnves 1ga ed 1n e a ... d' 

. /1 16/ account was taken of the conclus~ons from refs, ' rna 

basis of more accurate measurements of conversion coef 

the ratios of L 1 ; L 2 :L3 and the results of gamma-gar 

lar correlations, In the energy region E < 200 keV the ob 
y 

efficients are lower than those from 
182 

Ta decay. This i! 

due to the fact that the intensities of low energy converE 
182m 

trons from the decay of Re measured with the magr 

trograph/
5

/ are underestimated/!/. Nevertheless, our multi~ 
182 

are in agreement with the results on the decay of Ta 

with the exception of the El multipolarity of the 198,4 ke 
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4. The K -Cor.version Coefficients and Multipole Orders 

The conclusions on the transition multipolarity were made by 

comparing ~e experimental and theoretical K -conversion coefficients 

(table 2). To establish experimental conversion coefficients the re

lative intensities of gamma-rays (table 1), (see also ref./8 / )and data 
• • • 182m • /5,6/ 

on the tntenstbes of the Re convers1on electrons were used. 

Because the results of the works by Harmatz et a1/5 / and by 

Badalov et al/
6

/ differ significantly for the majority of transitions, 

it seems reasonable not to use their mean values but to calculate 

the K -conversion coefficients separately for each group of data • 

The conversion coefficients calculated basing on the data from 

ref/
5

/ were normalized by assuming the theoretical E2 coefficient 

for the 1221.4 keV transition. In the work of Badalov et a1/6 / the 

conversion electrons K 1221 and K 1231 have not been separated, 

and therefore, the normalization in this case was made with the . 

use of the K 1121.28 keV transition for which the Ml admixture 

does not exceed 2o/o/l/ • 

In the determination of the multipole order of the transitions 
. . t" t . ts 2 T ts 2 W whtch have been also mves tga ed m the a ... decay the 

account was taken of the conclusions from refs/1• 16/ made on the 

basis of more accurate measurements of co~version coefficients, 

the ratios of L1 : L 2 : L
3 and the results of gamma-gamma angu-

lar correlations. In the energy region E <200 keV the obtained co
y 

efficients are lower than those from 
182 

Ta decay. This is probal:;>ly 

due to the fact that the intensities of low energy conversion elec
t82m 

trons from the decay of Re measured with the magnetic spec-

trograph/sf are underestimated/if. Nevertheless, our multipolarities 
182 /112 16/ are in agreement with the results on the decay of Ta ' ' 

with the exception of the El multipolarity of the 198.4 keV transi-
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Table 2 

ID~er.nal Convereion Ooet~icien~• 

\ Internal Oonvereion Coet~icienta X 1o' Deduced Tr8.D81t10D 
energy Blr:periaent ~h.80J!'7 .llliltipolarit,. 

(keY) cl..k. . a.) ol..k.. b) 
EI _1_2 E1 Ill liZ 

I 2 3 4 5 ~ 7· 1 9 

84~68 J.LT =340±,120 - 49 129 1850 960 14900 III+E2 
CILLl =140+_?0 - 17 . 2520 91000 90 1670 
oi.L/l :i:100±,30 - 19 2380 71000 II 3960 

100.10 tJ/.Lf IV 730 - 10 1200 35.500 55 890 E2 
r:J.Lljru.660 - II 1030 25600 s.s 1740 

152,43 60±,20 - 106 359 99 II90 6600 EI 
156,39 IV 50 - 100 336 9~ Il20 6050 EI 
179.39 27Q±.IIO - 70 230 670 7'12 3770 III+E2 
198~36 70±,30 - 54 177 510 578 2680 (EI) ~ E2 C::J 
222.10 20±,8 - 40 127 370 422 1830 EI 
229,32 120±,40 - 37 II7 340 385 1640 E2 
264.07 70±.30 - 26 8I 226 261 1040 E2 -
470,0 85±.25 34t.7 6.9 18,9 48 56 173 MI+E2 
536.1 ~56 <39 5.2 14 34 40 II4 (EI,E2,MI) 
555 - <:42 4,9 13 31 37 103 (EI,E2,MI) 
598,5 48t,20 - 4,2 10,9 26 30,5 83 (III+E2, EI+M2) 
649.5 261:,10 - 3,6 9,1 21.5 25 65 (MI+E2, EI+Il2) 
734.5 24t,IO 12±.4 2,7 7,0 16 17,5 46,5 (III+E2, EI+112) 
786.6 26±.12 9+_3 2,4 6.0 13.7 14,8 38,5 (MltE2, El+112) 
810,3 "' 16 20+.,.? 2,2 5.6 12,8 13,6 35,5 (III+E2, EI+Y2) 
836~2 15±.7 61:,2 2.l 5,3 II .. 9 12.7 32,5 (III+E2, El+112) 
891,9 15±,6 12v 1,1 4,6 10t2 10.7 27 (Ml+E2, El+112) 

l 2 3 # g ~ ? 8 9 
900.7 21±.10 - 1.83 4,60 10.0 10,5 26,5 (MI,M2~ 
927.9 6±:3 Ilt,4 1,76 4,20 9,10 9,80 24 E2 c 
959.7 rv 12 rv15 1,61 4Q00 8,42 9,02 22 E3+Y2 c) 

1001,6 N 4 - 1,53 3,68 7,60 8,20 19,7 I E2+Ml c) 
1044.4 4,4!,2.0 - 1,42 3,40 6,92 7.30 17.8 I EI+112+E3 c) 
II21 .3 2,9t,0.8 2.91 1.23 2,91 6,00 6,15 14.4 I E2 + i.l% YI c) 

I ll57.4 6.5t,1.9 
I 

EO+(Ul)+E2 c) - 1.17 2~75 5,60 5,70 13.2 I 
I 

II89,0 3.8t,1,0 IV 2.4 1,10 2,61 5,30 5.30 12.3 I EI+L12+ E3 c) I l 1221,4 

I 
2.50 - - 2.,50 - - -

1 
E2 - a~oepted 

I 1231.0 2.5t,1 .0 I - 1.04 2,lf.5 5,00 4.95 i II~3 I 
E2+!a c) i 1257 .s 

! 
1\J 2,5 - 1.oo 2.34 4,77 4,65 I 10.6 ! E2 c) 

I 
1273.7 IV 4.2 - 0.98 2,29 4,65 4,51 I 10,2 I El+M2 C) I ; I ! i I 

I 

1289.3 ""II - 0,96 2,25 4.55 4,38 IO,O I M2 I l I 
(Y2), E3 c) 1374.0 "' 8 0,87 2,01 4,05 3.80 8,6 I 

1 -
I ! l 

I437,8 I 
>36 0.79 I ,84 3,78 3.33 7.5 EO+MI+E2 I -

I771 ' 0,45t,O,I3 0,56 1,.27 2,40 2,02 4,6 I EI I 
' - I I ; 

1871 - I .Ot,0,3 0.52 1,16 ! 2,I5 1.78 4.0 ' (E2 ,l!l+Y2) 
' 1957.5 4±.2 2,3t,0.7 0,48 1,07 I 2,00 1,59 3,6 I (YI ,Y2,EI+M2) I i 2016.5 2.6t,I ,3 I I ,.6t,0,4 0.46 I,O I 1,88. I I,4&; 3.35 I (MI ,EI+M2) 

I I I 

2048 - I I,6t,0,5 0,45 0.97 1,82 1,42 I 3,23 (Yl+E2, El+i.12) ' 

I 
I j ! 

2f!57.S 2.3±,1,1 I 1,4!,0,3 0.44 0,96 1,80 I 1,40 I 3.20 ' (YI ,EI+M2) ! 

- 1·--·-- l 
'lTTn 0.42 0.92 1.71 1.34 i 3 0 l .112 ! I ( ) 
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156,39 
179,39 
198~36 
222.10 
229.32 
264.07 
470,0 
536.1 
555 
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734.5 
786.6 
810,3 
836~2 

891,9 

l 
900.7 
927.9 
959.7 

1001,6 
1044.4 
1I21.3 

I II 57.4 
1I89,0 

I 1221,4 
I 1231.0 

1257.5 
I2?3.? 
1289.3 
13?4.0 
I437,8 

I I?71 
18?1 
195?.5 
20I6.5 
2048 
2057.S 

I 2110 

.l..tr =340±.120 49 129 1850 960 14900 
d.L: =I4Q.t.50 17 2520 91000 90 1670 

l -
clL!J =IO<J±30 19 2380 71000 II 3960 
J.Lf IV 730 IO 1200 35500 55 890 
oi..LIJN 660 II 1030 25600 5,5 1740 

60±,20 106 359 99 II90 6600 
fV 50 roo 336 9~ Il20 6050 
270±,IIO 70 230 670 7.72 3770 
70±,30 54 177 510 578 2680 
20±,8 40 127 370 422 1830 
12~0 37 117 340 385 1640 

70±30 26 81 226 261 1040 
85:i:,25 34t.7 6.9 18,9 48 56 173 
<:56 <39 5.2 14 34 40 II4 

<42 4,9 13 31 37 103 
48t.20 4,2 10 .. 9 26 30,5 83 
26+_10 3,6 9,1 21.5 25 65 
24±,10 12±.4 2,7 7,0 16 17,5 46,5 
26±,12 9±.3 2,4 6.0 13.7 14,8 38,5 

"' 16 20±? 2,2 5,6 12,8 13,6 35,5 
15±,7 6t,2 2.l 5,3 II,9 12.7 32,,5 
15±,6 12v 1,1 4,6 10,_2 10.7 27 

a 3 ,. ~ ~ ? a 
21±,10 - 1.83 4,60 10.0 10,5 26,5 

6±,3 II:t4 1,76 4,20 9,10 9,80 24 
ru 12 "'15 1,61 4Q00 8,42 9,02 22 
N 4 - 1,53 3.,68 7~60 8,20 I9.7 
4,4±,2.0 - 1.42 3,40 6,92 7.30 17.8 
2,9t,0.8 2.91 I.23 2,91 6,00 6,15 14.4 
6.5t,1.9 - l.I7 2,?5 5,60 5,?0 13.2 
3.Bt.1.o IV 2.4 1,10 2,61 5,30 5.30 12.3 

l I 2.50 - I - 2 •. 50 - - -

I 
2.5±,1 .0 I 1.04 2,45 5.00 4.95 Il~3 - i IV2,5 - I I.OO 2.34 4,?? 4,65 I 10.6 

IV 4.2 - 0.98 2,29 4.65 4,51 I 10,2 
! i l ' ""II - 0,96 2,25 4,55 4,38 10,0 I 

l 
' "' 8 - 0,8? 2,.01 4,05 3.80 

I 
8,6 

' >36 0.?9 I ,84 3,?8 3.33 ?.5 ! -
; 

0,45±,0,13 0,56 1 .. 27 2,40 . - 2,02 4,6 ' 
1.0±,0,3 0.52 1,I6 2,15 I.?8 4.0 - I 

l 
' 4±.2 2,3t,O,? 0,48 I,O? i 2,00 I,59 3,6 \ 

; 2.6t,I.3 I I ,6±,0,4 0.46 I .,0 
! 

1,88 'I 1,46 
! I 3.35 

I l - I 1,6±,0,5 0,45 0.97 1,82 1,42 I 3,23 

i 
I 

; 2.3+1,1 I 1.4+0,3 0.44 0,% I,80 I 1,40 I 3.20 - I . -:- ! 0.42 0,92 1,?1 1.34 
\ 

3,0 - 1'.3.2±(>.8 I 
a) a• determined using the conversion electron intensities from Harmatz et al./

5
/ 

b) ak determined using the conversion elect~:"on intensities from Badalov et ai./6
/ 

••• ••• 11/ 
e) Multioolarity derived from the investigations of the Ta ~ W decay' • 
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tion. This result is in contradiction with the undoubtedly established 

multipolarity E2 / 1,
16

/ of this transition. Similar situation occurs 

also for the 1374.0 keV transition , bL:tt the difference in the values 

of K -conversion coefficients may be explained by the great error 

with which the intensity of the K -conversion electrons/
51 is mea ·-

sured. 

The experimental conversion coefficient of the 1157.43keV 

transition supports the conclusion made in refs/
1

• 
12

/ that the mul-
. 2 I(Ml) 

tipolarity is of the EO+(M1)+E2 type. Assuming that 0 = I( E2) = 0 

one gets 60% EO, 40o/o E2 for tre conversion electrons and 100o/o 

E 2 for gamma-rays. 

Of special interest is the transition with energy of 1437.8 keV 

which has been observed in the spectra of conversion electrons 
182 /112/ 182 /5/ 

from the decay of Ta ' and of both the isomers of Re • 
182 

In the gamma-ray spectrum of Ta this transition has not been 

found and the resulting lower limit for the K -conversion coeffici

ent is ak :2:: 4.8x10-
3

• This leads to the conclusion that its multipole 

order may be of E3, M2 type or higher. In the investigated gamma-
182m 

ray spectrum of Re this transition was also not seen. and the 

upper limit for its intensity I y (1437.8) .::;. o.05o/o Iy (1121.28) gives 

the lower limit for the conversion coefficient ak >_36x1o-
3

• This va-

lue is higher than that of the theoretical K -conversion coefficient 

of M4- radiation. This may be due to the fac~ that this transition 

has great admixture of EO multipolarity. If the transition is EO+E2 

then for the conversion electrons one gets about 95°/o EO. 

16 

.t6' 

• 

5. Decay Scheme 

On the basis of our results and of the works b'l 

et ai./5/ and Badalov et a1/6 / as well as on the basis. 
182 /1 12 16 18/ 182m 

vestigations of Ta ' ' ' decay the Re-+ 

scheme (fig.6) is suggested. The scheme contains the 1 

182m 
the transitionS observed in the decay of Re • The· 

sity of transitions not placed in the decay scheme does 

0.5% per decay. 
182 

The lower part of the W level scheme ( E < 
182 

has been carefully studied in the works on the Ta 

which ten excited states have been found and their en 

quantum characterist~cs have been reliably established 

states with the exception of the 1442.9 keV (I" •4+) st 

seen in the 
182

m Re decay. The mass difference betweer 
182 

W is 2860!20 keJ
7

/ and therefore in the decay c 

ur isomer of 
182 Re the levels higher than those in the 

can be observed. 

In the work of Harmatz et ai./
5

/ four new levels I 

introduced with the energies higher than 2 'VIeV: 2023.~ 

2184.6 and 2274.5 keV. 

In the course of the present work it was necess1 

traduce additional levels in order to place the new tra1 

Almost all of the new transitions have energy hi,!! 

1500 keV so they have to de-excite the high energy IE 
182 

W to the lower states of the ground state rotatio 

In such a way levels of energies 1538, 1856, 1871, 2: 

2148, (2175), 2210, 2241 and (2316) keV were introduc1 

In our previous worj
9

/ we introduced also the 1 
182 /1/ 

level known from the Ta decay. Two transitions j 
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in contradiction with the undoubtedly established 
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of this transition. Similar situation occurs 

keV transition , but the difference in the values 

~eutdents may be explained by the great error 

of the K -conversion electrons/
51 is mea ·-

conversion coefficient of the 1157.43keV 

the conclusion made in refs./
1

• 
12

/ that the mul-
. 2 I(Ml) 

EO+(M1)+E2 type. Assuming that 0 = I( E2) = 0 

40<>/o E2 for tre conversion electrons and 100<>/o 

t is the transition with energy of 1437.8keV 

rved in the spectra of conversion electrons 
/1 12/ 18 2 /5/ 

' and of both the isomers of Re • 
182 

of Ta this transition has not been 

lower limit for the K -conversion coeffici-

leads to the conclusion that its multipole 

type or higher. In the investigated gamma

Re this transition was also not seen. and the 

I y (1437.8) ~ 0.05<>/o Iy (1121.28) gives 

conversion coefficient ak >_36x1o-
3

• This va

theoretical K -conversion coefficient 

due to the fact that this transition 

of EO multipolarity. If the transition is EO+E2 

ion electrons one gets about 95<>/o EO. 
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5. Decay Scheme 

On the basis of our results and of the works by Harmatz 

et ai./
5

/ and &dalov et al./
6

/ as well as on the basis of the in-
182 /112 16 18/ 182m 182 

vestigations of Ta ' ' ' decay the Re _. W decay 

scheme (fig.6) is suggested. The scheme contains the majority of 
182m 

the transitionS observed in the decay of Re • The· total inten-

sity of transitions not placed in the decay scheme does not exceed 

0.5% per decay. 
182w 

The lower part of the level scheme ( E < 1600 kev) 
182 

has been carefully studied in the works on the Ta decay in 

which ten excited states have been found and their energies and 

quantum char{:l.cterist~cs have been reliably established. All those 

states with the exception of the 1442.9 keV (I" ,.4+) state are 

seen in the 
182m Re decay. The mass difference between 

182
mRe and 

182 
W is 2860!20 kevf

7
/ and therefore in the decay of the 13-ho-

182 182 
ur isomer of Re the levels higher than those in the Ta decay 

can be observed. 

In the work of Harmatz et ai./
5

/ four new levels have been 

introduced with the energies higher than 2 'VIeV: 2023.5, 2054.5, 

2184.6 and 2274.5 keV. 

In the course of the present work it was necessary to in

troduce additional levels in order to place the new transitions. 

Almost all of the new transitions have energy higher than 

1500 keV so they have to de-excite the high energy levels of 
182 w . 

to the lower states of the ground state rotational band. 

In such a way levels of energies 1538, 1856, 1871, 2110, 2116.5, 

2148, (2175), 2210, 2241 and (2316) keV were introduced. 

In our previous worj
9

/ we introduced also the 1410.5 keV 
182 /1/ 

level known from the Ta decay. Two transitions 1410.5 and 

17 



1~ ,. 
r 

a 

1= .. .. 
3. 

~: . .. .. .. .. . 

I I i I ' 

' I I 'l i ~ ? U I ~! 'Ill I l~li 
I I I I I I 

·ii r i!· . i~~· I ""' 
•• 'I II I II : 
2. 

o• 

:w. 

,..,, __ , ) . ., 
1'--....,..--w• 

~,., 
£.14 

""' u• 

182m 182 
Fig.6. Decay scheme Re ... W • Transitions which have 

been established or suggested by coincidence measurements 
are marked with black or open circles, respectively, Transi
tions indicated with dashed lines are placed with greater 
certainty in other positions, Transitions observed only in the 
decay of 182 Ta are marked with crosses, The 2023,5 keV 
transition has been observed only. in the conversion electron 

• 182m Re 7 5 / . spectrum 1n the decay of , The existence of 2216 keV 
transition indicated with dashed and dotted line is uncertain, 
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1310 keV supported this suggestion but the latter of the 

observed only in the investigations of the pair conversic 
182 117/ 

spectrum in Ta decay' • Recently in the gamma-ray 

of 
182 

Ta a new transition with the energy of 1181 ke' 

been found, This allows the suggestion on the existencE 

with the energy of 1510,5 keV. This level could be de-E 

1410,5 and 1181 keV transitions to the 100,1 and 329,4 
182n 

of the ground state rotational band. In the decay of 

1410,5 keV transition was observed, The 1310 and 118: 

sitions did not appear in the gamma-ray spectrum with t 

ties higher than 0,05% I y (1121.3) and 0,3% I y(1121,3) 

ly. It seems therefore that the existence of 'the 1410,"5 I< 

rather doubtful and the existence of the 1510,5 keV levE 

more probable, 

The 1538 keV level is introduced on the basis of 

sitions 1437,8 and 1537 keV leading to 0+ and 2+ level 

ground state band, The 1437,8 keV transition as it was 

above has a high admixture of E 0 radiation. If this trar 

pure EO then the 1437,8 keV I 17 
.. o+ level should exist. 

this supposition .there are two arguments: 

i,The 1437,8 keV transition is observed in the dec 

so the proposed 0+ level should be populated in the thi 

(log ft os18) beta-transition from the 182 Ta ground state (ITT 

ii. A strong E2 transition with the energy of 133~ 
+ 

the 2 state. of the ground state band should de-excite 
+ ted 0 level, The intensity of such transition would be al 

of magnitud~ higher than the intensity of the 0+ ... o+ tra 

the gamrn~-ray spectra of 182"Re and 182 Ta such tran 

not seen. 
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Re -+ W • Transitions which have 
or suggested by coincidence measurements 

black or open circles, respectively, Transi
with dashed lines are placed with greater 

positions. Transitions observed only in the 
are marked with crosses. The 2023,5 keV 
been observed only. in the conversion electron 

182m Re 75 j • 
decay of • The extstence of 2216 keV 

with dashed and dotted line is uncertain. 
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1310 keV supported this suggestion but the latter of them has been 

observed only in 
182 

spectrum in Ta 

of 
182 

Ta a new 

the investigations of the pair conversion positron 

deca;
17

/. Recently in the gamma-ray seectrum 

transition with the energy of 1181 kev'15/ has 

been found, This allows the suggestion on the existence of a level 

with the energy of 1510.5 keV. This level could be de-excited by 

1410.5 and 1181 keV transitions to the 100.1 and 329.4 keV levels 
. 18211/ 

of the ground state rotational band. In the decay of Re only 

1410.5 keV transition was observed. The 1310 and 1181 keV tran

sitions did not appear in the gamma-ray spectrum with the intensi

ties higher than 0,05% I y (1121.3) and 0,3% I y(1121,3) respective

ly. It seems therefore that the existence of the 1410.'5 keV level is 

rather doubtful and the existence of the 1510,5 keV level seems 

more probable. 

The 1538 keV level is introduced on the basis of two tran

sitions 1437,8 and 1537 keV leading to o+ and 2+ levels of the 

ground state band. The 1437.8 keV transition as it was mentioned 

above has a high admixture of E 0 radiation. If this transition is 

pure EO then the 1437.8 keV I 77 
.. o+ level should exist. Against 

this supposition .there are two arguments: 

182 i.The 1437,8 keV transition is observed in the decay of Ta 

so the proposed a+ level should be populated in the third forbidden 

(logft ... 18) beta-transition from the 182 Ta ground state (I 77 =3l. 
ii. A strong E2 transition with the energy of 1337.7 keV to 

the 2+ state. of the ground state band should de-excite the postula

ted 0 + level, The intensity of such transition would be about 2- orders 

of magnitud~ higher than the intensity of the 0+-+ o+ transition, In 

the gamma-ray spectra of 182"}W and 182 Ta 

not seen. 

~ 
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Therefore, it is assumed that the 1437.8 keV transition is of 

EO + (M1)+E2 type and feeds the 100.1 keV {2+) level. It means 

that in 
182 

W there exists a level with the energy of 1537.8 keV 

( 1 77 
.. 2+) and it is supported by the presence of the 1537+ 2 keV 

line in our gamma-ray spectrum. 

The 1871, 2148 and 2210 keV levels are introduced basing 

on the transitions leading from each of them to the three lowest 

levels of the ground state rotational band. Additionally the 1871keV 

level is supported by the M100- Y 1770 keV (fig.4) coincidences. 

The multipolarities of the transitions in question are not known but 

the character of the de-excitation of the suggested levels speaks 

in favour of the I = 2 spin assignment. 

The 1856 keV level is de-excited by two transitions to the 

ground and first excited states, and also by the 598.5 keV M1 or 

M1+ E2 transition to the 1257.5 keV (1 77 "'2 +) level. Such placing 

of the 598.5 keV transition does not contradict the results of gam

ma-gamma coincidences. The character of de-excitation of the 

1856 keV level suggests its positive parity and spin value equal to 1 

or 2. 

The 2116.5 keV level is supported only by one 2016.5 keV 

M1 or M1+E2 transition to the first 2+ state. Another possibility 

of placing this transition as the leading one to the 0 + or 4 + states 

would imply the existence of intense ( ly > 1.
1
1% I y ( 1121.3)) transi

tions with energies of 1916.5 or 2246 keV to the 100.1 keV (1
77 

-2+) 

state. Such transitions are not observed, therefore, the introduction 

of the 2116.5 keV level seems justified. The most probable spin 

and parity of this state is I 
77 

.. 2+ • The 2116.5 keV level can be 

de-excited also by 894.9 keV transition, which however, is placed 

with greater certainty in other position of the decay scheme. 

20 
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The 2241 keV level is de-excited by two transitio 

2 + and 4 + states of the ground state rotational band. Tr 

direct transition to the ground state indicates that the s 

discussed level is I "'3 or 4. 

The levels with the energies of 2110, 2175 and 23 

introduced tentatively. In the decay scheme (fig.6) they a1 

with dotted lines. The 2216 keV transition ( 2316 keV-

was found not in all series of measurements, therefore o 

upper limit of its intensity is given. One can also put thE 
182m 

2175 keV transitions in other places of the Re decay : 

Harmatz et al/
5

/ have given evidence for the exist' 

the 2054.5 keV level based on the 2054.3 and 1954.7 kl!! 

-tions leading to the ground and first excited states. More 

measurements of these transitions (table 1) allowed one t 

value of the level energy equal to 2057.5 keV and to. 1= 

800 and 836.2 keV transitions between it and the 1257.5 

keV levels. The multipole orders of the transitions going 

2057.5 keV level unambiguously define its spin and parit 

Table 3 presents the ratios of the relative intensiti 
1s2w • 

current gamma-rays from the levels of populated m 
182 182m 

of Ta as well as of Jfe,, In general, a good agreem 

the accuracy of measurements is obtained. Exceptions a1 

tios of ly (1157.4)/1 y (1257.5) "INhere the discrepancy is 

greater than the experimental ·error. Probably, this is d 

complexity of the 1157.4 keV gamma-line. From the deca~ 

(fig.6) it can be seen that between the 1487.5 keV (I" =4· 

329 ~eV (1 77 =4+ ) states there should be E1 or E1+M2 1 

with the energy of 1158.1 keV. Such transition was not I 

perimentally because it is difficult to separate it from the 

transition. Taking into account the fact that the 1487.5 k 

21 
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The 2241 keV level is de-excited by two transitions to the 

2 + and 4 + states of the ground state rotational band. The lack of 

direct transition to the ground state indicates that the spin of the 

discussed level is I = 3 or 4. 

The levels with the energies of 2110, 2175 and 2316 are 

introduced tentatively. In the decay scheme (fig.6) they ar·e drawn 

with dotted lines. The 2216 keV transition ( 2316 keV- 100.1 keV) 

was found not in all series of measurements, therefore only the 

upper limit of its intensity is given. One can also put the 2110 and 
182m 

2175 keV transitions in other places of the Re decay scheme. 

Harmatz et a1/5
/ have. given evidence for the existence of 

the 2054,5 keV level based on the 2054,3 and 1954,7 keV transi -

tions leading to.the ground and first excited states. More accurate 

measurements of these transitions (table 1) allowed one to give the 

value of the level energy equal to 2057.5 keV and to. place the 

BOO and 836,2 keV transitions between it and the 1257.5 and 1221.4 

keV levels. The multipole orders of the transitions going from the 

2057,5 keV level unambiguously define its spin and parity asl17 = 1 +. 

Table 3 presents the ratios of the relative intensities of con-
182 

current gamma-rays from the levels of W populated in the decay 
182 182m 

of Ta as well as of Be., In general, a good agreement within 

the accuracy of measurements is obtained. ,Exceptions are the ra

tios of ly (1157.4)/1 y (1257.5) where the discrepancy is two times 

greater than the experimental error. Probably, this is due to the 

complexity of the 1157,4 keV gamma-line. From the decay scheme 

(fig.6) it can be seen that between the 1487.5 keV (I" =4- ) and 

329 ~eV (1
17 

=4+ ) states there should be E1 or E1+M2 transition 

with the energy of 1158,1 keV. Such transition was not found ex

perimentally because it is difficult to separate it from the 1157.4 keV 
1T -transition. Taking into account the fact that the 1487,5 keV(I K=4 2 ) 
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Table 3 

Ratios of Gamma-Ray Intensities De-Exciting Some Levels of 
132 

'II' 

Populated in the Decay both of 
182 

Ta and 
182

"' Re 

J:DergJ Ratio lb:pertaental Value 
of de-excited of tranaition froa the dec~ of 
level inteDJiitiea 

(keV) 182 Ta 182a Re 

1221,4 l1 crm.M 
~ (1!21.3) 

0,83±,0,04 0, 79t,0.05 

1257~ 
1l (II 57 ,4). 

0 ,68:t.O ,05 0,52t,0,05 '1!' (1257 .5) 
1J'{927 ,9) 0,45;t,0,08 0.32t,0,05 
.,K (1257 .5) 

1289,.2 1¥ {1289,_3) 0,08I:t,0.005 0 .084t,O .006 
1 :l.tni89 o> 
1d959,7) o,o2it,O,oo5 0,021±.0,004 
:1t (!189 0) 

133!,0 1r ~1001 26~ O,I85t,O,Ol5 tvO,I7 
lt(I231 \0) 

1373,9 :r, (152,4) 2,5I.t,O,I3 2,3St,0,40 
1tL84_.7J 
1i t84 1 7~ 4,3t,0.6 4,5t,0,8 
'jt U273. 7) 

'3t ~1374,0) 0,42t.O~IU u.34t,0.06 
:Jr (1273 7) 

1, (1044,4) 
.N 0.4 0.32t,0,06 

'jl (I273 .. 7J I 

1487,5 l,r (156,4) 1,69t,0,14 1,72t,0.63 
lt {198 4). 
:r, (1387 ,6) 0,059t,0,008 ~ 0,09 '¥ ~198,4) 

1553,2 3t(l79,4) 0,91t,0,07 0 , 99t,O. 25· ;1 (264,1) 
1t(222,1) 
31 {264 I) 

2.15±.0 .16 2.14t,0,45 

:1t:(I453,5) 0 ,018:t.O ,006 < 0,05 
1t(264~1) 

--------
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J 
level is about eight times weaker populated in the deca) 

11 + . 18 2 ( 11 -
( I K .. 2 2) than in .the der..a.y of Ta I K • 3 3) we 

ted the intensities of the 1157.4 and 1158.1 keV trarisitic 
182 

decay of Ta ; 

ly (1157.4)• (1.95 !" 0.20)~ ly (1121.3) 

Iy (1158,1) ·(0.72 _: 0,25 ~ Iy(1121.3) 

in agreement with the calculations of Voinova and DzhelE 

who have supposed the ratio Iy {1158,1) /I y (1157.4) to b 
18 

Using the intensity ratio I i (198.4)/I y (1158.1) from the 

we calculated the probable intensity of the 1158,1 keV b 
182m 

in the decay . of Re : 

I y (1158.1) .. (0.11 _: 0.04)~ I y(1121.3). 

On the basis of the proposed decay scheme the 

of the transition intensities was made and feeding of the 
182m 

in ~ per one Re decay was estimated. The sum of i1 
182 

of all transitions leading to the ground state of W w 
182m 

med as 100°/o of decay events • With the total Re de 

equal to Q EC =( 2860+ 20) keV the experimental I o g ft 
- 182 w (' ) 

were found for the EC decay to the levels fig.6 • 

6. Discussion 

The nucleus 
182 

W is at the end of the region o 

ly deformed nuclei with A = 150 -185. The measurements 
182 

quadrupole momentum of the W ground state gave ti'": 

of the deformation parameter f3 =0,240±0.004/
1

( It is well 

that the properties of the excited states of deformed nuc 

ciple can be described with the aid of ccntemporary mo< 

cepts of the nuclear structure. In the present paper the 

23 



Table 3 

of Gamma-Ray Intensities De-Exciting Some Levels of 
182 

W 

in the Decay both of 
18 

• Ta and 
18 

•'" Re 

Ratio l Experiaental Value 
of tranai tion froa the dec~ of 
intensities 

182 Ta 182a lie 

0,83±,0,04 0, 79-J:.O.OS 

0 ,68:t.O ,05 0,52t,0,05 

0,45±,0,08 0.32±,0,05 

0 ,08!±.0 .005 0.084t,0.006 

-
0,02it.O ,005 0 ,02It,O ,004 

O,I85t,O,OI5 rv 0,17 

2 .S:tt.O. 13 2 .38:t.O ,40 

4,3t,0.6 4,5t,0,8 

0,42t,O,IU u.34t.O ,06 

NQ,4 0 .32t,0,06 

I ,69t.O ,I4 I, 72t,0.63 

0,059t,0,008 < 0,09 

0,9It,0.07 0 • 99±,0. 25· 

(.::oct .1 J 
2 .I5t.O .I6 2.14±,0,45 

:1t:{I453,5) 0 ,OI8t,O ,006 < 0,05 
:It (264 ;I) 
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level is about eight times weaker populated in the decay of 
182

mRe 
Tr + . 18 2 Tr -

( I K .. 2 2) than in .the der-..ay of Ta ( I K • 3 3) we calcula-

ted the intensities of the 1157.4 and 1158.1 keV transitions in the 
182 

decay of Ta 

Iy (1157.4)· (1.95 !' 0.20)% ly (1121.3) 

Iy (1158,1) ·(0.72 _: 0~25 ~ Iy(1121.3) 

in agreement with the calculations of Voinova and Dzhelepo)l/ 

who have supposed the ratio Iy (1158,1) /I y (1157.4) to be about0.3, 
182 

Using the intensity ratio I y" (198.4)/I y (1158.1) from the Ta decay 

we calculated the probable intensity of the 1158.1 keV tra.nsition 
182m 

in the decay . of Re : 

I y (1158.1) = (0.11 i 0,04)% I y(1121,3). 

On the basis of the proposed decay scheme the balance 

of the transition intensities was made and feeding of the levels 
182m 

in % per one Re decay was estimated. The sum of intensities 
182 

of all transitions leading to the ground state of W was EI.SSU-

182m 
med as 100% of decay events • With the total Re decay energy 

equal to Q EC =( 2860+ 20) keV the experimental I o g ft values 
- 182 w (' ) 

were found for the EC decay to the levels fig.6 • 

6. Discussion 

The nucleus 
182 

W is at the end of the region of the strong-

ly deformed nuclei with A = 150 -185. The measurements of the 
18 2 

quadrupole momentum of the W ground state gave the value 

of the deformation parameter f3 =0.240±0.004/l~ It is well known 

that the properties of the excited states of deformed nuclei in prin

ciple can be described with the aid of ccntemporary model con-
rs 2m 18 2 

cepts of the nuclear structure. In the present paper the Re ... W 
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decay scheme is interpreted 

perfluid/20/ nuclear models. 

in terms of the unified/
19

/ and su-

6.1. Short Lived Isomer of 
182 Re 

The 
182 

Re nucleus has two isomeric states which decay to 

-the levels of 
182 W and have half-lives of 64.0+0.5 h /

2
/ and 

12. 7+0.2 h / 2 / • No transition is known between them an~ their mu-

tual position is not established. The comparison of the total decay 

energy of the short lived isomer (2860+20 keJ
7 f) with the mass 

182 182 -
difference between Re and W (about 2500 kev) calculated 

by Myers and Swiatecki /
21

/ indicates that probably the 64h acti-
182 

vity corresponds to the decay of the ground state of Re and the 

13 h activity is due to a higher lying isomeric state. This is sup

ported by the fact that in the decay of 64 h state of 
18 2 

Re states 

with the energy > 2100 keV are not populated with measureable 

intensity. 

The spins and parities of the ground and isomeric states of 
182 

Re have not been established experimentally. The log ft value 
182m 182 

for the decay of Re to the excited states of W give eviden-
+ + - -ce for the strong population of 1 , 2 , 2 and 3 states and for 

remarkably weaker population of 4- and 4 + states. Till now no de

cay to the 0+- state was found. Therefore, the most probable spin 

value of the •. 182
m.Re is I .. 2. Voinova and DzhelepoJ

1
/ have ascri-

. ~2 

bed negative parity to the 13 h isomeric state of Re by basing 
182m - -

on the fact that in Re decay the 2 and 3 states are populated 

stronger than the 2+ states. Nevertheless, the known 2+ states in 
18 2 

W are rather collective and on the other hand, the 2- and 3-

states are, first of all, of two-quasiparticle character therefore the 

slowed down feeding of the 2+ states cannot be interpreted as a 
182 . 

decisive argument in favour of the negative parity of Re isomer. 

24 
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Recently Akhmadzhanov et a1/
22

/ found that the bes 

nation of their results on 
18 21J!n 

182 182 
the Os ... Re decay is obtainec 

spin and parity of ne . " + is assumed to ,be I = 2 • 

Following the Nilsson model one can find two config 

giving the spin value I .. 2. 

p 402f + n 624t 
2 + 

7+ 

. 2 
p402t+ n510t[ 

3 

. 182 
The ground state (64 h ) of Re has spin I •6 or 7 

182 
With the first of the quoted contigurations the Re isomer! 

interpreted /
23

/ as the levels of the doublet with spins 2+ 

according to the rule of Gallagher and 1\!Ioszkowski. 

Table 4 presents the classification of beta-transitions 
182

mRe { ' b h fi ti ' ' from , to whtch ot t:on tgura ons tn question are 
182 

bed) to the two-quasi-particle states in W together with 

responding experimental log ft values. It follows from the 

sis of the table that the experimental data fit better the intt 
182m a " + 

tion of the Re as p 402y -n 624f , K .. 2 state. 

6.2. Collective States 

182m + + 
In the decay of Re only 2 and 4 states of the 

I" + state rotational band are populated. The 680.4 keV .. 6 

has been observed /J, 5
/ only in the decay of the 64 h st 

182 182 
Re. The beta-decay of Re isomeric state to the g 

state rotational band is K -forbidden and this explains the 

=7.5 value for the beta-transition to the 100.1 keV I 17 K =2· 

Our experimental data give about 10. times more intense E• 

sition to this state as compared with the measurements of I 

et al/
7

/ who have found log ft = 8.6. 
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is interpreted in terms of the unified/
19

/ and su-

182 Re 

nucleus has two isomeric states which decay to 
182 • . h /2/ W and have half-llves of 64,0+0.5 and 

No transition is known between them anq their mu-

not established. The comparison of the total decay 

hort lived isomer (2860+20 keJ
7

/) with the mass 
182 182 -

n Re and W (about 2500 kev) calculated 

Swiatecki /
21

/ indicates that probably the 64 h acti-
182 

to the decay of the ground state of Re and the 

due to a higher lying isomeric state. This is sup-
182 

of 64 h state of Re states 

2100 keV are not populated with measureable 

and parities of the ground and isomeric states of 

been established experimentally. The log ft value 
182 182

m Re to the excited states of W give eviden-

+ + - -population of 1 , 2 , 2 and 3 states and for 

population of 4- and 4 + states. Till now no de

was found. Therefore, the most probable spin 

is I .. 2. Voinova and DzhelepoJ
1

/ have a~cri-
. U2 

to the 13 h isomeric state of Re by basing 
182m - _ 

Re decay the 2 and 3 states are populated 

2+ states. Nevertheless, the known 2+ states in 

collective and on the other hand, the 2- and 3-

of all, of two-quasiparticle character therefore the 

of the 2+ states cannot be interpreted as a 
182 • 

favour of the negative parity of Re isomer. 
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Recently Akhmadzhanov et a1/22
/ found that the best expla-

182 182 
nation of their results on the Os ... Re decay is obtained if the 

182m.. . 7T + 
spin and parity of n.e is assumed to ,be I .. 2 • 

Following the Nilsson model one can find two configurations 

giving the spin value I .. 2. 

p402f 
2+ 

+ n 624f [ 
7 

+ 

. 2-
p402t+ n510t[ _ 

3 

. 182 /3 5/ The ground state (64 h ) of Re has spin I •6 or 7 ' • 
182 

With the first of the quoted configurations the Re isomers can be 

interpreted /
23

/ as the levels of the doublet with spins 2+ and 7+ 

according to the rule of Gallagher and 1\lloszkowski, 

Table 4 presents the classification of beta-transitions / 23/ 

from 
182

mRe, (to which both configurations in question are ascri-
182 

bed) to the two-quasi-particle states in W together with the cor-

responding experimental log ft values. It follows from the analy-

sis of the table that the experimental data fit better the interpreta-
ts 2m 77 + 

tion of the Re as p402f -n624f ,K -2 state. 

6.2. Collective States 

182m + + 
In the decay of Re only 2 and 4 states of the ground 

I" + state rotational band are populated. The 680,4 keV = 6 level 
/3 5/ . 

has been observed ' only in the decay of the 64h state of 
182 182 

Re. The beta-decay of Re isomeric state to the ground 

state rotational band is K -forbidden and this explains the Jog ft = 

=7,5 value for the beta-transition to the 100,1 keV 177 K =2+0 state. 

Our experimental data give about 10. times more intense EC tran

sition to this state as compared with the measurements of Badalov 

et al/
7 

/ who have found log ft ""8,6. 
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The levels with energies of 1221.4 and 1331.1 keV , 

terpreted as 2+ and 3+ states of the gamma-vibrational l: 
182m 

Both levels are populated in the decay of Re • The 14 

( I 
17 

.. 4 +) level which may be a third member of the band 

, 182m Re 1 ft produced m the decay. The large og ~ues fa 

feeding of 1221.4 and 1331.1 keV ( >7.2 and '>: 9.0, respe' 

levels in the decay of the 
182 Re isomer ( I 17 ;-2 +) may be 

stood if one considers contributions of different two-quasip 

configurations to the K 17 "'2+ collectiv-e state/24/. Recently 1 

et al./
25

/ calculated the energies of collective states in ev 

lei from the region of A "' 17 4 -188. They have obtained f 

state in 
182 

W energy of about 1.2 MeV what is in agreeme 

the experimenta.I value of 1221.4 keV. 

The ratios of E2 reduced probabilities of transitions 

gamma-vibrational band to the .ground state rotatiohal bcind 

calculated using the experimental intensities of gamma-rays 

ratios are presented in table 5 together with the values. fr, 
182 11/ 

Ta decay' and compared with the values obtained on 

sis of different nuclear models/~ 9• 26• 27/,. · The comparisor 

that the best agreement between experiment 

for K • 2. However, the theoreti::al value of 

significantly from the experimental one. The 

and theory is 
B(E2,2 .. 4) 
IJ(E2,2 .. 0) 
calculated inte 

between the K - 2 and K = 0 bands enlarges the discrepar 

calculations in the frame-work of the RV - model of Faessl 
/26/ /27/ . ai.' and Davydov and Chaban also cannot explam 1 

rimental value. 

1T 
6.3. Excited States with K .o+. 

1T + 
The K =0 states and connected with them EO transi 

of special interest in the even deformed nuclei. In the Ias1 
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The levels with energies of 1221.4 and 1331.1 keV are in

terpreted as 2+ and 3+ states of the gamma-vibrational band/1•5•.12/ 
182m 

Both levels are . populated in the decay of Re • The 1442.9 keV 

( I 
17 

.. 4 +) level which may be a third member of the band is not 
• 182m 0 _ I ft 

produced m the .w decay. The large og ~lues for the 

feeding of 1221.4 and 1331.1 keV ( >7.2 and ~ 9.0, respectively) 

levels in the decay of the 
18 2 Re isomer ( I 17 .:,-2 +) may be under -

stood if one considers contributions of different two-quasiparticle 

configurations to the K 17 
= 2+ collectiVe state/24/. Recently Malov 

et al/
25

/ calculated the energies of collective states in even nuc

lei from the region of A = 174 -188. They have obtained forK" =2+ 

state in 
182 

W energy of about 1.2 MeV what is in agreement with 

the experimental va.iue of 1221.4 keV. 

The ratios of E2 reduced probabilities of transitions from the 

gamma-vibrational band to the .ground state rotatiohal bci.nd were 

calculated using the experimental intensities of gamma-rays. These 

ratios are presented in table 5 together with the values from the 
182 11/ 

Ta decay' and compared with the values obtained on the ba-

sis of different nuclear models/ ~9• 26
• 

27
{ ·The comparison shows 

that the .best agreement between experiment 

for K • 2. However, the theoreti::al value of 

significantly from the experimental one. Tbe 

and theory is obtained 
B(E2,2 .. 4) 

differs B(E2 ,2 ... 0) 
calculated interaction 

between the K • 2 and K = 0 bands enlarges the discrepancy. The 

calculations in the frame-work of the RV - model of Faessler et 

~~ ~ti . al.! and Davydov and Chaban also cannot explam the expe-

rimental value. 

TT 

6.3. Excited States with K .. o+. 

TT + 
The K ::0 states and connected with them EO transitions are 

of special interest in the even deformed nuclei. In the last few 
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years many excited states of this type were discovered 
164 170 178 

some nuclei ( Er, Yb, Hf ) the. existence c 

with I rr = 0 + was established in each of them. 

In the 
182 

W excited states with I 17 = 0 + were not 
182 1T 

fied. In the decay of Ta (I .. 3l and the 64h state 

( I • 6 or 7) excitation of such states is not very prob 

more promising is the decay of 13 h isomer of 182 Re ( 1 rr 
/1 12/ . 182 

In the work ' concermng the Ta decay the 1 

( I"K •2+0) state was established. The quantum charact~ 
assignment is based on the existence of the EO admixtu1 

1157.4 keV transition leading to the 2+ state of the grour~ 

rotational band. By assuming that the 1442.9 keV state kr 
182 • + . 

the decay of Ta can be mterpreted as the 4 state c 

'band one gets that the ground state of this band should 
. 1T + 

energy of about 1180 keV. The I K • 0 0 state would de-

the 2+ member of the ground state band by E2 transition 

energy of about 1080 keV. Such transition was· not found 

decay and in the present investigati.ons only the upper lir 

intensity is given: I y ( 1080) < 0.2%. I y (1121.3) • Ther~ 

I rr + problem of the existence of the .. 1180 keV ( K =0 0) st 

is still open. 

A similar situation is observed in the case of the n 

with an energy of 15.38 keV. The remarkable admixture of 

radiation in the 14.37.8 keV transition unambiguously definE 

quantum characteristics of the state to be I 
77 

K = 2+ o. The ~ 
ratio of the reduced probabilities of the transitions de-exc. 

1538 keV state to the ground state band is in good agree 

the 1.43 value obtained from the Alaga rule. The 1209 ke 

on to the 4 + member of the ground state band was not ol 

29 



jr-..~ ~----·---- ... 
N 0 ~ 
"); ~ ~ 

: ~ ~I ~ f::; l f2 
j_;_~- ..-7 __ a __ c>_ 

...... ~ :R 
~ ~ ~, co l )r. r. ~ ~I~ 

>. '!!. H 0 0 
~ ... Jill 1111 

·~ ~ ~ l ~ ~ -t . ~~ -- -
";..: l>oj "" 1:'- <;; 

• Cjf 4;. ~. - .. •· 
~ ~ ~ H 0 Q 
~I ~~~~-['------

:§ Ill~ "'<:t-JO TI ~ n ~ ~ ~ 

j ~~~· :---=··- ·--N 

-
0 

-"'; ~ I I 
~ H H N 

I!) ,g l>oj 
Q) .iii 
~ ~ <:t ~ 
It!'- .p H CO g) 
8 8 R o ' 

N :t: +I I ~I 
(ll «< 0 a:. N 
... ~ . ~ "' 
.£ .pp.. H 0 -o 

~ ~ ~ 
+~ 11 ~ ~ ·o 
& }:l El o...._ "" q ~ rn 

41 0 :r~ "1 0 • ~ 
~ ~<to' ~I J\1 ~I ~ 
~ as.:l ~ ~ 8 f;\ ~ c .p .. • ., 

~ ~ll~ H 0 0 O 
~ .p~ c 

"N6- ~6- ~~ ~ 
...... ,...... t t t t t f' ~ 
..tt ...,.., "! "! "! ~ ~ ~ ! 
I NNNN N~ 

........ ........ £::J ~ ~ F:::. ~ ..:;._ .§ 
-- ~~iii~ ~~ ~ 
@I~ .. .. . .. . .. ~ 
lXI lXI "1~ ~~ -.oq j! 
••I- HH HH HH 1:-' 
... , ..... N N <11 N 0 1"'1 

,; ,.~ ~~ oo~ s~_ --;a-

o-i ~ 'j;' -"'; '"1 
::1.= t:\1 ~ 
~~~~~'-' ~ ~ ______ ._ __ ..... 

28 

.,. 

years many excited states of this type were discovered and in 
164 170 178 

some nuclei ( Ec, Yb, Hf ) the. existence of 3-5 levels 

with I 
17 

• 0 + was established in each of them. 

In the 
182 

W excited states with I 17 =0+ were not yet identi-
• 182 17 182 

fied. In the decay of Ta (I .. 3) and the 64 h state of Re 

( I ·6 or 7) excitation of such states is not very probable. Much 

more promising is the decay of 13 h isomer of 182 Re ( I 17 • 2 +). 
/1 12/ . 182 

In the work ' concernmg the Ta decay the 1257,5 keV 

( I
17

K ·2+0) state was established. The quantum characteristics 

assignment is based on the existence of the EO admixture in the 

1157,4 keV transition leading to the 2+ state of the ground state 

rotational band. By assuming that the 1442.9 keV state known from 
182 + . 17 + 

the decay of Ta can be interpreted as the 4 state of theK .. o 
'band one gets that the ground state of this band should have the 

. 17 + 
energy of about 1180 keV. The I K "'0 0 state would de-excite to 

the 2+ member of the ground state band by E2 transition with the 

182 energy of about 1080 keV. Such transition was· not found in the Ta 

decay and in the present investigations only the upper limit for its 

intensity is given: I y ( 1080) < 0.2%. I y (1121,3) • Therefore the 
17 182 

problem of the existence of the .. 1180 keV (I K =0+0) state in W 

is still open. 

A similar situation is observed in the c~e of the new level 

with an energy of 15.38 keV. The remarkable admixture of the EO 

radiation in the 1437.8 keV transition unambiguously defines the 
17 + B(E2,2-.2) 

quantum characteristics of the state to be I K =2 o. The B(E
2

, 2...0(1.4 

ratio of the reduced probabilities of the transitions de-exciting the 

1538 keV state to the ground state band is in good agreement with 

the 1.43 value obtained from the Alaga rule. The 1209 keV transiti-
+ 

on to the 4 member of the ground state band was not observed. Its 
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intensity according to the intensity rule for K • 0 should be about 

0,03°/o I y (1121,3), which is much below the possibility to observe 

it in the gamma-ray spectrum. Assuming the moment of inertia of 
, one ob-

this K 17 ... o+ band to be about JK~·(1.0 - 1,3) J g .... 

tains the energy of the ground state of the band in the region of 

1440 - 1470 keV. The existence of this t" K =0+ 0 state would be 

manifested by the E2 transition with the energy of 1340-1370 keV 

to the 2+ state of the ground stcte band, However, such transition 

was not seen in the gamma-ray spectrum with the intensity hig-

her than 0,04°/o I Y (1121,3). 
One can conclude that the existence of two excited 2+ 0 sta-

tes in 182 W is reliably established but the corresponding 0+0 

states are not found till now, 
In the deformed even nuclei different types of 0 + excitations 

are to be expected / 28/ i.e. pairing vibrations, beta-vibrations and 

spin-quadrupole excitations. One of the criteria which enables to 

distinguish between them is the probability of EO transitions bound 

with the K 17 = 0 + state. The probability of the monopole transition 

W x (EO) can be written in the form/
29

/ 

Wx (EO)= Ox p
2

(EO), 

where nx is the reduced probability of EO transition depending 

only on its energy and Z of the nucleus. It is considered for 

, p (EO) is the reduced nuclear 
different shells ( x = K, L , 
matrix element depending on the properties of the nucleus • 

For comparison of the theoretical and experimental data on 

monopole transitions it is convenient to use the dimensionless pa

rameter X introduced by Rasmussen /
3

0/ 

30 

~ 

X ( EO, i ... f 

E2, i ... f, f ' 
) = • 

e
2

R
4

p
2 (EO) 

B(E2,i-of,f') 

The magnitude e
2
R

4 
/(EO) =B(EO, i ... f) is the sa-called r 

probability of EO transition. B(E2) is· the reduced probabil 

transition. 

By assuming the EO+E2 multipolarity 

1437,8 keV transition the ratio I k (EO) 
I ( E2) 

them and the corresponding pararleters X 

There are no theoretical calculations of X 

for the 1157,4 

was found for 

calculated (tal 

for the
18 2 

W 1 

despite it some conclusions can be drawn about the natUJ 

K 17 =0+ states. 

The low value of X for the 1157,4 keV transition 1 

indicates, in agreement with ref/
28

/ that the 1257,5 keV le 

longs probably to the beta-vibrational band, however, coru 

contribution of the spin-quadrupole interaction is not exclt 

turns out from the calculations/
25

/ on the basis of the nuc 

perconductivity model that the energy of the K 
17 

.. o+ in t 

( with f3 ==0,23) should be about 1,3 MeV. This result is 

agreement with the energy E 0 +"' 1180 keV of the suggesl 

state of the K 17 
• 0 + band, 

For the 1437,8 keV the calculated parameter is X;::. : 

great. values of this parameter ( X» 1) are expected /
28

/ 

0 + -excitations due to the pairing vibrations, The excited 

such type have energy higher than the energy gap. TherE 

seems reasonable to interpret the K 17 = 0 + band to which t 

1538 keV (2+) level belongs as the 0+ -excitation of the ty 

ing vibrations, 

31 
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according to the intensity rule forK •0 should be about 

(1121.3), which is much below the possibility to observe 

gamma-ray spectrum. Assuming the moment of inertia of 

0+ band to be about JK~·(1,0 - 1,3) J g.s. , one ob-

energy of the ground state of the band in the region of 
TT + , 

470 keV. The existence of this I K =-0 0 state would be 

by the E2 transition with the energy of 1340-1370 keV 

state of the ground stcte band, However, such transition 

seen in the gamma-ray spectrum with the intensity hig-

0,04o/o I y (1121,3). 

can conclude that the existence of two excited 2+ 0 sta

is reliably established but the corresponding 0 + 0 

not found till now, 

the deformed even nuclei different types of 0 + excitations 

expected / 28/ i.e. pairing vibrations, beta-vibrations and 

excitations. One of the criteria which enables to 

between them is the probability of EO transitions bound 

K" = 0 + state. The probability of the monopole transition 

can be written in the form/
29

/ 

Wx (EO)= nx p
2

(EO), 

is the reduced probability of EO transition depending 

energy and Z of the nucleus, It is conside~ed for 

shells ( x "'K, L , . . . . ) , p (EO) is the reduced nuclear 

ment depending on the properties of the nucleus • 

comparison of the theoretical and experimental data on 

transitions it is convenient to use the dimensionless pa

X introduced by Rasmussen /3 0/ 

'30 

.. 

X ( EO, i ... f 

E2, i ... f, f ' 
) = • 

e
2 

R
4 

p 
2 

( E 0) 

B( E2, i -> f , f ') 

The magnitude e
2
R

4
/(EO)=B(EO,i -of) is the so-called nuclear 

probability of EO transition. B(E2) is· the reduced probability of E2 

transition. 

. By assuming the EO+E2 multipolarity for the 1157.4 and 

1437,8 keV transition the ratio I k (EO) 
I ( E2) 

them and the corresponding paracleters X 
was found for each of 

calculated (table 6), 
There are no theoretical calculations of X for the18 2 W nucleus but 

despite it some conclusions can be drawn about the nature of the 

K "=0+ states. 

The low value of X for the 1157,4 keV transition (X =0,037) 

indicates, in agreement with ref/
28

/ that the 1257,5 keV level be

longs probably to the beta-vibrational band, however, considerable 

contribution of the spin-quadrupole interaction is not excluded, It 

turns out from the calculations/
25

/ on the basis of the nuclear su-

" + 182 perconductivity model that the energy of the K = 0 in the W 

( with f3 .. 0,23) should be about 1,3 MeV, This result is in good 

agreement with the energy E 0 +., 1180 keV of the suggested ground 

state of the K" .. o+ band, 

For the 1437,8 keV the calculated parameter is X;;;:, 1. The 

grea~ values of this parameter ( X» 1) are expected /28/ for the 

0+ -excitations due to the pairing vibrations, The excited states of 

such type have energy higher than the energy gap. Therefore ., it 

seems reasonable to interpret the K" =0+ band to which the 

1538 keV (2+) level belongs as the 0+ -excitation of the type of pair

ing vibrations, 
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'!'able 6 

Parameter X for (EO+E2)-'I'ransitions in 
182 

W 

, 
Transition ~ (1iX> ) 

Energy 
( keV ) I-. (E2) 

115?.4 
' 3 (4.?+0.5).10-... 

143?.8 ~ 3·5•10-2 

32 

~ 

X 

0.037±0.004 

~ 1 I 

6,4. Two-Quasi-Particle States 

. J23/ 
Gallagher and Solovie have shown that the excil 

tes in even deformed nuclei due to the intrinsic motion of 

can be described by the supertluid model as two-quasipart 

citations of neutrons and protons which. are in different. Nil 
182w • 

states. For the nucleus m the energy region of 1.2 -: 

many two-quasi-particle states have been predicted and thE 

pretation of some levels known already from experiment r 
. /20,23/ given • 

The 1289.2 and 1553.2 keV st:Qtes populated in the d 
182 T /20,23/ . . t• . a have been interpreted as excita Ions wxth pre 

contribution of two-quasi-particle configuration pp [ 402t -51 

and n n [ 624t - 510f , respectively. 

The 1289,2 keV level is intensively fed also in the d' 
182 

Re and the resulting log ft •6.6 value (table 4) can 

plained assuming the isomeric state of 
182 Re as the p 402-f 

level. In such a case the n 62d .. p 514f transition is of a 

bidden type. The experimental log ft value for such trary! 

in the neighbouring odd-A nuclei is 6,5 - 6. 7/31/. Another 
18 2 

tation of the isomeric state of Re as the p 40U -n 510~ 

state (see, 6,1) implies the log ft value much higher than 

perimental one, The n 510t -> p 514f beta transition leads 

case to the K -forbiddenness ( ~ K .. ~A .. 4) due to the 

of the direction of total angular momentum projection on the 

symmetry axis. 

The level with 1553.2 keV is populated in the EC dec 
182m 182 

Re less intensively than in the (3- -decay of Ta • The 

rimental log ft"' 8,6 value allows the classification of the trc 

as the unique first forbidden one and supports the assignmE 
17 + .182m 

I "'2 to the isomeric state of Re • 

33 



'!'able 6 

X for (EO+E2)-'I'ransitions in 
182 

W 

~ (l!D ) 

I¥ (E2) 

(4.7.f.0.5).10-3 

> 3·5•10-2 

32 

X 

0.037±0.004 

~ 1 

6.4. Two-Quasi-Particle States 

·Gallagher and SolovieJ
23

/ have shown that the excited sta

tes in even deformed nuclei due to the intrinsic motion of nucleons 

can be desaribed by the supertluid model as two-quasiparticle ex

citations of neutrons and protons which. are in different. Nilsson 
182w • • 

states. For the nucleus m the energy regton of 1.2 -:- 2.6 MeV 

many two-quasi-particle states have been predicted and the inter

pretation of some levels known already from experiment has been 
. /20,23/ gtven • 

The 1289.2 and 1553.2 keV sti;l.tes populated in the decay of 
182 

Ta have been interpreted/
20

•
23

/ as excitations with predominant 

contribution of two-quasi-particle configuration pp [ 402f - 5lll+l 

and nn [ 624t- 510t , respectively. 

The 1289.2 keV level is intensively fed also in the decay of 
182 

Re and the resulting log ft •6.6 value (table 4) can be ex-
182 

plained assuming the isomeric state of Re as the p 402-f - n 624. 

level. In such a case the n 6 24f .. p 514t transition is of a first for-

bidden type. The experimental log ft value for such tral')sitions 

in the neighbouring odd-A nuclei is 6.5 - 6. 7/
31

/. Another interpre-
182 

tation of the isomeric state of Re as the p 402f. -n 510+ 

state (see, 6.1) implies the log ft value much higher than the ex-

perimental one. The n 510t ... p 514f beta b:ansition leads in this 

case to the K -forbiddenness ( 11 K .. 11 A .. 4) due to the change 

of the direction of total angular momentum projection on the nuclear 

symmetry axis. 

182m Re 
The level with 1553.2 keV is populated in the EC decay of 

_ t82 T 
f3 -decay of a • The expe-less intensively than in the 

rimental log ft .. 8.6 value allows the classification of the transition 

as the unique first forbidden one and supports the assignment of 
1T + ,182m 

I "'2 to the isomeric state of Re • 

~ 
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The 2184,2 and 2274.5 keV states have been introduced into 

182m 18 2 /5/ , the Re ... W decay scheme by Harmatz et al. who 1n-
- - TT -

terpreted them as 2 and 3 members of the K = 2 band. 

'!'his is supported by the multipolarities of the transitions (table 2) 

de-exciting both levels to the lower-lying K 
17 

= 2- band. It can be 

seen from table 7, \where the experimental and theoretical ratios 

of reduced probabilities of M1 transitions leading to the K
17 

= 2-

band are compared, that the best agreement is obtained by assum

ing K =2 for both le.vels. However, for the 2274,5 keV level K =0 

and K = 1 are also possible. If these states form rotational band, 

only one possibility of K .. 2 is left. Gallagher and SoloViev /
23

/ 

have treated the 2184. 2 keV level as the two-quasi -particle 

nn [ 62d - 512+ ] state and the 2274.5 keV as a corresponding 
. · 182m 

rotational state. If the p 402f - n 624t configuration for Re 

is assumed, the 2184,2 keV state would be fed by the EC 

first forbidden unhindered transition. 'l'he log ft 
p 402t ... n 512+ 

value of such a. transition is in agreement with the experimental 

=7.2 value (table 4). log ft 
'l'he K quantum number of the 2023,5 keV (I 

17 

=3l level 

is not yet established because the multipole mixture of the M1+E2 

t~ansitions to the K 17 = 2- band is not known. 'l'he de-excitation to 

the K 17 = 2- and K 17 =4- levels together with the absence of 

transitions to the K 17 = 0 + ground state ban9 supports the earlier 

suggestion/51 that the 2023.5 keV level has K =3. 'l'his level has 

been interpreted/23/ as the n n [ 624f - 512+ ] state and it is con

firmed now by the experimental log ft =7.2 value by assuming 

182m t that the Re isomeric state has the configuration p 402t -n 624 

'l'he ratio ::>f reduced transition probabilities of M1 transitions 

connecting the 2057,5 keV state with o+ and 2+ levels of the 

ground state band gives the best agreement with theoretical ratios 
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(table 7) for K =1. Solovi.eJ
20

/ has predicted pp [ 402t -40d ] 

state in 182 W with the energy > 1.4 MeV which should be 
. 182~ 

populated in the allowed hindered decay of M (p402t -n624t ). 

The .experimental log ft = 7.4 value of the EC transition to the 

2057.5 keV state is in agreement with it and is close to the 

log ft =7.2 value obtained for the n 624t .... p 40d transition of 

th 
183

0 
183 Re d It · d t th · ·f· t · · e s eo ecay. ts ue o e stgnt tcan rruxtng 

between orbitals differing in asymptotic quantum numbers by tl N .. 

=fln = 2, tl A =0/32/ that beta-transitions of this type occur with 
z 

measurable intensity. The n 404t and p624f states are mixed with 

n 624t and p404f states, respectively. The resulting allowed 

unhindered transitions n404f ... p 4041 and n 624t ... p 6.24J 

contribute to the probability of beta-transition between n 624 t and 

p 404, states. 

The 2116.5 keV ( I 17 
.. 2+) state can be treated as a rota-

tional one of the K .. 1 band built on the two-quasi-particle level 

2057.5 keV. There are twoi arguments in favour of this interpreta-

tion: 
i. No gamma-transitions to 0+ and 4+ states of the ground 

state rotational band were observed. 

ii. The .parameter A = ;J2 
of the proposed band is found to 

be 14.75 keV. It means, that the moment of intertia of the band is 

higher than .that of the ground state bahd (, A = 16,7 8 keV). 

f 
. 1 18 2 w 

The nature o other htgh-energy evels of populated 
• 182m 
m the decay of Re is not clear yet. 

The authors are indebted to Professor B.S.Dzhelepov and 

Dr. J,Zvolsky for helpful discussions. Our thanks are due to 
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