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INVESTIGATION OF THE K� = 8� ISOMERSIN N = 74 ISOTONES ON BEAMOF THE WARSAW CYCLOTRON�T. Morekfor the Warsaw OSIRIS II CollaborationNu
lear Physi
s Division, IEP, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Re
eived April 10, 2001)The de
ay of theK�= 8� isomers in 132Ce and 134Nd have been investi-gated on the beam of the Warsaw Cy
lotron using OSIRIS array. Rea
tions120Sn(16O,4n)132Ce and 118Sn(20Ne,4n)134Nd were used. Two new de
aypaths have been found in the deex
itation of the 8� isomer in 132Ce. Thehindran
e fa
tors for the E1, M2 and E3 transitions deex
iting the isomerhave been determined. Similar E3 de
ay of the 410 �s isomeri
 state in134mNd has not been observed in our experiment but nevertheless the re-du
ed hindran
e fa
tor f3 � 9 was determined. The de
ay properties ofthe 8� isomers in the N = 74 isotones are dis
ussed.PACS numbers: 21.10.Re, 23.20.Lv, 25.70.Gh, 27.60.+j1. Introdu
tionThe de
ay modes of K-isomers with large 
hanges of the K quantumnumber are subje
t to extensive investigations and they are not yet wellunderstood. Isomeri
 states with I� = 8� and K = 8 are known in all even�even N = 74 isotones with atomi
 number Z = 54�64 (see Refs. [1, 2℄ andreferen
es therein). The assignment of a two quasi-neutron 
on�guration(7=2+[404℄ 
 9=2�[514℄) is suggested for these isomers. This 
on�gurationis supported by the ele
tromagneti
 properties of the 8� isomers in 128Xeand 136Sm [3, 4℄. The respe
tive isomeri
 half-lives vary from nanose
onds(Xe) to millise
onds (Ce, Ba). The data show that, the ele
tromagneti
transitions from 8� isomer to the levels belonging to the ground state and� Presented at the High Spin Physi
s 2001 NATO Advan
ed Resear
h Workshop, ded-i
ated to the memory of Zdzisªaw Szyma«ski, Warsaw, Poland, February 6�10, 2001.(2537)



2538 T. Morekquasi rotational 
 bands severely violate the K sele
tion rule. The mainaim of our work was to extend the experimental information 
on
erning thede
ay modes of the 8� isomers in 132Ce and 134Nd (N = 74 isotones). Thedata on the even�even N = 74 isotones with Z = 54�64 are dis
ussed inSe
. 3. 2. ExperimentLevels in the 132Ce nu
lei have been populated in the 120Sn(16O,4n)rea
tion at a beam energy of 80 MeV [5℄. The 134Nd nu
lei were produ
ed inthe 118Sn(20Ne,4n) rea
tion at a beam energy of 100 MeV. The beams wereprovided by the U200P 
y
lotron at the Heavy Ion Laboratory of the WarsawUniversity. The beam had a ma
ro time stru
ture. The ma
ro pulses hada length of 1.0�1.5 ms with a time separation adjusted from 3.5 to 28.5 ms.The delayed 
-radiation was studied with the OSIRIS multidete
tor array
onsisted of 6 Compton-suppressed HPGe dete
tors.A de
ay of the 2294 keV, 410 �s isomer in 134Nd (see Fig. 1) was investi-gated. This isomer and its de
ay modes were reported in [6℄. The aim of ourexperiment was to �nd the E3 596 keV transition expe
ted (in analogy to132Ce to deex
ite the K� = 8� isomer to the 5+ level from the 
 band [7℄).We are only able to determine the upper limit for intensity of this transition.

Fig. 1. De
ay s
heme of the K�=8� isomers in the 132Ce and 134Nd nu
lei. Dashedlines denote transitions expe
ted if the 8� isomeri
 state in 134Nd de
ays to 
 band.The 132mCe isomer and its de
ay mode were observed in [5℄. In our in-vestigation (Fig. 1) two new de
ay paths have been found and the hindran
efa
tors for the E1, M2 and E3 transitions deex
iting the isomer have beendetermined.
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Fig. 2. Systemati
s of the energy levels and isomeri
 transitions in N = 74 nu
lei.De
ay modes of the 8� isomers are also shown. Dashed line denotes expe
ted E3transition in 134Nd 3. Dis
ussionUseful information on the de
ay properties of the 8� isomer 
an be ob-tained from hindran
e fa
tors dedu
ed for the deex
iting transitions. Theredu
ed hindran
e fa
tor f� of a 
-transition is de�ned asf� = (T p1=2=TW1=2)1=� ;where T p1=2 is the partial half-life of the 
-transition, TW1=2 is the 
orrespondingWeisskopf single parti
le estimate, � is the degree of K-forbiddeness de�nedas � = �K��, where � is the multipolarity of the radiation. In the 
ase ofE1 transitions, TW1=2 was multiplied by a fa
tor of 104 to take into a

ountsystemati
s of the E1 hindran
e fa
tors. The redu
ed hindran
e fa
tors forthe 
-ray transitions deex
iting the K� = 8� isomeri
 states in the even�even N = 74 isotones are presented in Fig. 3. The dependen
e of the f�values on the atomi
 number Z 
an be used as a sour
e of information aboutthe me
hanism of weakening of K-forbiddeness.Three types of the K-forbidden transitions are observed in dis
ussednu
lei:� E1 transitions between (I� = 8�; K = 8)! (I� = 8+; K = 0) states;� = 7.� M2 transitions between (I� = 8�; K = 8)! (I� = 6+; K = 0) states;� = 6.� E3 transitions between (I�=8�,K=8)!(I�=5+
 ,K=2) states; � = 3.
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s of the redu
ed hindran
e fa
tors for the even N = 74 isotones.Cal
ulated values (solid and dashed lines) for f6 and f7 are also shown. In the 
aseof E1 transitions the Weisskopf estimates used to 
al
ulations of f7 are multipliedby fa
tor of 104 to take into a

ount their generally higher hindran
e.The K� = 8� isomers in 130Ba, 132Ce, 134Nd, 13Sm and 138Gd isotonede
ay via forbidden E1 transitions with a degree of K-forbiddeness � = 7to 8+ members of the ground state band. The E1 transition rates andrespe
tive redu
ed hindran
e fa
tors f7 (
ir
les in Fig. 3) vary signi�
antlyfrom isotone to isotone Re
ently , in Ref. [2℄ deex
itation me
hanism through8� ! 8+, E1 transitions has been suggested for the N = 74 isotones. Theproposed me
hanism involves the intera
tion between the ground-state band(gsb) and the s-band. The admixture of the s-band wave fun
tion withhigh value of K to the wave fun
tions of the gsb members depends on theintera
tion strength between these two bands. The intera
tion strength 
anbe evaluated from the experimental alignment plot. It allows to 
al
ulaterelative values of redu
ed hindran
e fa
tors (f7) 130Ba, 132Ce, 134Nd, 136Smand 138Gd [2℄. These values normalized to the experimental f7 value for130Ba are presented in Fig. 3 as a solid line. The experimental f7 values(among them our point for 132mCe) agrees very well with the 
al
ulatedones.
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ay bran
h whi
h leads via M2(+E3) transition with � =6 to the 6+ members of the ground state band is only known in 130Ba, 132Ceand 134Nd. The 
orresponding redu
ed hindran
e fa
tors f6 are marked bysquares in Fig. 3. For 132Ce and 134Nd the E3/M2 mixing ratio is not known,therefore the experimental points indi
ate only lower limits of f6. For 130Bathe E3 admixture to the M2 multipolarity was dedu
ed from experimentalvalue of ele
tron 
onversion 
oe�
ient [1, 8℄.One 
an try to use the same me
hanism as proposed above to explainthe values of the redu
ed hindran
e fa
tors f6 forM2 transition from the 8�isomers to the 6+ members of the yrast band. Admixtures of the s-band intothe 6+ yrast state wave fun
tions have been 
al
ulated [2, 9℄. The resultingf6 values normalized to the experimental f6 value for 130Ba, are shown inFig. 3 (dashed 
urve). The experimental value for 134Nd di�ers signi�
antlyfrom the 
al
ulated one. This may indi
ate that band-mixing model is notsu�
ient to explain the data for the M2 (8� ! 6+) transitions.The f3 data for the E3 transitions from the isomeri
 8� state to the5+
 (K=2) state are very s
ar
e (see Fig. 3). However, one may arguethat a non-axial deformation may be responsible for the weakening of theK-forbiddeness in the 
ase of the isomeri
 de
ay to the quasi-rotational
-band members. For the dedu
ed value of the deformation parameter
 � 24Æ the wave fun
tion of the 5+
 state 
al
ulated in the frameworkof the Davydov�Filippov model [10℄ 
ontains about 4% of K = 4 admixtureto the K = 2 wave fun
tion in the nu
lei of interest. This may fa
ilitatethe 8� !5+, E3 transition observed in 130Ba and 132Ce through K = 7and K = 4 admixture to the wave fun
tion of the initial and �nal states,respe
tively. Su
h K = 7 admixture 
oming from the 7=2+[404℄
 7=2�[523℄two-neutron 
on�guration in the 8� isomer was found in 134Nd [11℄. Similarvalues for the amplitude of K = 4 admixture have been dedu
ed for bothnu
lei (sin
e the 
-deformations are similar) explaining the nearly equal f3values for these transitions. In 134Nd similar E3 de
ay of the 410 �s isomeri
state has not been observed. However, we were able to determine that inthis 
ase the redu
ed hindran
e fa
tor f3 � 9:5. Both hindran
e fa
tors: f3and f6 suggest sharp di�eren
e in the 134Nd isomer stru
ture in 
omparisonwith 130Ba and 132Ce. 4. Con
lusionsThe de
ay properties of the isomeri
 K� = 8� states in the 132Ce and134Nd nu
lei have been studied in the experiment. The isomers de
ayvia highly K-forbidden 
-transitions to the members of the ground stateband and quasi rotational 
-band. In 132Ce the redu
ed hindran
e fa
torsf7 = 9:0(0:5), f3 = 6:7(0:1) and the lower limit f6 � 12:5 �t ni
ely into
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s of the hindran
e fa
tors for the even�even N = 74 isotones.A simple two-band mixing model involving an intera
tion of the gsb withs-band, as suggested in Ref. [2℄, allows for an explanation of the observed Zdependen
e of the redu
ed hindran
e fa
tors f7 for E1 transitions. Howeverthis model fails to reprodu
e the f6 values. In the 
ase of the E3 transitions(redu
ed hindran
e fa
tors f3) it is shown that the nonaxial deformationshould be taken into a

ount. The similar values of f3 for 130Ba and 132Cemay be related to a nearly 
onstant 
-deformation dedu
ed for these nu-
lei. The E3 de
ay of the isomeri
 state in 134mNd has not been observed.However, we were able to determine that in this 
ase the redu
ed hindran
efa
tor f3 � 9:5. A more detailed study of the K� = 8� isomeri
 de
ayin the heavier 136Sm and 138Gd nu
lei would be very helpful for a betterunderstanding of the me
hanism of K-forbidden 
-transitions.Warsaw OSIRIS II Collaboration:T. Morek, J. Srebrny, Ch. Droste, M. Kowal
zyk, T. Rz¡
a-Urban, K. Starosta� Nu
lear Physi
s Division, IEP, Warsaw University, Poland;W. Urban �Nu
lear Spe
tros
opy Division, IEP, Warsaw University, Poland;R. Ka
zarowski, E. Ru
howska � The Andrzej Soªtan Institute for Nu
learStudies, �Swierk, Poland;M. Kisieli«ski, A. Kordyasz, J. Kowna
ki, M. Pala
z, E. Wesoªowski,M. Woli«ska � Heavy Ion Laboratory, Warsaw University, Poland;W. Gast, R.M. Lieder � Institut für Kernphysik, Fors
hungszentrum Jüli
h,Germany;P. Bednar
zyk, W. M�
zy«ski, J. Sty
ze« � The Henryk Niewodni
za«skiInstitute of Nu
lear Physi
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