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COULOMB EXCITATION OF THE K� = 8�ISOMERIC BAND IN 178Hf�P.J. Napiorkowskia, J. Srebrnyb, T. Czosnykaa, J. Gerl 
Ch. S
hlegel
, H-J. Wollersheim
, D. Clined, C.Y. WudR. Tengd, K. Vettere, A. Ma

hiavellie, M. Devlinf , J. deBoergJ. Iwani
kia, J. Kowna
kia, M. Loeweg, and M. WuerknergaHeavy Ion Laboratory, Warsaw University, PolandbInstitute of Experimental Physi
s, Warsaw University, Poland
GSI Darmstadt, GermanydUniversity of Ro
hester, USAeLBNL, USAfUniversity of St. Louis, USAgUniversity of Muni
h, Germany(Re
eived November 2, 2000; revised version February 7, 2001)The Coulomb ex
itation experiment on the 178Hf was performed using650 MeV beam of 136Xe. The �rst observation of dis
rete transitions in theK� = 8� isomeri
 band, Coulomb ex
ited from K� = 0+ ground state,is reported. The possible me
hanisms of E1 
oupling of the ground stateband and the isomeri
 band is dis
ussed.PACS numbers: 23.20.Js, 25.70.De1. MotivationThe K� = 8� isomer population after Coulomb ex
itation of 178Hf was�rstly reported by Hamilton et al. [1℄ in the early eighties. The rea
tionme
hanism of su
h phenomenon be
ame a puzzle. In general, the strengthof ele
tromagneti
 transitions between di�erent rotational bands should behindered a

ording to K quantum number sele
tion rule. The ex
itationof the isomeri
 band states via ele
tromagneti
 intera
tion indi
ates theexisten
e of the strong weakening ofK-forbiddeness between these bands [2℄.It 
an be possible due toK mixing of wave fun
tions of both bands. However,the isomeri
 band 
an be populated by de
ay of the intermediate state or� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.(861)
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h 
an be mu
h easer a

essible by Coulomb ex
itation. Thisrea
tion me
hanism is proposed as an explanation of theK 
onservation ruleviolation in the reported depopulation of the K� = 9� isomer in 180Ta [3,4℄.2. ExperimentA new experiment was performed to determine a way of the populationof K� = 8� isomeri
 band in 178Hf after Coulomb ex
itation. The thin(0.51 mg/
m2) target � enri
hed to 89.1 % of 178Hf � was bombarded by650 MeV 136Xe beam provided by ATLAS a

elerator fa
ility at ArgonneNational Laboratory. The target material additionally 
ontained 4.4 % of177Hf, 2.9% of 179Hf, 3.1% of 180Hf and less then 1% of 174Hf and 176Hf.A prompt gamma de
ay followed the Coulomb ex
itation was dete
tedby 100 GAMMASHERE dete
tors in 
oin
iden
e with s
attered 136Xe pro-je
tiles and hafnium re
oils registered by the position sensitive gas 
ounterCHICO [5℄. The measured s
attering angles of both dete
ted parti
les wereused to determine the impa
t parameter and to perform event by eventDoppler 
orre
tion of the 
-ray energy.In the presented analysis the experimental data from NORDBALL werealso used. The Coulomb ex
itations of hafnium isotopes were performed with67 MeV 19F and 225 MeV 58Ni beams at the Niels Bohr Institute TandemA

elerator Laboratory. Based on these data the ele
tromagneti
 stru
turesof ground state bands in 178Hf and 179Hf were �xed.3. First resultsThe level s
heme of rotational bands built on ground state and the1147 keV 4 s isomer is well known [6℄ and shown in the Fig. 1. Howeverthe identi�
ation of the de
ay within K� = 8� band was di�
ult be
ause of179Hf target 
ontamination. Energies of 10� ! 8�, 10� ! 9� and 9� ! 8�transitions are identi
al with the ones observed within ground state bandof 179Hf, strongly populated by Coulomb ex
itation. Only 495 keV gammaline 
an be uniquely assigned to the 11� ! 9� transition in 178Hf (seeFig. 2(a)). To prove the population of the K� = 8� isomer 
�
-parti
le 
o-in
iden
e data were used. Fig. 2(b) shows the spe
trum gated on the 495 keVline. One 
an see the 217, 277, 574 and 650 keV transitions from the knownlevel s
heme of 178Hf (see Fig. 1). It 
an be 
on
luded that dis
rete lines inK� = 8� band were observed in Coulomb ex
itation experiment for the �rsttime. Moreover, be
ause of a sharp shape of these peaks a delayed feedingvia any other isomer was ex
luded.
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Fig. 1. Part of level s
heme of 178Hf taken from [6℄.The observation of gamma-ray intensity above the isomer in the prompt
-parti
le 
oin
iden
e spe
trum allowed to apply Coulomb ex
itation analy-sis using the Coupled Channel Coulomb ex
itation least-squares sear
h 
odeGOSIA [7℄.A hypothesis of an E1 
oupling between the ground state and 8� isomeri
bands was tested. Su
h 
oupling is important in ex
itation as well as ingamma de
ay pro
ess. An equal K admixture to wave fun
tions of bothbands was assumed. In ea
h 
ase of 0 � K � 8, B(E1) values in the orderof 10�5W.u. were needed to reprodu
e intensities of 
 transitions observedin the isomeri
 band. Although estimated strength of E1 transitions arehigh, predi
ted intensities of interband gamma transitions remain below theexperimental sensitivity limit.The veri�
ation of other hypothesis like E3 dire
t ex
itation or via in-termediate state(s), is in progress. Identi�
ation of the intermediate states,
onne
ting the isomeri
 band with the ground state band via E3/E2 ex
i-tation would be the most 
omprehensive explanation of the experimentalresult.
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Fig. 2. The prompt 
-ray spe
tra observed in 
oin
iden
e with parti
les for�LabXe < 85 deg: (a) total proje
tion of 
-parti
le spe
trum, (b) 
�
-parti
le spe
-trum gated on 495 keV line. Gamma-lines labelled by spin assignment belong to178Hf and marked with 
, 2 and 4 
ame from 177Hf, 179Hf and 180Hf respe
-tively. Lines tagged with �?� 
annot be assigned to any transition within knownlevel s
hemes of hafnium isotopes.We wish to express our thanks to the ATLAS 
rew and Argonne NationalLaboratory for ex
ellent working 
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