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COULOMB EXCITATION OF AN ISOMERIC STATE IN181Ta VIA INTERMEDIATE STATES�P. Olbratowskia, J. Srebrnya, M. Loeweb, P. Alexa
J. de Boerb, J. Choi«skid, T. Czosnykad, J. Iwani
kidH.J. Maierb, P.J. Napiorkowskid, G. Slettene, and M. WürknerbaInstitute of Experimental Physi
s, Warsaw University, PolandbDept. of Physi
s, Ludwig-Maximilians University Muni
h, Gar
hing, Germany
Institute of Chemi
al Te
hnology, Prague, Cze
h Republi
dHeavy Ion Laboratory, Warsaw University, PolandeNiels Bohr Institute, University of Copenhagen, Denmark(Re
eived November 2, 2000)5=2+[402℄ 10.8 ns isomeri
 level at 482 keV in 181Ta was Coulomb-ex
ited by 225 MeV 58Ni, starting from 7=2+[404℄ ground state. Parti
le�
and parti
le�
�
 events were 
olle
ted. Ex
itation through newly observedgamma-vibrational K� = 3=2+ band turned out to be 50 times more e�-
ient than dire
t ex
itation.PACS numbers: 25.70.De, 23.20.Js, 21.10.Re1. Introdu
tionDuring the last years mu
h theoreti
al and experimental resear
h wasdevoted to the physi
s of K-isomers in atomi
 nu
lei. In re
ent Coulombex
itation experiments a surprisingly strong population of these states wasobserved, whi
h seems to be in 
ontradi
tion to the retarded 
hara
ter oftransitions 
onne
ting K-isomers to ground states. A possible explanation isthat there are other ways of feeding the isomers, through some upper-lyingintermediate states, but those states have not been identi�ed yet.In the present paper the mediating states are found in 181Ta. However,the isomeri
 transitions here are forbidden due to asymptoti
 Nilsson quan-tum numbers rather than the K number.� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.(865)



866 P. Olbratowski et al.2. Experimental and theoreti
al approa
hThe experiment was held in the Tandem A

elerator Laboratory, NielsBohr Institute, Risø, Denmark. It was a
tually designed to explore 180Ta,whi
h has a very strong K-isomer playing an important role in nu
leosyn-thesis. But, as 180Ta is extremely rare in nature, even an enri
hed target
ontained only 5% of it, the rest being 181Ta. It was a unique o

asion to
olle
t a large statisti
s for 181Ta and thus to observe weak e�e
ts.A thin Ta2O5 target was bombarded with 58Ni ions at 225 MeV. Thes
attered proje
tiles were dete
ted in an array of 55 PIN-diodes of the sizeof 5 � 5 mm, pla
ed at ba
kward angles. Parti
le dete
tion allowed toreprodu
e the kinemati
s ne
essary to 
al
ulate ex
itation 
ross-se
tions andto perform pre
ise Doppler-
orre
tion. Gamma-rays were measured in theNORDBALL spe
trometer with 20 germanium dete
tors.The Coupled Channel Coulomb Ex
itation Code GOSIA [2℄, developedin Warsaw and Ro
hester, was used for data analysis. Given a set of ma-trix elements of ele
tromagneti
 transition operators, GOSIA 
an 
al
ulateex
itation amplitudes and gamma intensities under parti
ular experimental
onditions. Furthermore, it 
an �t the matrix elements to experimental datausing the least-squares method.Cal
ulations within the Quasiparti
le-plus-Phonon Model (QPM) [1℄were performed to des
ribe the stru
ture of the newly found mediatingstates. 3. Results181Ta lies at the borders of the rare earth region and has a stable de-formation of � � 0:28, thus exhibiting the typi
al rotational stru
ture withstrongly 
oupled bands. Figure 1 shows the 
on
erned part of the levels
heme. The 7=2+[404℄ and 5=2+[402℄ bands are known from previous exper-iments, e.g. those in
orporating fusion rea
tions [3, 5℄. The state 5=2+[402℄is the isomer of interest. Its half-life is 10.8 ns and two de
aying transitionsto the ground state band were observed, namely 482 keV and 346 keV. Theirredu
ed probabilities were measured mainly in �� de
ay of 181Hf, and val-ues from the 
ompilation [4℄ are adopted in this paper. They are given inTable I.The forbidness of these transitions 
an be explained in terms of theNilsson model. They require 
hanges of K, � and � by values shown inTable I. A

ording to the model su
h transitions are not allowed. However,the forbidness is not due to K, but rather to � and �.In spite of the low probabilities, a surprisingly strong yield of the 482 keVline was observed in the present experiment. Also the 108 keV line whi
h isthe lowest transition within the isomer rotational band was visible. GOSIA
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Fig. 1. Part of the 181Ta level s
heme. The ground-state and isomeri
 rotationalbands are known from previous measurements. The remaining two bands are ob-served in the present work for the �rst time. Their bandheads are one-phonongamma-vibrational states. TABLE IRedu
ed probabilities of sele
ted transitions in 181Ta. Changes in asymptoti
 Nils-son quantum numbers in ea
h transition are indi
ated assuming the 3=2+[402℄ labelfor the 3=2+ bandhead. Multipolarities allowed by Nilsson sele
tion rules are shownin the last 
olumn.Transition Redu
ed probability �K �� �� Typein Weisskopf units482 keV M1: 6:21(12) � 10�7 1 2 �1 Forbidden5=2+ ! 7=2+ E2: 0:0256(3)346 keV E2: 0.0264(3) 1 2 �1 Forbidden5=2+ ! 9=2+1206 keV E2: 6:6(3) 2 2 0 E23=2+ ! 7=2+723 keV M1: 0:015(1) 1 0 1 M13=2+ ! 5=2+616 keV E2: 8(2) 1 0 1 M13=2+ ! 7=2+
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al
ulations were done with the probabilities of the 482 keV and 346 keVtransitions from Table I and it turned out that the experimental intensityof the 108 keV line was about 50 times stronger than expe
ted.Several lines not observed before were obtained in the experiment. Inorder to �nd their pla
e in the level s
heme it is proposed to add two new ro-tational bands. They are marked in Fig. 1 as GAMMA VIBRATION. Thenew transitions are the ones depopulating these bands. With su
h pla
e-ment of levels all new gamma energies �t the s
heme. Another indi
ationfor the 
orre
tness of this interpretation is that two new lines of 1142 keVand 1244 keV were visible in 
oin
iden
e with the 136 keV transition inthe ground-state band. Insu�
ient statisti
s did not allow 
he
king other
oin
iden
e relations.The QPM 
al
ulations indi
ate, that the two new bandheads are one-phonon gamma-vibrational states. Their energies are typi
al for vibrationalex
itations. As the phonon 
hanges K by 2, their spins are 11=2+ and 3=2+,respe
tively.Assuming the spin assignment from Fig. 1, a �t of matrix elements wasperformed with GOSIA. All experimental gamma intensities were involvedex
ept for the 482 keV line, sin
e the isomer lives 10.8 ns and it de
ayedfar behind the target, often out of the dete
tors visibility area. Therefore,the probabilities from Table I were assumed for the 482 keV and 346 keVtransitions and not varied in the �t. The bran
hing ratios inside the isomerband, measured in fusion experiment [5℄, were also in
luded as data points.There was not enough data to �nd ea
h matrix element independently andwithin ea
h group of transitions, i.e. 
onne
ting the same bands, the matrixelements of the same multipolarity were 
oupled through Clebs
h�Gordan
oe�
ients, following the rotational model.The �tting pro
edure su

eeded in reprodu
ing the experimental datavery well and its main results are the redu
ed probabilities of the transitionsdepopulating the 3=2+ gamma-vibrational bandhead, namely the B(E2) ofthe 1206 keV one leading to the ground state and the B(M1) of the 723 keVone leading to the isomer. It was impossible to obtain the probabilitiesfor other multipolarities be
ause of insu�
ient sensitivity of the �2 to the
orresponding elements. Apart from the GOSIA �t, the B(E2) of the 616 keVtransition from the 3=2+ bandhead to the se
ond state in the isomer bandwas extra
ted from the bran
hing ratio relative to 723 keV. These resultsare listed in Table I. Values of the order of a few Weisskopf units for B(E2)are typi
al for vibrational transitions.A

ording to the QPM, the leading single-parti
le 
omponent of the 3=2+
olle
tive bandhead is 3=2+[402℄. A simple interpretation within the Nilssonmodel is obtained by 
onsidering this label, namely, the transitions depop-ulating the 3=2+ band to the ground-state and isomeri
 bands are then
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tion rules respe
tively as E2 and M1. This is in agree-ment with the measured redu
ed probabilities. The B(E2) of the 616 keVline must be due to another 
omponent.4. SummaryNow the me
hanism of the strong population of the isomer be
omes 
lear.Coulomb ex
itation 
an easily populate the 3=2+ vibrational band via E2from the ground-state band, and then the de
ay via M1 and E2 feeds theisomer band. Cal
ulations indi
ate that this way is almost 50 times moree�
ient than through the dire
t but forbidden Coulomb ex
itation of the482 keV level.This resear
h was supported in part by the Polish State Committee forS
ienti�
 Resear
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