
Vol. 32 (2001) ACTA PHYSICA POLONICA B No 3
COLLECTIVE EXCITATIONS IN THESUPERDEFORMED WELL�F. Hanna
hia, A. Kori
hia, A.N. Wilsonb, A. Lopez-MartensaM. Rejmunda, C. S
hü
ka, Ch. Vieua, G. Chmel
, A. Görgen
H. Hübel
, D. Rossba
h
, S. S
hönwasser
, M. BergströmdB.M. Nyakóe, J. Timáre, D. Bazza

of, S. LunardifC. Rossi-Alvarezf , P. Bednar
zykg;l, N. KintzgS. Naguleswarang, A. Astierh, D.M. CulleniyJ.F. Sharpey-S
haferj, T. Lauritsenk and R. WadsworthbaCentre de Spe
trométrie Nu
léaire et de Spe
trométrie de Masse, IN2P3-CNRSet Univ. Paris XI, 91405 Orsay Cedex, Fran
ebDepartment of Physi
s, University of York, Heslington, York YO10 5DD, UK
Institut für Strahlen und Kernphysik, University of Bonn, D-53115, GermanydNiels Bohr Institute, DK-2100 Copenhagen Ø, DenmarkeInstitute of Nu
lear Resear
h, Pf. 51, H-4001 Debre
en, HungaryfDepartimento di Fisi
a and INFN, Sezione di Padova, Padova, ItalygIReS, IN2P3-CNRS et Univ. Louis Pateur, F67037 Strasbourg Cedex, Fran
ehIPN Lyon, IN2P3-CNRS et Univ. Lyon-1, F69622 Villeurbanne Cedex, Fran
eiOliver Lodge Lab., Department of Physi
s, Univ. of Liverpool, L697ZE, UKjNational A

elerator Centre, Cap Town, South Afri
akArgonne National Laboratory, Argonne Illinois 60439, USAlH. Niewodni
zanski Institute of Nu
lear Physi
s, 31-342 Kraków, Poland(Re
eived February 12, 2001)Colle
tive ex
itations are 
ommonpla
e features in nu
lei at normal deforma-tion. It has been suggested that both in the A � 190 and 150 superdeformed(SD) nu
lei, 
olle
tive vibrational states might o

ur in the same ex
itation en-ergy range as quasi-parti
le and single-parti
le ex
itations. In parti
ular, thelarge deformation asso
iated with SD nu
lei brings together orbitals from manyspheri
al shells and leads to the 
lose proximity of states with opposite parity,favouring o
tupole shape vibrations. However, to date, � 200 SD bands havebeen reported in more than 50 nu
lei and in most 
ases, the ex
ited SD bandshave been interpreted as single or quasi-parti
le ex
itations. Only in very few
ases, has the 
olle
tive ex
itation s
enario been suggested. Where are the 
ol-le
tive states in SD nu
lei? The question is parti
ularly relevant in even�evenA = 190 nu
lei in whi
h SD states are observed at lower rotational frequen
y andhen
e the additional in�uen
e of the pair gap makes the 
olle
tive ex
itationsmore 
ompetitive with quasi-parti
le ex
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hi et al.1. Introdu
tionIt has been long predi
ted that o
tupole vibrational modes will play animportant role in the stru
ture of SD nu
lei [1-4℄. The results of RandomPhase Approximation 
al
ulations in
luding an o
tupole vibrational termin the residual intera
tions suggest that the Hg SD nu
lei should be verysoft with respe
t to o
tupole vibrations [5℄. Of all Hg nu
lei, the vibra-tional states in 190Hg are expe
ted to be at the lowest ex
itation energiesand therefore to be the most easily a

essible experimentally. The lowestex
ited SD states should be 
omposed of a pure o
tupole vibrational multi-plet at zero rotational frequen
y. At higher rotational frequen
y, the e�e
tsof the Coriolis for
e are predi
ted to mix these states with ea
h other andwith the appropriate quasi-parti
le 
omponents and thus one would not ex-pe
t to observe bands built on pure vibrational states. The expe
ted bandsshould have spe
i�
 properties unusual for SD bands, whi
h would allow toidentify them as built on 
olle
tive ex
itations. The 
learest experimentalsignature for the o
tupole vibration phenomenon arises from the presen
e ofan anomalously large transition dipole moment asso
iated with the 
hargeasymmetry of this kind of vibration. This is expe
ted to manifest itself inenhan
ed ele
tri
 dipole strengths, allowing 
ompetiton between inter-bandE1 transitions and the highly 
olle
tive in-band E2 transitions. The ex-tent to whi
h this 
an take pla
e depends on the K values of the bandsinvolved. Only transitions between SD bands based on the same K valuesor for whi
h a large degree of mixing with quasi-parti
le 
on�gurations ispossible are likely. The lowest ex
ited SD bands in the even�even Hg nu
leiare predi
ted to be based on K� = 2� o
tupole vibrations at zero rotationalfrequen
y. This K = 2 phonon has a signi�
ant Coriolis mixing with theK = 0; 1 o
tupole phonons with in
reasing rotational frequen
y [5℄.Inter-band transitions have been observed between the ex
ited and theyrast SD bands of 190Hg [6�7℄, 194Hg [8℄ and 196Pb [9℄. In the 
ase of 190Hg,angular 
orrelations proved the dipole nature of these inter-band transitions[6�7℄. Bran
hing ratios and lifetime measurements [10℄ suggested that theywere most likely ele
tri
 rather than magneti
 dipole transitions. For 194Hg,eviden
e for the di�eren
e in parity between the yrast SD band and theex
ited band, whi
h de
ays into the yrast one, arose from the observation ofdis
rete, single-step transitions linking these bands to di�erent parity statesin the normal deformed (ND) well [8℄. An additional proof for o
tupolevibrations in the 190;194Hg nu
lei is given by the initial signature splittingof the ex
ited SD bands [11℄ (the odd spin band being favored) whi
h iswell reprodu
ed by the RPA 
al
ulations. However, the properties of theex
ited states in the SD 
ore nu
leus of the region, 192Hg, do not seem to �tin this �o
tupole paradise� pi
ture. The situation was therefore not so 
lear
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e no dire
t eviden
e of the ele
tri
 nature of the inter-band transitionswas available in any of these nu
lei and the o
tupole vibration s
enarioremained questionable.
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Fig. 1. Spe
trum showing 
 rays in 
oin
iden
e with at least 3 transitions fromeither band 1 or band 2. Transitions from band 2 are marked with open trian-gles and transitions from band 1 with �lled 
irles. The inter-band transitions arelabelled by their energies. On the right is shown a partial level s
heme.We have therefore de
ided to measure the linear polarisation of the
 rays whi
h had been previously observed to link states in band 2 withstates in band 1 in SD 190Hg [6�7℄ (see Fig. 1).2. Measurements and resultsThe experiment was performed using the EUROBALL-IV 
-ray array[12℄ at Strasbourg. High-spin states in 190Hg were populated in the160Gd(34S,4n) rea
tion. The beam of 34S, provided by the Vivitron at anenergy of 156 MeV, was in
ident on a target 
onsisting of a sta
k of twothin (500 �g
m�2), self-supporting foils of 160Gd. The array 
onsisted of30 
oaxial, 25 4-element Clover and 15 7-element Cluster Ge-dete
tors ar-ranged respe
tively at forward, 
entral and ba
kward angles with respe
tto the beam dire
tion. An Inner Ball of 210 BGO s
intillators designed toprovide a measure of the multipli
ity and total energy of the rea
tion waspositioned inside the array, around the target. Events were written to tapewhen a minimum of 5 unsuppressed Ge and 5 elements of the Inner Ball�red in 
oin
iden
e.



1086 F. Hanna
hi et al.One of the unique 
apabilities of the EUROBALL-IV array is the pos-sibility to use the Clover dete
tors as Compton polarimeters [13℄ and thusmeasure linear polarisation for the inter-band transitions. These transitions
arry only � 0:01% of the intensity of the 190Hg rea
tion 
hannel and, thus,a high e�
ien
y was needed. After es
ape suppression, addba
k of eventsCompton s
attered between neighbouring elements in the Clover and Clus-ter dete
tors and the imposition of prompt time gates, a total of 1:76� 109events of fold 3 and greater were obtained. Of these, � 12 % 
ontainedinformation 
on
erning 
 rays whi
h had s
attered between neighbouring(non-diagonal) elements in the Clover dete
tors. The statisti
s 
olle
tedwas improved 
ompared to previous experiments and allowed a more pre
isemeasurement of the angular distributions asso
iated with these transitions.To measure the linear polarisation one has to determine the number of
ounts IH and IV of Compton s
attered events parallel and perpendi
ular toa referen
e plane to whi
h the polarisation P is de�ned. The experimentalasymmetry is de�ned by the ratio,A(E
) = IV � IHIV + IH = Q(E
)P ; (1)where IV and IH represent the number (e�
ien
y 
orre
ted) of verti
ally(Fig. 2(a)) and horizontally (Fig. 2(b)) s
attered events, respe
tively. Thisratio is proportional to the degree of polarisation P and depends on the pho-ton energy. The quality fa
tor Q 
orresponds to the polarisation sensitivityand has been extra
ted from referen
e [13℄.Indeed, unmixed stret
hed ele
tri
 transitions give rise to a positive valueof P and magneti
 transitions to a negative one. A �
alibration� of the polar-isation values was performed by analysing known pure magneti
 transitionsin the level s
heme of 190Hg. The results for P (E
) are shown in Fig. 2(
).It is immediately 
lear that both the in-band and inter-band transitionsgive positive values of P , and that they are 
learly separated from the knownmagneti
 transitions whi
h result in a negative value for P . This provides the�rst experimental proof of the ele
tri
 nature of the inter-band 
 rays [14℄.The angular distribution 
oe�
ients obtained in this work areA2 = �0:35(12) and A2 = 0:31(10) for the inter- and in-band transitions, re-spe
tively. This indi
ates that the inter-band transitions are pure stret
heddipoles, 
on�rming and strengthening the eviden
e provided by the previ-ous DCO ratios [7℄. Based on our results, we assign unambiguously theinter-band transitions as being of stret
hed ele
tri
 dipole 
hara
ter.
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Fig. 2. Spe
tra showing the 
 rays in 
oin
iden
e with at least two transitionswhi
h were dete
ted as (a) horizontally and (b) verti
ally s
attered 
 rays in theClover dete
tors. The inter-band transitions are shown in the insets and marked by�lled triangles. The lower panel (
) 
orrespond to the measured linear polarisationfor in-band and inter-band transitions (
ir
les and triangles) together with the oneobtained for known magneti
 transitions.3. Con
lusionIt is possible to state for the �rst time that the inter-band transitions
onne
ting the �rst ex
ited SD band in 190Hg to the yrast SD band areof ele
tri
 dipole 
hara
ter. They 
ompete strongly with the in-band E2transitions: the bran
hing ratios and the previously measured lifetimes [10℄indi
ate transition strengths of the order of 10�3 W.u 
orresponding to asigni�
ant 
harge asymmetry in the nu
leus. Su
h large B(E1)s o

ur ifthere is an o
tupole 
omponent asso
iated with the nu
lear wave-fun
tion.This is the �rst time that it has been possible to demonstrate unambiguouslythat an ex
ited SD band is based on a 
olle
tive ex
itation.
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