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HYPERDEFORMED ROTATIONAL BANDS IN 234U�A. Krasznahorkaya, M. Hunyadia, M. Csatlósa, Y. Eisermannb,T. Faestermann
, D. Gassmanb, G. Grawb, J. Gulyása, D. Habsb,R. Hertenbergerb, H.J. Maierb, A. Metzb, Z. Mátéa, J. Ottb,and P. ThirolfbaInst. of Nu
l. Res. of the Hung. A
ad. of S
i.P.O. Box 51, H-4001 Debre
en, HungarybUniversität Mün
hen, Sektion PhysikGar
hing, Germany
Te
hnis
he Universität Mün
henGar
hing, Germany(Re
eived August 3, 1998)The �ssion probability has been measured in the 233U(d; pf)234U re-a
tion as a fun
tion of the ex
itation energy. O
tupole rotational bandshave been identi�ed with rotational parameters of ~2=2� = 2 keV, whi
h is
hara
teristi
 to the hyperdeformed nu
lear shape.PACS numbers: 21.10.Re, 21.10.Gv, 25.85.Ge, 27.90.+bOne of the main goals of a very large 
ommunity with 4� 
-arrays su
has EUROBALL or GAMMASPHERE is to sear
h for hyperdeformed (HD)nu
lear shapes with a ratio of 3:1 for the long to short axis in deformednu
lei. Until now only some signs of HD rotational bands have been found,but no dis
rete HD levels have been identi�ed.In the a
tinide region a third minimum in the potential energy (whi
h
ontains HD states) was predi
ted already more than twenty years ago byMöller et al. [1℄. A

ording to the re
ent 
al
ulations, in these nu
lei theso-
alled third minimum of the potential barrier appears at deformationparameters of �2 � 0:90 and �3 � 0:35 [2�5℄.In our previous work [6℄ we reanalyzed the �ssion resonan
es measuredby Blons et al. [7℄ 
on
erning 234U and showed that the unresolved peaks� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1467)



1468 A. Krasznahorkay et al.around E� = 4.9 MeV 
ould be interpreted as being the 
onsequen
es of HDstates lying in the third well of the potential barrier.The aim of the present work was to study the 233U(d; pf)234U rea
tionwith better energy resolution than Blons et al. [7℄ and to resolve the HDrotational bands.In order to investigate the HD bands the ex
itation energy was 
hosenbetween the energy of the inner and outer barriers of the se
ond well i.e.between 4.5 and 5.2 MeV [6℄. In this energy range the widths of the SD res-onan
es 
aused by ex
ited states in the se
ond well should be mu
h broaderdue to the strong 
oupling to the normal deformed states, while those of theHD states remain below the experimental resolution of �5 keV due to thehigher outer barriers separating the third well.
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Fig. 1. Part of the proton spe
trum measured in 
oin
iden
e with the �ssion frag-ments and 
ompared to the result of Blons et al. [7℄.The experiment on 234U was 
arried out in the Ed = 12.5 MeV deuteronbeam of the Muni
h Tandem a

elerator. Enri
hed (99 %) �30 �g/
m2thi
k targets of 233U were used. The energy of the outgoing protons wasanalyzed by a Q3D magneti
 spe
trograph with a solid angle of 10 msr,whi
h was set at �Lab = 130Æ relative to the in
oming beam. The positionof the analyzed parti
les in the fo
al plane was measured by a light-ionfo
al-plane dete
tor [8℄. Fission fragments were dete
ted by two position-sensitive avalan
he dete
tors (PSAD) having two wire planes (with delay-line read-out) 
orresponding to horizontal and verti
al dire
tions. Protonswere measured in 
oin
iden
e with �ssion fragments. A preliminary protonenergy spe
trum is shown in Fig. 1 as a fun
tion of ex
itation energy in



Hyperdeformed Rotational Bands in 234U 1469
omparison with the 
orresponding spe
trum of Blons et al. The energyinstability of the Tandem + Q3D system will be 
orre
ted in the o�-lineanalysis. We note that we have observed many more resonan
es at higherenergy up to E� � 5.5 MeV. Their widths are very similar to the ones weanalyzed here. Comparing the spe
tra we 
an immediately 
on
lude thathis energy resolution was at least a fa
tor of two worse than 7 keV quotedin referen
e [7℄.
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trum �tted with 12 rotational bandswith a 
ommon rotational parameter of ~2=2� = 2 keV.Experimentally the very large quadrupole and o
tupole moments of theHD states should manifest themselves by the presen
e of alternating paritybands with very large moments of inertia. Assuming overlapping rotationalbands with the same moment of inertia and the same intensity ratio forthe members in a band, we �t our experimental results by using simpleGaussians for des
ribing the di�erent members of the bands in the sameway as in our previous work [6℄. The result of the �t is shown in Fig. 2.We have used the following free parameters during the �tting pro
edure: (1)energy of the band head, (2) absolute intensity of the band, (3) rotationalparameter (~2=2�) of the band.Assuming that we saw a rotational band built on an ex
ited state, wevaried the K value of the band head as well during the �tting pro
edure.Unfortunately the results of the �t was found to be almost independent ofthe K values when it was varied between 0 and 3 as the relative intensityof the members of the band with a J � 2 is mu
h less 
ompared to theintensity of the J� = 3� line.The interpretation of the angular distributions of the �ssion fragmentsis still in progress. We hope that from the angular distribution data we 
an



1470 A. Krasznahorkay et al.get some information on the K value of the hyperdeformed rotational bandsas well as for the J values of the parti
ular band members.In summary, we have measured the �ssion probability of 234U as a fun
-tion of ex
itation energy with the (d; pf) rea
tion in order to sear
h for thepresen
e of a third minimum of the �ssion barrier. Our dedu
ed momentsof inertia support the existen
e of a deep HD minimum predi
ted by �wioket al. [4℄. In this potential well the transmission resonan
es observed in the�ssion probability might 
orrespond to some higher-lying (e.g. two-neutron)states built on the basi
 vibrational states. The density of the bands (D �30keV) 
orresponds to an ex
itation energy E� � 3 MeV in the third well of thepotential barrier, the depth of whi
h agrees well with the re
ent theoreti
alresults [4℄.Taking into a

ount the shapes of the potential barriers shown in Fig.1of Ref. [6℄, it was expe
ted that the �ssion width of 234U is mu
h smaller
ompared to the ones measured in 231;233Th where the �ssion resonan
es arelo
ated 
loser to the top of the barriers. In this way, 234U might be the best
ase to study further the members of the HD rotational bands with evenbetter energy resolution.This work has been supported by the Hungarian OTKA FoundationNo.T23163 and the DFG under IIC4-Gr 894/2.REFERENCES[1℄ P. Möller, S.G. Nilsson, R.K. Sheline, Phys. Lett. B40, 329 (1972).[2℄ R. Bengtsson et al., Nu
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