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, H. Kusakarih, J. KvasildA.I. Levone, M. Loewea, P.J. Napiorkowskib, T. ShizumaiG. Sletteng, J. Srebrny
, M. Sugawaraj, T. Weberfand Y. Yoshizawaka Sektion Physik, Ludwig-Maximilians-Univ. Mün
hen, Gar
hingb Heavy Ion Lab., Univ. of Warsaw, Poland
 Nu
l. Physi
s Divis., Univ. of Warsaw, Polandd Charles Univ., Prague, Cze
h Republike Inst. for Nu
lear Resear
h, Kiev, Ukrainef Inst. für Strahl. u. Kernphys., Univ. Bonng Niels Bohr Inst. Tandem A

el. Lab., Univ. of Copenhagen, Roskilde, Denmarkh Fa
. of Edu., Chiba Univ., Japani Fa
. of S
i. Dep. of Phys., Kyushu Univ., Japanj Ciba Inst. of Te
hn., Japank Coll. of Indu. Te
hn., Japan(Re
eived August 6, 1998)The nu
leus 231Pa was studied by Coulomb-ex
itation. New stateswere identi�ed by parti
le-

 
oin
iden
es using the NORDBALL array in
oin
iden
e with two di�erent parti
le dete
tor systems. A regular band-stru
ture is observed in the 3=2[651℄ band for levels above 9=2+ fed bystrong E1 transitions from the ground-state band.PACS numbers: 21.10.�k, 23.20.Lv, 25.70.De, 27.90.+b1. Introdu
tionThe nu
leus 231Pa is lo
ated near the boundary of o
tupole 
orrelationsmanifesting themselves by the stru
ture of the ground-state band 1/2[530℄and the side band 1/2[400℄ [1℄. The investigation of side-bands is possiblebe
ause strong K-mixing of the bands enables their ex
itation. The nu
lei� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1313)



1314 M. Würkner et al.231Pa, 229Pa and 233Pa are good probes for the in�uen
e of o
tupole 
orrela-tions on the nu
lear stru
ture. Extra
ted ele
tromagneti
 moments 
an be
ompared to 
al
ulations of the quasiparti
le-plus-phonon model.2. ExperimentsA 105�g/
m2 231Pa oxide target on a 15�g/
m2 
arbon ba
king wasCoulomb-ex
ited and parti
le-

 
oin
iden
es were 
olle
ted using 20 Com-pton-suppressed germanium dete
tors of NORDBALL in 
oin
iden
e witheither a PSD-sili
on dete
tor [2℄ or a multi-PIN-diode dete
tor array [3℄ forthe ba
ks
attered 32S(148 MeV) and 58 Ni(255,260,261 MeV) proje
tiles.The Doppler-shift 
orre
ted data were energy and e�
ien
y 
alibratedusing the GASPAN [4℄ 
omputer 
ode, based on more than 1000 
alibrationpoints for ea
h beam energy, not only at the beginning but also at end ofea
h run. More than 400K-events of the p-

 
oin
iden
es were used to pindown the level s
heme with the help of the Radware97 
omputer 
ode [5℄.New 
al
ulations of the depopulation pro
ess following Coulomb ex
itationwith the quasiparti
le-phonon-model [1℄ are under way. They are used for
omparison with the results of a simultaneous �t by the GOSIA 
omputer
ode [6℄ of the matrix elements for all transitions to all experimentally mea-sured intensities. 3. Level s
hemeA 
ontinuation of the known part of the 5=2+ 3=2[651℄ band was followedup to 37=2+ (see Fig. 1) in addition to the 3=2� 1=2[530℄ g.s. rotational bandseen up to 39=2� (see Fig. 2).Strong 
onne
ting transitions from the 1=2[530℄ g.s. band to the 3=2[651℄band at spins above 9=2+ were identi�ed. Their angular distributions are
onsistent with E1. The part below 9=2+ level is known from 
onversion-ele
tron measurements [1℄. The E1 inter-band and E2 in-band transitionsin 
oin
iden
e allow the assignment to the individual bands. An E1 depop-ulation of the 3=2[651℄ band is possible from 13=2+ state and is observedindire
tly by gating on the low-spin part of the ground-state band. The lowenergy of these transitions prevents dire
t observation. Nevertheless theydepopulate the 3=2[651℄ band strongly so that the 11=2+ to 9=2+ in-bandtransition is very weak in the 
oin
iden
e spe
tra. Although the stru
tureof the low part is strongly determined by Coriolis 
oupling [7℄ leading tosqueezed levels, the E(I + 1) � E(I � 1) di�eren
es are roughly propor-tional to the spin for the two signatures. This feature is reprodu
ed inquasiparti
le-phonon model 
al
ulations [1, 8℄.
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Fig. 1. Spe
trum of 231Pa(260 MeV)58Ni parti
le-

 
oin
iden
es, gated on side-band B transitions (Fig. 2); ba
kground subtra
ted.4. Con
lusion and OutlookNew insight into the stru
ture of the 3=2[651℄ band and the asso
iated
-intensity �ows 
ould be obtained. A detailed �t of about 2400 experimen-tal yields to the about 500 ele
tromagneti
 matrix elements in
luding the1=2[530℄, 3=2[651℄ and 1=2[660℄ bands is in progress. First results reprodu
ethe theoreti
ally proposed stru
ture-
hange [1,8℄ at the spins 21=2�, 25=2�in the 1/2[530℄ g.s. band. A 
omparison to independent 
al
ulations of thematrix elements in the quasiparti
le-plus-phonon model is on the way. Aproblem of the �t are the unobserved low-energy transitions in the region ofedges of 
onversion 
oe�
ients and the veri�
ation of a global minimum.Work supported by DFG grant Bo1109/1-5, BMBF, the VolkswagenFoundation, the Polish State Committee for S
ienti�
 Resear
h, the Muni
hand the Niels Bohr Institute Tandem-A

elerator-Laboratories, and WarsawHeavy-Ion Laboratory and WTZ grant UKR-036-96.
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