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o, F. Camera, S. Leoni, B. Million,O. Wieland, N. Blasi, M. PignanelliDipartimento di Fisi
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s, 31-342 Kraków, PolandB. Herskind, G.B. Hagemann, J. Wilson,The Niels Bohr Institute, Blegdamsvej 15-17, 2100, Copenhagen, DenmarkG. Lo Bian
o, C. Petra
heDipartimento di Fisi
a, Universita' di Camerino and INFN sez. Perugia, ItalyM. Castoldi, A. Zu

hiatiINFN sezione di Genova, Genova, ItalyG. De Angelis, D. Napoli,Laboratori Nazionali di Legnaro, via Romea, Legnaro (PD), ItalyP. Bednar
zyk, and D. CurienInstitute de Re
her
hes Subatomi
, 67037 Strasbourg Cedex 2, Fran
e(Re
eived De
ember 2, 2002)The problem of the 
onservation of theK-quantum number at high spinand high-ex
itation energy is investigated making use of a large statisti
sdata set on the 163Er nu
leus, obtained with the EUROBALL array. Inparti
ular, the ridge stru
ture, observed in 
�
 
oin
iden
e matri
es andtypi
al of the rotational motion, is analysed for high and low values of theK quantum number. The experimental results are 
ompared with 
rankedshell model 
al
ulations taking into a

ount the residual intera
tion and forwhi
h the K-quantum number of the band 
an be tra
ed also in the warmrotation.PACS numbers: 21.10.Re, 23.20.Lv, 24.80.+y, 27.10.+q� Presented at the XXXVII Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.(2221)



2222 G. Benzoni et al.1. Introdu
tionThe 
-de
ay among 
old rotational bands is governed by sele
tion rulesasso
iated with the quantum numbers of the intrinsi
 stru
tures. At ex
i-tation energies high above the yrast line, su
h sele
tion rules are expe
tedto be lost as a 
onsequen
e of the gradual transition into the 
ompoundnu
leus regime, where the only quantum numbers surviving are energy, spinand parity. The question is at whi
h energy su
h sele
tion rules vanish andwhat is the role played by the residual intera
tion.A useful probe for these studies is the K-quantum number, de�ned asthe proje
tion of the angular momentum on the symmetry axis of a pro-late nu
leus. The sele
tion rules on K are known to be strong for lowenergy transitions, but 
an be broken at higher energies due to both theCoriolis for
e and the residual intera
tion. Two previous investigations weremade: the �rst indi
ated that the K-quantum number is 
onserved at highex
itation energy in the neutron resonan
e region [1℄. The se
ond investi-gated lower ex
itation energy at higher rotational frequen
ies through the
-emission in the quasi-
ontinuum region, and suggested that sele
tion ruleson K-quantum number still persist at ex
itation energy around 1 MeV [2℄.2. Experiment and data analysisA good 
ase for studying the 
onservation of K-quantum number sele
-tion rules is 163Er nu
leus. This system is 
hara
terised, in the same spinregion, by rotational bands with small and large (K = 19=2) values of K.The high-K bands, in parti
ular, lie at rather high ex
itation energy aboveyrast, between 0.8 and 1.4 MeV, whi
h is the region that is expe
ted to bedominated by the mixing of rotational bands due to both the large leveldensity and the two-body residual intera
tion.High fold 
-ray 
oin
iden
e data have been 
olle
ted with the EURO-BALL IV array at IReS (Fran
e). The rea
tion employed was 18O+150Ndwith Ebeam= 87�93 MeV, whi
h leads to the population of 162;163Er as themain evaporation residua. Although the level s
heme of 163Er is quite 
om-pli
ated, the sele
tion of low-K and high-K bands 
an be done by meansof standard gating pro
edure: in parti
ular high-K bands 
an be sele
teddue to the presen
e of low-energy M1 transitions 
onne
ting states of sameparity and di�erent signature [3℄.The 
olle
ted data have been sorted into a number of double and triple-

oin
iden
e matri
es obtained by gating on di�erent nu
lear 
on�gurations,
hara
terised by low and highK-values. After subtra
tion of the ba
kgroundunder the gate-sele
ted peaks and redu
tion of Compton and other un
orre-lated events using the COR pro
edure [4℄, the double 
oin
iden
e matri
eshave been proje
ted into one-dimensional 
uts perpendi
ular to the main
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lei 2223diagonal E
1 = E
2 , for the analysis of the ridge-valley stru
tures whi
h
hara
terise the rotational pattern in two dimensions. These 
uts have beenperformed at in
reasing transition energy with a width of 4~2=Im(2) � 60keV, in order to guaranty that at least one rotational transition is depositedin the energy window.Figure 1 illustrates the ridge-valley stru
ture for the E low-K gate (panel(a)) and the K1 high-K gate (panel (b)) 
orresponding to hE
i = (E
1 +E
2)=2 = 880 and 820 keV sli
ing energies, respe
tively. The ridge stru
ture,marked by arrows in the �gures, is 
reated by transitions that follow regularrotational bands lying above the yrast line whi
h 
annot be resolved exper-imentally. The di�erent line shape of the ridges 
orresponding to the two
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 [keV]Fig. 1. The top panels show the ridge-valley stru
ture obtained through 
uts per-pendi
ular to the main diagonal in matri
es gated on low-K 
on�gurations (panel(a), 
onf. E) and high-K 
on�gurations (panel (b), 
onf. K1) at the average en-ergy of 880 and 820 keV respe
tively. The �rst ridge, indi
ated by the arrows,is well de�ned in both 
on�gurations. The bottom panels show the number ofpaths extra
ted using the �u
tuation analysis on the �rst ridge of matri
es gatedon di�erent 
on�gurations. Panel 
) shows the results for low-K 
on�gurations,while panel (d) for high-K ones. In both pi
tures (panel (
) and (d)) the solidlines represent the average experimental value and the dotted lines the theoreti
alpredi
tions for the number of dis
rete lines that populate the ridge stru
ture.



2224 G. Benzoni et al.di�erent 
on�gurations might be related to a di�erent spreading of the mo-ment of inertia of the intera
ting bands, and possibly to a di�erent strengthof the residual intera
tion in the two 
ases.By studying the statisti
al �u
tuations of the 
ounts in the 
oin
iden
espe
trum it is possible to determine the number of de
ay paths populatingthe ridges and 
orresponding to the number of su
h unresolved bands [5℄.In order to obtain a good estimate of the number of paths it is ne
essaryto subtra
t the most intense transitions present in the matri
es, sin
e theystrongly a�e
t the evaluation of the �u
tuations. The number of pathsobtained from the analysis of the �rst ridge for di�erent 
on�gurations isalso shown in �gure 1: panel (
) refers to low-K bands and panel (d) tohigh-K bands. The solid lines 
orrespond to the average values.For ea
h of the 
on�gurations 10�20 unresolved bands are found both forlow-K and high-K stru
tures. In addition, a rather strong 
on�gurationsdependen
e is observed, although the average value of number of paths isvery similar for low and high-K bands, in agreement with the previous anal-ysis [2℄. 2.1. Comparison between experiment and theoryThe experimental results have been 
ompared to theoreti
al 
al
ulationsbased on a 
ranked shell model in
luding the residual intera
tion and anadditional term whi
h takes into a

ount the angular momentum 
arried bythe K-quantum number [6, 7℄. Su
h 
al
ulations show that the K-mixingis produ
ed by the interplay of the Coriolis intera
tion and the residualintera
tion: it is expe
ted to be weak in the region of the dis
rete bands(U � 1 MeV), but it gradually in
reases until a 
omplete violation of Kis predi
ted to be rea
hed around U � 2-2.5 MeV, over a wide spin region(30�60 ~). The model shows that although the Coriolis for
e is essentialto produ
e the mixing of K, without the residual intera
tion this mixing isvery weak.In order to 
ompare the experimental values with theoreti
al predi
-tions we have 
al
ulated the number of dis
rete bands populating the ridgestru
ture by 
ounting the number of two 
onse
utive transitions (e.g. de
ay-paths) whi
h bran
h out to less than two levels [5℄. The sele
tion betweenlow-K and high-K 
on�gurations is made by requiring that the K-quantumnumber asso
iated to a given state is smaller (greater) than 10.5. The resultsof the 
omparison are shown as dotted lines in �gure 1, for low-K (panel(
)) and high-K (panel (d)) 
on�gurations. While a rather good agreementis obtained for the low-K number of paths, a larger dis
repan
y is observedfor the high-K states. This is most probably related to the 
omplexity ofthe K-mixing pro
ess, whi
h is expe
ted to be better understood by a sim-ulation the 
-de
ay of the rotational nu
leus whi
h takes into a

ount alsothe role of the feeding of the di�erent 
on�gurations [8℄.
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lei 22252.2. Con
lusionPreliminary results addressing the problem of a possible 
onservation ofthe K-quantum number at high spin and high-ex
itation energy have beenpresented and dis
ussed.The large statisti
s of the EUROBALL experiment on the 163Er nu
leusallows to study in details the ridge-valley stru
tures typi
al of the rotationalmotion in 
onne
tion with high and low values of the K-quantum number.The ridge stru
tures, populated by dis
rete unresolved rotational bands,have been analysed and 
ompared to new theoreti
al 
al
ulations takinginto a

ount the importan
e of both the residual intera
tion and of the K-quantum number. While for the low-K-quantum number a rather goodagreement between data and predi
tions is found the results on the highK-quantum number are not yet understood within the same model.The authors would like to thank E. Vigezzi and M. Matsuo for fruitfuldis
ussions. This resear
h is supported by the Istituto Nazionale di Fisi
aNu
leare, sez. Milano, the EU A
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ale Fa
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 Resear
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