
Vol. 32 (2001) ACTA PHYSICA POLONICA B No 3
NUCLEAR PROPERTIES IN f7=2 SHELL�Daniel R. NapoliINFN � Laboratori Nazionali di Legnaro, Italia(Re
eived November 28, 2000)A review of some results we have re
ently obtained for medium-lightnu
lei is reported, with parti
ular stress on the nu
lear properties we havestudied and what we have learned from these experiments. To illustratethese features of f7=2-shell nu
lei, we present some examples on rotationalbands in even�even and odd�odd nu
lei, ba
kbending and band terminationphenomena, intruder bands and shape 
oexisten
e and, �nally, analoguebands in T = 1 mirror nu
lei.PACS numbers: 21.10.Hw, 21.10.Re, 21.60.Cs1. Introdu
tionNu
lei along the N = Z line are of spe
ial interest be
ause they allowto study parti
ular symmetries between protons and neutrons by exploringthe proton�neutron pairing 
orrelation, T = 0 and T = 1 bands in odd�oddN = Z nu
lei, isospin symmetry in mirror nu
lei and isobari
 multiplets.Near the middle of the f7=2 shell, these nu
lei show strong deformationat low spin and therefore we observe rotational g.s. bands in most of the
ases. At high spin, some symmetries 
an be explored at high rotationalfrequen
y. It is important to remember that although the angular momen-tum whi
h 
an be transferred to these relatively light nu
lei is not very high,the angular frequen
ies that these nu
lei 
an rea
h in a normal low energynu
lear rea
tion (Elab � 5MeV=A) are extremely high. Thus Coriolis and
entrifugal for
es play a very important role and e�e
ts su
h as 
hanges ofshape, band termination and ba
kbending phenomena are 
learly manifestedat high spin.Even if the nu
lei we are studying are not very far from stability, a verye�
ient dete
tion system is needed to study them at high spin. In �rst pla
ebe
ause the angular momentum that 
an be transferred to the 
ompound� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.(717)



718 D.R. Napolinu
leus in a fusion�evaporation rea
tion is restri
ted due to the light massof the rea
tion partners, in addition the transition energies be
ome large(2�5 MeV) at the high spin regime and �nally, we have to deal with highre
oil velo
ities as it is for the symmetri
 rea
tion that we have the highertransferred angular momentum to the 
ompound system.Due to the low Coulomb barrier, 
harged parti
les are evaporated withhigh probability. Therefore, the fusion 
ross se
tion fra
tionates in a largenumber of 
ompeting 
hannels and the evaporation, spe
ially of the heavierparti
les, 
hanges the re
oil dire
tion and produ
es a large spread in re
oilvelo
ity, whi
h 
onsiderably in
reases the peak widths. This evaporationalso redu
es the probability of populating neutron de�
ient nu
lei.As a result of these di�
ulties, the detailed investigation of the high spinstru
ture of medium-light nu
lei has be
ome experimentally feasible only inthe last few years due to the advent of the new 
-ray arrays and an
illarydete
tors whi
h 
an now simultaneously dete
t, with high e�
ien
y, 
-raysand 
harged parti
les providing a powerful te
hnique for both sele
ting theindividual 
hannels and for re
onstru
ting the kinemati
s, that allows for animprovement in energy resolution.Parallel progress has been made in the theoreti
al study of f7=2-shellnu
lei. Re
ent advan
es in large-s
ale and Monte Carlo shell model meth-ods have enabled 
omputations for these nu
lei involving the full pf shellmodel spa
e [1, 2℄. Of parti
ular interest have been theoreti
al works on48Cr [1℄ and 50Cr [3℄ in whi
h large-s
ale shell model have been 
omparedwith 
ranked Hartree�Fo
k�Bogoliubov. Colle
tive nu
lei in the middle ofthe f7=2 shell have thus provided the opportunity for new insights into therelationship between the mi
ros
opi
 shell model pi
ture of nu
lei in thelaboratory frame and the mean-�eld 
ranking des
ription of the nu
lear in-trinsi
 state. In other words, in the f7=2 shell, rotational nu
lei have enoughnumber of valen
e parti
les to develop 
olle
tive motion, but this number isstill a

essible for an exa
t des
ription with large-s
ale shell model. There-fore, these are unique 
ases in whi
h very di�erent treatments like 
olle
tivedes
ription and spheri
al shell model, 
an be 
ompared in the same physi
alsystem.In the last few years, we have performed a systemati
 study of f7=2 shellnu
lei, in parti
ular we have fo
used mainly on the N = Z line. In the follow-ing se
tions we present some results obtained at the Legnaro National Lab-oratory using both 
-ray arrays, Gasp and EUROBALL 
ombined with the
harged-parti
le dete
tor Isis and the Neutron Wall (only for EUROBALL),and more re
ently measurements performed with the on-line mass separatorat GSI.



Nu
lear Properties in f7=2 Shell 7192. Rotational bands in N = Z even�even nu
leiLet us take, as an example, the best rotor in the f7=2 shell that is 48Crbe
ause it has 4 protons and 4 neutrons, the maximum number of valen
eparti
les to develop deformation, in parti
ular, the deformation parameter,dedu
ed from the lifetime analysis is � � 0:28 at low spin [4, 5℄.As 
an be seen in Fig. 1, 48Cr has a rotational g.s. band that presentsa ba
kbending around spin 12+ and terminates at spin 16+. Re
ently, wehave identi�ed with EUROBALL new positive parity states in this nu
leus.Due to their non-yrast 
hara
ter they are very weakly populated. Anothernew important result 
on
erns the negative parity band. Parity and spin as-signment of the bandhead has been a matter of 
ontroversy for many years.The angular distribution of the 1674 keV linking transition is 
onsistent withboth a stret
hed quadrupole and a non-stret
hed dipole transition. On the
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Fig. 1. Experimental level s
heme (a), ba
kbending plot (b) and dedu
ed (fromthe lifetimes measurements) B(E2) values (
), for 48Cr [5℄ (
ir
les) 
ompared withshell model (squares) and 
ranked Hartree�Fo
k�Bogoliubov (triangles) 
al
ula-tions from Ref. [1℄.



720 D.R. Napoliother hand, E1 transitions in N = Z nu
lei between T = 0 states are for-bidden by isospin 
onservation. Based on the systemati
s of the intruderbands, that will be presented in Se
t. 6, we had suggested a K� = 4�,assignment, sustained also by shell model 
al
ulations in whi
h a nu
leon isex
ited from the 
losed d3=2 shell. We have now measured the polarizationof this linking transition with the EUROBALL 
lover dete
tors, obtaininga pure non-stret
hed dipole transition (E1,�J = 0). This �xes the de�nitespins and parity of the side band states and the degree of isospin mixing in48Cr 
ould be now dedu
ed. Both, the ex
itation energies and the B(E2)values dedu
ed from the lifetime measurements of all these states, are ex-tremely well des
ribed by the full pf spheri
al shell model 
al
ulations.For the g.s. band, the agreement between experimental results and shellmodel 
al
ulation for both, the ba
kbending plot (Fig. 1(b) and the dedu
edB(E2) values (Fig. 1(
) is very good. A 
omplementary des
ription 
an bealso obtained for this nu
leus in the framework of mean �eld approa
hes su
has 
ranked Hartree�Fo
k�Bogoliubov (CHFB) [1℄. One 
an see in the �guresthat the des
ription of the ele
tromagneti
 properties is quite good (similarresults have been obtained with Nilsson�Strutinsky 
al
ulations [6℄), but theCHFB moment of inertia seems to be 
ompletely wrong. The point is thatin N = Z nu
lei, valen
e protons and neutrons o

upy the same orbits andtherefore proton�neutron 
orrelations 
an not be ignored [1, 6, 7℄. Then, in
al
ulations su
h as CHFB where the proton�neutron-pairing 
orrelationsare not taken into a

ount, the moment of inertia is overestimated given amu
h more 
ompressed level s
heme. This has been proved [7℄ in two steps:using the Gogny intera
tion of the CHFB at the pla
e of the KB3 in theshell model 
al
ulation one reprodu
es again the experimental values; on theother hand, negle
ting the proton�neutron pairing 
ontributions in the KB3intera
tion, one obtains a similar overestimation of the moment of inertiawith the shell model 
al
ulation. Therefore one 
an 
on
lude that in thesenu
lei, proton�neutron intera
tions are essential to have a good des
riptionof the level s
heme [7℄ . Another interesting point is that the B(E2) valuesde
rease, at the ba
kbending (10+), to rea
h a minimum value at the bandtermination, telling us that the 
olle
tivity is de
reasing with in
reasingangular momentum. 3. Ba
kbendingFrom heavy nu
lei we know that the ba
kbending is originated by band
rossings or parti
le alignment. In the f7=2 mass region, we 
an use bothshell model and CHFB to see what it is happening at the ba
kbending that
hanges drasti
ally the rotational behavior of the nu
leus. It has been arguedthat it is the mixing of the f7=2 and the p3=2 orbits in the wave fun
tion,



Nu
lear Properties in f7=2 Shell 721whi
h gives rise to the quadrupole 
olle
tivity [1℄. At the ba
kbending,the o

upation of the f7=2 in
reases while that of the p3=2, f5=2 and p1=2de
reases rapidly up to the band termination. At the band termination, theo

upation of these last three ex
ited orbits is almost zero and we have afully aligned 
on�guration with all the 8 parti
les in the f7=2 orbital. Thesefra
tional shell o

upan
ies were 
al
ulated with both shell model and CHFBin Ref. [1℄ giving similar results.CHFB 
an also give us the behavior of the deformation parameters withspin, the � � 0:26 and 
 � 0 values (a prolate axially symmetri
 nu
leus)are almost 
onstant up to the ba
kbending and 
hange at higher spin. Thissuggests that the nu
leus is getting triaxial deformation at the ba
kbendingand then rea
hes a spheri
al shape at the band terminating state.Re
ently, the ba
kbending in 48Cr has been also studied with other the-oreti
al approa
hes: 
ranked Nilsson Strutinsky [6℄ as well as CHFB [8℄predi
t a 
hange of shape towards triaxial deformation. On the other hand,a band 
rossing between a deformed and a spheri
al stru
ture has been pre-di
ted in the framework of the Generator Coordinate Method [9℄, yet pro-je
ted shell model 
al
ulations [9℄, show a 
rossing between a 2-quasiparti
leand a 4-quasiparti
le band. We will elu
idate from our experimental resultswhi
h of these pi
tures is the right one for 48Cr.The ex
itation energies of the yrare states in Fig. 1(a) are well reprodu
edby shell model 
al
ulations. We have also seen that the dedu
ed B(E2)values for the yrast states were also well des
ribed (Fig. 1(
)). We 
ould notmeasure yet the lifetimes to dedu
e the B(E2) values for the yrare statesbe
ause they are very weakly populated, and then we have to rely on theshell model 
al
ulation to get some 
on
lusion. What we 
an say is that,from these 
al
ulations, the B(E2) values for the de
ay of the 10+2 on to the8+ is mu
h smaller than that of the yrast 10+1 on to the 8+; this 
ould tell usthat there is not a band
rossing in this 
ase. Although the yrare stru
tureis rather 
olle
tive (the intraband B(E2) values are quite 
onstant) they donot seem to be the 
ontinuation of the g.s. band. Of 
ourse, we have tomeasure the lifetimes to give the last answer to this question.An interesting point is the behavior of the wave fun
tions in both yrastand yrare stru
tures. The o

upational numbers of the yrare states do not
hange signi�
antly with the spin maintaining the slight 
olle
tivity evenat high spins. At spin 16 we have an yrast fully aligned, non 
olle
tivestate and an yrare 
olle
tive one. Then, it is energeti
ally 
onvenient forthe nu
leus to align parti
les along the rotational axis to generate angularmomentum than 
ontinue with any 
olle
tive motion above the ba
kbendingdue to the fa
t that Coriolis and 
entrifugal for
es, as pointed out above,are very strong in this rapid rotating light nu
leus.Another very good rotor in the f7=2 shell is the nu
leus 50Cr that has2 neutrons more than 48Cr. In the ba
kbending plot of Fig. 2(a) the ex-
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Fig. 2. (a) Experimental (
ir
les) and shell model (line) ba
kbending plot for 50Cr;(b) the ex
itation minus rigid rotor energy for yrast (full 
ir
les) and ex
ited (open
ir
les) states.perimental data are 
ompared with the shell model 
al
ulation. The ex-perimental yrare states are also plotted in the �gure (white 
ir
les). Theex
itation energies of these states seem to 
ontinue the rotational ground-state sequen
e. In this 
ase we have also measured the lifetime of the ex
itedstates. The dedu
ed B(E2) value for the de
ay of the 10+2 on to the 8+ isgreater than that of the yrast 10+ de
ay. This means that the g.s. band
ontinues above the ba
kbending but the yrast stru
ture 
orresponds againto the alignment of parti
les. Whi
h parti
les are aligning here will be dis-
ussed in Se
t. 7. 4. Band termination phenomenaThe band termination state is built when all the valen
e nu
leons alignto the maximum spin that 
an be 
onstru
ted in a 
ertain 
on�guration. Inall the nu
lei we have studied in this mass region, the level s
hemes havebeen extended up to the band termination with all the valen
e nu
leons ina pure f7=2 
on�guration and, in several 
ases the level s
hemes have beenextended beyond the band terminating state.In the 
ase of 50Cr we have observed the band terminating state whi
h
orresponds to 6 neutrons and 4 protons fully aligned in the f7=2 
on�gu-ration, that is 14+. Above this state we have seen many others states andin parti
ular a se
ond ba
kbending at spin 18+. A 
hara
teristi
s of bandterminating states is that they are non 
olle
tive.A di�erent and a very interesting 
ase is the nu
leus 52Fe in whi
h themaximum spin that 
an be 
onstru
ted with 6 protons and 6 neutrons in thepure (f7=2)12 
on�guration is 12+. The yrast 12+ state in this nu
leus lies
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lear Properties in f7=2 Shell 723below the 10+ state and 
onstitutes an yrast trap. This nu
leus has been anexperimental 
hallenge for many years be
ause any attempt to study highspin states using fusion-evaporation rea
tions did not su

eed be
ause mostof the �ux was trapped at the 12+ state and diverted to 52Mn by � de
ay.Re
ently we were able to observe these states with Gasp. Full pf shell model
al
ulations [10℄ reprodu
e with good a

ura
y the experimental data. Thisresidual quadrupole 
olle
tivity in the 12+ state, due to the mixing of thef7=2 and p3=2 
omponents of the wave fun
tion, 
an be related to the energyinversion of the 10+ and 12+ states, whi
h gives rise to the yrast trap. Wehave also performed 
al
ulations in the intrinsi
 frame 
onsidering a K = 12prolate state in the Nilsson model. By further proje
ting this state onto goodangular momentum, the overlap with the exa
t shell model wave fun
tionof the 12+ state is of 90% [10℄. This means that the des
ription of the 12+state in terms of prolate deformation seems to be in agreement also with theshell model 
al
ulation.We have measured re
ently the 
 de
ay of the isomeri
 12+ state (T1=2 =45:9 s) in 52Fe with the on-line mass separator at the GSI [11℄. In thisexperiment, the dete
tion sensitivity limit has been improved by two ordersof magnitude to that a
hieved in previous studies. We have established forthe �rst time the 
 de-ex
itation of the 12+ isomer to the two previously [10℄observed 8+ states via E4 transitions of 597:1 and 465:0 keV. This gives ade�nite ex
itation energy of 6957:5 keV for the 12+ state that was wronglypla
ed by 137 keV in previous �-de
ay studies. The dedu
ed B(E4) valuesare, however, very low 
ompared to other values in this mass region. This
ould be 
onsistent with the K = 12 assignment to the yrast trap be
ausea big 
hange of K value has to be done to 
onne
t this state with the 8+states lying below. This 
onstitutes a strong test for the residual intera
tion.Detailed 
al
ulations in the shell model framework in order to reprodu
e theexperimental �ndings are in progress [11℄.5. T = 1 and T = 0 bands in N = Z odd�odd nu
leiAs it is well known, at varian
e with like-nu
leon pairs whi
h 
ouple onlyto isospin T = 1, proton�neutron pairs 
an 
ouple to both T = 0 and T = 1.In deformed odd�odd N = Z nu
lei in the f7=2 shell, we have observed T = 0and T = 1 stru
tures at rather low ex
itation energies. There are also T = 1stru
tures in even�even N = Z nu
lei but they lie at mu
h higher ex
itationenergy. T = 0 rotational bands have been observed up to band terminationin the most deformed odd�odd nu
lei in this region: 46V [12℄ and 50Mn [13℄.These nu
lei have one proton�neutron pair added or subtra
ted to 48Cr.The bandheads of these T = 0 bands have a very low ex
itation energy (lessthan 1 MeV) and the bands be
ome yrast very soon. On the other hand, all



724 D.R. Napoliodd�odd N = Z nu
lei in the f7=2 shell have a J = 0, T = 1 ground-statebut the g.s. band is non-yrast and 
annot be followed up to high spin inour data. These rotational bands are isobari
al analogue of those in 46Tiand 50Cr.
0

915

2052

0+

2+

4+

6+ 3363

0

890

2011

3301

25

41

62
46V 46Ti

Fig. 3. T = 1 bands in the isobari
al analogue 46V and 46Ti with the energydi�eren
es for ea
h spin.Due to the 
harge independent 
hara
ter of the nu
lear for
e, the onlydi�eren
e between these two analogue T = 1 bands 
ould 
ome from theCoulomb intera
tion. In parti
ular, the ex
itation energies of the T = 1analogue states in 46V are greater than those in 46Ti up to spin 6+ (Fig. 3).These Coulomb energy di�eren
es 
an be interpreted in terms of parti
le re-
oupling. We know that when a proton pair is 
oupled to J = 0 the overlapof the wave fun
tion and 
onsequently, the Coulomb intera
tion get the max-imum value. Then, in a rotating nu
leus, when a proton pair 
hanges froma J = 0 
oupling to another J 
on�guration, the repulsive Coulomb intera
-tion de
reases [14℄. On the 
ontrary, no Coulomb e�e
ts are expe
ted for thealignment or re
oupling of a neutron pair or a proton�neutron pair. Then,as the Coulomb �eld is repulsive, if proton pairs align in 46Ti its level s
hemewill be
ome more 
ompressed than that of the odd�odd nu
leus where a pnpair aligns. This interpretation in terms of nu
leon pair re
ouplings 
an bealso dedu
ed from shell model 
al
ulations. The 
ontributions to the energyof ea
h state of the di�erent pairing terms 
al
ulated in the shell modelframework have been studied in Ref. [12℄. The pairing intera
tion is wellknown to de
rease with in
reasing spin due to the me
hanism of parti
lealignment or re
oupling. The most important 
ontribution of the T = 1pairing for 46V arises from the pn term that de
reases with in
reasing an-gular momentum while the 
ontribution of the like-nu
leon pairing remainsalmost 
onstant. The opposite behavior is found for 46Ti: both proton andneutron pairing 
orrelations are de
reasing with angular momentum whilethe T = 1 pn 
orrelation remains 
onstant. We 
an 
on
lude that theCoulomb energy di�eren
es 
an be explain in terms of parti
le alignments,that is, like-parti
le alignment in 46Ti and pn alignment in 46V. We willreturn later to the Coulomb energy di�eren
es for mass 50 nu
lei.



Nu
lear Properties in f7=2 Shell 7256. Intruder bands and shape 
oexisten
eIntruder bands of non-natural parity 
ome very low in ex
itation energyin the f7=2 shell. What we observed is that for nu
lei lighter than 48Cr, thatare �lling the �rst half of the shell, these intruder stru
tures are mu
h moredeformed than the g.s. bands due to the fa
t that more degrees of freedom
ome into play by ex
iting parti
les from the sd 
losed shell.Coming ba
k to the 46V example [12℄, we see in Fig. 4(a) both signaturesof the intruder band whi
h are very regular, with a ba
kbending around spinJ = 10, and 
an be des
ribed in terms of a Nilsson 
oupling as the two signa-tures of a K = 0� band. These stru
tures 
an be reprodu
ed very well withthe spheri
al shell model in whi
h only one parti
le is allowed to jump fromthe d3=2 orbit to the fp main shell (Fig. 4(b) and (
)). This 
on�gurationrules most of the intruder rotational bands we have studied. In parti
ularfor 46V we have observed both signatures up to the band termination in the(f7=2)7
(d3=2)�1 
on�guration.
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heme (a) and the experimental ex
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k symbols) 
omparedwith shell model 
al
ulations from Ref. [12℄ (open symbols)



726 D.R. NapoliAn interesting point is that we 
an speak in these nu
lei about shape
oexisten
e. In fa
t, the behavior of the negative parity band (Fig. 4(
) is
onsistent with a well deformed stru
ture, a regular rotational band witha ba
kbending around 10. On the other hand, the T = 0 positive parityband stru
ture (Fig. 4(b)) shows very low deformation. We have observedshape 
oexisten
e in most of the nu
lei that are �lling the �rst half of the f7=2shell, in whi
h normally the natural parity stru
tures are mu
h less deformedthan those of the intruder bands. This shape 
oexisten
e is sustained by thelifetime measurements we have performed in some of these systems.We have observed non-natural bands up to high spin, in 43S
, 44;46Ti,46;47;48V and 48;49Cr.7. Isobari
 analogue rotational bands in mirror T = 1 nu
leiThe study of isospin symmetry in mirror nu
lei or isobari
 analoguemultiplets has been limited to light nu
lei and low spins. It is now possible toextend 
onsiderably these studies to higher masses and angular momenta toinvestigate this symmetry at high angular frequen
ies. The odd mass mirrornu
lei of mass A = 47; 49; 51 have been studied up to the band terminationin the last few years [14�16℄. Very interesting features have been foundas for example that the experimental Coulomb Energy Di�eren
es (CED)
onstitute a �ngerprint for nu
leon alignment at the ba
kbending.Now, if we want to extend this investigation to T = 1 isobari
 analoguenu
lei, we have to study the isospin symmetry at high angular momentum,but then, as we have seen before in the 
ase of an isobari
 multiplet, it is notpossible to extend for the odd�odd nu
leus the T = 1 bands up to high spinbe
ause the T = 0 stru
tures be
ome yrast very soon and we have to limitour investigation to quite low spins. Therefore, if we have to look for thisisospin symmetry at the ba
kbending we have to study the mirror symmetrybetween even�even nu
lei (N = Z � 2). In these even�even nu
lei there arenot blo
king e�e
ts and, a priori, it is more di�
ult to understand whi
htype of parti
les will align in the ba
kbending. One of the better rotorsin the f7=2 shell is the nu
leus 50Cr, whi
h presents a �rst ba
kbendingaround spin 10+ [17℄. Then, one of our 
andidates was 50Fe, in whi
h no 
transitions were known before our experiment. We have re
ently performedthis experiment at Legnaro [18℄. 
 rays were dete
ted with EUROBALL,Isis sili
on ball and the Neutron Wall.We have observed a rotational band stru
ture up to the 11+ state that
an be 
ompared with the 
orresponding g.s. band of the N = Z + 2mirror, 50Cr (Fig. 5(a). The 
ross se
tion for 50Fe was more than 4 order ofmagnitude less that the 
orresponding to 50Cr.
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Fig. 5. Comparison of the g.s. bands (a) and the Coulomb di�eren
e energies(b) for the A = 50 mirrors 50Cr and 50Fe.In Fig. 5(b) the behavior of the experimental Coulomb energy di�eren
eas a fun
tion of the spin is shown. The jump at spin 8+, in the ba
kbendingregion, 
an be related to a 
hange in the alignment of a neutron pair in50Fe while a proton pair aligns in 50Cr; at spin 10+ a se
ond alignmentof the other type of like-nu
leon pairs o

urs, a proton pair aligns in 50Fewhile a neutron pair does it in 50Cr. The data is qualitatively well des
ribedby the 
ranked shell model 
al
ulations of Ref. [19℄ that agrees with ourinterpretation. 8. Con
lusionsAt low spin, nu
lei in the middle of the f7=2-shell show 
olle
tive be-haviour, and at in
reasing angular momentum single parti
le degrees offreedom are observed as, for example, alignment of the nu
leon spins alongthe rotational axis giving rise to ba
kbending and band-termination phe-nomena. These e�e
ts have been illustrated and dis
ussed in several resultsobtained with the high e�
ien
y experimental fa
ilities available for nu
learspe
tros
opy studies. The possibility of des
ribing these systems with bothexa
t shell model 
al
ulations and deformed mean �eld models allows for
omplementary views of the di�erent properties.It has been shown that proton�neutron 
orrelations are essential to re-produ
e the level s
hemes of N � Z nu
lei.



728 D.R. NapoliThe study of the 12+ yrast trap in 52Fe put in eviden
e the 
olle
tive
hara
ter of this state and its 
 de
ay by E4 transitions has been measuredfor the �rst time. The weak B(E4) values 
ould 
on�rm the previousK = 12assignment.Non-natural parity bands in this mass region 
an be des
ribed as(f7=2)n+1 (d3=2)�1 
on�gurations. These stru
tures are mu
h more deformedthan the g.s. bands in most of the 
ases.Finally, we have shown that Coulomb energy di�eren
es in isobari
 ana-logue rotational bands are the �ngerprints of the type of nu
leons that arealigning at the ba
kbending.This work is the result of a big and fruitful 
ollaboration with many
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