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VARIETY OF BAND STRUCTURES IN LIGHTSn, In, AND Cd NUCLEI�M. Woli«ska-Ci
ho
kaa;
, J. Kowna
kia, and E. Ru
howskaband the OSIRIS-II CollaborationaHeavy Ion Laboratory, Warsaw University, Warsaw, PolandbThe Andrzej Soltan Institute for Nu
lear Studies, �wierk, Poland
Institute of Experimental Physi
s, Warsaw University, Warsaw, Poland(Re
eived De
ember 2, 2002)Sele
ted experimental results retrieved from 98Mo(16O; xnyp) rea
tionare dis
ussed and 
ompared with the up-to-day known data. The 
olle
tive
on�gurations in sele
ted Z = 48�50, N = 55�66 nu
lei are presented interms of Cranked Shell Model (CSM) and rigid rotor des
ription. Thespe
ial interest was put on: (1) Systemati
al behaviour of intruder bandsespe
ially for low spin levels, (2) The 
olle
tive, strongly 
oupled bands,where the band members are 
onne
ted by �I = 1 transitions, (3) Smoothband termination in the A = 104�120 mass region.PACS numbers: 27.60.+j 1. Introdu
tionThe available experimental spe
tros
opi
 data for light Sn, e.g. [1,2℄, In[3,4℄ and Cd [5,6℄ nu
lei make possible to tra
e systemati
 behaviour of bandstru
tures and shape 
ompetition in these nu
lei. Also 
onvin
ing theoreti
alarguments for the existen
e of the intruder bands in the low spin states regionof these nu
lei have been presented [7�10℄. In the even-A, 50Sn nu
lei thesebands are thought to be built on the proton 2p�2h ex
itations, (�g7=2)2 
(�g9=2)�2 and �(g�29=2 
 g17=2h111=2) leading to the deformed shapes observedin 108�118Sn. The odd-mass Sn nu
lei are believed to have rotational bands
onstru
ted on the valen
e neutron, o

upying the �g7=2, �d5=2 and �h11=2orbitals, 
oupled to the 2p�2h intruder states in even-Sn nu
lei. In the Cd� Presented at the XXXVII Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.(2309)
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lei, having 2 protons less, the pi
ture is not so 
lear, however, the eviden
efor the existen
e of proton intruder stru
tures was found [5,11,12℄. The roleof protons in these states is not yet fully understood. As an example, themoments of inertia of the intruder bands in the Sn nu
lei are signi�
antlylarger than in the 
orresponding bands in the Cd isotopes. As for the 111Innu
leus the proton intruder band reported in Ref. [13℄ was not 
on�rmed inthe present investigation. In this 
ontribution, sele
ted spe
tros
opi
 resultsof experimental studies 
on
erning the region of 
onsidered nu
lei 
arriedout within the OSIRIS-II Collaboration at the Heavy Ion Laboratory of theWarsaw University are revealed.2. B(E2) bran
hing ratios of(intruder-to-intruder)/(intruder-to-yrast) transitionsThe properties of ex
ited states in 110Sn, 111Sn and 112Sn were studiedwith a spe
ial interest put on the observation of intruder bands espe
iallyat low spins, where no band members were until now observed [14℄. A
omparison of the experimentally obtained B(E2)intruderB(E2)yrast ratios of E2 transitionprobabilities for light Sn nu
lei is given in Table I. In spite of the fa
t thatlight Sn, In and Cd nu
lei are far from being good rotors, one 
an alsofollow the 
ommon way to use the terms of the CSM [15℄ to fa
ilitate thedis
ussion of the band stru
ture. The results given in Table I show ratherstrong intraband B(E2) values as 
ompared to redu
ed interband de
ays.This indi
ates that the intruder band stru
tures at the low spins are mixedwith the �normal� spheri
al stru
tures and therefore the intruder bands areperturbed at low spins, 
ontrary to that what is observed at higher spins. Inthe alignment plot, this mixing would manifests itself as an irregularity atlow rotational frequen
ies. A simple level mixing 
al
ulation was performedin order to see if su
h mixing of states 
an a

ount for the observed B(E2)
-ray bran
hing ratios for transitions between mixed yrast and intruder-band states. The values of the mixing amplitudes, as well as the intera
tionenergies, depend on the B(E2) values between unmixed states. As indi
atedin Table I, the mixing 
al
ulation is able to a

ount for the values of B(E2)ratios of the intruder-to-intruder and intruder-to-yrast transitions. The band
rossing in the intruder bands for 110Sn and 112Sn o

urs at ~!=0.37 MeVin 110Sn and � 0:35 MeV in 112Sn while the in
rease in the alignment isabout 7~ for both of them. In this mass region the �rst band 
rossing hasusually been attributed to the h11=2 neutrons [7, 8℄. The intraband B(E2)values in the intruder bands of 112;114;116;118Sn are also analyzed within theframework of the IBM1 model [16℄. A detailed 
omparison of these bandswith the ground state bands in the even-mass Xe isotopes allows [16℄ to�nd a similarity for the energy spa
ings as well as for B(E2) values.
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lei 2311TABLE IExperimental B(E2), 
-ray bran
hing ratios (�) in light Sn isotopes [14℄. Subs
ripts iand y denote for intruder and yrast, respe
tively. I
 intensities are given with referen
eto 1212 keV, 978 keV and 1257 keV 
-rays in 110Sn, 111Sn and 112Sn, respe
tively.Nu
leus Einit:lev:x E
 Ii If I
 � = Rexp = RexpR
al
:(keV) (keV) i!ii!y B(E2)intr:B(E2)yrast110Sn 3229 368 (4+)i (2+)i 0.07�0.03 �5 � 1:7 � 104 �0.982017 (4+)i (2+)y �0.023824 597 (6+)i (4+)i 3.0 �0.21 �50 �4545 �0.921627 (6+)i (4+)y �0.14492 610 (8+)i (6+)i 0.7�0.03 �20 �4745 �0.961956 (8+)i (6+)y �0.055228 799 (10+)i (8+)i 0.48�0.04 2.9�0:6 5.6�1:2 0.99912 (10+)i (8+)y 0.16�0.036036 808 (12+)i (10+)i 2.89�0.14 24�8 76�25 0.981019 (12+)i (10+)y 0.12�0.04111Sn 4078 769 (23=2�)i (19=2�)i 1.66�0.10 1.0�0:1 6.0�0:5 0.911092 (23=2�)i (19=2�)y 1.61�0.104078 769 (23=2�)i (19=2�)i 1.66�0.10 2.3�0:3 6.7�0:8 0.95952 (23=2�)i (19=2�)y 0.72�0.074078 769 (23=2�)i (19=2�)i 1.66�0.10 2.7�0:3 4.4�0:5 0.82846 (23=2�)i (19=2�)y 0.61�0.065752 870 (31=2�)i (27=2�)i 2.55�0.12 4.7�0:5 5.8�0:6 0.92907 (31=2�)i (27=2�)y 0.55�0.05112Sn 3416 893 (6+)i (4+)i 1.43�0.50 0.4�0.2 1.7�0.7 0.991167 (6+)i (4+)y 3.30�0.823416 631 (6+)i (4+)i 2.05�0.64 0.6�0.3 13.4�5.3 0.911167 (6+)i (4+)y 3.30�0.825568 745 (12+)i (10+)i 2.86�0.62 7.8�3.7 19�10 0.99888 (12+)i (10+)y 0.36�0.256367 800 (14+)i (12+)i 5.19�0.81 5.3�2.5 2.4�1.4 0.97680 (14+)i (12+)y 0.98�0.253. Band termination in the A = 104�120 mass region�I = 1 bandsThe se
ond irregularity in the alignment plot observed [14℄ in 110Sntakes pla
e at ~! � 0.5 MeV and 
ould be tentatively interpreted as a signof a transition to a terminating band stru
ture. Similar interpretation interms of smoothly terminating, i.e. where all spin ve
tors of the parti
lesinvolved in the 
on�guration are fully aligned, bands based on 2p�2h stru
-tures is proposed [17℄ for 108Sn. The 
al
ulations for 108Sn [9℄ predi
t thatthe positive parity �[g�29=2 
 (g7=2d5=2)2℄
 �[(d5=2g7=2)6h211=2℄ 
on�gurationshould be 
rossed by the �[g�29=2 
 (g7=2h11=2)℄
 �[(d5=2g7=2)5h311=2℄ 
on�gu-
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howskaration at spin 32~, as seen in the experiment. Considering the ex
itationenergies versus spin in terms of Ex � ERR, i.e. with a rigid rotor rotationreferen
e subtra
ted, the various features 
an be observed: (a) irregularitiesat low spins of 110Sn and 112Sn asso
iated with spheri
al stru
tures and verysimilar behaviour for slightly higher spins, (b) the 
rossing of the negativeparity g.s. and intruder bands in 111Sn at a frequen
y of about 0.45 MeV aswell as (
) rigid rotation-like behaviour of �I = 1 band in 110Sn. In 111Sn aband with a smooth-termination properties has previously been reported [18℄and is 
on�rmed in the present work. In this 
ase, the 2p�2h proton stru
-ture (�g7=2)2 
 (�g9=2)�2 is 
oupled to an h11=2 neutron. Similar stru
tureshave also been observed in Te nu
lei, where the asso
iated 
on�gurations aresupposed to involve 4p�2h proton states, as well as in light I isotopes, with5p�2h proton stru
tures. It was pointed out by Ragnarsson [9℄, that threedi�erent s
enarios 
an o

ur 
lose to the termination point when the ex
ita-tion energies are plotted relative to energy of rigid rotation, namely for somebands the E �ERR di�eren
es are essentially 
onstant (rigid rotation like),while other slope upwards (unfavoured) or downwards (favoured) before ter-mination. When 
omparing the behaviour of experimentally observed bandsin the rigid rotor referen
e frame (Figs 1, 2) it is evident that there are ex-amples of unfavoured and rigid rotation like termination. A group of de
aysequen
es in 106;108;110Sn, 104;106In and 110Cd with many 
ommon 
hara
-teristi
s whi
h distinguish them from normal 
olle
tive rotational bands isshown in Fig. 2. All of these sequen
es start above 3 MeV ex
itation energyand de
ay predominantly via �I = 1, similarly to oblate M1 bands in Baand Pb region or to prolate M1 band proposed in 108Cd [19℄. Spins of theirband heads are usually greater than 12~ and their parities are most likelynegative. Energy spa
ings within those bands are smaller than for the otherobserved bands at similar energies. The strongly 
oupled bands, observedboth in 106Sn and 108Sn and now also in 110Sn most likely involve the protong7=2g�19=2 parti
le-hole ex
itation 
oupled to the neutrons above the N = 50shell gap. Sin
e the parity of levels belonging to these sequen
es is mostlikely negative, one 
an propose the �g7=2g�19=2�(g7=2)5h11=2 
on�guration.The energy di�eren
e between strongly 
oupled bands in 106Sn and 108Sn issimilar to the energy di�eren
e for the 9� states (�g7=2h11=2) in those nu-
lei, whi
h supports the proposed 
on�guration assignment. The bands areexpe
ted to terminate at spin 25�. Bands 
hara
terized by strong dipoletransitions have also been observed in 114Sn, 115Sn and 105;107;109In nu
lei,as well as Sb, Te and I nu
lei. Common to these bands is that their 
on�gu-rations involve a proton 1p�1h ex
itation where a hole is in the proton g9=2orbital and the parti
le in one of the downsloping orbitals from above theZ = 50 gap. The �I = 1 sequen
es 
onsidered here share many propertiesof the 
olle
tively rotating bands in the A � 80, A � 130 regions, and the
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Fig. 1. Ex
itation energy relative to an I(I + 1) rigid rotor referen
e as a fun
tionof spin for �I = 1 bands in light odd-A In isotopes [4℄. A 
omparison with g.s.b.dependen
e is also shown.�shears bands� in the Pb region. A general question may appear if the ob-served �I = 1 sequen
es are a manifestation of the magneti
 rotation [20℄being also a spe
ial 
ase of band termination?
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Fig. 2. Ex
itation energy relative to a rigid rotor referen
e plotted as fun
tion of Ixfor the �I = 1 bands in 108;110Cd [5, 19℄, 104;106In [3℄, 106;108Sn [5℄ and 110Sn [14℄nu
lei.
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lusions: A variety of 
olle
tive states forming rotational bands andband-like stru
tures is 
onsidered with a spe
ial emphasis put on: (a) mixingof the low spin states of the intruder bands with states of the spheri
alorigin, (b) the �I = 1 negative parity sequen
es in the A�110 (neutronde�
ient) region and (
) the band termination phenomenon in nu
lei of 
loseneighbourhood to the 114Sn 
ore.The authors are grateful to T. Czosnyka, L. Pie«kowski and G. Rohoz-i«ski for 
riti
al 
omments. This work was supported by the Polish StateCommittee for S
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