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IN-BEAM SPECTROSCOPY OF NUCLEI PRODUCEDIN THE 98Mo(16O, xn) REACTION�M. Woli«ska-Cihokaa;b, B. Bekman, Ch. DrostebJ. Dworskia, W. Gastd, J. Iwanikia, H. Jägerd, M. Kisieli«skiaA. Kordyasza, M. Kowalzyka;b, J. Kownakia, R. LiederdW. M�zy«skie, T. Morekb, M. Palaza, J. PerkowskifE. Ruhowskag, J. Srebrnyb A. Stolarza, and J. Styze«eaHeavy Ion Laboratory, Warsaw University, Warsaw, PolandbInstitute of Experimental Physis, Warsaw University, Warsaw, PolandDepartment of Physis, Silesian University, Katowie, PolanddForshungszentrum, Jülih GmbH, GermanyeThe H. Niewodniza«ski Institute of Nulear Physis, Kraków, PolandfDepartment of Physis, University of �ód¹, PolandgThe A. Soªtan Institute for Nulear Studies, �wierk, Poland(Reeived Deember 2, 2002)The 98Mo(16O; xn) reation has been used to study the level strutureof the semi-magi nulei 11050 Sn, 11150 Sn and 11250 Sn. The OSIRIS-II arrayequipped with 10 HPGe detetors with antiompton shields was used inonjuntion with an 48-element BGO multipliity �lter. The experimentsperformed with projetile energy E16O = 60�80 MeV brought results onrelative exitation funtions, -ray angular distributions, as well as on �and �tRF oinidenes. The measurements inlude also -ray multipliityand total energy data as well as the investigations of radioative deays.The seleted results on the properties of exited states in the studied nuleiare reported. In partiular, the evidene for a neutron-ore oupling in111Sn, and the extension of the intruder and negative parity bands in 110Snand 112Sn nulei are presented.PACS numbers: 27.60.+j� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2305)



2306 M. Woli«ska-Cihoka et al.1. IntrodutionSpetrosopi studies have been performed in the region of the neutronde�ient Sn nulei with the aim to gather more information on the intruderbands and their systematial behavior as well as to resolve some ambiguitiesonerning the level shemes onstrution. Near the shell losure one anexpet strong interferene of single-partile and olletive e�ets leading e.g.to shape oexistene. One partiular possibility for shape oexistene isassoiated with the ourrene of intruder states. In the odd nulei intrudersingle-partile states originate in most ases from the next higher shell. Ineven nulei intruder states are assoiated with the exitation of one or twopartiles into the next shell [1℄. Proton partile-hole exitations aross theZ = 50 gap are responsible for low-lying deformed states, whih result inolletive rotational bands. The rotational bands have been interpreted asbeing built on a two-partile two-hole (2p�2h) on�guration. The low spinstates in 110Sn have previously been investigated in the deay of the groundstate of 110Sb [2℄ as well in a number of reation studies [3℄. The existeneof an I� = 6+, T1=2 = 5:6 ns isomer deaying by the 280 keV, 985 keV and1212 keV  asade to the ground state was well established. Rotationalbands have been observed in 116�118Sn even-mass nulei down to the 0+band head [4℄ (whih is loated at an energy of about 2 MeV), whereas, in110Sn [3,5℄ and 112Sn [5℄ no intruder band members below spin 10 have beenobserved prior to this work. 2. ExperimentThe experiment was performed at the Heavy Ion Laboratory of theWarsaw University with the OSIRIS-II detetor array. A beam of 16O bom-barded a 98Mo (5.6 mg/m2) target, leading to the ompound nuleus 114Sn.This reation was investigated at four beam energies: 60, 70, 75 and 80 MeV.In all experiments OSIRIS-II was equipped with 10 HPGe Compton sup-pressed spetrometers ombined with an 48-element BGO multipliity �lter.The HPGe's were surrounding the �lter, about 17 m from the target andthe BGO rystals served as ollimators for the Ge detetors. Events wereaepted by the data aquisition system if at least two oinident  rayswere deteted in the Ge detetors. A total amount of 8�107 -oinideneevents was reorded in the oinidene experiment. The ompound nuleus114Sn was favouring the evaporation of neutrons, hene the main reationproduts were 110Sn (4n), 111Sn (3n) and 112Sn (2n).



In-Beam Spetrosopy of Nulei Produed in . . . 23073. Experimental resultsOur experiment has on�rmed levels reported previously for 110Sn, 111Snand 112Sn [3,5,6℄, and several new levels were identi�ed. In the level shemeof 110Sn we propose four new side bands (inluding an M1-transition band).Moreover, the negative parity band was extended. For 111Sn one of thebands was extended. Complete level shemes for 110Sn, 111Sn and 112Snwill be published elsewhere [7℄. Here, we present partial level shemes of110Sn, 111Sn and 112Sn relevant for the disussion of the intruder bands, seeFig. 1. These are positive parity bands in 110Sn and 112Sn, and a nega-tive parity band in 111Sn. The ordering of transitions is based on relative-ray intensities and oinidene relationships. The intensity of transitionswere determined using the ESCAL8R program [8℄. Analysis of these dataenabled a detailed level sheme to be established for the lower-spin statesin the intruder band (below the 5228 keV state) of 110Sn. The level havingan exitation energy of 5018 keV, intepreted as I�=10+ state was observed
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110Sn 111Sn 112SnFig. 1. Partial level shemes limited to the intruder bands: positive parity band in110Sn and 112Sn, and negative parity band in 111Sn. Gamma-ray energies are givenin keV.



2308 M. Woli«ska-Cihoka et al.for the �rst time in this work. The new levels proposed for 110Sn are inagreement with the level systematis of orresponding states in neighbour-ing even-Sn nulei. The level energies of states in the intruder band inreasewith dereasing neutron number [9℄. The new -transitions suggesting theexistene of a neutron-ore oupling in 111Sn are not inluded in the pre-sented part of the level sheme. For 112Sn the lower part of the intruderband was extended too (below the 2785 keV state).In onlusion, we have observed new levels and transitions in the neu-tron de�ient nulei 110Sn, 111Sn and 112Sn, inluding the extension of theintruder bands. The seond 10+ state found in 110Sn is onsistent with thesystematial behaviour of even-Sn isotopes. A short disusion of the exper-imental results onerning the olletive states and band-like strutures ispresented in the another ontribution to this onferene [10℄.The work was supported by the Polish State Committee for Sienti�Researh (KBN) under Grant 5P03B04620 and 5P03B0362.REFERENCES[1℄ K. Heyde et al., Phys. Rep. 102, 291 (1983).[2℄ M. Singh et al., Nul. Phys. A193, 449 (1972).[3℄ D.A. Viggars et al., Phys. Rev. C36, 1006 (1987).[4℄ J. Bron et al., Nul. Phys. A318, 335 (1979).[5℄ H. Harada et al., Phys. Let. B207, 17 (1988).[6℄ D.R. LaFosse et al., Phys. Rev. C51, R2876 (1995).[7℄ M. Woli«ska-Cihoka et al., to be published and PhD Thesis, in preparation.[8℄ D.C. Radford, Nul. Instrum. Methods A361, 290 (1995).[9℄ S. Juutinen et al., Nul. Phys. A617, 74 (1997).[10℄ M. Woli«ska-Cihoka et al., Ata Phys. Pol. B 34, 2309 (2003), these Pro-eedings.


