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ELECTROMAGNETIC EXCITATION OFNEUTRON-RICH OXYGEN NUCLEI 17�22O�A. Leistenshneideray, T. Aumannb, K. Boretzky, D. CortinabJ. Cubd, U. Datta Pramanikb, W. Dostal, Th.W. ElzeaH. Emlingb, H. Geisselb, A. Grünshloÿa, M. HellströmbR. Holzmannb, S. Ilievskia, N. Iwasab, M. KasparbA. Kleinböhla, J.V. Kratz, R. Kulessae, Y. LeifelsbE. Lubkiewize, G. Münzenbergb, P. Reiterf , M. RejmundbC. Sheidenbergerb, C. Shlegeld, H. Simond, J. StrothaK. Sümmererb, E. Wajdae, W. Walu±e, and S. WanbLAND-FRS-CB ollaborationaInstitut für Kernphysik, Johann Wolfgang Goethe-Universität60486 Frankfurt, GermanybGesellshaft für Shwerionenforshung (GSI), 64291 Darmstadt, GermanyInstitut für Kernhemie, Johannes Gutenberg-Universität55099 Mainz, GermanydInstitut für Kernphysik, Tehnishe Universität, 64289 Darmstadt, GermanyeB. M. Smoluhowski Institute of Physis, Jagellonian University30-059 Kraków, PolandfSektion Physik, Ludwig-Maximilians-Universität, D-85748 Garhing, Germany(Reeived November 8, 2000)The dipole response of neutron-rih oxygen nulei 17�22O has been stud-ied using the eletromagneti exitation proess in heavy ion ollisions atbeam energies around 600 MeV/nuleon. The subsequent neutron deayafter inelasti sattering of the seondary beam projetiles on a Pb targetwas measured in a kinematially omplete experiment. Di�erential eletro-magneti exitation ross setions were dedued up to 30 MeV exitationenergy. For all isotopes low-lying E1 strength was obtained exhaustingbetween 5% and 12% of the energy-weighted dipole sum rule.PACS numbers: 21.10.P, 21.10.Re, 24.30.Cz, 25.60.�t� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.y e-mail: a.leistenshneider�gsi.de(1095)



1096 A. Leistenshneider et al.1. IntrodutionThe question how the giant resonane strength evolves when going fromstable nulei to exoti, weakly bound nulei is nowadays frequently dis-ussed [1�6℄. For the neutron-rih nulei, alulations of di�erent type pre-dit dramati e�ets, in partiular a strong fragmentation and redistribu-tion of the strength towards lower exitation energies, well below the giantresonane region. But also new olletive modes are disussed, e.g., a o-herent motion of the valene neutrons against a ore. This is often alledsoft dipole mode or pygmy resonanes. In the piture of a olletive dipolevibration of the valene neutrons against a ore, the ourring low-lyingstrength an be ompared to the luster sum rule [12℄ whih is related tothe Thomas�Reihe�Kuhn(TRK) sum rule and depends on the number ofvalene neutrons. Sluster = ZA � NvN � STRK :Here STRK stands for the TRK dipole sum rule limit, and the indies  andv refer to the ore and valene neutrons, respetively.In a �rst attempt to study giant resonanes in exoti nulei, we inves-tigated the dipole strength in neutron-rih oxygen isotopes 17O to 22O. Asexperimental tool, we use the eletromagneti exitation of fast projetilesby large Z targets. Besides the high ross setions, one advantage of thismethod is the diret relationship between the di�erential eletromagnetidissoiation ross setion and the E1 strength, whih an be obtained with-out free parameters by applying semi lassial alulations.2. Experimental setupThe seondary neutron-rih ion beams were produed in a fragmentationreation of an 40Ar primary beam, delivered by the heavy�ion synhrotronSIS at GSI, Darmstadt, impinging on a beryllium target. The fragmentswere separated using the Fragment Reoil Separator (FRS) [9℄ and iden-ti�ed event-by-event by measuring the energy loss and the time-of-�ight.The trajetory of the inoming ions was measured by a multi-wire propor-tional hamber and a position sensitive Si-PIN-diode. Behind the target,the fragments were de�eted by a large-gap dipole magnet. By measuringenergy-loss and time-of-�ight again as well as by position measurements infront of and behind the magnet the nulear harge, veloity, mass and sat-tering angle of the fragments an be determined. The neutrons, whih omefrom the exited projetile or exited projetile-like fragment are stronglyforward foused due to the relativisti veloities and are deteted with highe�ieny in the LAND neutron detetor [10℄, plaed at zero degree about 11m downstream from the target and overing an angular range of �90 mrad.



Eletromagneti Exitation of Neutron-Rih Oxygen Nulei 17�22O 1097To detet -rays, the target was surrounded by the 4� Crystal Ball spe-trometer, onsisting of 160 NaI detetors.By measuring the four-momenta of fragment and neutron(s) as well asthe emitted -energy the exitation energy of the projetile an be reon-struted via the invariant mass.3. ResultsThe di�erential ross setion for the eletromagneti exitation to theontinuum with following neutron deay were measured for the whole iso-topi hain 17O to 22O. In ase of the stable 18O photoabsorption data areavailable, whih we ompare to our results of the eletromagneti dissoia-tion.The eletromagneti exitation ross setion whih has been alulatedfrom the photoabsorption data of Refs. [7, 8℄ has been onvoluted with ourexperimental detetor response and shows a good agreement with our data.In Fig. 1, the integrated low-lying strength for the whole isotopi hain isshown. In the upper frame the integrated strength below 15 MeV in units ofthe TRK sum rule is seen, while in the lower one, the same is shown in units
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16 17 18 19 20 21 22 23 24Fig. 1. Evolution of integrated (up to 15 MeV exitation energy) strength in unitsof the TRK sum rule (upper panel) and the luster sum rule limit (lower panel)for the whole oxygen hain. The data (blak boxes) are ompared to shell modelalulations by Sagawa and Suzuki [4℄ (asterisks). For the stable isotopes 17O and18O, data from photoabsorption measurements [7,8,11℄ are shown for omparison.
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