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ISOMER SPECTROSCOPY IN THENEUTRON-DEFICIENT LEAD REGIONFOLLOWING PROJECTILE FRAGMENTATION �K.A. Gladnishkia;b, Zs. Podolyákb, J. Gerl, M. Hellström;dY. Kopath, S. Mandal, M. Górska, P.H. Reganb H.J. WollersheimA. Banu, G. Benzonie, H. Boardmanf, M. La Commarag, J. EkmandC. Fahlanderd, H. Geissel H. Grawe, E. Kaza, A. KorgulhM. Matos, M.N. Minevad R.D. Pagef, C.J. Pearsonb, C. PlettnerD. Rudolphd Ch. Sheidenberger, V. Shishkin, D. SohleriK. Sümmerer J.J. Valiente-Dobónb, H. Weik, and M. WinkleraFaulty of Physis, University of So�a, 1164 So�a, BulgariabDepartment of Physis, University of Surrey, Guildford, GU2 7XH, UKGSI, Plankstrasse 1, 64291 Darmstadt, GermanydDepartment of Physis, Lund University, 22100 Lund, SwedeneDipartimento di Fisia and INFN, Sezione di Milano, 20133 Milano, ItalyfDepartment of Physis, University of Liverpool, Liverpool, L69 3BX, UKgDepartment of Physis, University of Napoli, ItalyhInstitute of Experimental Physis, Warsaw University, PolandiInstitute of Nulear Physis, Debreen, Hungary(Reeived Deember 2, 2002)Projetile fragmentation of a 750 MeV/nuleon 238U beam was used to pop-ulate neutron-de�ient nulei around A �190. Isomeri states in Hg, Tl, Pb,Bi, and Po isotopes were identi�ed and their lifetimes determined, with the ulti-mate aim of measuring their isomeri ratios to provide information on the spinpopulation in suh reations.PACS numbers: 21.10.Tg, 23.20.Lv, 27.70.+q, 27.80.+w1. IntrodutionThe neutron-de�ient lead nulei present a speial ase where three po-tential minima-spherial, oblate and prolate-are both predited and observedand at relatively low exitation energies [1,2℄. The primary aim of the presenttest experiment was to investigate this `shape o-existene' phenomena us-ing isomer tagged projetile fragmentation. The measurement of the deaysof suh isomers using onventional tehniques beomes inreasingly prob-lemati as the prodution ross setions plummets with dereasing neutronnumber. Highly seletive tehniques are therefore essential and the e�ienyof the relativisti-fragmentation, isomer tagging tehnique [3℄ makes it ide-ally suited for this appliation.� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2395)



2396 K.A. Gladnishki et al.2. Experimental detailsThe nulei of interest were populated following the projetile fragmen-tation of a 750 MeV/nuleon 238U primary beam impinging on a 1.6 g/m2natural beryllium target. The primary beam was provided by the SIS ael-erator at GSI. The fragments were identi�ed and separated using the GSIFRagment Separator (FRS) [4℄, operated in the standard ahromati modewith a wedge shaped degrader loated at the intermediate foal plane. Nio-bium foils were plaed after both the target and degrader to maximise theeletron stripping.The atomi number of eah fragment was determined by measuring theenergy loss in an ionisation hamber. The mass-to-harge ratio of the ions,A/q, was determined from the time of �ight through the seond part of theFRS and the magneti rigidity of the dipole magnets. The fragments passedthrough a series of detetors at the �nal foal plane of the FRS, before be-ing implanted in a Z-shaped, plasti ather. An aluminium degrader ofvariable thikness was used to slow down the fragments of interest, and en-sure their implantation in this ather. Fission produt fragments, whihwere not stopped in the ather, were reorded in a `veto` sintilator plaedbehind. Two segmented germanium Clover (VEGA) detetors reorded-rays emitted from isomeri deays from the implanted ions in a time win-dow up to 80 �s after the implantation.3. ResultsPreviously identi�ed isomeri deays in 188Hg, 192Tl, 192;193;194;195;196Pb,195;197;199Bi, and 198;200Po were observed in the present experiment. Allthese speies were transmitted as fully stripped ions in the �rst half of theFRS and hydrogen-like in the seond half (after the wedge-shaped degrader),in a single setting. Nulei lose to 186Pb were transmitted through the FRSas fully stripped ions in both setions of the FRS, but at muh lower ratedue to their redued population ross setion. No isomeri deays in the186Pb region were observed in the urrent work. Examples of delayed -rayspetra are shown in �gure 1.The deays in Hg, Tl, Pb, Bi, and Po isotopes represent the �rst timethese deays have been observed following prodution via projetile fragmen-tation. This region of nulei is dominated by intrinsi states with spherialand oblate shapes [5℄. The isomeri states identi�ed in the present exper-iment are all spherial, with the exeption of the 12+ isomer in 188Hg [6℄and the (8�) in 192Tl [7℄, whih are interpreted as originating from oblateon�gurations. In the lead isotopes oblate isomeri states with I�=11� areknown but are non-yrast. Their deays were not observed in this work.The lifetimes of the isomers were determined. The obtained mean livesare onsistent with the published results from previous experiments (seeTable I).
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Fig. 1. Examples of -ray and time spetra from the present work.TABLE IIsomers observed in the present experiment. The extrated lifetimes are ompared withthe values in the Nulear Data Sheets ompilations.Isotope I� � (present work) � (published value)188Hg (12+) 270(51) ns 193(22) ns [6℄192Tl (8�) 451(64) ns 427(7) ns [8℄192Pb (12+) 2.1(+1�1:1) �s 1.59(7) �s [8℄192Pb (10)+ 134(16) ns [8℄193Pb (33/2+) 104(+370�34 ) ns 194(+36�22) ns [9℄194Pb (12+) 469(+144�66 ) ns 505(14) ns [10℄195Pb 21/2� 14.8(+130�5:8 ) �s 14.4(1) �s [11℄195Bi (29/2�) 0.9(+2:9�0:3) �s 1.08(7) �s [11℄195Bi (25/2+) 115(14) ns [11℄196Pb (12+) 343(89) ns 390(6) ns [12℄197Bi (29/2�) 326(194) ns 379(19) ns [13℄197Bi (25/2+) 87 (31) ns [13℄197Bi (23/2�) 294(26) ns [13℄198Po 12+ 1.0(+11�0:5) �s 1.08(7) �s [14℄198Po 11� 288(29) ns [14℄199Bi (29/2�) 247(91) ns 242(19) ns [15℄200Po (12+) 395(94) ns 387(4) ns [16℄200Po 11� 151(11) ns [16℄200Po 8+ 88(4) ns [16℄



2398 K.A. Gladnishki et al.4. ConlusionsNulei in the A = 188�200, Z = 80�84 region have been populatedfollowing the projetile fragmentation of a 238U primary beam. Althoughseveral isomeri states are known in the region, only the deay out fromyrast isomers was observed, suggesting a near-yrast population of angularmomentum states in suh reations, as observed in our previous work [17℄.REFERENCES[1℄ G.D. Draoulis et al., Phys. Lett. B432, 37 (1998).[2℄ A.N. Andreyev et al., Nature 405, 430 (2000).[3℄ M. Pfützner et al., Phys. Lett. B444, 32 (1998); Zs. Podolyák et al., Phys.Lett. B491, 225 (2000); M. Caamaño et al., Nul. Phys. A682, 223 (2001).[4℄ H. Geissel et al., Nul. Inst. Meth. B70, 286 (1992).[5℄ G.D. Draoulis, Phys. Sripta T88, 56 (2000).[6℄ B. Singh, Nul. Data Sheets 95, 387 (2002).[7℄ E. Dafni et al., Nul. Phys. A383, 421 (1982).[8℄ C.M. Baglin, Nul. Data Sheets 84, 717 (1998).[9℄ A.A. Cohen, Nul. Data Sheets 83, 921 (1998).[10℄ E. Browne and B. Singh, Nul. Data Sheets 79, 277 (1996).[11℄ Z. Chunmei, Nul. Data. Sheets 86, 645 (1999).[12℄ Z. Chunmei et al., Nul. Data Sheets 83, 145 (1998).[13℄ Z. Chunmei, Nul. Data Sheets 76, 399 (1995).[14℄ C. Zhou, Nul. Data Sheets 95, 59 (2002).[15℄ A.A. Cohen, Nul. Data Sheets 72, 297 (1994).[16℄ M.R. Shmorak, Nul. Data Sheets 75, 667 (1995).[17℄ M. Pfützner et al., Phys. Rev. C65, 064604 (2002).


