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ISOMERIC DECAYS IN 200Pt� ��M. Caamãnoafor the GSI ISOMER ollaborationP.M. Walkera, P.H. Regana, C.J. Pearsona, Zs. PodolyákaP. Mayetb, J. Gerlb, Ch. Shlegelb, M. Hellström;bM. Mineva and M. PfütznerdaDepartment of Physis, University of Surrey, Guildford, Surrey, GU2 7XH, U.K.bGSI, Plankstrasse 1, 64291 Darmstadt, GermanyDiv. of Cosmi and Subatomi Physis, Lund University, 22100 Lund, SwedendInstitute of Experimental Physis, Warsaw University, 00-861 Warsaw, Poland(Reeived November 6, 2000)A projetile fragmentation experiment has been performed to populatethe neutron-rih A �190 mass region, approahing the Z = 82, N = 126losed shell. A previously unreported isomer is found in 200Pt, being the�rst new example, from fragmentation reations, of a seniority 4 state es-tablished from � oinidenes.PACS numbers: 21.10.Tg, 23.20.�g, 25.70.Mn, 27.50.+e1. IntrodutionShell model preditions (spherial and deformed) an be tested by thepopulation of nulei in isomeri states [1℄. Here we present results from theuse of projetile fragmentation to reah the neutron rih region below theZ = 82, N = 126 doubly losed shell, whih is inaessible using fusionreations with stable beam/target ombinations. Gamma radiation at thetarget, emmitted by the exoti fragments of interest, is obsured by rela-tively intense prompt bakground. However, nulei produed in long-lived� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.�� This work is supported by EPSRC (UK), The Polish State Committee for Sienti�Researh (KBN) under grant 2 P03B 036 15, Department of Energy ontrat DE-FG02-96ER40983 (USA), and the EU Aess to Large Sale Failities Programme.The array of Segmented Clover Ge detetors is jointly funded by CEA (Frane),EPSRC (UK), GSI (Germany) and NBI (Denmark).(763)



764 M. Caamãno et al.isomeri states an be separated for identi�ation through a spetrometer,before disrete spetrosopy of the gamma-rays depopulating isomeri statesis performed at a germanium detetor array, more than 300 ns after produ-tion. The tehnique was �rst applied to suh heavy nulei by Pfützneret al. [2℄. 2. Experimental detailsIons produed in the fragmentation of a 1 GeV/A 208Pb beam on a1.6 gm�2 beryllium target were separated and identi�ed at the FRagmentSeparator (FRS) [3℄ at GSI, Darmstadt. Ions were identi�ed on an eventby event basis, by time-of-�ight, energy loss and magneti rigidity measure-ments. Mass-to-harge (A=Q) ratio of ions was alulated with respet tox-position at the intermediate foal plane of the FRS, providing separationaording to harge state: fully-stripped, hydrogen-like and helium-like. TheMUlti-Sampling Ionisation Chamber (MUSIC) at the �nal foal plane of thespetrometer provided further seletion for Z. Ions were slowed down in avariable thikness degrader before being �nally implanted in a 4 mm thikaluminium ather surrounded by an array of four Segmented Clover dete-tors. The absolute photopeak e�ieny of the Segmented Clover array wasmeasured to be about 6% at 1.3 MeV and about 17% at 300 keV for theentral position of the ather. Di�erent settings of magneti rigidity of thespetrometer were employed to reah partiular areas of the nulide hart.3. Data analysis and experimental resultsIdenti�ation of fragments was ahieved as outlined in referene [4℄. Ini-tial analysis of these data for a di�erent FRS setting showed [5℄ previouslyreported K = 35=2 isomers in 175Hf, 179W and 181Re [6℄, representing thehighest disrete spin identi�ed in a fragmentation reation to date. De-ays from the previously identi�ed isomeri deays in 200Pt [7℄ and 206Hg [8℄were used to on�rm the isotopi identi�ation tehnique and also provided ahek for isomer deay half-life measurements. Isomeri deays were also ob-served in 190W [4,9℄, and in 188Ta, 192Re, 193Re, 197Ir, 201Pt and 202Pt [10℄,providing the �rst spetrosopi information obtained on the struture ofthese nulei.The deay level sheme for 200Pt obtained by Yates et al. [7℄ has beenextended to inlude a previously unreported isomer (see Figure 1). The 7�isomer was reported [7℄ to deay with a half-life of 14 ns. Ordinarily suh ashort-lived state would not survive the �ight time through the spetrometer,but we propose it does due to the transition energy, whih we do not observe,being less than theK-shell binding energy in platinum (78 keV). The eletron



Isomeri Deays in 200Pt 765onversion mehanism de-exiting the isomeri state is inhibited as the ion isin a hydrogen-like harge-state. It is only when the fragment is implanted inthe ather that the isomeri state an be depopulated by eletron onversionand attain its natural atomi half-life.

Fig. 1. Gamma-ray singles spetrum (gated by 200Pt ions) and proposed deaylevel sheme for 200Pt. The insert shows a time projetion. The ordering of the542 and 708 keV transitions is not determined. The suggested spin assignmentsfor the upper isomer are based on Nilsson model alulations. The levels up to1884 keV are from Yates et al. [7℄.Gamma�gamma oinidenes for 200Pt are illustrated in Fig. 2. The317 keV transition is plaed by Yates et al. [7℄ feeding into the 5�, 1567 keVlevel, and the newly observed 542 and 708 keV transitions evidently are inasade, though their relative ordering is not determined (see Figs 1 and 2).However, a 781 keV transition plaed by Yates et al. between the 1884 and1103 keV levels is not observed in our work, and it remains a possibility thatour 317 keV transition is di�erent from that of Yates et al. . The relativeintensities of the 708, 542 and 633 keV gamma-ray deays over time haveshown that the half-life of the upper isomer is slightly shorter than that ofthe lower (14 ns) isomer. On aount of the short (�10 ns) half-life, theremust be a missing, highly onverted (and therefore low energy, <100 keV)transition diretly depopulating the isomer. Just as for the lower (14 ns)isomer, the hydrogen-like 200Pt ion an then have a muh longer in-�ighthalf-life.We have made Nilsson model alulations (with �2 � 0:1) of the typedesribed by Jain et al. [11℄ in an attempt to understand the struture ofthe upper isomer. It is most likely based on a two broken pair struture, i.e.4 quasipartiles, with spin/parity 11� or 12+. This therefore appears to bethe �rst new example, from fragmentation reations, of a seniority 4 stateestablished from � oinidenes.
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Fig. 2. Gamma-gamma oinidenes for 200Pt. The events are all within 200 nsof the 200Pt ion arrival time. Gamma-ray deays at 708, 633, 542, 470, 463 and317 keV are learly in oinidene with eah other.REFERENCES[1℄ P.M. Walker, G.D. Draoulis, Nature 399, 35 (1999).[2℄ M. Pfützner et al., Phys. Lett. B444, 32 (1998).[3℄ H. Geissel et al., Nul. Instrum. Methods Phys. Res. B70, 286 (1992).[4℄ C. Shlegel et al., Phys. Sripta T88, 72 (2000).[5℄ M. Pfützner et al., AIP Conf. Pro. 494, 113 (1999); Zs. Podolyák et al.,2nd Int. Conf. on Fission and n-rih Nulei, World Sienti�, London 1999,p.156.[6℄ G.D. Draoulis, P.M. Walker, Nul. Phys. A342, 335 (1980); P.M. Walker etal., Nul. Phys. A568, 397 (1994); C.J. Pearson et al., Nul. Phys. A674,301 (2000).[7℄ S.W. Yates et al., Phys. Rev. C37, 1889 (1988).[8℄ J.A. Beker et al., Phys. Rev. C26, 914 (1982).[9℄ Zs. Podolyák et al., Phys. Lett. B491, 225 (2000).[10℄ M. Caamaño et al., Nul. Phys. A (in press).[11℄ K. Jain et al., Nul. Phys. A591, 61 (1995).


