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FIRST OBSERVATION OF EXCITED STATES IN 140Dy�W. Królasa;b;, R. Grzywazd;e, K.P. Rykazewskid;eJ.C. Bathelderf , C.R. Binghamd;g, C.J. Grossd;h, D. FongbJ.H. Hamiltonb, D.J. Hartleyg, J.K. Hwangb, Y. LarohellegT.A. Lewisd, K.H. Maiera;d, J.W. MConnella, A. PiehazekiA.V. Ramayyab, K. Rykazewskij, D. Shapirad, M.N. TantawygJ.A. Wingerk, C.-H. Yud, E.F. Zganjari, A.T. Kruppaa;lW. Nazarewizd;g;m and T. Vertsea;laJoint Institute for Heavy Ion Researh, Oak Ridge, TN 37831, USAbDepartment of Physis and Astronomy, Vanderbilt UniversityNashville, TN 37235, USAH. Niewodniza«ski Institute of Nulear Physis, 31-342 Kraków, PolanddPhysis Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USAeInstitute of Experimental Physis, Warsaw University, 00-681 Warsaw, PolandfUNIRIB Oak Ridge Assoiated Universities,Oak Ridge, TN 37831, USAgDepartment of Physis and Astronomy, University of TennesseeKnoxville, TN 37996, USAhOak Ridge Institute for Siene and Eduation, Oak Ridge, TN 37831, USAiDept. of Physis and Astronomy, Louisiana State UniversityBaton Rouge, LA 70803, USAjOak Ridge High Shool, Oak Ridge, TN 37830, USAkDept. of Physis and Astronomy, Mississippi State UniversityMississippi State, MS 39762, USAlInstitute of Nulear Researh, Hungarian Aademy of Sienes4001 Debreen, HungarymInst. of Theoretial Physis, Warsaw University, 00-681 Warszawa, Poland(Reeived Otober 31, 2002)A new 7 �s isomer in the drip line nuleus 140Dy was seleted from theproduts of the 54Fe (315 MeV) + 92Mo reation by a reoil mass spe-trometer and studied with reoil-delayed � oinidenes. Five asading transitions were interpreted as the deay of an I� = 8� {�9=2�[514℄ 
�7=2+[404℄} K isomer via the ground state band.PACS numbers: 23.20.Lv, 21.10.Tg, 27.60.+j� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2315)



2316 W. Królas et al.In an experiment performed at the Holi�eld Radioative Ion Beam Fail-ity at Oak Ridge National Laboratory we observed for the �rst time a 7 �sisomer in the drip line nuleus 140Dy [1℄. The 140Dy ions were populated inthe 2p4n hannel of the 54Fe (315 MeV) + 92Mo reation, and seleted by theReoil Mass Spetrometer [2℄. The RMS aeptane allowed us to olletthe reoils produed within a half of the nominal 1 mg/m2 target thik-ness. The reoils, separated aording to their mass A = 140 and hargeQ = +27, with the energy of 92 MeV (� 10%), were implanted in a passiveather plaed in the enter of the Clover Detetor Array for Reoil DeaySpetrosopy whih onsisted of 5 segmented Clover Germanium detetors.A Multihannel Plate Detetor [3℄ provided a referene time for the reoilimplantation and enabled a reoil-delayed � oinidene study.We have identi�ed a new asade of -rays at 202, 364, 476, 550 and574 keV with a half-life of 7:0(5) �s orrelated with the implantation of theseleted A = 140 reoils (see Fig. 1, left panel). The �ve  lines are inoinidene with eah other, and with Dy K X-rays, whih plaes them inone asade in 140Dy.Basing on the intensities and energies of the transitions a level shemeshown in Fig. 1 (right panel) was onstruted. It resembles a rotationalband in a deformed nuleus fed by an isomeri level. A omparison to thedeay patterns of I� = 8� K isomers in the less exoti N = 74 even isotonesof 134Nd, 136Sm and 138Gd displayed in Fig. 1 shows striking similarity.This leads us to the interpretation of the isomeri level at 2166 keV as anI� = (8�) {�9=2�[514℄
�7=2+[404℄} K isomer deaying via the 8+ ! 6+ !4+ ! 2+ ! 0+ asade belonging to the ground-state band in 140Dy. Our�ndings were reently on�rmed in an independent experiment [4℄.The isomeri level is plaed at an exitation energy lose to the 2150 keVpredited in [5℄ for this two-quasineutron on�guration. A hindrane perdegree of K-forbidness f� was determined to be 24.5(3), a value very loseto the ones found for less exoti N = 74 isotones displayed in Fig. 1. Thissuggests that the on�guration and properties of this K isomer in 140Dy arenot a�eted by the proximity of the proton drip line.We measured a 40 �b ross-setion (aounting for about 0.5 mg/m2ative target thikness) for population of the 8� isomer. This value is om-parable with the 30 �b total 140Dy prodution ross-setion predited bythe HIVAP ode [6℄ and indiates that major part of the high-spin statespopulated in the evaporation residue deexite via the 8� isomer.Suh a sizable population of the isomer is surprising sine one wouldexpet more deexitation strength to go through the ground state band thusbypassing the isomer. In ase of the neighboring N = 74 isotone 138Gd ithas been found that only a 1.4 % fration of the evaporation residue rosssetion populates the analog 8� isomer [7℄.
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Fig. 1. 140Dy  lines from the deay of the I� = (8�) isomer obtained from double oinidene data by adding �ve spetra gated on the labeled transitions � panel(a). Dysprosium K� and K� X rays in oinidene with the sequene of �ve new lines from triple  oinidene data � panel (b). Deay pattern produed bydouble-gating on �ve transitions � panel (). Systematis of the deay propertiesof I� = 8� isomers in Z � 60, N = 74 isotones and the proposed 140Dy levelsheme � right panel.To estimate the energy gap between the 8� isomer and the so far unob-served 10+ state in 140Dy we used the established ground-state band energiesto alulate the 10+ energy within a ranked mean �eld model [8, 9℄. Anapproximate value of 2200 keV for the 10+ energy was obtained [10℄, whihplaes the 10+ state only 30 to 40 keV above the 8� isomer. This is similarto the relative plaing of 10+ in 138Gd where it has been found 33 keV abovethe 8� isomer [7, 11℄. The energy gaps between the 10+ and 8� states in140Dy and 138Gd are alike and an not explain the di�erene in the isomervs ground-state band population.Following the global systematis of the ground to the �rst-exited 2+state transitions in even�even nulei of Raman et al. [12℄ the observed exi-tation energy of the �rst 2+ state gives a deformation parameter �2 � 0:234for 140Dy. This is a somewhat smaller quadrupole deformation than thepreviously antiipated values (see e.g. [5,13℄) but it is lose to the �2 = 0:25derived from the observed level shemes of 141gs;mHo [14℄.The experimental level sheme of 140Dy provided reliable input for thepreditions of proton emission rates from 141gs;mHo. Moreover, the preiselyknown energy of 2+ state in 140Dy was an essential aid in the searh for a�ne struture in 141Ho proton deay [15℄.
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