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RECOIL ISOMER TAGGING ON PROTON-RICHODD�ODD N = 77 ISOTONES 142Tb AND 144Ho�C. Sholeya, D.M. Cullenay, E.S. Paula, M.A. BentleydA.J. Bostona, A.M. Brueb, P.A. Butlera, M. CaamañoO. Dorvauxez, T. Enqvistax, C. Foxa, J. Garés NarroP.T. Greenleese, K. Helariuttaex, P.M. Jonese, D.T. JossdR. Juline, S. Juutinene, H. Kankaanpääe, H. KettuneneP. Kuusiniemie, M. Leinoe, M. Muikkue, P. NiemineneP. Rahkilae, H.C. Sraggsa, S.L. Shepherda, O. Stezowskia{J. Uusitaloe, and P.M. WalkeraOliver Lodge Laboratory, Department of Physis, University of LiverpoolLiverpool L69 7ZE, UKbShool of Engineering, University of Brighton, Brighton, BN2 4GJ, UKDepartment of Physis, University of Surrey, Guildford, Surrey, GU2 7XH, UKdShool of Sienes, Sta�ordshire University, Stoke-on-Trent, ST4 2DE, UKeDepartment of Physis, University of JyväskyläP.O. Box 35, FIN-40351, Jyväskylä, Finland(Reeived Otober 30, 2000)The isomeri struture of the N = 77 isotones 14265Tb and 14467Ho havebeen studied with the 92Mo(54Fe, xpn) fusion evaporation reation at theUniversity of Jyväskylä. The Jurospehere II germanium array was em-ployed in onjuntion with the RITU gas �lled reoil separator. The feed-ing and deay of a 500(20) ns isomeri state in 144Ho has been establishedfor the �rst time together with states built upon the known 15 �s isomer in142Tb. The behavior of these new strutures above the isomers suggest thatthey are low deformation on�gurations whih display signs of triaxiality.PACS numbers: 21.10.Re, 23.20.�g, 23.20.Lv, 27.60.+j� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.y Present address: Department of Physis and Astronomy, University of Manhester,Manhester, M13 9PL, UK.z Present address: Institut de Reherhes Subatomique, CNRS-IN2P3, 23 Rue duLoess, BP 28, F67037 Strasbourg, Frane.x Present address: G.S.I., Plankstr. 1, D-64291 Darmstadt, Germany.{ Present address: Institut de Physique Nuléaire de Lyon, IN2P3/CNRS, UniversitéC. Bernard Lyon-1, F-69622 Villeurbanne, Cedex, Frane.(1005)



1006 C. Sholey et al.1. IntrodutionThe N = 77 isotones with A � 140 lie between two regions whih havebeen relatively well studied. The more proton-rih region has been studiedreently due to the interest in proton emission. Even though these nulei aredi�ult to aess, their study has been possible as the emission of a protonan be used as a tag whih inreases the hannel seletion signi�antly. Onthe other hand slightly more neutron-rih nulei are easily aessible throughfusion evaporation reations. The nulei in the area disussed here havesmall ross-setions in omparison to the more neutron-rih nulei populatedand as they do not proton deay no suh partile emission tag is available.In this ase some other form of hannel seletion is required and as thereare a wealth of isomers in this region they an be utilised as a signaturewith whih to tag the nulei. The reoil-isomer tagging tehnique was �rstemployed at the University of Jyväskylä to establish the rotational bandabove the K� = 8� isomer in 138Gd [1℄ and proved to be very suessful.This subsequent experiment has enabled the feeding and deay of a new500(20) ns isomeri state in 144Ho to be observed, together with states builtupon the known 15 �s isomer in 142Tb. Suh isomers are a result of thehigh-j states whih involve the intruding h11=2 proton orbit. An additionalfator is that the last protons oupy the lower part of the shell and tend tofavour olletive prolate deformation ( = 0Æ), where as the neutrons lyingin the upper part of the h11=2 shell tend to be of a olletive oblate shape( = �60Æ). The data presented here give an insight to the single-partileon�gurations of these isomers and demonstrate how the ompeting fatorsdisussed above give rise to triaxial nulei.2. Reoil-isomer taggingThe experimental setup onsisted of the Jurosphere II germanium ar-ray oupled with the RITU gas �lled separator [2℄. At the foal plane ofRITU was a MWPC (Multi-Wire Proportional Counter) [3℄ and a silionstrip detetor. Surrounding the foal plane detetor hamber was a smallarray of �ve germanium detetors. The reoil-isomer tagging tehnique or-relates prompt and delayed events aross isomeri states. This is ahievedby deteting -ray transitions at either end of RITU [2℄ orresponding tothe target position and foal plane respetively. Delayed -rays are detetedwithin a 32 �s time gate after the implantation of a reoil into the siliondetetor. The nulei were populated using the reation 92Mo(54Fe, pxn) atbeam energies of 226 and 236 MeV delivered by the K130 ylotron at theUniversity of Jyväskylä, Finland. During the experiment, a total of 6� 106reoil gated prompt events were orrelated with delayed events in �5 daysat a beam energy of 236 MeV and 4 � 105 events in 1 day at 226 MeV.A omplete desription of the experimental detail an be found in Ref. [4℄.



Reoil Isomer Tagging on Proton-Rih Odd�Odd N=77 Isotones : : : 10073. 142Tb and 144HoThe main  rays in a 10�30 �s time gate were 37, 137, 165, and 303 keVFig. 1(b). These are known transitions in 142Tb below the 15 �s isomer [5℄.
(a)

(d)(b)

(c)

Fig. 1. Gamma-ray spetra: (a) � prompt 142Tb, (b) � delayed 142Tb,() � prompt 144Ho, (d) � delayed 144Ho. (a) and () are produed by gating onthe  rays in (b) and (d) respetively and vie versa.By gating on this band and setting a time gate omparable to the isomerlifetime we were able to establish the deays above the isomer shown inFig. 1(a) and onstrut the level sheme shown in Fig. 2. When a short timegate of � 100 ns was set on the delayed -rays the main transitions were 56,61, 148 and 209 keV with X-rays of 47 and 53 keV shown in Fig. 1(d). Theoinident X-rays on�rmed that these -rays belong to a holmium isotopeand the relative intensities of these peaks at the two di�erent beam energiesallow them to be �rmly assigned to 144Ho. An isomeri state was identi�edand measured to have t1=2 = 500(20) ns. Prompt (see Fig. 2()) and delayedevents were then orrelated to identify the bands above the isomer shown inFig. 2.Theoretial Total Routhian Surfae (TRS) [6, 7℄ and Wood�SaxonCranked Shell Model (CSM) [8,9℄ alulations have been performed for thisdata. The TRS alulations gave a deformation of �2 = 0:192, �4 = �0:22and  = �30Æ whih represents a triaxial shape. This large -deformationis responsible for the large energy splitting of the single-partile orbitals,whih is manifested as the signature split bands above the isomers shown inFig. 2. The alulations suggest that the single partile on�gurations forthese nulei are as follows �h11=2 
 �(h11=2 ; f7=2 ) or �h11=2 
 �(s1=2 ; d3=2 ).Unfortunately the low statistis for this data does not permit the spins andon�gurations of these bands to be unambiguously assigned.
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