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A NEW 350 MS ISOMER IN 125La AND LOW ENERGYINTRINSIC STATES IN A = 133; 131; 129; 127; 125 LaISOTOPES�G. Canhela;b, R. Bérauda, E. Chabanata, A. Emsallema,N. Redona, P. Dendoovenb , A. Honkanenb, J. Huikarib,A. Jokinenb, G. Lhersonneaub, M. Oinonenb, H. Pentilläb,K. Peräjärvib, A. Popov, J.C. Wangb and J. Äystöba IPN Lyon IN2P3/CNRS and Université Claude BernardF-69622 Villeurbanne Cedex, Franeb Department of Physis, University of JyväskyläP.O. Box 35, 40351 Jyväskylä, Finland St. Petersburg Nulear Physis Institute, Gathina188350 St. Petersburg, Russia.(Reeived Deember 14, 1998)By means of the HIGISOL tehnique, the A = 125mass hain was stud-ied via �+/EC deay of 125Ce and a new (350+60�40)ms isomer was de�nitelyassigned to 125La based on onversion eletron measurements.PACS numbers: 23.20.Lv 1. IntrodutionThis work belongs to a series of investigations initiated at SARA [1�3℄and devoted to the study of low-lying exited levels in neutron-de�ient oddLa fed via �+/EC deay of Ce isotopes. Although a wealth of data on the ro-tational bands has been obtained from in-beam spetrosopy using heavy ionindued reations, the levels at low exitation energy with low spin remainpoorly known. The nulei of this so alled transition region around A = 130have a prolate-triaxial shape whih has been rather well interpreted withdi�erent theoretial models. Reently, lifetime measurements [4℄ of levels ofthe deoupled �h11=2 band [5℄, both in 127La and 125La, have reinfored thepiture of a quasipartile oupled to a rigid triaxial ore (�2 ' 0:28,  ' 20� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1239)



1240 G. Canhel et al.deg). The ground state is the bandhead 11=2� in 127La whereas in 125La ithas I� = 3=2+, similar to 129;131La.At �rst, two  transitions were observed in the �+/EC deay of 10 s125Ce [1℄ and then a preliminary level sheme was onstruted as reportedin [6℄. More reently, we have suggested the existene of a (0.4 � 0.2)s isomerin the A = 125 mass hain [7℄. The aim of the present work was mainly, bymeans of onversion eletron and oinidene measurements, to assign theZ of this isomer and to try to shed light on the 125La level sheme at lowenergy. 2. ExperimentThe 125Ce ativity was produed via the 94Mo(36Ar,3p2n) reation fol-lowed by �+/EC deay and studied on-line after mass-separation. The 94Motarget, a self-supporting foil of 3.0 mg/m2 and 97.6% enrihment, was bom-barded with 175 MeV 36Ar8+ ions (300 part.nA) from the K=130 Jyväskyläylotron. Reation produts were mass-separated using the HIGISOLtehnique developed originally at SARA for heavy ions indued fusion-evaporation reations [8℄. The system reently implemented at theJyväskylä IGISOL faility gives readily a mass-separated yield of about1 ion/s/mbarn/10 part.nA [9℄ independent of the hemial and physialproperties of the elements. The 40 keV beam of A = 125 radioative ionswas impinging on a 6.4 mm wide movable tape at the enter of the �rst oilof the ELLI spetrometer desribed in more details in referene [10℄. ELLIis a hybrid design ombining the features of a magneti transporter and ahigh resolution, 4 mm thik and 300 mm2 area Si(Li) detetor plaed at theenter of the seond oil. The eletron energy alibration was arried outwith a 133Ba soure and the energy resolution was typially 2.5 keV at 320keV. A low energy Ge detetor (10 mm x 1000 mm2, resolution 530 eV at53 keV) was plaed outside the vauum hamber, on the symmetry axis ofthe spetrometer and only 10 mm from the implantation spot.To allow growth and deay sequenes of the ativities, the ylotron beamwas pulsed (TON = TOFF = 10 s). Both time-sequened singles spetra (e-T ,X-T ) and e-X-t oinidene data were aquired and stored on exabyte tapeusing the VENLA data aquisition system [11℄.3. ResultsA typial onversion eletron spetrum measured with the ELLI spe-trometer is shown in �gure 1. Most of the lines of the A = 125 mass hainwere identi�ed, exept three lines at 68.2, 101.7 and 106.2 keV energies.From e-X data, there is lear evidene of a oinidene between the 68.1keV eletron line and both K�- and K�-La X-rays indiating that onversion
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Fig. 1. Partial onversion eletron spetrum measured with the ELLI spetrometer.takes plae in the elements La. Therefore this line an be attributed to theK onversion of the 107.0 keV transition sine the K-binding energy is 38.9keV. The two other lines (101.7 and 106.2 keV) an be assigned to L- andM -onversion lines of the same transition on the basis of similar arguments.Moreover, an aurate determination of energy di�erenes between theseeletron lines gives EK�EL = (33:5�0:3) keV and EL�EM = (4:5�0:3) keVin perfet agreement with theoretial values, 33.24 and 4.53 keV respetivelyin ase of La.To ahieve a preise determination of internal onversion oe�ients(ICC), it is of ruial importane to get with good auray the intensitiesof both -rays and onversion eletrons. The e�ieny of ELLI being verysensitive to the loalisation of the beam spot of HIGISOL, we have used aninternal alibration proedure by means of transitions of well known mul-tipolarities in the A = 125 mass hain. The e�ieny urves were thenonstrained to these partiular points.For the 107 keV transition we ould dedue the following ICC values :�K = 2:5�1:5, �L = 8:1�3:2, �M = 2:4�1:0 and assoiated subshell ratios.Comparing with theoretial values alulated from referene [12℄ and [13℄,the E3 nature an be assigned unambiguously to this transition.From the e-T data, we ould extrat the time distributions (growth anddeay) for all onversion eletron lines of the spetrum presented in Fig. 1.The K-, L- and M -lines of the 107 keV transition exhibit similar time be-haviour, they have been analysed separately onsidering feeding of the iso-mer from both 125Ce �+/EC deay and diret reation prodution. Thehalf-life dedued from the �tting proedure of the sum spetrum shown inFig. 2, gives for 125mLa, T1=2 = (350+60�40) ms orroborating the result we got



1242 G. Canhel et al.from K�-La X-rays analysis [7℄. For the slow omponent the half-life valueT1=2 = (9:9� 0:5) s is also in good agreement with previous results [14℄.

Fig. 2. Growth and deay of singles K+L+M eletrons of the 107.0 keV E3 tran-sition. The urve is alulated with two omponents + long-lived ontamination.4. DisussionUnless reating a new level at an exitation energy slightly above 107keV, it is at present not possible to plae this isomeri transition in theexisting level shemes dedued either from in beam work [4℄ or from �+/ECdeay of 10 s 125Ce [6℄. From �-delayed proton emission [14℄, I� = 5=2+ wassuggested for the g.s. of 125Ce ontrary to the Nilsson model whih preditsthe last neutron to oupy the 1=2+[411℄ deformed orbit for �2 = 0:28. Asin 127Ce and 129Ce, we may also have a lose lying 7=2� state and thereforemore data are needed, espeially on � branhes and oinidenes betweeneletrons and low energy -rays, to shed light on the � deay sheme. Forthe 107 keV transition, the hindrane fator value whih an be derived fromthe ratio of experimental half-life to its Weisskopf estimate is FW = 1:3�0:2.This is a typial value for an E3 transition in this nulear region and thisindiates that we are dealing with a rather pure single partile transition�11=2� ! �5=2+ (e.g. FW = 2:0 in 129La and FW = 2:1 in 123Cs).Some low lying states of odd La (121 � A � 133) are presented in Fig. 3.The systematis shows the gradual inrease of deformation with dereasingneutron number down to N = 70, whih is re�eted by the 15=2� � 11=2�energy spaing. For lighter isotopes the deformation seems to stabilize andthere is no obvious �ngerprint of subshell losure at N = 64 for 121La.
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Fig. 3. Experimental low lying levels in odd La. In 121;123La, the g.s. is assumed(11=2�) and the 9=2+ is not reported (exitation energy unknown) [2�4, 15℄ andrefs therein.In 129;131;133La, isomerism is due to the interplay between the �h11=2 or-bital and the positive parity orbitals �1g7=2, �2d5=2 and �2d3=2. The g.s. of125La is proposed to have I� = 3=2+ [4℄ (as in 129La and 131La) and its stru-ture is strongly mixed with a dominant d5=2 omponent as was shown fromboth IBMF-2 alulations [3℄ and the ore quasipartile oupling model [4℄.In this isotope, the 11=2� level is proposed at an exitation energy of ' 9keV and thus � deay would strongly ompete with the isomeri transition.It is expeted that beause valene protons are �lling the lower part of theh11=2 shell and valene neutrons are at the h11=2 midshell, on�iting shapedriving fores will result. Therefore the downsloping of the 11=2� level withdereasing N ould be interrupted around N = 70 as it is the ase in theodd Pr isotopes.Additional data on 125La are needed and the ontinuation of �+/ECdeay studies on more n-de�ient isotopes i.e. 123La and 121La is also highlydesirable to gain information on absolute exitation energies of the positiveand negative lose lying intrinsi levels in these isotopes.This work has been supported by the Aess to Large Sale Faility pro-gram under the Training and Mobility of Researhers program of the Eu-ropean Union. The authors would like to thank J.P. Rihaud (ISN Greno-ble) for the preparation of windows and targets, the aelerator rew atthe Jyväskylä Aelerator laboratory and Dr. A. Gizon (ISN Grenoble) forfruitful disussions.
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