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NUCLEAR MAGNETIC AND QUADRUPOLEMOMENTS OF EXOTIC ISOMERIC STATES�G. Neyens, D.L. Balabanskiy, D. Borremans, N. CoulierR. Coussement, W. De Clerq, G. Georgiev, S. Teughelsand K. VyveyIKS, University of LeuvenCelestijnenlaan 200 D, B-3001 Leuven, Belgium(Reeived January 30, 2001)An overview of some reent results on nulear moment measurements onisomers is being given. Neutron rih isomers have been produed in a frag-mentation reation at GANIL. Using the spin-orientation of the fragmentbeam, isomeri g-fators around 68Ni have been measured by deteting theLarmor preession via the isomeri -deay (TDPAD-method). Isomers inthe mass A � 180 region were produed in a fusion-evaporation reationat Louvain-la-Neuve. The quadrupole moment of a 5 quasi-partile isomerin the deformed nuleus 179W was measured using the Level Mixing Spe-trosopy (LEMS) method. Both results show how details on the nulearstruture an be investigated via nulear moment measurements.PACS numbers: 27.50.+e, 27.70.+q, 21.10.Ky1. IntrodutionThe development of radioative beam prodution and seletion teh-niques has initiated many experiments to study the properties of exoti nu-lei, in order to investigate the behavior of nulear matter when approahingthe drip lines. As soon as neutron-rih nulei ould be studied, it beamelear that the struture of these nulei with large isospin ould not be pre-dited with the existing nulear models. New phenomena, suh as halostrutures, new and disappearing shell losures, new regions of deformednulei were disovered. Several properties of nulei need to be studied toobtain a full piture of the nulear struture. Via the magneti dipole mo-ment and the eletri quadrupole moment one an get insight into the single� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.y On leave from St. Kliments Ohridsky University of So�a.(1061)



1062 G. Neyens et al.partile struture as well as the olletive nature of the nuleus. Sine sev-eral years we have been developing new methods [1�3℄ and adapting existingmethods [4℄, to study stati nulear moments of isomers and ground states.The tehniques an be applied to exoti nulei produed via projetile frag-mentation reations or to isomers produed in a fusion-evaporation reation.In this ontribution we give an example of both ases.2. Spin-orientation by nulear reationMeasuring nulear moments of short lived nulear states (half lives ofless than a seond) requires fast spin-orientation methods ombined withon-beam detetion of the radiative (�- or -) deay of nulei submitted toseveral hyper�ne interations (magneti dipole, eletri quadrupole , : : :).For isomers produed in a fusion-evaporation reation, it is well-knownthat the isomeri spins are being aligned, with the spins preferably perpen-diular to the beam diretion (large oblate alignment) [5℄. High alignments,up to 60�80 %, an be obtained. If the isomers are being stopped in thetarget, or reoil-implanted in a host rystal mounted on top of the target,the alignment is maintained. If the isomers are reoiling out of the target,and travelling some distane before being implanted into a host, most ofthe spin-orientation is being lost due to the interation of the nulear spinwith the randomly oriented eletron spin. Then a moment measurementusing perturbation methods beomes impossible. It has been shown that ifthe isomers an be seleted in a noble-gas like eletron on�guration, someof the orientation an be maintained after reoil separation [6℄. We havealso shown that in a LEMS experiment, the reoil-distane method an beused [7℄. The development of this formalism has led to a new tehnique thatould be used to study g-fators of short lived isomers (0.5�100 ns) [8℄.The disovery of the presene of spin-polarization [9℄ and spin-alignment[10℄ in a seleted ensemble of seondary projetile fragments was a majorbreakthrough in the study of nulear moments of very exoti nulei far fromstability. Using the spin-orientation obtained during the fragmentation pro-ess, nulear moments of very short-lived states (down to the time of �ightin the mass separator, typially 200 ns) an be studied. Although the spin-orientation proess is not yet fully understood, several groups have startedto use this orientation to measure hanges in the �-deay asymmetry of ex-oti nulei [11�13℄ from whih information on the nulear g-fator and spe-trosopi quadrupole moment an then be extrated. While most groupshave foused on using spin-polarized beams, our group has developed sometehniques that allow taking advantage of the full yield of forward emittedfragments whih are purely spin-aligned [2, 3, 14℄.



Nulear Magneti and Quadrupole Moments of Exoti Isomeri States 10633. g-fators of isomers studied by TDPAD + ion- orrelationDuring the past 5 years, it has been shown in several experiments thatin fragmentation reations also high-spin isomers an be populated in sig-ni�ant amounts [15, 16℄. By seleting fully stripped fragments, the spin-orientation of this isomeri ensemble an be maintained during the �ightthrough the mass spetrometer. This opens up several possibilities to studythe struture of neutron-rih isomers, whih is not possible by other meth-ods. With a spin-aligned isomeri fragment beam one an use for examplethe Time Di�erential Perturbed Angular Distribution method [17℄ to studythe g-fator of the isomers. Or one ould apply the -LMR [18℄ or LEMS [1℄methods to study their quadrupole moments. Spin-aligned isomers also al-low to extrat from the measured angular distribution information on theharater of the gamma-transition (eletri or magneti) by using the Cloverdetetors as Compton polarimeters [19℄.To obtain fully stripped fragment nulei, the primary beam energy needsto be su�iently large. Light nulei are all produed fully stripped after anintermediate energy fragmentation reation (50�100 MeV/a). The heavierthe nulei of interest, the higher the required primary beam energy in orderto obtain fully stripped atoms as the most intense fragment beam. Anexperiment on a known isomer in 43S produed in the fragmentation of a500 MeV/u 46Ti beam revealed the presene of signi�ant alignment in theseleted isomeri beam [20℄. We have onduted a pioneering experiment
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Fig. 1. (a) Measured -anisotropy R(t) = N(0)�"N(90)N(0)+"N(90) for the E = 313 keV 9/2+deay in 67Ni. (b) Same data, on whih an autoorrelation funtion was applied[21, 22℄.



1064 G. Neyens et al.to use the spin-alignment for the study of the g-fators of several isomersaround 68Ni, all seleted in a single setting of the LISE spetrometer atGANIL. By requiring an event-by-event ion � delayed gamma orrelationin a time window of 20 �s, lean gamma-spetra for eah of the isomers ouldbe obtained. The seleted ion rate was limited to 8000 ions/s by losing theslits of the spetrometer, in order to avoid too many random oinidene's(in fat the number of random oinidene's turned out to be still veryhigh, as one of the isomers was very short-lived). Preliminary results of thisexperiment as well as experimental details and details on the data analysishave been presented in previous onferene ontributions [4℄ and [21℄ for the13/2+ (T1=2 = 355(2) ns) isomer in 69Cu. We have also been able to measurethe g-fators of the I� = 9=2+ isomer in 67Ni (T1=2 = 13:3 ms) (Fig. 1), aswell as for an isomer in 66Co (E = 175 keV, T1=2 = 823(5) ns). A paperin whih the result for 67Ni is being disussed and ompared to shell modelalulations has been submitted [22℄. We have shown that the g-fator ofthis 9/2+ isomer is extremely sensitive to small admixtures of a �p� h 1+exitation of the Z = 28 ore, and that about 2 % of the wave funtionontains admixtures of this type (Fig. 2).

Fig. 2. Experimental g-fator for the 67Ni (9/2+) isomer ompared to a alulatedg-fator as a funtion of the mixing probability between a pure �g9=2 on�gurationand a �g9=2 
 (�f�17=2f5=2)1+ on�guration.4. Quadrupole moment of a 5 quasi-partile isomer in 179WIn well deformed nulei, isomers known as �K-traps� our beause theirdeay requires a hange of the nulear spin orientation relative to an axisof symmetry. K is a quantum number that represents the projetion ofthe total nulear spin along the symmetry axis of the deformed nuleus.A number of suh states have been established in the Hf-W-Os nulei in themass A � 180 region.



Nulear Magneti and Quadrupole Moments of Exoti Isomeri States 1065The Z = 74 W nulei are known to exhibit substantial prolate defor-mations (�2 � 0:25) in their ground states [23℄. These were dedued fromCoulomb exitation experiments, in whih the redued transition proba-bilities (the transition quadrupole moments) of the �rst exited 2+ statesin even�even 180�186W isotopes were measured. The experiments we per-formed, provide for the �rst time a diret measurement of a stati quadrupolemoment in the 74W nulei. This measurement allows to �nd out if there isa di�erene between the deformation of the nulei in their ground state andin their high-seniority multi-quasipartile exitations.The experiments were performed at the CYCLONE ylotron at Louvain-la-Neuve, using the LEMS tehnique [1℄. The experimental set-up onsistsof a split-oil 4.4 T superonduting magnet with the magneti �eld diretedalong the beam axis, a target holder allowing preise temperature ontrolat the target position in the interval 4�600 K, and 4 Ge detetors, whihmonitor the target through the holes of the magnet. They are positioned at0Æ and 90Æ with respet to the beam-axis [1℄.The hoie of a suitable host material is ruial for the LEMS experi-ments, sine the measured quadrupole frequeny depends on both the nu-lear quadrupole moment and the EFG of the material as �Q = ehQsVzz.For the LEMS experiments on the W-isomer a 81Tl host was hosen. Tl hasa hexagonal struture (hp) for temperatures below 503 K, and a ubi (b)lattie for temperatures above it. The lattie of 81Tl is lose to the ideal rys-tal and the EFGs of di�erent atoms sitting at substitutional sites are knownto be small [24℄. It is also well known that in the hp phase, the EFG ofTl is strongly temperature dependent and dereases with temperature [25℄.The host was heated in order to redue the EFG of WTl, and to annealdefets in the Tl host, possibly reated during the in-beam implantation.To determine the EFG for W(Tl) we performed theoretial band-struturealulations made with the WIEN97 pakage [26℄. This resulted in a valueof Vzz(WTl) = 2:54�1021 V/m2 at 0 K. A dediated experiment to measurethe temperature dependene was performed [27℄, from whih we derived theEFG at 473 K: Vzz(WTl) = 0:55(+0:12�0:08) � 1021 V/m2 assuming the T3=2temperature dependene.From the measured LEMS urve (Fig. 3) we derived a quadrupole fre-queny �Q = 53(8) MHz [28℄. Using the dedued �eld gradient, this resultsin a spetrosopi quadrupole moment of Qs = 4:00(+0:83�1:06) eb. Aeptingthat K is a good quantum number, the measured quadrupole moment isrelated to the intrinsi quadrupole moment, Q0 through the relation:Qs = Q0 3K2 � I(I + 1)(2I + 3)(I + 1) : (1)
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Fig. 3. Sample LEMS urve for the I = K = 352 , Ei = 3349 keV isomer in 179W,implanted in a Tl polyrystaline foil at a temperature of 473 K.This yields a value Q0 = 4:73(+0:98�1:25) eb, whih orresponds to a quadru-pole deformation �2 = 0:185(+0:038�0:049), taking into aount that Q0 =3p5�ZR2�2, R = r0A1=3 and r0 = 1:2 fm. In the upper portion of Fig. 4, theintrinsi quadrupole moment of the K = 352 isomeri state is ompared tothe ground-state quadrupole moments of the 74W nulei, whih have been

Fig. 4. Systematis of the ground-state harge deformation for the 72Hf (�lled di-amonds), 74W (�lled irles), and 76Os (�lled triangles) nulei, as derived frommeasured B(E2,0+ ! 2+) transition probabilities [23℄, ompared to the deforma-tion derived from the stati quadrupole moments of the high-K isomers in 179W(open square for this work and open irle for Ref. [30℄), 178Hf (open diamond) [34℄and 182Os (open triangle) [33℄.



Nulear Magneti and Quadrupole Moments of Exoti Isomeri States 1067extrated from the redued transition probabilities [23℄. Also the Q0 values,derived from the measured moments of the K = 25 isomer in 182Os and theK = 16 isomer in 178Hf, are added to the �gure, as well as the ground-statemoments for the 72Hf and 76Os nulei. Note that in the ase of 178Hf (aswell as for 177Lu [29℄) the measured ground state and the isomer quadrupolemoments take similar values, while in the ase of 179W and 182Os they di�eronsiderably. In addition, an independent value an be obtained for 179mWby using the existing spetrosopi data for the rotational band whih isbuilt on the top of the K = 352 isomer. From the measured branhing ratioof the asade-to-rossover transitions in this band, � = 0:26(9), a valuefor j (gK � gR)=Q0 j= 0:045(11) eb�1 was derived [30℄. Assuming thatgR = 0:30(5), onsistent with the systematis of the region [31℄, and takinginto onsideration the measured magneti moment of � = 8:31(8)�N for thisstate [32℄, a value Q0 = 3:9(1:5) eb was found. These results demonstratethat the measured values for the quadrupole moments of the high-K isomersin 179W and 182Os, do not �t to the systemati trends, whih were observedfor the ground-state moments in the region [23℄.This work has been supported by the Aess to Large Sale Faility pro-gram under the TMR program of the EU, under ontrat No ERBFMGECT950036. We are grateful to the engineers of GANIL and the CYCLONE y-lotron at Louvain-la-Neuve for providing us the beams in stable onditions.G.N. is a post-dotoral, D.B. and W.D.C. are aspirant researher of theFWO-Vlaanderen Belgium. REFERENCES[1℄ F. Hardeman G. Sheveneels, G. Neyens, R. Nouwen, G. S'heeren,M. Van der Bergh, Phys. Rev. C43, 130 (1991).[2℄ G. Neyens, R. Nouwen, R. Coussement, Nul. Instrum. Methods Phys. Res.A340, 555 (1994).[3℄ N. Coulier, G. Neyens, S. Teughels, D.L. Balabanski, R. Coussement,G. Georgiev, S. Ternier, K. Vyvey, W. Rogers, Phys. Rev. C59, 1935 (1999).[4℄ G. Neyens, R. Grzywaz, G. Georgiev, F. de Oliveira Santos, M. Lewitowiz,M. Hass, D.L. Balabanski, C. Borea, N. Coulier, R. Coussement,J.M. Daugas, G. Defrane, G. Goldring, M. Gorska, H. Grawe, Z. Janas,C. O'Leary, P.J. Nolan, R. Page, M. Pfützner, Y.-E. Penionzkevih,Z. Podolyak, P.H. Regan, K. Rykazewski, M. Sawika, G. Sletten,N.A. Smirnova, Y. Sobelev, S. Teughels, K. Vyvey, in: Pro. 5th Int. Conf.on Radioative Nulear Beams, Divonne, Frane (2000), to be published inNul. Phys. A.[5℄ H. Morinaga, T. Yamazaki, In Beam Gamma Ray Spetrosopy, North-Holland, Amsterdam, New York, Oxford 1976.
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