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COLLECTIVE MODES STUDIED BYCOULOMB EXCITATION�Douglas ClineNulear Struture Researh Laboratory, University of RohesterRohester, NY 14627, USA(Reeived June 4, 1998)The large gain in sensitivity provided by powerful new -ray detetorarrays, suh as Gammasphere, oupled with other advanes in the �eldof heavy-ion indued Coulomb exitation, open exiting new researh op-portunities for exploiting Coulomb exitation to probe nulear struture.Three reent examples are given that exploit this unpreedented sensitivity.The atinide nulei 248Cm and 240;242;244Pu have been Coulomb exited us-ing 208Pb ions at the barrier. The positive and negative-parity yrast bandshave been extended to high spin, � 34~, and the evolution of alignmentsprobed. Heavy-ion indued Coulomb exitation of a 162Dy beam is pro-viding signi�ant new information on states to high spin in the ground,S and  bands, as well as a double -phonon band. Colletive otupoleorrelations are espeially strong in 208Pb and 96Zr implying the possibleexistene of loalized otupole double-phonon states in these nulei. Heavy-ion Coulomb exitation has been used to loate otupole double-phononstrength in these nulei; the results for 208Pb show large fragmentationof the otupole double-phonon strength whereas a major fration of thestrength may have been loated for 96Zr.PACS numbers: 21.10.�k, 21.10.Ky, 21.10.Re1. IntrodutionColletive shape degrees of freedom play a key role in nulear struturephysis. The E� properties are the most diret and unambiguous measure of�-multipole shape degrees of freedom. Coulomb exitation is the preeminentprobe of olletive E� matrix elements in that it seletively exites olletivebands in the yrast domain, with ross setions that are diretly related tothe E� matrix elements involved in the exitation.� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1291)



1292 D. ClineThree major developments have opened exiting new researh opportu-nities for exploiting Coulomb exitation as a probe of nulear struture [1℄.The �rst is the availability of �4.5 MeV/u high-Z projetiles, suh as 208Pb,whih makes it feasible to Coulomb exite the yrast sequene up to spin 34in strongly deformed atinide nulei. The seond major advane is the devel-opment of powerful detetor systems for high-resolution -ray spetrosopy,whih is the only viable experimental tehnique for resolving the many statesCoulomb exited when heavy ions are utilized. In partiular, new -ray de-tetor arrays suh as Gammasphere and Euroball, plus assoiated heavy-iondetetor arrays like CHICO [2℄, have su�iently high detetion e�ieny toollet good-statistis multi-fold -ray events providing orders of magnitudeimprovement in sensitivity. The third important advane is the developmentof the Coulomb-exitation least-squares searh ode GOSIA [3℄. This ode,developed by Thomas Czosnyka makes it feasible to extrat essentially om-plete sets of E� matrix elements for low-lying states of nulei from heavy-ionindued Coulomb exitation data.Following brief omments on the Coulomb exitation tehnique, this pa-per will present results of three Gammasphere Coulomb exitation experi-ments, performed mostly during the past year, that address both quadrupoleand otupole olletive modes in nulear struture.2. Experimental tehniquesHeavy ions have onsiderable advantages for Coulomb exitation studies,but unfortunately they also introdue a major tehnial problem in that theonomitant large reoil veloities lead to onsiderable degradation of thedeexitation -ray spetra due to Doppler e�ets. There are two ways toredue the in�uene of Doppler broadening, both of whih have been usedin the Gammasphere researh desribed here.2.1. Partile- oinidene tehniqueThe primary way of orreting for Doppler e�ets is by use of thin targetsso that the exited nulei reoil in vauum, allowing detetion of the reoil-ing nulei at known sattering angles in oinidene with the deexitation-rays. Knowing the reoil diretion and veloity of the deexiting nuleusallows the individual -ray signals to be orreted for the Doppler shift on anevent by event basis. For the past two deades our Coulomb exitation ex-periments have employed large solid-angle position-sensitive, parallel-plate,avalanhe detetor arrays [1℄ to detet the sattered projetile and eje-tile in kinemati oinidene plus an array of Ge detetors to observe theooinident deexitation -rays. Reently we have developed the Rohester



Colletive Modes Studied by Coulomb Exitation 1293

Fig. 1. Shemati of the PPAC array CHICO and two representative GammasphereGe detetors.ompat heavy-ion detetor, CHICO, [2℄ spei�ally for use with Gamma-sphere. CHICO omprises two idential 35.6 m diameter hemispherial,minimum-mass, target hambers, one at forward angles and the other atbakward angles, as shown shematially in �gure 1. Eah of these hemi-spheres ontains ten trapezoidal position-sensitive, parallel-plate, avalanhedetetors mounted onially around the beam. The target is sandwihedbetween the two hemispheres. The array of PPAC modules detet satterednulei in kinemati oinidene over an angular range of 12Æ < � < 85Æ,95Æ < � < 168Æ and 280Æ in �: CHICO was designed to have the largest sizethat �ts within the avity inside Gammasphere to optimize the angle andmass resolution. For binary ollisions, the angular resolution �� = 1Æ, ou-pled with a time-of-�ight resolution of 500ps, results in a mass resolution of5% and Q-value resolution of 18MeV. CHICO an handle high ount ratesand has a useful solid angle of 68% of 4�: The Gammasphere/CHICO ombi-nation has several advantages for Coulomb exitation work, the -ray spetraare lean, and absolute -ray yields an be measured simultaneously over awide range of sattering angles, the latter are needed to determine absoluteE� matrix elements. A disadvantage of this tehnique is that, althoughthe -ray spetra are orreted for the gross Doppler shift, there remains aresidual Doppler broadening due to the �nite size of the Ge detetors for rays emitted by moving nulei. Typially a -ray energy resolution of 0.6%is obtained for reoiling nulei in heavy-ion Coulomb exitation measure-ments using Gammasphere plus CHICO. They have been used for Coulombexitation studies of olletivity in nulei, pair transfer reations, and thespetrosopy of neutron-rih spontaneous �ssion produts.The thin-target tehnique allows measurement of rather omplete setsof E� matrix elements for states up to high spin. The ompleteness andextent of these large sets of measured eletromagneti matrix elements add



1294 D. Clinea new dimension to the study of nulear shapes. In partiular, it is feasibleto projet the intrinsi-frame E2 properties diretly from the data usingrotationally-invariant zero-oupled produts [1℄ of E2 operators to diretlyrelate properties in the prinipal axis frame to those in the laboratory frame.This is a powerful and model-independent method for interpreting the wealthof data produed by Coulomb exitation providing onsiderable insight intothe underlying olletive degrees of freedom.2.2. Thik-target tehniqueCoulomb exitation measurements employing thik targets lead toDoppler-broadened -ray line shapes due to -ray emission while the exitednuleus is slowing down in a thik target. The resultant Doppler-broadenedline shapes are muh too broad to resolve the individual transitions. How-ever, the exellent intrinsi energy resolution of Ge detetor an be obtained,resulting in about a 50-fold improvement in energy resolution, if the -raysare emitted after the exited nuleus has ome to rest. Unfortunately, mostdeexitation transitions of interest have lifetimes that are omparable to thestopping time for reoiling nulei in a thik target and thus are subjet toDoppler-broadening. Ward et al. [4℄ have developed a novel method thatexploits the high detetion e�ieny for high-fold -ray asades, availablewith -ray detetor arrays like Gammasphere, to selet the longest rotationalasades. For these longest rotational asades, the ummulative deay timefor the sequential deays greatly enhanes the fration of the  rays emittedafter the exited nuleus has ome to rest, resulting in detetion of thesestopped peaks with the intrinsi resolution of the Ge detetor. This thiktarget tehnique is a remarkably suessful tehnique for determining -raydeay shemes. Experiments are tehnially simple to perform, and the en-ergy resolution is su�ient to observe the minute stopped omponent evenfor fast transitions. States in atinide nulei up to spin 34 have been loatedusing this tehnique whih is omparable in spin to what an be attained bythe powerful, but more ompliated, p� oinidene tehnique. The majordisadvantage of the thik-target tehnique is that the -ray yields annot beused to measure reliable absolute transition matrix elements diretly sine,for the fast transitions, only the minute stopped omponent is deteted.3. High-spin properties of 240;242;244Pu and 248CmReently the thik-target Coulomb exitation method has been used atArgonne to study the high-spin states in atinide nulei [5, 6℄. Beams of1300 MeV 208Pb ions from the ATLAS aelerator bombarded targets on-sisting of 240;244Pu and 248Cm eletroplated onto Au or Pb thik bakings.The Argonne-Notre Dame Ge array was used to study 248Cm extending the
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Fig. 2. Aligned angular momenta alulated for the yrast bands of 242;243;244Pu.ground band to spin 28+ and the K = 1� band to spin 23� [5℄. Theseresults are in agreement with those from a separate CHICO/Gammasphereexperiment that used 888 MeV 144Sm ions to Coulomb exite 248Cm andextended the ground band to spin 30+ and and the K = 1� band to spin29� [7℄. The 240;242;244Pu nulei, studied using the thik-target tehniquewith Gammasphere [6℄, extended the ground bands to spins of 32~, 30~ and34~ respetively. The nulei 242;243Pu were populated by neutron transfer atthe high bombarding energy used for the Coulomb exitation study of 244Pu.Both signatures of the K = 72+ ground band in 243Pu were populated up tospin 592 + via neutron transfer. The yrast-band alignments for 242;243;244Pu,illustrated in �gure 2, indiate 10~ units of alignment and similar frequenyat the alignment in 243Pu; whih is onvining evidene that the bakbendis due to alignment of i 132 protons not j 152 neutrons.Atinide nulei exhibit an interplay between olletive quadrupole andotupole degrees of freedom[4℄. The aligned angular momenta for the groundand otupole bands of 240;244Pu are illustrated in �gure 3. The otupole-band alignment shown for the K = 2� band in 244Pu is similar to that forthe K = 1� bands in 248Cm [6, 7℄ and K = 1� band in 238U [4℄ That is,the alignment inreases gradually to an aligned spin of � 3~; as expetedif the otupole phonon deouples from the symmetry axis and aligns withthe rotation axis, followed by a rapid inrease in alignment at frequeniesabove 200 keV. These experimental alignments are in agreement with RPApreditions [5℄. However, both the ground band and the K = 0� bandsin 240Pu exhibit quite di�erent behaviour in that these two bands exhibitno sign of partile alignment at frequenies as high as 300 keV, whih is thehighest rotational frequeny observed in atinide nulei. In fat, the K = 0�



1296 D. Cline
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Fig. 3. Aligned angular momenta for the yrast positive and negative (otupole)bands in 240;244Pu.band in 240Pu exhibits a plateau in alignment of 3~: This unusual behaviourin 240Pu is not understood; the ground-aligned band interation strength atthe band rossing ould be su�iently weak suh that the Coulomb exi-tation not only follows the ground band but even the moment of inertia isunperturbed, or the onset of strong otupole orrelations hanges the single-partile struture su�iently to suppress the proton alignment.These results illustrate the power of using heavy-ion indued Coulombexitation plus Gammasphere for studying olletive rotational bands inatinide nulei. 4. Rotational bands in 162DyA study of multi-pair nuleon transfer reations between 780 MeV162;164Dy beams on a 0.25mg/m2 118Sn target was performed at Gamma-sphere using CHICO to detet the sattered ions in kinemati oinidenewith the oinident -rays [8℄. An advantage of using CHICO to detet thesattered ions is that it is possible to selet sattering angles and orrespond-ing distane of losest approah. This allows seletion of grazing ollisions,for study of transfer reations, or seletion of peripheral ollisions where in-elasti sattering dominates. The primary goal of this experiment was tosearh for manifestations of Josephson-like e�ets in multi-neutron transferdue to pairing orrelations in nulei. Four-neutron transfer was observedbut not with the enhanement predited by Sorensen and Winther [9℄. Twoimportant by-produts of this work were; a) observation of signi�ant pop-ulation of high-spin states in neutron-rih nulei following neutron transferin grazing ollisions [10℄, and b) detailed information on the ground, S, ,otupole and double -phonon bands following inelasti sattering of 162Dyas desribed below.
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Fig. 4. a) States in the ground, S and  bands, and b) states and observed transi-tions onneting the K = 2�, ; and K = 4+ double �phonon bands in 162Dy.



1298 D. ClineFigure 4a shows that inelasti sattering populates the ground band upto spin 24~; the  band up to spin 18~; while the 8+ through 20+ states inthe S band were observed. The S band intersets with the  band near spin12 and with the ground band near spin 18. The band interation betweenthe ground and S bands is about 10keV at the band rossing and the bandmixing is su�iently small that the Coulomb exitation follows the groundband rather than the yrast sequene. The interation between S and bands is about 40 keV and there is strong mixing between the S and  bandat spin 12~ due to a near degeneray. The deay of the S band suggestsstrong M1 transitions onneting the S and  bands. The omplete partile- angular orrelation information, provided by Gammasphere plus CHICO,is being used to extrat these M1 strengths. The strong population of the Sband provides an exellent opportunity to study its olletivity. GOSIA isbeing used to extrat the omplete set of E2 matrix elements between thesethree interating bands to eluidate the mixing and properties of these threebands.Figure 4b shows the deays onneting the  band to the K = 2� andK = 4+ bands. The odd-spin negative parity states are not shown beausethey deay diretly to the ground band states rather than the  band.The K� = 4+ band has the harateristis of a two-phonon -vibrationband. A preliminary GOSIA analysis, assuming rotational-band behaviourof the E2 matrix elements, gives that the in-band intrinsi E2 moment for theK� = 4+ band is the same as for the ground band even though the K� = 4+band has a 35% larger moment of inertia. There are two mehanisms thatlead to E2 matrix elements between the �K = �2 bands. The �rst is mixingof the�K = �2 due to oupling between the rotational and intrinsi motion.The seond ontribution is the intrinsi-frame interband E2 matrix elementsonneting the �K = 2 bands. There are two ways of extrating the double-phonon strength. One is to ompare measured B(E2) values with modelpreditions. The seond is to extrat the intrinsi-frame E2 matrix elementsusing the Mikhailov plot approah. The latter approah was used to extratthe double -phonon distribution in several nulei [11℄. Table 1 lists the levelenergies, experimental B(E2; 4+ ! 2+ ) strength in Weisskopf units, whilethe fourth olumn lists the fration of the double-phonon strength derivedfrom the intrinsi-frame E2 matrix elements. For 162Dy the K� = 4+ toK� = 2+ intrinsi-frame E2 matrix elements orrespond to 11% harmonidouble -phonon strength in the K� = 4+ band. This strength is onsistentwith the behaviour observed for the lowest K = 4+ bands in neighboringnulei. The greatest fragmentation of the double � phonon strength ourswhen the double-phonon states lie at higher exitation energies where mixingwith 2 quasipartile states is probable.



Colletive Modes Studied by Coulomb Exitation 12995. Otupole double-phonon states in 208Pb and 96ZrConsiderable evidene exists supporting the interpretation of otupolevibrational olletive motion [12℄. For example, reent Coulomb exitationwork [17, 18℄ shows that measured E3 matrix elements between the groundand negative-parity bands in 148Nd exhibit an odd-even stagger with in-reasing spin, harateristi of otupole vibrations of a quadrupole-deformedrotor. The unexpetedly large E3 matrix elements onneting the so-alled� band to the negative-parity band in 148Nd also ould be a manifestationof onsiderable mixing of double-otupole 0+ strength in the � band [17,18℄.The E3 properties of otupole double-phonon states provide the bestmeasure of the harmoniity or softness of the otupole mode. For a pureharmoni vibration, the multiplet of double-phonon states will lie at twiethe exitation energy of the one-phonon state and the B(E3; [3� � 3�℄I! 3�) = 2�B(E3; 3� ! 0+): Evidene for double-phonon otupole olle-tive vibrational modes is tenuous. Double-phonon otupole on�gurationshave been attributed to the struture of states in 147Gd [13℄, 144Nd [14℄,146Sm [14℄ and 148Gd [15, 16℄ but the interpretation is ompliated due tothe oupling of double-phonon E3 strength to partile-hole omponents inthe wave funtion in these nulei.Otupole olletivity is espeially strong in 208Pb and 96Zr leading to along-standing interest in loating otupole double-phonon strength in thesenulei. Double-phonon otupole vibrational states should be most easilyidenti�ed in these losed shell nulei sine the level density is lowest andthe B(E3) values are the most enhaned. Level energies and -ray deaypatterns have been used to infer possible double-phonon states in 208Pb and96Zr, but the E3 matrix elements onneting the double-phonon states tothe 3�one-phonon state provide the only unambiguous way of identifyingotupole double-phonon strength. Unfortunately, the E3 deay branh in-ray deexitation is negligible ompared with ompeting fast E1-E2 deaypaths, and thus, in most ases, E3 matrix elements annot be inferred fromlifetimes or branhing ratios.Heavy-ion indued Coulomb exitation provides a viable way of mea-suring the double to single phonon E3 strength. The 6+ member of the0+; 2+; 4+; 6+ otupole double-phonon multiplet is the most favourable forstudy via Coulomb exitation. The (2I + 1) spin fator favours populationof the highest spin state, and the three-step E2 exitation is weaker thanthe two-step E3 exitation for the 6+ state, whereas two-step E2 exitationan overwhelm the two-step E3 exitation for population of the lower spinmembers of the multiplet. The high exitation energy of the double-phononstates makes it neessary to maximize the bombarding energy to enhanetheir population. However, at suh high bombarding energies, nulear exi-



1300 D. Clinetation an greatly perturb the inelasti exitation ross setions. The greatinrease in sensitivity provided by Gammasphere plus CHICO has made itpossible, for the �rst time, to use safe Coulomb exitation to loate theotupole double-phonon strength in both 96Zr [19℄ and 208Pb [20℄.5.1. Coulomb exitation of 208PbThe 2.6145 MeV �rst exited 3� state in 208Pb is onneted to theground state by an enhaned B(E3; 3� ! 0+) = 34 WU. This state hasbeen interpreted to be an otupole vibration leading to many searhes forthe 0+; 2+; 4+; 6+ otupole double-phonon multiplet that is expeted tolie at an exitation energy of about 5.2 MeV. Calulations predit thatthe 0+; 2+; 4+; 6+ otupole double-phonon multiplet will be split by 200keV due to oupling of otupole vibrations to quadrupole phonons [21℄, topartile-hole exitations [22�24℄ and due to the interation with pairing vi-brations [25, 26℄. The (p; t) reation data suggest that the 5.241 MeV ouldbe the 0+ member of the two-phonon multiplet [27℄. Reently it was shownthat the 5.241 MeV state, populated via the (n; n0) reation, deays di-retly to the 3� state onsistent with the expeted signature of the 0+ mem-ber of the otupole double-phonon multiplet [28℄. Unfortunately the ruialB(E3; 0+2 ! 3�1 ) was not measured. The (n; n0) reation also ontains evi-dene for andidates of the 2+ and 4+ double-phonon strength at 5.286 MeVand 5.216 MeV respetively [29℄ in that the level energies and measured E1deay rates are onsistent with the expeted deay of double-phonon states,but the interpretation is not unambiguous. Previous Coulomb exitationattempts to populate the otupole double-phonon states in 208Pb were un-suessful, in spite of using above Coulomb-barrier bombarding energies toenhane the population, and sensitivity limits were unreliable beause of thedominant nulear interation [30, 31, 33, 34℄.The latest Coulomb exitation measurement, was performed below theCoulomb barrier so that the Coulomb interation dominates [20℄. A thin (0.9mg�m2) 208Pb target (99.86% enrihed)was bombarded by a 650 MeV beamof 136Xe and Gammasphere plus CHICO were used to provide the sensitivityneeded to loate the double-phonon 6+ strength. Five 6+ states have beenidenti�ed in prior work at exitation energies of 4.424 MeV, 5.213 MeV,5.738 MeV, 5.993 MeV and 6.332 MeV [32℄. Figure 5 shows a partial levelsheme inluding all states taken into aount in the Coulomb exitationanalysis and the observed transitions. Deexitation transitions were seendepopulating the 4+1 state at 4.323 MeV and 6+1 state at 4.424 MeV. Figure6 shows the angular distribution of the measured and alulated Coulombexitation yields, normalized to the 3�1 ! 0+1 2.614 MeV transition.
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Level Scheme of 208Pb used for GOSIA Calculations
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1302 D. ClineThe solid line shows the Gosia preditions at a bombarding energy of 650MeV. Note that the measured yields agree with the pure Coulomb exitationtheory forward of �m = 120Æ; whih orresponds to a lassial separationdistane of 17.7 fm. The nulear interation auses the experimental yieldsto di�er from Coulomb exitation theory by up to an order of magnitudeat slightly smaller distanes of losest approah, illustrating the ruial im-portane of ensuring that the interation is pure Coulomb exitation. Themuh redued yields predited using a �safe� bombarding energy of 550 MeV,shown as dashed lines, illustrate the importane of using the highest possiblebombarding energy.It is not possible to extrat unique E2 and E3 matrix elements onnetingto the 4.323 MeV 4+1 state beause both double E2 and double E3 exitationpaths are omparable and interfere. The upper limit for the E3 matrixelement to this state orresponds to 77% of the expeted strength for a pureotupole double-phonon 4+ state. Three-step E2 exitation paths leadingto the 6+ states are muh weaker than two-step E3 exitation, and thus it ispossible to extrat the B(E3; 6+1 ! 3�1 ) strength for the 4.424 MeV state, itranges from 16% to 28% of the harmoni otupole double-phonon strengthdepending on assumptions as to possible feeding from higher-lying 6+ states.Figure 7 shows the measured B(E3; 6+1 ! 3�1 ) strength, normalized to thepure harmoni double-phonon strength. The solid line orresponds to the

Fig. 7. The measured B(E3; 6+1 ! 3�1 ) and limits for population of higher 6+ statesin 208Pb , all normalized to the harmoni otupole double-phonon limit.



Colletive Modes Studied by Coulomb Exitation 13032� strength limits for higher-lying known 6+ states. The sensitivity limittranslates into a maximum E3 strength of 15% at the expeted loation ofthe double-phonon vibration of 5.2 MeV.In summary this experiment has provided the �rst reliable measure ofthe distribution of otupole double-phonon 6+ strength in 208Pb, the resultspoint to large fragmention of this strength.5.2. Coulomb exitation of 96ZrThe nuleus 96Zr exhibits a nearly magi harater due to the partiallosures of the Z = 40 and N = 56 subshells as illustrated by the partiallevel sheme [35, 36℄ shown in Figure 8. Strong otupole orrelations are
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1304 D. ClineThe absene of a well-de�ned otupole rotational band suggests that thisotupole olletivity is dynami, not stati, onsistent with otupole vibra-tional modes. The measured B(E1 : 3�1 ! 2+1 ) = (1:27�0:08) �10�3 WU issimilar to the E1 strength in other regions of strong otupole olletivity [12℄.The B(E2:0+ ! 2+) = (3:2�0:1) WU is an order of magnitude weaker thanthe E3 olletivity in 96Zr implying that otupole olletivity is signi�antlymore important than quadrupole olletivity, whih is a onsequene of thelosure of the 2p 12 proton and 2d 52 neutron subshells. However, an intruderquadrupole rotational band based on the 1.582 MeV 0+ state has been iden-ti�ed previously [43℄. The strong E3 olletivity, low E2 olletivity, andlow exitation energies of the presumed otupole states, makes 96Zr the bestase for investigation of double-phonon otupole struture in nulei. The3.4834 MeV 6+1 state has been suggested to be the otupole double-phonon6+ state. [35, 41, 42℄A 400 MeV 96Zr beam was Coulomb exited by a 208Pb 0.385mg/m2self-supporting target enrihed to 99.86%. CHICO was used to reord thesattered ions in kinemati oinidene and in oinidene with Gammas-phere [19℄. Figure 8 shows the levels populated and transitions observed.The analysis is only partially omplete, but some results are unambiguous.Figure 9 shows the measured angular distribution for Coulomb exitationof the supposed otupole double-phonon 3.483 MeV 6+1 state. This state was
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1306 D. ClineThese studies of 208Pb and 96Zr illustrate that Coulomb exitation mea-surements are a powerful probe of otupole double-phonon strength. Thiswork demonstrates that E3 matrix elements are the only reliable measureof otupole double-phonon strength. In ontrast to the ase of 208Pb, wherelarge fragmentation of the otupole double-phonon strength is indiated,the preliminary results for 96Zr imply that a major fration of the otupoledouble-phonon strength may have been loated at about twie the exitationenergy of the otupole one-phonon state.6. ConlusionsGammasphere, and assoiated partile detetor array CHICO, have beenused in heavy-ion indued Coulomb exitation experiments to probe nulearstruture. Three examples of experiments performed during the past year,have been presented.The positive and negative parity yrast bands in 248Cm and 240;242;243;244Puhave been Coulomb exited up to spin 34~: The ground-band data provideonvining evidene that the bakband is due to alignment of i 132 protonsnot j 152 neutrons. Both the ground band and K = 0� band in 240Pu showno evidene for band rossing in ontrast to that seen in the other nuleiand in ontrast to theoretial preditions.Inelasti sattering of 162Dy populated the ground, ; S, and K = 4+bands to high spin. Rather detailed eletromagneti properties an be ex-trated for the S, ground and  bands through two band rossings. Thelowest K = 4+ double -phonon band has been studied up to spin 16~ anda 11% double -phonon strength measured for this band.Gammasphere oupled to CHICO ahieved a exitation probability sen-sitivity of about 5�10�7 to provide the �rst reliable measure of the otupoledouble-phonon 6+ strength in 208Pb and 96Zr. For 208Pb, about a 20% of thestrength was observed in the lowest 6+ state and none, within the sensitivitylimits, for the higher lying states implying onsiderable fragmentation of theotupole double-phonon strength in this nuleus. For 96Zr only 6 � 2%of the otupole strength was loated in the 6+1 state previously presumedto be the otupole double-phonon state, whereas the 6+2 ; presumed to bethe quadrupole intruder band 6+ state, appears to ontain an appreiablefration of the otupole double-phonon strength.These results illustrate that the unpreedented sensitivity available usingGammasphere, and the assoiated partile detetor array CHICO, is provid-ing onsiderable new insights and opening exiting new researh opportuni-ties for exploiting multiple Coulomb exitation to probe nulear struture.
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