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Therefore,itisimportanttoincorporatenotonlytherotationaldampingeffects(orthe

complexconfigurationmixing)butalsothebarrierpenetrationinordertodescribethe

thermallyexcitedsuperdeformedstates.

ItisinterestingtostudythethermallyexcitedSDbandsbacausewecanlearnaboutthe

collectiverotationalmotionandthecollectivemotionintheshapedegreesoffreedomatthe

sametime.Therotationaldampingphenomenonisrelatedtothestudyofquantumchaos

andiscrucialtoinvestigatetheveryexistenceofrotationbandsinnucleiatthermallyexcited

states.Thedecay-outoftheSDbandsasabarrierpenetrationproblemtellsusinformation

onhownuclearshapeevolvesasafunctionoftheexcitationenergyandtheangular

momentum.Thepotentialenergysurfaceindeformationcoordinatesisoftenusedinthe

nuclearstructureproblems,butthereliabilityoftheenergysurfacehasbeentestedonlynear

theminimumpointsinmostcases.Thebarrierpenetrationproblemgivesararechanceto

exploretheportionsoftheenergysurfacefarfromtheminimumpoints,i.e.itreflectsthe

effectofthelargeamplitudeshapedynamicsextendingfromoneminimumtotheother

throughabarrierregion.ThesignificanceofstudyingthethermallyexcitedSDbandsis

similartothatofspontaneousfissions,butthepresentproblemisuniqueinthesensethatit

givespossibilitytoexaminesuchshapedynamicsundertheinfluencesofthethermalmotion

andcollectiverotationalmotion.

Inthepresentpaper,weattempttoconstructamicroscopicnuclearstructuremodel

includingboththerotationaldampinganddecay-outeffects.Theoreticaltreatmentofthe

barrierpenetrationmechanismrelevanttothedecay-outoftheSDbandswasformulatedina

consistentwayfirstlybyVigezzietal.Thevalidityofthetheoryhavebeencheckedby

morefirmtheoreticalconsiderations,andalsobyanalysisoftheexperimentaldata.The

calculationbasedonthistheorycombinedwithamicroscopicpotentialenergysurfaceofthe

crankedNilsson-Strutinskytypeandthecollectivemassparameterofthepairhoppingmodel

givesgoodaccountofthesuddendecay-outoftheSDbandsinA◆150nuclei.Ontheother

hand,amicroscopicmodeloftherotationaldampinginthermallyexcitedrotatingnucleihas

beenformulatedalsoonthebasisofthecrankedNilsson-Strutinskymean-field[2].Thismodel

treatsnotonlythemean-fieldbutalsotheshellmodelconfigurationmixingbyincorporating

themany-particlemany-holeexcitationsbuiltonthecrankedNilssonpotentialandby

performingashellmodeldiagonalizationoftheresidualeffectiveinteractions.Quantitative

successofthemodelhasbeendemonstratedrecentlyfornormaldeformednucleiintherare-

earthregion[2]andalsoinA◆110deformednuclei.Itwasalsoappliedtotherotational

dampinginthesuperdeformednuclei「4,5].However,sofarthemodeldosenottakeinto

accountdecay-outcausedbythebarrierpenetration.Inthispaper,weextendthisapproach

bycombiningwiththebarrierpenetrationmodel[3].PreviouslyMonte-Carlostatistica1
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simulationmodelsthatcombinethetwoeffectswereproposed.However,thesemodelsare

designedinphenomenologicalwayssothattheycanbeusedtoanalyzetheexperimentaldata

withparameterfittingorwithuseofdeducedparametervalues.Itisimportantforfurther

quantitativestudytoconstructatheoreticalmodelonthebasisofthemicroscopicdescription

oftherotationaldampingandthedecay-out.Thepurposeofthepresentpaperistoprovide

withsuchamicroscopicmodel.

Wehaveconstructedamicroscopicmodelofthermallyexcitedsuperdeformedstates

thatdescribesboththebarrierpenetrationmechanism,1eadingtothedecay-outtransitionsto

normaldeformedstates,andtherotationaldampingcausingfragmentationofrotationalE2

transitions.Wehavedescribedthebarrierpenetrationbymeansofatunnelingpathinthe

two-dimensionaldeformationenergysurface,whichiscalculatedwiththecrankedNilsson-

Strutinskymodel.TheindividualexcitedsuperdeformedstatesandassociatedE2transition

strengthsarecalculatedbytheshellmodeldiagonalizationofthemany-particlemany-hole

excitationsinteractingwiththedelta-typeresidualtwo-bodyforce.Theeffectofthedecay-

outontheexcitedsuperdeformedstateshavebeendiscussedindetailfor152Dy,143Euandl92Hg.

Themodelpredictsthatthedecay-outbringsaboutcharacteristicdecreaseintheeffective

numberofexcitedsuperdeformedrotationalbands.
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