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Abstract:The relativistic consistent angular灢momentum projected shell灢model (ReCAPS)

developedrecentlyisaself灢consistentmodelandhasstableparametersforvariousnuclei.The
ReCAPScandescribethepropertiesofknownandunknownnucleiwithstabledeformations.In
thispaper,wepresentthecalculationsofseveralnucleiincludingnormalstablenuclei,exoticnu灢
cleiandsuperheavynucleiandcomparetheobtainedresultswithexperimentdata.
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1暋Introduction
TheReCAPSwasproposedinRefs.[1,2].In

thispaper,wejustgivethebasicidea.Therelati灢
visticmeanfield(RMF)[3—5] modelisameanfield
model withinteractionsinduced by exchanging
mesonsbetweennucleons.TheRMF modelcan
describethepropertiesofgroundstatesofnuclei
well.Itcangiveproperbindingenergies,r.m.s
radii,singlenucleonorbits.Itcanalsogivespin灢
orbitcouplinganddeformationsofnucleiautomati灢
cally.TheRMFhasaself灢consistentcalculation
and its parameters change little for different
nuclei.Itisbelievedtobeagoodmodeltostudy
extremenuclei,aboutwhichweknowlittle.How灢
evertheusualRMFcalculationcannotgiveinfor灢
mationaboutexcitedstatesofnuclei.Theground
states withdeformationshavenotgoodangular
momentum quantum numbers, either. The
ReCAPSmodelcombinestheRMFmodelandthe
angularmomentumprojection(AMP)withappro灢

priateassumptionandapproximation.Itcande灢
scribebothgroundstatesandexcitedstatesofde灢
formednucleiwell.TheAMPapproachwasused
intheprojectedshellmodel(PSM)attheearliest.
This modelwasdevelopedby K.Haraand Y.
Sun,etal[6].TheyappliedtheAMPapproachin
thewellknownNilsson model.AfterAMP,the
physicalstates with certain angular momentum
numberscanbegotfromtheNilssonHamiltonian
anddeformed wavefunctions.BecausethePSM
calculationisbasedondeformedwavefunctions,a
smallconfigurationspacemaybeadoptedandthe
calculationcanbereducedgreatlyifproperdeform灢
ationparametersareselected,whileShellModel
hastotakeahugeamountofcalculationinavery
large configuration space. Small configuration
spacesandcalculationsarethe mostremarkable
advantagesofthePSM.However,deformationpa灢
rametershavetobegivenbyhand.Becausethe
RMFcalculationcangivethedeformationsauto灢
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matically,theReCAPSneedsnodeformationpa灢
rameterand can provide abundantinformation
aboutnucleiwithunknowndeformations,especial灢
lyforexoticnuclei.UnliketheRMF,theReCAPS
canprovideinformation aboutnotonly ground
states,butalsoagreatdealofrotatedexcited
states.Moreinformationwillbehelpfultostudy
exoticnuclei,because wecan get moredetails
aboutthestructuresofthemthroughlevelsand
electromagnetictransitions.

2ResultsforStableNuclei20Ne,170Yb
and238U

暋 暋Calculationsforvariousnucleihaveshown
thattheReCAPScanwelldescribetheproperties
ofeven灢evendeformednucleifromlighttoheavy

nuclei.AllthecalculationsusedthesameRMFpa灢
rametersandonlythestrengthofpairingneedsto
beadjustedslightlyfordifferentnuclei.Asanex灢
ample,theresultsof20Ne,170Yband238U,which
aredeformedlight,mediumandheavynucleire灢
spectively,areshown.Theenergylevelsandelec灢
tromagnetictransitionsB(E2)ofthegroundbands
areshowninFigs.1,2and3.Thecomparisons
betweencalculationandexperiment[7]aregiven,

too.Thecomparisonsshowthatthecalculatedre灢
sultsagreewiththeexperimentdatavery well.
Thecalculationsindicatethatthecalculatedstruc灢
turesofthethreenucleiarereliableandtheyhave
quadrupoledeformations毬2=0.54,0.31and0.29
respectively,whicharegivenautomaticallyinthe
calculations.

Fig.1 Thecomparisonbetweencalculationandexperimentfor20Ne.

Fig.2 Thecomparisonbetweencalculationandexperimentfor170Yb.
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Fig.3 Thecomparisonbetweencalculationandexperimentfor238U.

3暋PredictionsforNucleiFarfromthe
StabilityLine

暋暋TheReCAPSusesthestableparametersinthe

model,andthusithaspredictingpower.Forthis

purpose,18Beandsuperheavynuclei278112and
290114arecalculatedandtheresultsareshownin

Figs.4,5and6.Wehaveknownlittleatpresent

experimentallyaboutthethreenucleibecausethey
areallexoticnucleifarfrom毬stablelineandare
veryunstable.TheReCAPSresultshowsthatthey
havedeformationswith毬2=0.54,0.17and0.11
respectively.Somelow灢lying energylevelsand
transitionsareshowninthefigures,too.Band

Fig.4 Thecalculatedlevelsandtransitionsof18Be.

Fig.5 Thecalculatedlevelsandtransitionsofthenuclide278112.
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Fig.6 Thecalculatedlevelsandtransitionsofthenuclide290114.

crossingand band bending can even befound
throughthetransitiondatainthetwosuperheavy
nuclei.Thesenucleimaybeobtainedatanexcited
statesexperimentally.Itwillbeinterestingtotest
thesecalculationsexperimentally.
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关于极端原子核的相对论自洽角动量投影壳模型计算
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摘暋要:相对论自洽角动量投影壳模型是最近发展出来的一个自洽模型,它对于不同核区具有稳定的参

数,能够很好地描述已知和未知具有稳定形变的各种原子核的性质。计算了若干包括稳定核素、极端核素

和超重核素,并把计算结果与现有的实验数据进行了比较。
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