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STRUCTURE OF NUCLEI AT EXTREME VALUESOF THE ISOSPIN�J. DobazewskiInstitute of Theoretial Physis, Warsaw UniversityHo»a 69, 00-681, Warsaw, Poland(Reeived January 11, 1999)Physis of nulei at extreme values of the isospin is at the fous ofpresent-day nulear siene. Experimentally, thanks to existing and emerg-ing radioative-ion-beam failities, we are on the verge of invading the terri-tory of extreme N=Z ratios in an unpreedented way. Theoretially, nulearexotia represent a formidable hallenge for the nulear many-body theo-ries and their power to predit nulear properties far from stability. Goingto the limits of the nulear binding is also important for an improvement ofour desription of normal nulei from the neighborhood of the beta stabil-ity valley. In the present talk, we review several aspets of the present-daymean-�eld theoretial studies of weakly bound nulei.PACS numbers: 21.10.-k, 21.60.Jz1. IntrodutionIn the present paper we attempt a desription of issues whih pertainto studies of nuleoni system far from stability at low energies. In fat,a number of reent review artiles exist already on the subjet, see e.g.Refs. [1�3℄. Within a limited spae of the present artile, we provide only alist of interesting subjets and key questions; this domain of nulear physisonstitutes at present a vast and rapidly growing area of sienti� ativity.The presentation is foused on the prinipal goal of studying new aspets ofthe nulear e�etive interation and nulear mean �eld in exoti nulei. Wedo not make distintion between interesting theoretial problems per se andphenomena and observables in nulei far from stability. Both aspets areintimately related one to another and an only be addressed simultaneously.� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1647)



1648 J. Dobazewski2. E�etive interationsStudy of the nulear e�etive interation is the main goal of ontem-porary theory of nuleoni systems. The e�etive interation an be, inpriniple, derived from the bare nuleon-nuleon fore. Compared to theinteration of two partiles in the vauum, whih an be fairly well deter-mined by the sattering experiments, the e�etive interation must inludethe following three physial e�ets:� Existene of the hard ore, whih annot be treated approximately,but should be desribed by solving the two-partile problem exatly.� Modi�ation of the interation by the medium of nuleons, in whih itours.� Redution in the phase spae, used for the desription of many-nuleonstates.There is reently a renewed interest in studying properties of e�etive in-terations from �rst priniples [4�7℄, and muh more e�ort is still needed.In many pratial appliations, one uses phenomenologial e�etive intera-tions �tted to experimental data. Suh approahes are tremendously su-essful, showing that the theoretial onept of the e�etive interation verywell applies to nuleoni systems. In partiular, one may use the e�etiveinteration either in the mean-�eld approximation or in the shell-model di-agonalizations. The former is an approximate, variational method, whihhas an advantage of being able to use large phase spaes, and in parti-ular the oordinate representation for nuleon wave funtions, and an beapplied in arbitrarily heavy nulei. The latter requires strong redution ofthe single-partile phase spae, but in light nulei allows for exat solutions,both for the ground and exited states. Strong links whih exist at presentbetween the experiment and the approahes using e�etive interation allfor extension of the observations to nulei far from stability. This is in fatthe most e�ient way to establish the properties of e�etive interations.Applying the e�etive interations in nulei near the stability valley allowsfor a onsisteny hek, whih then allows to make preditions for nulei stillfurther out of stability.3. Isovetor properties of e�etive interationsE�etive interations must depend on numbers of protons and neutronsin systems they aim to desribe. This is a onsequene of deriving theseinterations in the medium and/or in a restrited phase spae. However,in pratie suh dependene an be ast into somewhat more general form,



Struture of Nulei at Extreme Values of... 1649whih allows using the same e�etive interation in a wide range of nulei.In partiular, the mean-�eld interations used at present depend on theloal one-body density of the nuleus, and not expliitly on the numbers ofpartiles. Dependene on the isosalar density is fairly well known, and isditated by the saturation properties of nulear fores. On the other hand,dependene on the isovetor density is poorly known, and, in fat, is seldomused in appliations, beause it an manifest itself in a vivid way only whenone goes to nulei with unusual N=Z ratios. Dependene on spin densities,if neessary at all, is entirely unknown at present. However, it requiresexploring another lass of exotia, namely, the high-spin nulear states.The e�etive interations used in the shell model impliitly depend onthe numbers of partiles, beause they require hoosing the appropriate setof single-partile states in the phase spae. Suh a onstrution allows fora desription of nulei between the boundaries of magi partile numbers,or aross a given magi partile number, but requires proeeding step-by-step and having experimental feedbak when onneting di�erent regionsof nulei. Hene, in this approah the role of experimental data annot beunderestimated. On the other hand, the experimental data at or aross themagi numbers may allow for reliable extension of the alulations signi�-antly outside the experimentally aessible region.4. E�etive massThe e�etive mass is a standard aspet of the mean-�eld approah anddesribes to leading order the e�ets related to the non-loality of the mean�eld. The non-loality of the mean �eld may result from a non-loality of theunderlying two-body e�etive interation, but more importantly, it re�etsthe Pauli exhange e�ets in many-fermion systems. In nulei, the e�etivemass has the aspet whih is harateristi to �nite systems, namely, it mustdepend on the position within the nuleus. Outside the nuleus it approahesthe standard free nuleon mass and inside the nuleus it may assume othervalues. Properties of the e�etive mass in nulear systems are not knownvery well. Its bulk value is usually taken in the range of m�=0.6�0.8m,but values outside this range are also used in spei� appliations. Verylittle is known about the surfae dependene of the e�etive mass, but moreimportantly, almost nothing is known about the isovetor e�etive mass, i.e.,about the di�erene between neutron and proton e�etive masses in the bulk.The e�ets of the isovetor e�etive mass an only be studied in exoti nulei,beause one needs a substantial di�erene in proton and neutron numbersand densities in order to amplify these e�ets to any tangible observables.It is obvious that the densities of single-partile states and the magnitudeof shell e�ets depend on the isovetor e�etive mass, and in�uene basiproperties of nulei far from stability.



1650 J. Dobazewski5. Spin-orbit interationReently a substantial progress has been made in our understanding ofproperties of the spin-orbit interation in nulei. In priniple, the mean-�eld spin-orbit oupling may result from the Hartree-Fok averaging of thetwo-body spin-orbit interation. However, an alternative soure is proposedby the relativisti mean �eld approah [8℄, where the mean-�eld spin-orbitoupling stems from the non-relativisti redution of the relativisti nuleonspinors. This leads to a spei� form of the spin-orbit form fators andtheir isovetor dependene. Needless to say that the isovetor properties ofthe spin-orbit interation may dramatially in�uene the shell struture ofnulei far from stability, and therefore, these nulei an be a perfet testingground for hypotheses about the soure of the spin-orbit oupling in nulei.6. Pairing near ontinuumIn weakly bound nulei, pairing phenomena play a muh more impor-tant role than in standard systems [9℄. Binding of the last unpaired nuleonresults from a balane between the mean-�eld attration and the missingpairing attration of the odd nuleon ompared to two neighboring evensystems. Therefore, in nulei near drip lines one annot treat pairing phe-nomena as a small perturbation but a full oupling of the mean-�eld andpairing e�ets is neessary. This brings up a very interesting theoretial as-pet of virtual sattering of pairs of nuleons into the phase spae of positivesingle-partile energies. Theoretially, there exist proper tools to desribesuh pairing phenomena [10℄, however, experimental tests of our understand-ing of pairing an only be performed by studying weakly bound systems.A desription of the ontinuum e�ets in pairing orrelations requireshanges in our pereption of the positive-energy phase spae. Usually, thispart of the phase spae is aessible through sattering experiments, in whihan unbound partile arrives from the in�nity and interats with a boundnuleus, or is emitted by an unbound or exited nuleus and departs toin�nity. In studying virtual exitations to positive-energy phase spae wedo not have any nulear onstituents whih would be asymptotially free,and therefore, sattering states are entirely inappropriate elements of thedesription. On the ontrary, one should use a omplete set of loalizedstates as a playground where the virtual exitations may take plae. Hene,the onept of resonant sattering states is not very useful when desribingpairing orrelations far from stability.Our understanding of the e�etive pairing fores is very far from beingomplete. Apart from not being able to tell whether the pairing fores areshort or long range, we do not know if they are mostly onentrated in the



Struture of Nulei at Extreme Values of... 1651bulk or at the surfae, or most importantly, how do they depend on theisovetor harateristis of the nulear medium in the bulk or at the surfae.7. Low-density and weakly bound nuleoni matterReliable alulations of low-density nulear and neutron matter existfor in�nite medium, see e.g. Ref. [11�13℄. Starting from the bare nuleon-nuleon fore, one is able to perform sophistiated theoretial analyses, bothperturbatively and variationally, and obtain preditions about binding en-ergy per partile as a funtion of density. However, these alulations relyheavily on the fat that the system is in�nite, and the orresponding alu-lations in �nite nulei annot yet be performed. The main question whih isnot yet answered about the low-density tails of matter distribution in weaklybound systems, is to whih extent one an approximate suh a region of thenuleus by the in�nite matter at a given (low) density. One may reasonablyexpet that the essential feature of the tail medium is the gradient of thedensity. Suh e�ets are, of ourse, entirely beyond any studies performedfor the in�nite medium. On the other hand, without having any experimen-tal aess to in�nite (or large) nulear media, we are bound to study thelow-density systems by experimentally investigating properties of the outertail in weakly bound systems.8. Cluster phenomena in low-density nuleoni matterThe outer tail of the nulear wave funtion is a very interesting objet,beause it an only exist due to the nearby presene of a (nearly) saturatednulear matter, and otherwise would have been strongly unstable with re-spet to the lustering e�ets. Therefore, one an suspet that the lusteringorrelations may nevertheless play a very important role in the struture ofthe outer tail of the nulear density. In light nulei, the experimental studyof the tail may give information about e�etive interations in low-densitymedium, while in heavier systems, whih may develop multi-partile low-density tails, one may expet very interesting multi-partile luster e�etsto our. 9. One- & two-partile neutron haloesWeak binding of the last one or two neutrons results in a phenomenonof the neutron halo, see e.g. Ref. [14℄. In the halo state, neutrons move atlarge distanes from the enter of the nuleus, whih gives rise to a signi�antinrease of the reation radius, and allows investigating struture of the haloby momentum-transfer experiments. Halo states are very well suited forinvestigating orrelations in few-fermion systems. Sine the halo neutrons



1652 J. Dobazewskimove far away from other nuleons, one an approximate their interationby the bare nuleon-nuleon fore and partly avoid unertainties related tothe onstrution of the e�etive interation.10. Central mean �eld far from stabilityCentral-mean-�eld nulear potential results from the Hartree-Fok av-eraging of the entral e�etive interation with nulear densities. Indepen-dently of the range of the e�etive interation (zero or short), nulear bulkproperties depend mostly on the loal densities of nuleons, and therefore,we an derive properties of the entral mean �eld diretly from the propertiesof the neutron and proton densities.Sine the strongest part of the e�etive interation is the neutron-protonattration, in stable nulei the neutron mean �eld depends mostly on theproton density and vie versa. However, in neutron rih nulei, due to theexess of the neutron density at the surfae of the nuleus (Se. 19), theneutron mean �eld in the outer region is weak and depends mostly on theneutron distribution, while in the entral region is strong and depends mostlyon the proton distribution. As a onsequene, suh a ompliated strutureof the neutron mean �eld results in a disappearane of the region where theentral �eld is almost onstant.Therefore, the typial division of the nuleus in the entral and surfaeregions does not hold any more and the neutron mean �eld gradually de-reases from its maximum value near r=0, to zero at large distanes. Thissituation is similar to that in light nulei, where the entral region, of analmost-onstant mean �eld, is very narrow, and where one may fairly wellapproximate the mean �led be the harmoni osillator potential (apart fromits asymptoti properties at large distanes, of ourse). One an reasonablywell expet that a similar approximation will also hold in heavy neutron-rih nulei [15℄, whih may have dramati onsequenes on the struture andsequene of the single-partile levels.11. Single-partile energies far from stabilityApart from deformation e�ets whih split single-partile levels in de-formed nulei, the sequene of single-partile states depends mostly on threeelements: (i) an overall density of levels and their grouping into major nu-lear shells, whih depend mostly on the nulear volume and e�etive mass,(ii) the order of entroids of spin-orbit partners (they are ordered aord-ing to dereasing values of the orbital angular momenta `), whih dependsmostly on the �at-bottom region of the nulear mean �eld, and (iii) thesplitting of the spin-orbit partner levels (high-j partners our below the



Struture of Nulei at Extreme Values of... 1653low-j partners), whih depends on the intensity and the form fator of thespin-orbit mean �eld.Hypothetial hanges of the neutron mean �eld in neutron rih nulei(Se. 10) may a�et the seond of these elements. Namely, the disappearaneof the �at-bottom region of the entral �eld may derease the splitting ofentroids in suh a way that the single-partile spetrum will resemble thatof the harmoni osillator [9,15℄. Moreover, hypothetial modi�ations of thestrength of the spin-orbit oupling in nulei far from stability (Se. 5) maya�et the third element above. First estimates show [16℄ that the magnitudeof the spin-orbit splitting may derease in neutron rih nulei. Changesourring in the order of single-partile states will be immediately re�etedin various measurable properties of nulei, espeially those whih are relatedto olletive phenomena (Ses. 14 and 15).12. Proton-neutron pairingExistene of pairing orrelations between like partiles is sine long avery well established fat in nulei. In lose analogy, one ould also expetpairing orrelations between neutrons and protons. However, the salar (0+)proton-neutron pairing may our only in nulei with N'Z, beause onlythen one has the proton and neutron orbits with the same quantum numbersnear the orresponding Fermi levels.Reently, there is a renewed interest in studying theoretially the proton-neutron orrelations, beause one obtains more and more experimental infor-mation on heavy nulei with N'Z. Colletive pairing of this type may onlydevelop in relatively heavy nulei; otherwise it annot be well distinguishedfrom a simple proton-neutron interation of a few valene partiles.Another kind of hypothetial proton-neutron pairing may our in neu-tron rih nulei where the proton and neutron orbits with di�erent paritiesand the same values of the angular momentum j our near the Fermi sur-fae. In suh a situation, one might expet the pseudosalar (0�) pairingorrelations, whih would be a novel phenomenon leading to intrinsi parity-breaking e�ets of a new kind [17, 18℄.13. �-orrelationsE�ets related to lustering of nuleons into the alpha partiles are verywell known in light nulei. Cluster models work very well for ground andexited states of nulei like 8Be, 12C, 16O, 20Ne, and many others. In heav-ier N'Z systems one may expet olletive �-luster orrelations in om-petition with the proton-neutron pairing orrelations. see e.g. Ref. [19℄.Although it is not easy to distinguish e�ets of both kind of orrelations,



1654 J. Dobazewskitheir study may be very fruitful for our understanding on how one shouldonstrut the orrelated many-body wave funtions.On the other hand, in light neutron-rih nulei one may expet the �-orrelations to be hindered by the existene of the neutron skin in whihneutrons do not have partner protons for the orrelation to develop. There-fore, the �-luster models should be adopted to suh a physial situationand orretly predit the isospin dependene of the �-orrelations.14. Deformations of weakly-bound systemsStudy of the deformability of weakly bound nulear systems onstitutesat present one of the most important hallenges of the nulear struturephysis. Indeed, a proper desription requires taking into aount the pair-ing, ontinuum, and deformation e�ets at the same time. Closeness ofthe partile ontinuum may inrease the e�etive density of single-partilestates as ompared to stable nulei, whih an be due to the presene of thepositive-energy phase spae near the Fermi level, Se. 6. This may dereasethe deformability of nulei, beause the hane to �nd a large shell gap at agiven deformation will be smaller. Moreover, an inrease of density of statesmay inrease the intensity of pairing orrelations, and further hinder the de-formation e�ets. However, we may also enounter situations in whih theFermi energy is negative only at deformed shapes, and positive at spheriity,and then deformation will be the only way for a given nuleus to be stable.Modi�ations of the deformation patterns in nulei far from stabilityan provide the simplest signals of the orresponding hanges in the single-partile shell struture. In stable nulei, deformations follow simple and wellreognized patterns, and a departure form the pattern an be attributed tomodi�ations of the intrinsi struture [20℄. In fat, if the pattern beomesmodi�ed, we have a strong argument for an expeted hanged struture,while if it does not, we have a fasinating theoretial puzzle to solve.In very neutron rih deformed nulei one may also �nd interesting stru-tures of the neutron haloes. Namely, a deformed single-partile orbital mustasymptotially have a spherially symmetri tail wave funtions, and thetransition between both regions in spae may lead to very interesting ob-servable e�ets. see the reent analysis in Ref. [21℄.15. Colletivity in weakly-bound systemsStruture of olletive exitations is de�ned by the energies of the el-ementary single-partile exitations (shell gaps) and the relation betweenspatial properties of the exitation modes and wave funtions. The latterdependene may lead in neutron rih nulei to signi�ant modi�ations of



Struture of Nulei at Extreme Values of... 1655the olletive modes. Due to a deoupling of neutrons and protons in thesurfae region, one may expet low-lying isovetor modes of various multi-polarities, for example, dipole vibrations of the proton ore with respet tothe neutron skin or quadrupole vibrations of a deformed proton ore withrespet to spherial or deformed neutron skin. Intensities of suh modes arediret onsequenes of the e�etive interations in the isovetor hannels. Instable nulei, isovetor exitations are di�ult to exite and measure, be-ause they often lead to high exitation energies and mix with single-partilestrutures. However, in very neutron rih nulei they may beome the lowestexitations available to the system.16. One-proton emittersSigni�ant progress has reently been ahieved in studying nulei at andbeyond the proton drip line [22℄. Odd-proton nulei beyond the proton dripline may deay by emitting protons, whih gives us invaluable information onpositions of proton quasi-bound states within the Coulomb barrier. Thesestates are in fat extremely narrow resonanes, whih for all pratial pur-poses behave like bound states. In heavy nulei, the Coulomb barrier ishigh, and therefore the energies of the quasi-bound states follow the stan-dard sequene of the bound states in the average proton mean �eld. Thebarrier-penetration probability depends mainly on the shape of the outerbarrier, whih is given by pure Coulomb potential, and on the quantumnumbers of the quasi-bound proton state. Therefore, study of proton halflives gives preise information on the nulear mean �eld at the surfae, andin partiular about the nulear deformation, see e.g. Ref. [23℄. Fine stru-ture studies of the proton spetra may reveal isomeri states in the protonunstable nuleus and exited states in the daughter nuleus.17. Two-proton emittersPhenomenon of a single-step two-proton deay still awaits its disovery,apart from suh a proess being known already in very light nuleus 6Be.Several andidates for suh a deay have been singled out by theoretial es-timations of the deay energies and half lives [24,25℄. However, ompetitionbetween the two-proton deay and the � deay depends extremely stronglyon the single-partile proton energies, and therefore, experimental study ofsuh a proess an only be possible in a few very spei� ases. Nevertheless,measurement of the relative momenta of the emitted protons an provide in-valuable information on the proton orrelations in the parent nuleus, andon the properties of the �nal-state interation.



1656 J. Dobazewski18. Neutron radiiDiret measurement of neutron radii are not easy, beause the eletro-magneti probes (eletrons) are mostly sensitive to the distribution of harge,while the hadroni probes (protons, antiprotons and mesons) do not well dis-tinguish neutrons and protons in the nuleus. Nevertheless, in several asesthe neutron root-mean-squared radii ould be extrated from the reationross setions, and agree fairly well with the mean-�eld alulations, bothin stable nulei, see Ref. [28℄ and referenes ited therein, and in neutron-rih nulei [26, 29�32℄. This inludes preditions of the thikness of theneutron skin, namely, the di�erene between the neutron and proton radii,whih gradually inrease with the neutron exess. As an example of theagreement, we show in Fig. 1 results of the Hartree-Fok-Bogoliubov (HFB)alulations ompared with experimental data [26℄. Exept from a slightoverall overestimation of the radii, one very easily obtains proper qualita-tive reprodution of the di�erene between neutron and proton radii. Atpresent, experimental errors of the neutron radii are signi�ant, whih pre-ludes obtaining from these data detailed spetrosopi informations, suhas we have at our disposal for the harge radii.
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Fig. 1. Neutron and proton radii in sodium isotopes. Experimental data [26℄ areompared with the spherial HFB alulations performed with the SkP [10℄ andSLy4 [27℄ Skyrme interations.19. Density distributions far from stabilityApart form the fat that a long tail of the matter distribution may bepresent in nulei near drip lines, the pro�les of densities in the entral andsurfae regions of suh a nulei may be modi�ed too. In nulei with N=Z,
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Fig. 3. Neutron di�useness alulated from the HFB neutron distributions in even-even nulei. Mirosopi distributions have been approximated by simple Fermishapes, Eq. (1), and the values of the obtained parameters a are plotted hereas funtions of the neutron number. Lines onnet results for nulei with givennumbers of protons, from Z=8 to Z=86.pling onstants, whih give the strength of these two terms, are adjusted toglobal nulear properties, like the symmetry energy and surfae symmetryenergy, and therefore, the balane between the bulk and surfae attrationis fairly well de�ned. In nulei far from stability, the mean-�eld alulationsbased on suh derivation, produe neutron distributions whih signi�antlydi�er from those for protons, both in the entral and surfae regions. Asa simple onsequene of this fat one obtains in neutron rih nulei an in-reased surfae di�useness of the neutron distribution. [15℄.This is illustrated in Fig. 3, where the neutron surfae thikness a hasbeen derived from the neutron distributions alulated within the spherialHFB approah [10℄ with the SkP [27℄ Skyrme interation. The simplestmethod of derivation has been used, namely, the mirosopi densities havebeen �tted by the Fermi distribution�(R) = �01 + exp �R�R0a � ; (1)where the entral density �0, equivalent radius R0, and surfae di�usenessa are the adjustable parameters. One an see that a lot of struture infor-mation appears in the surfae di�useness of neutron distributions. Apartfrom a gradual inrease with neutron exess, one an learly see well pro-nouned shell e�ets related to losure of major neutron shells. Therefore,even rude measurements of the neutron di�useness may provide invalu-able information about shell struture of neutron-rih nulei. This an be



Struture of Nulei at Extreme Values of... 1659opposed with measurements of neutron radii (Se. 18), whih need to bemeasured fairly preisely in order to provide information on the underlyingshell struture. 20. ConlusionExperimental and theoretial studies of nulei far from stability beomethe main subjets of the present-day nulear physis. Long-range plans andproposal [33�36℄, in Europe, Japan, and United States all for an inreasedativity in this �eld and point out enormous sienti� interest of investi-gating systems with extreme N/Z ratios. In the present short aount ofprospetive sienti� opportunities, we were merely able to enumerate vari-ous aspets of the physis involved. Undoubtedly, we an expet in the nearfuture many fasinating new results to emerge, along with an unforeseeablenumber of unexpeted disoveries.This researh was supported in part by the Polish Committee for Sien-ti� Researh (KBN) under Contrat No. 2 P03B 040 14.REFERENCES[1℄ E. Roekl, Rep. Prog. Phys. 55, 1661 (1992).[2℄ A. Mueller, B. Sherril, Annu. Rev. Nul. Part. Si. 43, 529 (1993).[3℄ J. Dobazewski, W. Nazarewiz, Phil. Trans. R. So. Lond. A 356, 2007(1998).[4℄ P. Navratil, B.R. Barrett, Phys. Rev. C54, 2986 (1996).[5℄ P. Navrátil, B.R. Barrett, Phys. Rev. C57, 3119 (1998).[6℄ M. Hjorth-Jensen, T.T.S. Kuo, E.Osnes, Phys. Rep. 261, 125 (1995).[7℄ M. Hjorth-Jensen, Report nul-th/9811101.[8℄ P. Ring, Prog. Part. Nul. Phys. 37, 193 (1996).[9℄ J. Dobazewski, W. Nazarewiz, T.R. Werner, J.-F. Berger, C.R. Chinn,J. Dehargé, Phys. Rev. C53, 2809 (1996).[10℄ J. Dobazewski, H. Floard, J. Treiner, Nul. Phys. A422, 103 (1984).[11℄ B.A. Friedman, V.R. Pandharipande, Nul. Phys. A361, 502 (1981).[12℄ R.B. Wiringa, V. Fiks, A. Fabroini, Phys. Rev. C38, 1010 (1988).[13℄ R.B. Wiringa, Rev. Mod. Phys. 65, 231 (1993).[14℄ K. Riisager, Rev. Mod. Phys. 66, 1105 (1994).[15℄ J. Dobazewski, I. Hamamoto, W. Nazarewiz, J.A. Sheikh, Phys. Rev. Lett.72, 981 (1994).



1660 J. Dobazewski[16℄ B.S. Pudliner, A. Smerzi, J. Carlson, V.R. Pandharipande, S.C. Pieper,D.G. Ravenhall, Phys. Rev. Lett. 76, 2416 (1996).[17℄ E. Perli«ska, S.G. Rohozi«ski, J. Dobazewski, W. Nazarewiz, Pro. of Int.Hirshegg Workshop XXIV, Extremes of Nulear Struture, edited by H. Feld-meier, J. Knoll, W. Nörenberg, (GSI, Darmstadt, 1996), p. 228.[18℄ E. Perli«ska, S.G. Rohozi«ski, J. Dobazewski, W. Nazarewiz, to be pub-lished.[19℄ J. Dobe² S. Pittel, Phys. Rev. C57, 688 (1998).[20℄ R.F. Casten, N.V. Zam�r, Phys. Sr. T56, 47 (1995).[21℄ T. Misu, W. Nazarewiz, S. Åberg, Nul. Phys. A614, 44 (1997).[22℄ P.J. Woods, C.N. Davids, Annu. Rev. Nul. Part. Si. 47, 541 (1997).[23℄ C.N. Davids, P.J. Woods, D. Seweryniak, A.A. Sonzogni, J.C. Bathelder,C.R. Bingham, T. Davinson, D.J. Henderson, R.J. Irvine, G.L. Poli, J. Uusi-talo, W.B. Walters, Phys. Rev. Lett. 80, 1849 (1998).[24℄ W.E. Ormand, Phys. Rev. C53, 214 (1995).[25℄ W. Nazarewiz, J. Dobazewski, T.R. Werner, J.A. Maruhn, P.-G. Reinhard,K. Rutz, C.R. Chinn, A.S. Umar, M.R. Strayer, Phys. Rev. C53, 740 (1996).[26℄ T. Suzuki, et al., Phys. Rev. Lett. 75, 3241 (1995).[27℄ E. Chabanat, P. Bonhe, P. Haensel, J. Meyer, F. Shae�er, Nul. Phys.A635,231 (1998).[28℄ J. Dobazewski, W. Nazarewiz, T.R. Werner, Z. Phys. A354 (1996) 27.[29℄ T. Suzuki, H. Geissel, O. Bohkarev, L. Chulkov, M. Golovkov, N. Fuku-nishi, D. Hirata, H. Irnih, Z. Janas, H. Keller, T. Kobayashi, G. Kraus,G. Münzenberg, S. Neumaier, F. Nikel, A. Ozawa, A. Piehazek, E. Roekl,W. Shwab, K. Sömmerer, K. Yoshida, I. Tanihata, Nul. Phys. A630, 661(1998).[30℄ J. Meng, I. Tanihata, S. Yamaji, Phys. Lett. 419B, 1 (1998).[31℄ G.A. Lalazissis, D. Vretenar, W. Pöshl, P. Ring, Nul. Phys. A632, 363(1998).[32℄ F. Naulin, J.Y. Zhang, H. Floard, D. Vautherin, P.H. Heenen, P. Bonhe,Phys. Lett. 429B, 15 (1998).[33℄ http://pubweb.bnl.gov/�nsa/lrp.html.[34℄ http://www.e12.physik.tu-muenhen.de/nupe/report97/report97_pre/report97_pre.html.[35℄ http://www.er.doe.gov/prodution/henp/isolpaper.pdf.[36℄ http://www.nas.edu/bpa/reports/reports.html.


