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EFFECT OF SMEARED 4He-CORE IN6He + p ELASTIC SCATTERING�Dhruba Gupta, C. Samanta and Rituparna KanungoySaha Institute of Nulear Physis1/AF, Bidhannagar, Calutta 700064, India(Reeived November 20, 1999)The elasti sattering data of p+4;6He, available in the 40A�45A MeVenergy range have been analyzed in a mirosopi framework using anisospin, density and momentum-dependent �nite-range e�etive intera-tion in a single folding model. The folded potentials explain the p+4Heangular distribution data. For 6He, several density presriptions of variedrms radii are employed. All these presriptions lead to almost same �t tothe 6He + p elasti angular distribution data with slight variations of theimaginary strength. Mirosopi alulations assuming proton satteringfrom the smeared 4He-ore in 6He, ignoring the halo, an also reprodue theexperimental data if the strength of the imaginary part of the mirosopipotential is enhaned. Impliations of these results are disussed.PACS numbers: 25.40.Cm, 25.60.�t, 21.45.+v, 21.10.Gv1. IntrodutionReent studies [1�4℄ on the neutron-halo nuleus 6He have suggested thatit has a 4He + 2n struture, although ambiguity persists in determinationof its root-mean-square (rms) radius. Its low 4He + 2n breakup threshold(0.975 MeV) [5℄ insinuates a long tail in its wave funtion. Tanihata et al. [4℄laimed that the ore 4He essentially remains unmodi�ed inside 6He and thetwo neutrons form either a halo or a skin of 6He. From stati density Glaubermodel alulations of reation ross setions, it was shown that the rmsmatter radius of 6He is Rm ' 2:33 fm. The rms neutron radius (Rn ' 2:59fm) of 6He was found to be larger than the proton radius (Rp ' 1:72 fm),delineating an extended neutron density distribution, far beyond the protonone. Al-Khalili et al. [6℄ onsidered orretions to this stati density Glauber� Presented at the XXVI Mazurian Lakes Shool of Physis, Krzy»e, PolandSeptember 1�11, 1999.y Present address: RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan(471)



472 D. Gupta, C. Samanta, R. Kanungomodel alulations and showed that if the granular struture of the projetileis represented by more realisti few-body wave funtions, it inreases Rm to2.71 fm. Several other theoretial models predited [6�9℄ di�erent rms radiusof 6He in the range of 2.32 fm to 2.76 fm adding further onfusion to thistopi. Reently 6He+ p elasti sattering data have been available at 41.6AMeV [10℄, providing an opportunity to test the validity of these variouspresriptions with the help of folded potentials, whih expliitly inorporatethe struture of the interating nulei.We have reanalyzed the elasti sattering data of 6He + p at 41.6AMeV [10℄, in a mirosopi folding model using more realisti density distri-butions and an e�etive nuleon�nuleon interation whih, in addition tobeing �nite-range, momentum and density dependent, has an expliit isospindependene. Available 40A and 45AMeV p+4He sattering data [11,12℄ havealso been analyzed on equal footing to understand the role of 4He as a ore in6He. Di�erent density presriptions of 6He are used with a hope to pinpointits rms radius. 2. AnalysisFor single folding model alulations we use the SBM (Modi�ed SeylerBlanhard) interation, whih has di�erent strengths for pp, nn and pn in-terations [13℄. The 6He ground state densities used are obtained by usingFaddeev wave funtion models alled, P1, FC, FC6, Q3, Q1, FB, FA, K,C [6,7,14℄. These models inorporate di�erent n�n and n�� potentials witha variation of two-neutron separation energy E(2n) from about �1:15 MeVto �0:21 MeV and thereby a variation of rms radii of 6He. The rms radiiorresponding to the above models are 2.32, 2.50, 2.53, 2.54, 2.56, 2.64,2.64, 2.66, 2.76 fm respetively. These radii are omputed assuming thatthe bare 4He ore rms radius is 1.49 fm [7℄. However, the 4He inside 6He issmeared due to its motion with respet to the enter of mass of 6He. Thedensity of the smeared ore is taken as the di�erene between the 6He and2n-halo densities, the rms radius being di�erent for di�erent presriptions.Sine the isospin sensitive interation requires separate proton and neutrondensities, we have onstruted them from the available 6He models [6,7,14℄.For the p�4He sattering, they were formulated from the bare ore densitydistribution of 4He [7℄. In the mirosopi alulations both the real (V )and imaginary (W ) parts of the folded potentials are assumed to have thesame shape, i.e. Vmiro(r) = V + iW = (NR + iNI)U where, U is the foldedpotential, and NR, NI are the renormalization fators for real and imaginaryparts respetively [15℄.For omparing the results, a phenomenologial optial model (OM) anal-ysis of the data is �rst arried out, the best �t parameters (Table I) and therespetive Woods�Saxon and folded potentials (Fig. 1(a)�()) are shown.



E�et of Smeared 4He-ore in 6He + p Elasti Sattering 473TABLE IOptial potential parameters used in p�nuleus elasti sattering r = 1:40 fm,Rx = rxA1=3TNuleus E/A Vo ro ao Wv rv av Ws rs as Vs:o rs:o as:o Ref.(MeV) (MeV) (fm) (fm) (MeV) (fm) (fm) (MeV) (fm) (fm) (MeV) (fm) (fm)4He 40.0 51.0 1.100 0.350 4.19 2.390 0.10 2.75 1.100 0.350 [16℄4He 45.0 49.6 1..100 0.350 5.94 2.320 0.10 2.17 1.100 0.350 [16℄6He 41.6 26.0 1.249 0.997 25.0 1.500 0.500 0.30 1.310 0.36 6.00 1.249 0.797 (this work)For p+4He elasti sattering, at 40 and 45 MeV (Fig. 1(d), (e)), thebest �t parameters are taken from the existing literature [16℄ in whih thevolume imaginary part (WV ) is zero and the non-zero surfae imaginary part(WS) has large radius (rS � 2:3 fm). For the 6He + p data at 41.6 A MeV(Fig. 1(f)), the searh was arried out starting from the OM parametersavailable for the 6Li(p; p) sattering [17℄. Unlike the 4He(p; p) sattering,both WS and WV ontribute in p(6He,6He), the best �t neessitating largerpotential radius (rV ) and di�usivity (a0; aV ) ompared to those of 6Li(p; p).In semi-mirosopi analysis, the real part of the optial potential isreplaed by the folded potential, and a searh on the phenomenologialimaginary potentials is again arried out starting from the above param-eters. In p+4He, the parameter WS had to be dereased from 4.19 to 1.50 at40A MeV, and from 5.94 to 2.00 at 45A MeV inident energy. The radius rShad to be hanged from 2.32 fm to 2.40 fm for the latter. In both ases themirosopi real part of the potential did not require any renormalizationfators, indiating no measurable breakup hannel oupling e�et for thetightly bound 4He nuleus. But, for the 41.6A MeV 6He + p, NR = 0.8 wasessential and rV had to be inreased from 1.5 fm to 1.6 fm.In the fully mirosopi approah, the 40A and 45A MeV data for p+4Hesattering are well reprodued by putting NR = 1:0, NI = 0.08 (Fig. 2(a),(b)). For the 6He+ p sattering, the required value of NR is 0.9 and that ofNI is 0.9 for the P1 model (Rm(6He) = 2:32 fm), and 0.7 for the C model(Rm(6He) = 2:76 fm) shown in Fig. 2(). All the other density presriptions(NI � 0:7 to 0.9) gave �ts whih lie in between the �ts from the P1 andC models. As shown in the inset of Fig. 2(), the density distributionsdi�er signi�antly in the tail region. The tail part is expeted to ontributein the forward angle 6He + p elasti sattering data, whih is distintlydi�erent from 4He+p sattering at nearby energies (Fig. 1(d)�(f)). Althoughdi�erent density presriptions do give somewhat di�erent ross setions inthe forward angle region, none of them �ts the 6He + p experimental databetter than others (Fig. 2()) and the di�erene amongst them is also verysmall. This is possibly due to extremely small density of 6He at large radius.In view of this redued importane of the thin halo part in 41.6A MeV
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Fig. 1. The real part of the phenomenologial (solid) and the renormalized SBMpotential (dashed) for the interation of (a) � p+4He at 40A MeV, (b) � p+4Heat 45A MeV, () � 6He + p at 41.6A MeV. The orresponding elasti satteringangular distributions are shown in (d), (e), (f), where the solid(dashed) line is theresult of the phenomenologial(semi-mirosopi) optial model alulations. In ()and (f) the dashed(dotted) line orrespond to alulation using P1(C) model. Thevolume integral (J=A) of the real part of the potential in MeV fm3 and rms radiiin fm are shown.
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Fig. 2. Same as Fig. 1(d)�(f), but using mirosopi real and imaginary potentials.In (), the alulation using only the smeared-ore density of the P1 model is shownby the solid line. The inset in () shows the density pro�les of the P1 and C modelsof 6He. All other density presriptions lie in between. The smear ore density (solidline) orresponding to the P1 model is also shown.elasti 6He + p sattering, a mirosopi alulation is arried out with theproton sattering from the smeared 4He-ore in 6He, totally ignoring thehalo. Interestingly, the experimental 41.6A MeV p(6He,6He) data ould bereprodued with 41.6A MeV smeared-4He + p alulations if NI = 4:5 isused, keeping NR = 1:0:



476 D. Gupta, C. Samanta, R. Kanungo3. ConlusionsIt is pertinent to note that the 41.6A MeV 6He+p experimental angulardistribution is distintly di�erent from the p+4He at nearby energies, spe-ially at forward angles, where the tail part of the wave funtions ontribute.However, as all the density presriptions used in our analysis gave almostsame overall �t to the experimental data (Fig. 2()), with slight variationsof NI (0.7 to 0.9), the exat value of the rms radius of 6He ould not bepinpointed. The 41.6A MeV 6He + p data require renormalizations on thereal part of the folded potentials, and possibly indiates signi�ant breakuphannel oupling e�et on the elasti hannel.An important �nding was that if the halo part of 6He is totally ignored,sattering of protons with the smeared ore an also explain the data. Thisobservation indiates that the 4He ore plays a signi�ant role in 41.6A MeV6He+ p sattering. But total absene of the 2n-halo ontribution is possiblynot the orret piture as the experimental data ould not be �tted un-less a large NI value is hosen along with NR = 1:0. Obviously di�erentNI fators assoiated with di�erent density presriptions predit di�erentreation ross-setions. Therefore, experimental data on proton indued6He-breakup reations or, angular distribution data of inelasti proton sat-tering from 6He are needed for a better understanding of the struture ofthe halo nuleus 6He.The authors aknowledge M.D. Cortina-Gil for kindly sending the exper-imental data in a tabular form. The authors also aknowledge Ian Thompsonfor providing the 6He densities. Authors R.K aknowledges RIKEN for kindhospitality and D.G aknowledges CSIR, India for �nanial support.REFERENCES[1℄ I. Tanihata, H. Hamagaki, O. Hashimoto, Y. Shida, N. Yoshikawa,K. Sugimoto, O. Yamakawa, T. Kobayashi, N. Takahashi, Phys. Rev. Lett.55, 2676 (1985).[2℄ P.G. Hansen, B. Jonson, Europhys. Lett. 4, 409 (1987).[3℄ I. Tanihata, J. Phys. G: Nul. Part. Phys. 22, 157 (1996).[4℄ I. Tanihata, D. Hirata, T. Kobayashi, S. Shimoura, K. Sugimoto, H. Toki,Phys. Lett. B289, 261 (1992).[5℄ F. Ajzenberg-Selove, Nul. Phys. A490, 1 (1988).[6℄ J.S. Al-Khalili, J.A. Tostevin, I.J. Thompson, Phys. Rev. C54, 1843 (1996).[7℄ I.J. Thompson (private ommuniation).[8℄ Attila Csoto, Phys. Rev. C49, 3035 (1994).
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