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ELASTIC TRANSFER: A NON-DISPERSIVECOMPONENT IN THE OPTICAL POTENTIAL AND ITSEFFECT IN THE 12C+24Mg ELASTIC SCATTERING�A. Lépine-Szily, M.S. Hussein, R. Lihtenthäler,IFUSP-Universidade de São PauloC.P.66318, 05315-0970 São Paulo, BrasilJ. Cseh, and G. LévaiMTA ATOMKI, Debreen, Pf.51, Hungary-4001(Reeived Otober 27, 1998)It is shown that the oupling of the elasti sattering hannel to anelasti-transfer hannel leads to a non-dispersive polarization potential witha periodi, l-dependent, energy dependene. Evidene of this is found inthe elasti sattering data of 12C+24Mg at low energies. The �nding anindiate a signi�ant 12C+12C lustering e�et in the ground state of 24Mg.PACS numbers: 24.10.Ht, 24.50.+g, 25.45.De, 25.45.HiThe dispersive optial potential usually referred to as the Feshbah po-tential [1℄, obeys a dispersion relation. In the heavy ion ontext this relationhas gained the notoriety of being alled the Threshold Anomaly (TA). Aseloquently explained by Sathler [2℄, the dispersion relation of the Feshbahpotential omes out as a onsequene of the polarization nature in the sensethat the potential has the general struture:VFeshbah(r; r0) = nXi=1 V0i(r) 1E �Hi + i"Vio(r0) : (1)The intermediate hannel Green funtion, (E �Hi + i")�1, has the fol-lowing simple struture:� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1451)



1452 A. Lépine-Szily et al.(E �Hi + i")�1 = �i�Æ(E �Hi) + P 1E �Hi ; (2)where P stands for the prinipal part and Hi is taken for simpliity to beHermitian. Clearly, one an write:P 1E �Hi = P Z dZ Æ(Z �Hi)E � Z = �P� Z dZ��Æ(Z �Hi)E � Z : (3)From equations (1) and (3) one �nds the dispersion relation:ReVFeshbah (r; r0 ; E) = P� Z dZ ImVFeshbah (Z; r; r0)Z �E : (4)In atual use in data analysis one relies on loal potentials. The intrin-sially non-loal dispersive Feshbah potential is therefore transformed intoa loal-equivalent one. This brings in more subtle energy dependene. How-ever, in pratial appliation, it was found [3℄ that the resulting potential ata given value of, the now one spatial variable r, still satis�es Eq. (4).Now we raise the following question: do all hannel ouplings result in adispersive Feshbah potential? The answer is no, at least in ases involvingelasti transfer. Here we mean a proess whih involves the elasti satteringof the following objets:(a+ b) + b �! (a+ b) + b ; (5)(a+ b) + b �! b+ (a+ b) : (6)The two orresponding amplitudes add oherently. Sine the projetile�target system, in the seond proess, beomes the target�projetile system(no hange in internal struture) the seond proess in Eq. (6), the elastitransfer proess, is important at large angles. The Feshbah potential thattakes into aount the oupling of the elasti hannel to the elasti transferhannel is found to be [4,5℄V elasti�transferFeshbah = (�1)lF (r) ; (7)where l is the orbital angular momentum and F (r) is an approximate transferform-fator of the seond proess in Eq. (6). There is no energy dependenein (7). Clearly, (7) does not satisfy any energy dispersion relation. Ofourse some weak energy dependene may be found in V elasti�transferFeshbah , whenhigher-order proesses are taken into aount, e.g. :(a+ b) + b �! (a+ b)� + b �! b+ (a+ b) : (8)In the following we ignore these proesses for simpliity. The abovedisussion may beome very important in situations where elasti transferis signi�ant.



Elasti Transfer: A Non-Dispersive Component in the Optial Potential : : : 14531. The non-dispersive potential in the elasti sattering of12C+24MgIn a reent experiment [6,7℄ the omplete angular distributions of theelasti sattering of 12C+24Mg were measured at �fteen energies near theCoulomb barrier, namely between ECM = 10.67 and 16.00 MeV. The datawere analysed in the optial model framework (Pot II) and the best-�t po-tentials were: shallow, energy dependent, real potentials (V0 � 37 MeV,r0=1.29 fm, a=0.4 fm) with no ontinuous ambiguity and very weak, en-ergy dependent, imaginary potentials (W0/V0 � 0:01, W0=0.5-1.5 MeV,ri=1.77 fm, ai � 0.4-0.8 fm).We present in �gure 1(a) some of the lowest energy angular distributions,situated at energies under and at the Coulomb barrier (VCB=12.67 MeVusing the Christensen�Winther radius) together with the optial model �ts.The angular distributions present lear osillatory pattern even at the lowestenergies.In �gure 1(b) the low energy elasti sattering angular distributions of12C+28Si system are presented. These unpublished data [8℄ were also mea-sured at the Pelletron Laboratory of the São Paulo University, and will bepublished in the near future together with an optial model analysis. The op-tial model used to reprodue the data is muh more absorptive (3 to 5 timesmore), than the Pot. II used for the 12C+24Mg system. The Christensen�Winther Coulomb barrier for the 12C+28Si system is VCB=14.36 MeV. Weindiate in the �gure aption the ratio ECM/VCB to allow a quantitativeomparison between angular distributions of �gure 1(a) and 1(b).It is lear that the angular distributions at same energy with respetto the Coulomb barrier are di�erent for the 2 systems onsidered. Whilethe osillations are lear for the 12C+24Mg system, even at energies underthe Coulomb barrier, they are smooth and non-osillating for the 12C+28Sisystem at the same energies. Even at energies 12% above the Coulombbarrier, where the very bak angle region of the 12C+28Si begins to showone osillation, the 12C+28Mg system shows muh more osillations in theintermediate angle region.Both optial potentials are dependent on the radial position and on theenergy. From the point of view of radial dependenes, their di�erenes anbe pinned down in the noth test. The noth test, based on summing aloalized perturbation to the optial potential at variable radial positionsand observing the quality of the �t (de�ned through the �2) as a funtionof the position of the perturbation, gave very di�erent results for the twosystems. For the 12C+28Si system the noth test presents a loalized peakat R1+R2=7.3 fm, whih means that the elasti data are sensitive to theoptial potential only in a radially restrited region at the nulear surfae
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0 50 100 150 0 50 100 150(a) (b)Fig. 1. (a) � The 12C+24Mg elasti sattering angular distributions, measuredat the indiated energies, are represented by the dots. The solid lines are optialmodel alulations with our best �t optial potentials (Pot. II). The ECM/VCBvalues at these energies are respetively, 0.842, 0.894, 0.947, 0.973, 1.00 and 1.026,with VCB=12.67 MeV. (b) � The 12C+28Si elasti sattering angular distributions,measured at the indiated energies, are represented by the dots. The ECM/VCBvalues at these energies are respetively, 0.926, 1.023, 1.120 with VCB=14.36 MeV.around 7.3 fm. For the 12C+24Mg system the noth test indiates that theelasti data are sensitive to the optial potential on the surfae and in thenulear interior, from 3 to 8 fm, result ompatible with the very transparentoptial potentials used to �t the data [7℄.The di�erenes between both potentials beome even more interesting,when they are ompared from the point of view of their energy dependenes,through the dispersion relation (Eq. (7)).While the optial potentials of the 12C+28Si system satisfy the dispersionrelation at the R=7.3 fm, the optial potentials of the 12C+24Mg system donot satisfy the dispersion relation at any radius (see Fig. 2). Neverthelessthe volume integrals of the optial potentials of the 12C+24Mg system satisfythe dispersion relation as it was shown previously [7℄.
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15 20 25 30 35 40Fig. 2. The imaginary and the real depths of the best �t optial potentials of the12C+24Mg system, as a funtion of the laboratory energies (squares) for R=7.1 fm.We also used data at higher energies (Elab=37.9 and 40.0 MeV [10,11℄) to �x theimaginary part of the potential. The dispersion relation alulations are indiatedby dots and the disagreement with the real optial potential is evident.We an alulate the di�erenes between the real part of the optial po-tential and the real part of the dispersive potential, also alled Feshbahpotential in the introdutory disussion. The real part of the Feshbahpotential is alulated from the imaginary optial potential through the dis-persion relation. The plot of these di�erenes as a funtion of the energy ispresented in �gure 3.In the ase of the 12C+28Si system, at least at these very low energies,the di�erene alled ReVnon�dispersive is zero, while for the 12C+24Mg sys-tem it presents a learly osillatory pattern, as a funtion of energy, witha dereasing amplitude, when the radius inreases. If we assume that thenon-dispersive part of the potential is responsible for the oupling of theelasti hannel to the elasti transfer hannel, then from the point of viewof Eq. (4) and (7), we an write:ReVopt:mod�ReVFeshbah = ReVnon�dispersive = (�1)lF (r)=os(�l(r;E))F (r):(9)
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16 18 20 22 24 26 28 30Fig. 3. The di�erenes between the real part of the optial potential and the realpart of the dispersive potential (alulated by the dispersion relation) as a funtionof the laboratory energy, at three radial positions, R=5.5 fm, 6.5 fm and 7.1 fm.The solid lines are explained in the text.The sine funtion was negleted in Eq. (9) due to the fat that all l valuesare integer. As a matter of fat, in a qualitative interpretation, the non-dispersive part of the potential should have an osillatory harater (os�l)and derease in amplitude with inreasing r (F (r)), as it appears in Fig. 3.We also show in Fig. 3 (a) very qualitative �t to ReVnon�dispersive, bya osine funtion. We assumed that the argument of the osine funtion,whih is �l, where l is the orbital angular momentum, should vary with pEand linearly with r. The argument for the osine funtion in the three �tswas onsistently : �l = onst�pE � r : (10)The amplitude of the osine funtion, whih is the exhange form-fator, hasthe values 2.5,1.0 and 0.5 respetively for R=5.5, 6.5, 7.1 fm, indiating astrong derease as a funtion of the radius.



Elasti Transfer: A Non-Dispersive Component in the Optial Potential : : : 1457Thus the 12C+24Mg system exhibits the ontribution of a non-dispersive,exhange potential. This fat explains the presene of the osillatory angu-lar distribution for the 12C+24Mg system sine the diret elasti amplitudean interfere with the elasti transfer amplitude, produing osillatory pat-tern. We an also explain in a qualitative way, why the 12C+24Mg systemexhibits the ontribution of a non-dispersive, exhange potential, while the12C+28Si system does not. Reent luster model alulations in the algebraiframework [9℄ indiate that the 24Mg ground state ontains an appreiableontribution of a two 12C luster on�guration. At the same time the 28Siannot be represented by a ombination of a 12C and a 16O in its groundstate, but only in higher exited states.The �rst three authors are partially supported by CNPq and FAPESPand the last two ones by OTKA (grant T22187).REFERENCES[1℄ H. Feshbah, Theoretial Nulear Physis II, Nulear Reations, Wiley, NewYork 1992.[2℄ G.R. Sathler, Phys. Rep. 199, 147 (1991).[3℄ C. Mahaux, H. Ng�, G.R. Sathler, Nul. Phys. A449, 354 (1986).[4℄ W.E. Frahn, Di�rative Proesses in Nulear Physis, Oxford University Press,1985.[5℄ W. von Oertzen, H.G. Bohlen, Phys. Rep. 19, 1 (1975).[6℄ A. Lépine�Szily, W. Siani, Y.K. Watari, W. Mittig, R. Lihtenthaler,M.M. Obuti, J.M. Oliveira Jr., A.C.C. Villari, Phys. Lett. B304, 45 (1993).[7℄ W. Siani, A. Lépine�Szily, R. Lihtenthaler, P. Fahini, L.C. Gomes,G.F. Lima, M.M. Obuti, J.M. Oliveira Jr., A.C.C. Villari, Nul. Phys. A620,91 (1997).[8℄ J.M. Oliveira Jr., Thesis, unpublished, IFUSP.[9℄ J. Cseh, G. Lévai, W. Sheid, Phys. Rev. C48, 1724 (1993).


