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NON-LOCAL EFFECTS IN KAONIC ATOMS�Matthias LutzGesellshaft für Shwerionenforshung GSIPostfah 110552, 64220 Darmstadt, Germanyand Wojieh FlorkowskiH. Niewodniza«ski Institute of Nulear PhysisRadzikowskiego 152, 31-342 Kraków, Poland(Reeived July 13, 2000)Optial potentials with non-loal (gradient) terms are used to desribethe spetra of kaoni atoms. The strength of the non-loal terms is de-termined from a many-body alulation of the kaon self energy in nulearmatter. We �nd that the non-loal terms are quantitatively important andthe results depend strongly on the way the gradient terms are arranged.Phenomenologially suessful desription is obtained for p-wave like opti-al potentials. It is suggested that the mirosopi form of the non-loalinteration terms is obtained systematially by means of a semi-lassialexpansion of the nuleus struture.PACS numbers: 13.75.JzKaoni atom data provide a valuable onsisteny hek on any miro-sopi theory of the K� nuleon interation in nulear matter. We thereforeapply the mirosopi approah, developed by one of the authors in [1℄, tokaoni atoms. Sine the typial binding energy of a K� bound at a nuleusin a p-wave is of the order of 0.5 MeV the typial kaon momentum is ex-peted to be roughly 20 MeV. We then expet the relevant nulear Fermimomentum kF to be larger than the kaon momentum j~qj<kF. For the studyof kaoni level shifts it is therefore useful to introdue the e�etive satteringlength ae�(kF) and the e�etive slope parameters be�(kF) and e�(kF)� Presented by W. Florkowski at the Meson 2000, Sixth International Workshop onProdution, Properties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2567)



2568 M. Lutz, W. Florkowski�K(!; ~q ) = � 83� �1 + mKmN ��ae�(kF) k3F + be�(kF) k2F ~q 2�+ 83� �1 + mKmN � e�(kF) k2F �! �mK�+ : : : (1)Here we expanded the kaon self energy for small momenta with j~q j < kFand energies lose to mK .In Fig. 1 the e�etive sattering length and the slope parameters are pre-sented as extrated numerially from the self onsistent alulation of [1℄.The real part of the e�etive sattering length ae�(kF) hanges sign as thedensity is inreased. At large densities we �nd an attrative e�etive sat-tering length in qualitative agreement with previous work [2℄.At �rst, in order to make an estimate of non-loal e�ets in kaoni atoms,we alulate the spetra with an optial potential Uopt(r; ~r) dedued fromthe kaon self energy (1) but use a phenomenologial Ansatz for its non-loalstruture. Our starting point is the Klein�Gordon equation~r2�(r) + "���E � i �2 � Ve:m:(r)�2 � �2#�(r) = 2�Uopt(r; ~r)�(r) ;(2)where E and � are the binding energy and width of the kaoni atom, whereas� is the redued kaon mass in the K� nuleus system. The eletromagneti
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)Fig. 1. The e�etive sattering length ae�(kF) and e�etive slope parametersbe�(kF) and e�(kF) as de�ned in (1). The solid and dashed lines represent thereal and imaginary parts, respetively.



Non-Loal E�ets in Kaoni Atoms 2569potential Ve:m: is the sum of the Coulomb potential and the Uehling andKällen�Sabry vauum polarization potentials [3℄ folded with the nuleusdensity pro�le. The nulear densities are taken from [4℄, where they are ob-tained by unfolding a gaussian proton harge distribution from the tabulatednulear harge distributions [5℄. We solve the Klein�Gordon equation (2)using the omputational proedure of Krell and Erison [6℄.For the optial potential Uopt(r; ~r), appearing on the right-hand sideof (2), we make the following Ansatz:U (i)opt = U (0)opt + Vi ; 2�U (0)opt = �4��1 + mKmN � a [�(r)℄ �(r) ;2�V1 = 4��1 + mKmN � b[�(r)℄�(r)~r2 ;2�V2 = 4��1 + mKmN � b[�(r)℄~r�(r) � ~r ;2�V3 = 4��1 + mKmN � b[�(r)℄[~r2�(r)℄ : (3)In ontrast to the approah of [7℄ we do not �t the spetrum. The e�etivesattering length a[�℄ and the e�etive slope parameter b[�℄ in (3) are deter-mined by the expansion of the K� self energy at small momenta (see (1)):we identify a = ae� and b = be�=kF. The optial potentials (3) follow from(1) with ~q replaed by the momentum operator �i~r. Of ourse, this heuris-ti proedure is not unique and may lead to di�erent ways of ordering of thegradients. For this reason we study three di�erent ases separately.Although our proedure of onstruting the optial potential is not strit,it allows us to make an estimate of the magnitude of the possible non-loale�ets, usually negleted in other approahes. For all onsidered nulei (formore details on our work we refer to the paper [8℄ ) we observe the same typeof the hange in the spetrum: the e�et of U (1)opt is small, U (2)opt: leads to afurther (desired) inrease of the widths, whereas U (3)opt makes the energy levelshifts negative � in no way omparable to the data. In ontrast to U (1)opt,the e�ets of both U (2)opt and U (3)opt are very large. They hange the bindingenergies and widths by hundreds of eV.The best results are obtained for the optial potential U (2)opt:. The non-loal part of this potential leaves the energy shift almost unhanged but thewidths beome substantially larger as ompared to the loal potential U (0)opt.This is an e�et leading towards the proper spetrum. However, in our asethe strength of b is too small to obtain a ompletely suessful agreementwith data.



2570 M. Lutz, W. FlorkowskiA systemati derivation of the non-loal part of the optial potentialan be ahieved by a semi-lassial expansion of the nuleus struture. Thestarting point of this approah is the Klein�Gordon equationh~r2 � �2 + �! � Ve:m:(r)�2i�(~r ) = 2� Z d3r0 Uopt(!;~r; ~r 0)�(~r 0) (4)with the non-loal K� nulear optial potential Uopt(~r; ~r 0) and ! = ��E�i �2 . For the details of the evaluation of Uopt(!;~r; ~r 0) we refer the readerto Ref. [8℄. Here we an summarize our results. The semi-lassial po-tential leads to substantial hanges (100�250 eV) of the energy shifts andwidths. The results di�er from those obtained with the phenomenologialpotentials, indiating that a orret ordering of the gradients is ruial. Thesemi-lassial potential is not able to reprodue the empirial level shiftssatisfatorily. Thus, we onlude that an improved mirosopi input forthe many-body alulation of the kaon self energy is required. This is sup-ported by the reent hiral SU(3) analysis of the kaon-nuleon satteringdata whih inludes for the �rst time also p-wave e�ets systematially [9℄.It is found that the subthreshold kaon-nuleon sattering amplitudes dif-fer strongly from those of [2, 10℄ and that p-wave e�ets in the isospin onehannel are strong. An evaluation of the many-body e�ets based on theimproved hiral SU(3)-dynamis is in progress [11℄.REFERENCES[1℄ M. Lutz, Phys. Lett. B426, 12 (1998); M.F.M. Lutz, in Pro. Workshop onAstro-Hadron Physis, Seoul, Korea, Otober, 1997, nul-th/9802033.[2℄ T. Waas, N. Kaiser, W. Weise, Phys. Lett. B365, 12 (1996).[3℄ J. Blomqvist, Nul. Phys. B48, 95 (1972).[4℄ E. Friedman, A. Gal, C.J. Batty, Nul. Phys. A579, 518 (1994).[5℄ H. de Vries, C.W. de Jaeger, C. Vries, At. Data Nul. Data Tables 36, 495(1987).[6℄ M. Krell, T.E.O. Erison, J. Comput. Phys. 3, 202 (1968).[7℄ M. Mizoguhi, S. Hirenzaki, H. Toki, Nul. Phys. A567, 893 (1994); Nul.Phys. A585, 349 (1995).[8℄ M. Lutz, W. Florkowski, GSI-Preprint-2000-12, nul-th/0004020.[9℄ M.F.M. Lutz, E.E. Kolomeitsev, in Proeedings of the International WorkshopXXVII on Gross Properties of Nulei and Nulear Exitations, Hirshegg, Aus-tria, January, 2000.[10℄ A. Ramos, E. Oset, Nul. Phys. A671, 481 (2000).[11℄ C. Korpa, M. Lutz, in preparation.


