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THE � MESON IN A NUCLEAR MEDIUM�D. Cabrera, E. Oset and M.J. Viente-VaasDepartamento de Físia Teória e IFICCentro Mixto Universidad de Valenia-CSIC46100 Burjassot (Valenia), Spain(Reeived June 20, 2000)In this work, propagation properties of the � meson in symmetri nu-lear matter are studied. We make use of a oupled hannel unitary ap-proah to meson-meson sattering, alulated from the lowest order ChiralPerturbation Theory (�PT) lagrangian inluding expliit resonane �elds.Low energy hiral onstraints are onsidered by mathing our expressionsto those of one loop �PT. To aount for the medium orretions, the �ouples to �� andK �K pairs whih are properly renormalized in the nulearmedium.PACS numbers: 14.40.Aq, 14.40.Cs, 13.75.Lb1. Desription of the modelWe study the � propagation properties by obtaining the �� and K �Ksattering amplitudes in the I = 1 hannel. Our states in the isospin basisare �����E = 12 ����+�� � ���+E ;���KKE = 1p2 ���K+K� �K0K0E : (1)Tree level amplitudes are obtained from the lowest order �PT and expliitresonane �eld lagrangians of Refs. [1, 2℄. We ollet this amplitudes in a2� 2 K matrix whose elements areK11(s) = 13 p21f2 �1 + 2G2Vf2 sM2� � s� ;K12(s) = p23 p1 p2f2 �1 + 2G2Vf2 sM2� � s� ;� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2167)



2168 D. Cabrera, E. Oset, M.J. Viente-VaasK21(s) = K12(s) ;K22(s) = 23 p22f2 �1 + 2G2Vf2 sM2� � s� (2)with the labels 1 for K �K and 2 for �� states. In equation (2) GV is thestrength of the pseudosalar-vetor resonane vertex, f the pion deay on-stant in the hiral limit, s the squared invariant mass, M� the bare mass ofthe � meson and pi =qs=4�m2i .The �nal expression of the T matrix is obtained following the N/Dmethod, whih was adapted to the ontext of hiral theory in Ref. [3℄. Itreads T (s) = [I +K(s) g(s)℄�1 K(s) ; (3)where g(s) is a diagonal matrix given by the loop of two mesons. In dimen-sional regularization it readsgi(s) = 116�2 ��2 + di + �i(s) log �i(s) + 1�i(s)� 1� ; (4)where the subindex i refers to the orresponding two meson state and �i(s) =q1� 4m2i =s with mi the mass of the partiles in the state i. At this stage(vauum ase), the model has proved to be suessful in desribing �� P -wave phase shifts and �, K eletromagneti vetor form fators [4℄ up tops . 1:2 GeV. The di onstants ontain the information of low energyhiral onstraints. They are obtained by mathing the expressions of theform fators alulated in this approah with those of one-loop �PT.In our alulation, in whih g(s) is modi�ed in the nulear medium, weuse ut-o� regularization. The gi(s) funtion with a ut-o� in the three-momentum of the partiles in the loop an be found in Appendix A ofRef. [5℄. By omparing the expressions in both shemes we an get theequivalent qmaxi in order to keep the information of the di onstants.Medium orretions are inorporated in the selfenergies of the mesons inthe loops. All the graphs in Fig. 1 are onsidered. In addition to the singlep�h bubble we have to aount for the medium modi�ations of the �MM 0vertex via the �MN ontat term requested by the gauge invariane of thetheory.The pion selfenergy is written as usual in terms of the Lindhard funtions.Both N�h and ��h exitations are inluded. Short range orrelations arealso aounted for with the Landau�Migdal parameter g0, set to 0:7. The�nal expression is
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+ lower line

+ lower line

+ lower lineFig. 1. Medium orretion graphs: double solid line represents the � resonane,dashed lines are �, K mesons in the loop and single solid lines are reserved forpartile-hole exitations.��(q; �) = ~q 2 �D+F2 f �2 U(q; �)1� �D+F2 f �2 g0 U(q; �) ; (5)where U = UN + U�, the ordinary Lindhard funtion for p � h, � � hexitations [6℄.The �K selfenergy has both S-wave and P -wave ontributions. The S-wave piee is obtained from a self-onsistent alulation with oupled han-nels ( �KN , ��, ��, ��, ��, K�) in whih both meson and baryon selfener-gies in the medium have been onsidered. The P -wave piee inludes ��h,� � h and ��(1385) � h exitations. The whole �K selfenergy is borrowedfrom Ref. [7℄.At low energies the K system interats with nuleons only by S-waveelasti sattering. We use the expression for the selfenergy from Ref. [8, 9℄,�K(�) ' 0:13m2K ��0 (MeV2) : (6)



2170 D. Cabrera, E. Oset, M.J. Viente-Vaas2. Results and disussionWe have plotted in Fig. 2 the real and imaginary parts of T22 for severaldensities. As an be seen, the resonane broadens signi�antly as densityis inreased, its width being around 350 MeV at � = �0. The zero of thereal part experienes a downward shift whih amounts to 100� 150 MeV atnormal density.Another interesting result omes from the omparison between oupledand deoupled ases. This is done by setting K12(s) to zero, what automat-ially makes the T matrix diagonal. We have found very small di�erenesin T22 when alulating in these two ases. This tells us that in our modelthe K �K system has almost no in�uene on the �� ! �� hannel even atnormal nulear density.
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Fig. 2. Real (a) and imaginary (b) parts of the amplitude T��!��. The urvesare as follows: Solid line, zero density; long dashed line, � = �0=16; short dashedline, � = �0=2; dotted line, normal nulear density. ps is the invariant mass of themeson pair.
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