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DESY 06-090June 2006RARE SEMILEPTONIC MESON DECAYS IN R-PARITYVIOLATING MSSMA. Ali aDeutshes Eletronen-Synhrotron, DESY, 22607 Hamburg, GermanyA.V. Borisov b, M.V. Sidorova Faulty of Physis, Mosow State University, 119992 Mosow, RussiaAbstrat. We disuss rare meson deays K+ ! ��`+`0+ and D+ ! K�`+`0+(`; `0 = e; �) in a supersymmetri extension of the Standard Model with R-parityviolation. Estimates of the branhing ratios for these deays are presented.In the standard model (SM), lepton L and baryon B number onservationtake plae due to the aidental U (1)L�U (1)B symmetry existing at the levelof renormalizable operators. But, for many extensions of the SM, this is not thease. The well known mehanism of lepton number (LN) violation is based onthe mixing of massive Majorana neutrinos predited by various Grand uni�edtheories (GUTs) [1℄. The Majorana mass term violates LN by �L = �2 [2℄and an lead to a large number of LN violating proesses. Among them, themost sensitive to the LN violation are proesses suh as neutrinoless doublebeta deay (A;Z) ! (A;Z + 2) + e� + e� (for a reent review, see [3℄), raremeson deays (see, e.g., [4,5℄)M+ !M 0�`+`0+ ; (1)and like-sign dilepton prodution in high-energy hadron-hadron and lepton-hadron ollisions (see, e.g., the papers and referenes therein: pp! `�`0�X [4,6℄, e+p! ��e`+`0+X [7℄), whih have been extensively studied in the literature.There exists now onvining evidene for osillations of solar, atmospheri,reator, and aelerator neutrinos [8℄. The osillations, i.e., periodi neutrinoavor hanges, imply that neutrinos have nonzero masses and they mix amongeah other: neutrinos �` of spei� avors ` = e; �; � are the oherent superpo-sition of the neutrino mass eigen-states �N of masses mN ,�` =XN U`N�N : (2)Here the oeÆients U`N are elements of the unitary leptoni mixing matrix {the PMNS matrix [9℄.Neutrino avor hanges imply lepton family number L` nononservation ad-missible for neutrinos of both types, Dira and Majorana, but for the Dira neu-trinos, in ontrast to the Majorana ones, the total lepton number L =P` L` isae-mail: ahmed.ali�desy.debe-mail: borisov�phys.msu.rue-mail: mvsid�rambler.ru 1



onserved. The nature of the neutrino mass is one of the main unsolved prob-lems in partile physis. However, osillation experiments an not distinguishbetween the two types of neutrinos.In Refs. [4,5℄ we investigated the rare deays (1) of the pseudosalar mesonsM = K;D;Ds; B, mediated by light (mN � m`; m`0 ) and heavy (mN � mM )Majorana neutrinos. It was shown that the present diret experimental boundson the branhing ratios (BRs) are too weak to set reasonable limits on thee�etive Majorana masses. Taking into aount the limits on lepton mixingand neutrino masses obtained from the preision eletroweak measurements,neutrino osillations, osmologial data and searhes of the neutrinoless doublebeta deay, we have derived the indiret upper bounds on the BRs that aregreatly more stringent than the diret ones.In this report, we investigate another mehanism of the �L = 2 rare deays(1) based on R-parity violating supersymmetry (SUSY) (for a review see [10℄).We reall that R-parity is de�ned as R = (�1)3(B�L)+2S , where S, L, and B arethe spin, the lepton and baryon numbers, respetively. In the minimal super-symmetri extension of the SM (MSSM), R-parity onservation is imposed toprevent the L and B violation; it also leads to the prodution of superpartnersin pairs and ensures the stability of the lightest superpartile. However, neithergauge invariane nor supersymmetry require R-parity onservation. There aremany generalizations of the MSSM with expliitly or spontaneously broken R-symmetry [10℄. We onsider a SUSY theory with the minimal partile ontentof the MSSM and expliit R-parity violation (6RMSSM).The most general form for the R-parity and lepton number violating part ofthe superpotential is given by [10,11℄W 6R = "�� �12�ijkL�i L�j �Ek + �0ijkL�i Q�j �Dk + �iL�i H�u� : (3)Here i; j; k = 1; 2; 3 are generation indies, L and Q are SU (2) doublets ofleft-handed lepton and quark super�elds (�; � = 1; 2 are isospinor indies),�E and �D are singlets of right-handed super�elds of leptons and down quarks,respetively; Hu is a doublet Higgs super�eld (with hyperharge Y = 1); �ijk =��jik; �0ijk and �i are onstants.In the superpotential (3) the trilinear (/ �; �0) and bilinear (/ �) termsare present. In this work, we assume that the bilinear terms are absent attree level (� = 0). They will be generated by quantum orretions [10℄, but itis expeted that the phenomenology will still be dominated by the tree-leveltrilinear terms.At �rst we onsider the rare deay K+(P ) ! ��(P 0) + `+(p) + `0+(p0) inthe 6RMSSM (a rough estimate of the width of the deay B(K+ ! ���+�+)in the same theory was obtained in [12℄). The leading order amplitude of theproess is desribed by three types of diagrams shown in Fig. 1.The hadroni parts of the deay amplitude are alulated with the use of a2



Figure 1: Feynman diagrams for the deayK+ ! ��+`++`0+ mediated by Majorana neu-trinos �, neutralinos ~�0, gluinos ~g with ~f being the salar superpartners of the orrespondingfermions f = `; u; d (leptons and quarks). Bold verties orrespond to Bethe{Salpeter am-plitudes for mesons as bound states of a quark and an antiquark; (t), (b) and (3) standfor tree, box and simply the third kind of diagrams, respetively. There are also rosseddiagrams with interhanged lepton lines.model for the Bethe{Salpeter amplitudes for mesons [13℄,�P (q) = 5(1� ÆM 6P )'P (q); (4)where ÆM = (m1 + m2)=m2M , mM is the mass of the meson omposed of aquark q1 and an antiquark �q2 with the urrent masses m1 and m2, P = p1+p2is the total 4-momentum of the meson, q = (p1 � p2)=2 is the quark-antiquarkrelative 4-momentum; 'P (q) is the model-dependent salar funtion.For all mesons in question, mM � mSUSY , where mSUSY & 100 GeV isthe ommon mass sale of superpartners, and for heavy Majorana neutrinos,mN � mM (the ontribution of light neutrinos is strongly suppressed by phe-nomenology [4, 5℄), we an neglet momentum dependene in the propagators(see Fig. 1) and use the e�etive low-energy urrent-urrent interation. Inthis approximation the deay amplitude does not depend on the spei� formof the funtions 'P (q) (see Eq. (4)) and is expressed through the known deayonstants of the mesons, fM , asfM = 4pN ÆM (2�)�4 Z d4q 'P (q) ;where N = 3 is the number of olors.For the total width of the deay we obtain�(K+ ! ��`+`0+) = �1� 12Æ``0� f2Kf2�m3K212�3Æ2KÆ2��``0����� Xi;j;k;k0;N (��ik`��jk0`0 + ��ik`0��jk0`)�0k12�0k011UiNUjNm2~̀Lkm2~̀Lk0mN �1� 12N �3



+(�0̀11�0̀ 012 + �0̀ 011�0̀12)�g22 4XÆ=1 1m~�Æ �2��LÆ(`)��LÆ(`0)m2~̀Lm2~̀0L �1� 12N �� 1N �RÆ(d)��LÆ(u)m2~dRm2~uL �+ 4g23N2 1m2~dRm2~uLm~g �����2: (5)Here �``0 is the redued phase spae integral (z = (P � P 0)2=m2K):�``0 = Z h�l+ dz�1� l+ + l�2z � [(h+ � z)(h� � z)(l+ � z)(l� � z)℄1=2 ;and the various parameters are de�ned as follows:h� = (1�m�=mK)2 ; l� = [(m` �m`0 )=mK ℄2 ;�LÆ( ) = �T3( )NÆ2 + tan �W (T3( ) �Q( ))NÆ1;�RÆ( ) = Q( ) tan �WNÆ1;where Q( ) and T3( ) are the eletri harge and the third omponent ofthe weak isospin for the �eld  , respetively, and NÆ� is the 4 � 4 neutralinomixing matrix. For the numerial estimates of the branhing ratios, B``0 =� (M+ !M 0�`+`0+) =�total, we have used the known values for the ouplings,deay onstants, meson, lepton and urrent quark masses [5,8℄, and a typial setof the matrix elements NÆ1; NÆ2 from Ref. [14℄. In addition, we have taken allthe masses of superpartners to be equal with a ommon value mSUSY . Takinginto aount the present bounds on the e�etive inverse Majorana masses [5℄,we �nd that the main ontribution to the deay width omes from the exhangeby neutralinos and gluinos (see Fig. 1). The results of the alulations withthe use of Eq. (5) for the deays K+ ! ��`+`+, and an analogous formulafor the deays D+ ! K�`+`0+, are shown in the fourth olumn of Table 1(here m200 = mSUSY =(200GeV)). In the seond and third olumns of thistable, the present diret experimental upper bounds on the BRs [8℄ and theindiret bounds for the Majorana mehanism of the rare deays [5℄ are shown,respetively. Our result for the B(K+ ! ���+�+) is in agreement with arough estimate of Ref. [12℄.To alulate the upper bounds on the BRs in the 6RMSSM, we take m200 = 1and j�0ijk�0i0j0k0 j . 10�3 [15℄. It yieldsB �K+ ! ��`+`0+� . 10�23; B �D+ ! K�`+`0+� . 10�24:These estimates are muh smaller than the orresponding diret experimentalbounds but are lose (exept for the ee deay mode) to the indiret boundsbased on the Majorana mehanism of the deays (see Table 1).AknowledgmentsWe thank K. V. Stepanyantz, Kamal Ahmed, Farida Tahir and Werner Porodfor helpful disussions. 4



Table 1: The branhing ratios B``0 for the rare meson deays M+ !M 0�`+`0+:Rare deay Exp. upper Ind. bound B``0 �m10200bound on B``0 on B``0(�MSM) (6RMSSM)K+ ! ��e+e+ 6:4� 10�10 5:9� 10�32 5:7� 10�17j�0111�0112j2K+ ! ���+�+ 3:0� 10�9 1:1� 10�24 2:0� 10�17j�0211�0212j2K+ ! ��e+�+ 5:0� 10�10 5:1� 10�24 1:9� 10�17j�0111�0212 + �0211�0112j2D+ ! K�e+e+ 1:2� 10�4 1:5� 10�31 1:0� 10�18j�0122�0111 + 0:45�0121�0112j2D+ ! K��+�+ 1:3� 10�5 8:9� 10�24 9:6� 10�19j�0222�0211 + 0:45�0221�0212j2D+ ! K�e+�+ 1:3� 10�4 2:1� 10�23 4:9� 10�19j(�0122�0211 + �0222�0111)+0:45(�0121�0212 + �0221�0112)j2Referenes[1℄ P. Langaker, Nul. Phys. B (Pro. Suppl.) 100, 383 (2001).[2℄ B. Kayser, F. Gibrat-Debu, F. Perrier, \The Physis of the Massive Neu-trinos" (World Sienti�, Singapore, 1989).[3℄ A.S. Barabash, hep-ex/0602037.[4℄ A. Ali, A.V. Borisov, N.B. Zamorin, Eur. Phys. J. C21, 123 (2001).[5℄ A. Ali, A.V. Borisov, M.V. Sidorova, Phys. At. Nul. 69, 475 (2006).[6℄ A. Ali, A.V. Borisov, N.B. Zamorin, in \Frontiers of Partile Physis"(Proeedings of the 10th Lomonosov Conferene on Elementary PartilePhysis), ed. by A. Studenikin (World Sienti�, Singapore, 2003), p. 74.[7℄ A. Ali, A.V. Borisov, D.V. Zhuridov, Phys. At. Nul. 68, 2061 (2005).[8℄ Partile Data Group: S. Eidelman et al., Phys. Lett. B592, 1 (2004).[9℄ B. Ponteorvo, Sov. Phys. JETP 6, 429 (1958); Z. Maki, M. Nakagawa,S. Sakata, Prog. Theor. Phys. 28, 870 (1962).[10℄ R. Barbier et al., Phys. Rep. 420, 1 (2005).[11℄ D. Aristizabal Sierra, M. Hirsh, W. Porod, JHEP 0509, 033 (2005).[12℄ L.S. Littenberg, R. Shrok, Phys. Lett. B491, 285 (2000).[13℄ J.G. Esteve, A. Morales, R. N�u~nes-Lagos, J. Phys. G9, 357 (1983).[14℄ B.C. Allanah, A. Dedes, H.K. Dreiner, Phys. Rev. D69, 115002 (2004).[15℄ F. Tahir, M. Anwar Mughal, K. Ahmed, Europhys. Lett. 54, 580 (2001).5


