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RARE Bs ! �� DECAY BEYONDTHE STANDARD MODELO. CakirDepartment of Physis, Faulty of Sienes, Ankara University06100, Tandogan, Ankara, Turkeyand B. SirvanliDepartment of Physis, Faulty of Arts and Sienes, Gazi University06500, Teknikokullar, Ankara, Turkey(Reeived November 12, 2002)Using the most general model independent form of the e�etive Hamil-tonian the rare deay Bs ! ��� is studied. The sensitivity of the photonenergy distribution and branhing ratio to new Wilson oe�ients are in-vestigated.PACS numbers: 12.60.�i, 13.20.�v, 13.20.He1. IntrodutionThe experimental observation of the b ! s [1℄ and B ! Xs [2℄ pro-esses opened a window to study possible rare B meson deays, whih willgive important information about Cabibbo�Kobayashi�Maskawa (CKM)matrix elements. In the Standard Model rare Bs ! �� deay is forbid-den due to the heliity onservation. When photon is emitted from stru-ture dependent part (see below) the heliity onservation allows the deayBs ! ��. Therefore, the investigation of the Bs ! �� rare deay beomesinteresting.The main interest in studying B meson deays is to test the StandardModel (SM) preditions at loop level and extrat new physis e�ets beyondthe SM. The loop indued rare deays Bs(Bd) ! �� within the SM havebeen studied using onstituent quark model and pole model and the branh-ing ratios are found to be 10�8 for Bs ! �� and 10�9 for Bd ! �� [3℄.The deay rate of the Bs ! �� might have an enhanement omparingwith the pure leptoni modes of B meson. The new physis e�ets beyondSM an be also probed by studying this Bs ! �� rare deay properties.(2643)



2644 O. Cakir, B. SirvanliIn this paper, we study the sensitivity of the physially measurable quan-tities, branhing ratio, photon energy distribution, to the new physis e�etsusing the most general form of the e�etive Hamiltonian. The e�ets of thenew Wilson oe�ients CX on branhing ratio and photon energy distribu-tion are also investigated.2. E�etive HamiltonianThe most general model independent form of the e�etive Hamiltonianfor the proess b! q�� an be written in the following form [4,5℄;He� = GF�VtbV �ts4p2 sin2 �w fCtotLL s � (1� 5) b � � (1� 5) �+CtotLR s � (1� 5) b � � (1 + 5) �+CRL s � (1+5)b��(1� 5)� + CRRs� (1 + 5)b� � (1 + 5) �+CLRLR s (1 + 5) b � (1 + 5) � + CRLLR s (1� 5) b � (1 + 5) �+CLRRL s (1 + 5) b � (1� 5) � + CRLRL s (1� 5) b � (1� 5) �+CT s ��� b � ��� � + i CTE 2���� s��� b � ��� �g ; (1)where the projetion operators L and R in Eq. (1) are de�ned asL = (1 � 5)=2, R = (1 + 5)=2, and CX are the oe�ients of the four-Fermi interations. In this work, we restrit ourselves by onsidering onlyDira neutrino in order to avoid additional lepton-number-violating opera-tors. Furthermore, the states �L and �R are well separated in the masslessDira neutrino ase. However, for the massive neutrino ase we an hangehirality with help of the mass, and therefore in this ase it is neessary theright-handed neutrino to be heavy. In general, the Wilson oe�ients forb ! sl+l� and b ! s��� proesses are di�erent. However, operator stru-tures in both ase must be the same, sine for massive neutrino ase hargedlepton and neutrino exept their eletri harge are the same with respetto the SU(2). First four terms in the e�etive Hamiltonian are the vetorinterations. The interation terms with oe�ients CtotLL and CtotLR whihare present in the SM are given in the form,CSMLL = Ce�9 � C10 ;CSMLR = Ce�9 + C10 :The ontributions from the new physis an be desribed by rede�ning theWilson oe�ients as CtotLL(LR) = CSMLL(LR) � CX . The oe�ients CLRLR;CRLLR; CLRRL and CRLRL desribe the salar type interations whih dis-appear in our alulations for Bs ! �� proess. The remaining last twooe�ients in Eq. (1), orrespond to tensor type interations. In general,



Rare Bs ! �� Deay . . . 2645these operators are possible and they an appear from the exhange of spin-2partiles. It is obvious that the e�ets of the CT and CTE operators will belarger, beause there are more Lorentz indies, whih means that summingover them will lead to larger e�ets. In order to alulate the matrix elementfor Bs ! �� deay we use the general form of the e�etive Hamiltonianand the standard de�nitions for the matrix elements [6�8℄;h(q) js�(1�5)bjB(pB)i = em2B f2���� "��p�q�g(p2)� i["��(pq)�("�p)q�℄f(p2)g ; (2)h(q) js���bjB(pB)i = em2B 2���� hG"��q�+H"��p�+N("�p)p�q�i;(3)h(q) js(1� 5)bjB(pB)i = 0 ; (4)where "�� is the polarization vetor of the photon. The p,q and pB are thetransfer momentum, photon momentum and the momentum of B meson,respetively. Using Eqs. (2), (3) and (4) the matrix element for the proessan be alulated as follows:M = �GF4p2 VtbV �ts em2B f � � (1� 5) �� hA1 2���� "��p�q� + i A2("�� (pq)� ("�p)q�)i+ � � (1 + 5) � hB1 2���� "��p�q� + iB2("�� (pq)� ("�p)q�)i+ i 2���� � ��� � [G"��q� +H "��p� +N ("�p) p� q�℄+ i � ��� � [G1("��q� � "��q�) +H1("��p� � "��p�)+N1("�p)(p�q� � p�q�)℄g ; (5)where we have used the de�nitions [6℄;A1 = (CtotLL + CRL) g ; A2 = (CtotLL � CRL) f ;B1 = (CtotLR + CRR) g ; B2 = (CtotLR � CRR) f :G = 4CT g1 ; N = �4CT (f1 + g1)p2 ; H = N (pq) ;G1 = �8CTE g1 ; N1 = 8CTE (f1 + g1)p2 ; H1 = N1 (pq) :(6)with p2 = m2B(1 � x); pq = m2Bx=2; x = 2E=mB where E is the photonenergy. The double di�erential deay width of the Bs ! �� proess in therest frame of the B meson an be written in the formd�dx dE1 = 1128�3 jM j2 : (7)



2646 O. Cakir, B. SirvanliThe bounds of the �nal neutrino energy E1 and the dimensionless parameterx for photon energy are determined from the following inequalitiesmB2 �E � E1 � mB2 ; 0 � x � 1 : (8)In our alulations, we onsider hard photon in the proess Bs ! �� . Forthe experimental observability of photon we impose a ut on the minimumenergy to be greater than 25 MeV whih orresponds to x � 0:01 [6,8,9℄. Weintegrate the di�erential deay width over the neutrino energy E1 to get thephoton energy distributiond�dx =������GF4p2 VtbV �ts����2 �(2�)3 �4mBx3n� 4 hjH1j2 (1�x)+Re(G1H�1 )xi1�xx2�4 hjHj2 (1� x) + Re(GH�)xi 1� xx2+13m2B h2Re(GN�)+m2B jN j2 (1�x)i (1�x)+13 m2B h2Re(G1N�1 ) +m2B jN1j2 (1� x)i (1� x)�23m2B h(jA1j2 + jA2j2 + jB1j2 + jB2j2) (1 � x)i � 43 �jGj2 + jG1j2�o :(9)The form fators f; g; f1 and g1 ,whih we have used in our numerial alu-lations, appearing in Eq. (6) an be obtained in the framework of light oneQCD sum rules given in [7,8℄ and their x dependene with a good auray:f(x) = 0:8GeV(1� (4:8)2(1�x)(6:5)2 )2 ; g(x) = 1GeV(1� (4:8)2(1�x)(5:6)2 )2 ;f1(x) = 0:68GeV2(1� (4:8)2(1�x)30 )2 ; g1(x) = 3:74GeV2(1� (4:8)2(1�x)40:5 )2 : (10)3. Results and disussionsWe use the main input parameters mB = 5:28GeV; jVtbV �tsj = 0:045;��1 = 137; GF = 1:17 � 10�5GeV�2 in the numerial results. For theWilson oe�ients we take the values Ce�9 = 4:344 and C10 = 4:6242 givenin [6,10℄.In this work, we assume that all new Wilson oe�ients CX are realand vary in the region �4 � CX � +4. The experimental bounds on thebranhing ratios of the B ! K?�+�� and Bs ! �+�� [11℄ suggest that thisis the right order of magnitude range for the vetor and salar interations



Rare Bs ! �� Deay . . . 2647oe�ients. Therefore, we assume that all new Wilson oe�ients hangein this range. The integrated branhing ratio for the rare Bs ! �� deaydepending on the new Wilson oe�ients CT ; CTE ; CRR; CRL; CLL; CLR isplotted in Fig. 1. It is lear from this �gure that branhing ratio inreaseswhen all new Wilson oe�ients CX > 0 inrease, for example, in the re-gion �4 � CT ; CTE � 0 branhing ratio dereases and it inreases in theregion 0 � CT ; CTE � +4. Furthermore, the branhing ratio remain ap-proximately unhanged when the oe�ients CRR; CLR varies and there isno sensitivity to these oe�ients. The branhing ratio weakly depends onthe CRR; CRL; CLR oe�ients.
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Fig. 1. The branhing ratio of the rare Bs ! �� deay depending on the newWilson oe�ients CX for the parameter ut xmin = 0:01.However, one an onlude that the branhing ratio is more sensitiveto the tensor type CT and CTE oe�ients. We �nd the branhing ratioB(Bs ! ��) = 1:2� 10�8 for new Wilson oe�ients are set to zero. Thebranhing ratio for the ontat interations give symmetrial distributionwith respet to zero. Measuring this branhing ratio an give an informationabout the magnitude of this type tensor interations, see Fig. 2. In addition,the CRL and CLL distribution an give an opportunity to detet the signof these oe�ients. We see that in dependene of the sign of the tensorinteration CTE di�erential branhing ratio an be larger or smaller thanSM predition.
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Fig. 2. The di�erential branhing ratio for rare Bs ! �� depending on the di-mensionless variable x = 2E=mB for the di�erent values of tensor interationoe�ient CTE :The photon energy distribution an also give information about newphysis e�ets. In Fig. 3, we present the di�erential branhing ratio forthe rare Bs ! �� deay as a funtion of dimensionless variable x fordi�erent values of oe�ient CLL. In this view the di�erential branhingratio measurement ould give important information about the sign of newWilson oe�ient. The higher sensitivity an be obtained when the photonenergy reahes � 0:6GeV .In onlusion, using a general model independent e�etive Hamiltonianfor the proess Bs ! �� , the branhing ratio and the photon energydistribution are found to be sensitive to the existene of new physis beyondthe SM. Within a reasonable range of branhing ratios, it would be possibleto detet the rare proesses in the future B-fatories. At planning LHC-B and B TeV hadroni mahines 1011�1012 bb pair per years [12℄ will beprodued. Therefore, the number of expeted events are N � 103�104,whih quite detetable this deay in the above mentioned olliders. Notethat signature of this deay will be single photon and missing energy.
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