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Presented at Flavor Physis and CP Violation (FPCP 2012), Hefei, China, May 21-25, 2012 1B deays into a salar/tensor meson in pursuit of determining the CKM angle Wei WangDeutshes Elektronen-Synhrotron DESY, D-22607 Hamburg, GermanyIn this work, I suggest a new way for determining the CKM angle  via B deays into asalar/tensor meson without any hadroni unertainty. The proposed idea makes pro�ts of thetwo triangles formed by the B� ! (D0; �D0; D0CP )K��0(2)(1430) deay amplitudes. The advantages init are large CP asymmetries and the avoidane of the use of doubly Cabibbo-suppressed D deays.Branhing ratios of B� ! (D0; �D0; D0CP )K��0(2)(1430) are estimated to have the order 10�6 � 10�5and therefore measurable by the ongoing LHCb experiment and future experimental failities. Theusefulness of other related hannels, for instane the neutral Bd deays into DK�0(2)(1430) andBs ! (D0; �D0)M (M = f0(980); f0(1370); f 02(1525); f1(1285); f1(1420); h1(1180)), the B ! D�a�0;2for the extration of  + 2� and the Bs ! D�K��0;2 to aess  + 2�s, is also disussed in brevity.I. INTRODUCTIONThe standard model desription of CP violation is enoded in a single, irreduible phase in the 3� 3 quark mixingmatrix alled the Cabibbo-Kobayashi-Maskawa (CKM) matrix. One of the foremost tasks in the past deades hasbeen to study the (bd) unitarity triangle, the graphial representation of the ondition stemming from the unitarityof the CKM matrix: VudV �ub + VdV �b + VtdV �tb = 0, whose angles (�; �; ) satisfy �+ � +  = 180Æ. In ontrast withthe preise results on � and � [1, 2℄ , our knowledge of the angle  is rather unertain, with a preision of roughly10Æ. This is one of the dominant soures of the urrent unertainties on the apex of the (bd) unitary triangle. One ofthe major e�orts in avor physis by LHCb and the future SuperB fatory experiments will be devoted to redue theerrors in .In this work [3℄, we propose a new method based on B ! DM deays with M being a light salar/tensor meson.Among the various modes to be disussed, of speial interest are the B� ! (D0; �D0; D0CP )K��0(2)(1430) modes, whereK�0(2)(1430) is a JP = 0+(2+) salar (tensor) resonane. The small (zero) deay onstant of K�0 (1430)(K�2(1430))ompensates the large Wilson oeÆient in the olor-allowed amplitude, leading to omparable deay amplitudes ofB� ! D0K��0(2)(1430) and B� ! �D0K��0(2)(1430). As a onsequene, large CP asymmetries are predited. Measure-ments of branhing ratios (BRs) of the neutral Bd deays into DK�0(2)(1430) and time-dependent CP asymmetries inBs ! DM (M = f0(980); f0(1370); f 02(1525); f1(1285); f1(1420); h1(1180)) are also useful to extrat the angle . Inaddition, the ombination +2� and +2�s ould be extrated via time-dependent measurements of the B ! D�a�0;2and the Bs ! D�s K��0;2 whih may have large CP asymmetries.II.  FROM B ! D0( �D0)K�0;2(1430)The angle  � arg(�VudV �ub=(VdV �b)) is the relative weak phase of the deays indued by the b ! �us andb ! u�s transition. The proposed method in this work uses the information that the six deay amplitudes ofB� ! (D0; �D0; D0CP )K��0;2 form two triangles in the omplex plane, graphially manifesting the identitiesp2A(B+ ! D0�K�+0;2) = A(B+ ! D0K�+0;2)�A(B+ ! �D0K�+0;2);p2A(B� ! D0�K��0;2) = A(B� ! D0K��0;2 )�A(B� ! �D0K��0;2); (1)in whih we have adopted the onvention CP jD0i = j �D0i and D0� = (jD0i � j �D0i)=p2 are the CP even and oddeigenstates. Measurements of the deay rates of the six proesses have the potential to ompletely determine the sidesand apexes of the two triangles, more partiularly the relative phase between A(B� ! �D0K��0;2) and its CP onjugateA(B+ ! D0K�+0;2) is 2.The ratio of the sides and the relative strong phase di�erene govern the shape of the two trianglesrKJB � ��A(B� ! �D0K�J )=A(B� ! D0K�J )�� ; ÆKJB � arg �eiA(B� ! �D0K�J )=A(B� ! D0K�J )� ;with KJ = K�0;2. In fat physial observables to be experimentally measured are de�ned in terms of these twoFPCP2012-68
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FIG. 1: The sensitivity of RK�0CP+ and AK�0CP+ to . In panels (a,b), rK�0B = 2 is employed, while in panels (,d) rK�0B = 1. In thelast two panels (e,f), we onsider the ase in whih the ratio is not enhaned sizably rK�0B = 0:3. Suh hoie orresponds to thesign of the Wilson oeÆient a2 reversed namely a2 = �0:2, resulting in a large branhing ratio: B(B� ! D0K��0;2 ) � 10�5.In this �gure, the solid (green), dashed (blak), dotted (blue) and dot-dashed (orange) lines in diagrams (a,,e) are obtainedaording to four hoies ÆK�0B = (30; 60; 120; 150)Æ respetively, while the orresponding urves in panels (b,d,f) orrespond toÆK�0B = (30; 60;�30;�60)Æ. The shadowed (light-green) region denotes the urrent bounds on  = (68+10�11)Æ from a ombinedanalysis of B� ! DK� [2℄, in whih the vertial (red) line reets the entral value.quantities: RKJCP� = 2B(B� ! DCP�K�J ) + B(B+ ! DCP�K+J )B(B� ! D0K�J ) + B(B+ ! �D0K+J ) = 1 + (rKJB )2 � 2rKJB os ÆKJB os ;AKJCP� = B(B� ! DCP�K�J )� B(B+ ! DCP�K+J )B(B� ! DCP�K�J ) + B(B+ ! DCP�K+J ) = �2rKJB sin ÆKJB sin =RKJCP�:Up to now, experimental results on  mostly ome from the B� ! DK� [2, 4℄, in whih the B� ! �D0K� issuppressed by both CKM fator and olor fator. The ratio of deay amplitudes rKB � jVubV �s=(VbV �us)a2=a1j � 0:1is small and thereby the two triangles formed by deay amplitudes are very squashed. RKCP� and AKCP� have a mildsensitivity to the angle , induing large experimental unertainties in  [2, 4℄.Here we wish to stress that the low sensitivity problem is highly improved in B� ! DK��0;2 due to rK�0;2 � 1 andin partiular large CP asymmetries are expeted. Although the olor-allowed diagram has a large Wilson oeÆienta1 � 1, the emittedK�0;2 meson is produed from a loal vetor or axial-vetor urrent (at the lowest order in �s), whosematrix element between the QCD vauum and the K�0 (K�2 ) state is small (identially zero). Due to the suppressionfrom deay onstant, the olor-allowed amplitude is omparable to the olor-suppressed one giving rK�0;2 � 1.An estimate of deay amplitudes an be made under the fatorization assumptionA(B� ! �D0K��0 ) = �VubV �sC; A(B� ! D0K��0 ) = �VbV �us(C � T ); (2)where C = GF fDa2(m2B �m2K�0 )FBK�00 (m2D)=p2; T = GF fK�0 a1(m2B �m2D)FBD0 (m2K�0 )=p2;and GF is the Fermi onstant. The K�0 deay onstant vanishes in the avor SU(3) symmetry limit and may aquirea small value arising from the symmetry breaking e�ets. Adopting the results in QCD sum rules [5℄fK�0 = �24MeV; or fK�0 = 36MeV;FPCP2012-68



Presented at Flavor Physis and CP Violation (FPCP 2012), Hefei, China, May 21-25, 2012 3we obtain the relation 2a1jfK�0 j � a2fD. Using the B ! K�0 form fators omputed in the perturbative QCDapproah [6℄, the B ! D form fators from Ref. [7℄ and a2 = 0:2; a1 = 1 we get C=T � 1:2 andrK�0B = jCVubV �s=[VbV �us(C � T )℄j � 2; B(B� ! �D0K��0 ) � 4� 10�6: (3)Sine the strong phase an not be omputed by perturbation theory, we shall take several benhmark values toillustrate the dependene of RK�0CP+ and AK�0CP+ in Fig. 1. In panels (a,b), rK�0B = 2 is employed, while in panels (,d)rK�0B = 1. In the last two panels (e,f), we onsider the ase in whih the ratio is not enhaned sizably rK�0B = 0:3.Suh hoie orresponds to the sign of the Wilson oeÆient a2 reversed namely a2 = �0:2, resulting in a largebranhing ratio: B(B� ! D0K��0;2 ) � 10�5. In this �gure, the solid (green), dashed (blak), dotted (blue) and dot-dashed (orange) lines in diagrams (a,,e) are obtained aording to four hoies ÆK�0B = (30; 60; 120; 150)Æ respetively,while the orresponding urves in panels (b,d,f) orrespond to ÆK�0B = (30; 60;�30;�60)Æ. The shadowed (light-green)region denotes the urrent bounds on  = (68+10�11)Æ from a ombined analysis of B� ! DK� [2℄, in whih the vertial(red) line reets the entral value. CP odd quantities an be obtained via the relation in Eq. (2), for instaneRK�0CP� = (RK�0CP+)ÆK�0B !180Æ�ÆK�0B . III.  FROM OTHER USEFUL CHANNELSThe above method to use the two triangles formed by the six deay amplitudes for determining  is also validin Bd ! DK�00;2, in whih the tree amplitude T vanishes. No time-dependent measurement is required sine K�0;2is self-tagging. The olor-suppressed deay amplitudes involving D0 and �D0 arise from the same type of Feynmandiagram, thereby one may expet that ÆK�0B � 0. If true, the CP asymmetries AK�0CP� would be roughly 0 but RK�0CP�an sizably deviate from 1.Following the similar strategy, we ollet in Tab. I other B deay hannels into a salar/tensor meson useful for theextration of CKM angle  or its ombination. All these deay modes are expeted to have larger rf , ratios of deayamplitudes, ompared to the orresponding hannels in whih the salar/tensor meson is replaed by a pseudosalarpion/kaon. For earlier disussions on B deays into a salar/tensor meson and the role in extrating  + 2�, pleasesee Ref. [8℄. The branhing frations and ratios of deay amplitudes of the B ! DT modes are taken from the reentalulation in the perturbative QCD approah [9℄ while the rest entries when available are obtained in the fatorizationapproximation [3℄ with inputs from Refs. [6, 10, 11℄. Sine the branhing ratios obtained in naive fatorization methodare very small and usually su�er large theoretial unertainties, an analysis in whih the QCD/power orretions aretaken into aount is alled for.To illustrate how to extrat the CKM angle, we onsider the example of Bs ! Df0 with the amplitudesA( �Bs ! �D0f0) = VubV �sA1; A(Bs ! D0f0) = V �ubVsA1;A( �Bs ! D0f0) = VbV �usA2; A(Bs ! �D0f0) = V �bVusA2: (4)For eah amplitude, there is only one weak phase, and therefore no diret CP asymmetry is predited. For simpliitywe use the notation for the relative size and strong phase of the two amplitudesrf0Bs = jVubV �sA1=(VbV �usA2)j ; Æf0Bs = arg (A1=A2) : (5)The normalized time-dependent deay widths of Bs ! Df0 are given by [12℄�( �B0s (t)! D0( �D0)f0) = e�t=�Bs ��h1 + os(�mt)CD0( �D0)f0 + sin(�mt)SD0( �D0)f0i; (6)where �� is the averaged deay width and we have negleted the width di�erene in the evolution. For the orrespondingB0s deays, the signs in front of osine and sine terms should be reversed. Substituting the amplitudes de�ned inEq. (4), we have CD0f0 = �C �D0f0 = [1� (rf0Bs)2℄=[1 + (rf0Bs)2℄;SD0f0 = �2rf0Bs sin( + Æf0Bs + 2�s)=[1 + (rf0Bs)2℄;S �D0f0 = �2rf0Bs sin( � Æf0Bs + 2�s)=[1 + (rf0Bs )2℄; (7)FPCP2012-68



4 Presented at Flavor Physis and CP Violation (FPCP 2012), Hefei, China, May 21-25, 2012with the phase �s being the Bs � �Bs mixing phase q=p = V �tbVts=(VtbV �ts) = e�2i�s . In the SM, �s ' �0:019 rad.The equality CD0f0 = �C �D0f0 is due to the fat that there is one weak phase in deay amplitudes. Measuring thetime-dependent deay widths, we will be able to determine the oeÆients CD0( �D0)f0 and SD0( �D0)f0 , and thus thethree quantities, rf0Bs , Æf0Bs and  + 2�s, an be extrated leanly modulo a disrete ambiguity.TABLE I: Properties of useful B deay hannels into a salar/tensor meson towards the extration of the CKM angle . Thebranhing ratios and ratios of deay amplitudes of B ! DT are taken from the reent alulation in the perturbative QCDapproah [9℄ while the rest entries when available are obtained in the fatorization approximation [3℄.Channel CKM angle to aess BRs for suppressed and allowed modes rfB� ! D�K�0  [4� 10�6, 4� 10�5℄ 0.3B� ! D�K�2  [3� 10�6, 3� 10�5℄ 0.3B ! D�a�0  + 2�B ! D�a�2  + 2� [2� 10�6; 4� 10�4℄ 0.1Bs ! D�s K��0  + 2�sBs ! D�s K��2  + 2�s [2� 10�5; 2� 10�5℄ 1Bs ! Df0(980)  + 2�s [1� 10�6; 3� 10�6℄ 0.5Bs ! Df 02(1525)  + 2�s [3� 10�6; 1:4� 10�5℄ 0.5IV. CONCLUSIONSMuh progress has been made in reent years in testing the CKM desription of the quark mixing and the CPviolation. In this work we have explored the possibility to extrat the CP violation angle  or the ombination+2�(�s) with B deays into a salar/tensor meson. A lean method is to use the two triangles formed by the deayamplitudes of B� ! (D0; �D0; D0CP )K��0(2)(1430). We expet that B� ! D0K��0(2)(1430) and B� ! �D0K��0(2)(1430)have similar deay rates and the CP asymmetries have a strong orrelation with . The analysis is also supported bythe reent study of B ! DT in perturbative QCD approah. Our method does not require the reonstrution of theD meson via its doubly Cabibbo-suppressed deays, whih are usually buried under the ombinatorial bakground.Using the fatorization assumption and the relevant experimental data we have estimated he branhing ratios ofthese modes and �nd them to be of order 10�5 � 10�6. The usefulness of other related hannels, for instanethe neutral Bd deays into DK�0(2)(1430) and the time-dependent CP asymmetries in Bs ! (D0; �D0)M (M =f0(980); f0(1370); f 02(1525); f1(1285); f1(1420); h1(1180)), the B ! D�a�0;2 for the extration of  + 2� and Bs !D�K��0;2 to aess  + 2�s, is also disussed in brevity.AknowledgementI thank A.Ali and G.Hiller for useful disussions. This work is supported by Alexander von Humboldt Foundation.[1℄ D. Asner et al. [HFAG ℄, arXiv:1010.1589 [hep-ex℄, updated results available at: http://www.sla.stanford.edu/xorg/hfag/.[2℄ J. Charles et al. [ CKM�tter Group℄, Eur. Phys. J. C41, 1 (2005); http://km�tter.in2p3.fr.[3℄ W. Wang, Phys. Rev. D 85, 051301 (2012) [arXiv:1110.5194 [hep-ph℄℄.[4℄ R. Aaij et al. [LHCb Collaboration℄, Phys. Lett. B 712, 203 (2012) [Erratum-ibid. B 713, 351 (2012)℄.[5℄ H. -Y. Cheng, C. -K. Chua, K. -C. Yang, Phys. Rev. D73, 014017 (2006).[6℄ R. H. Li, C. D. Lu, W. Wang and X. X. Wang, Phys. Rev. D 79, 014013 (2009); W. Wang, Y. -L. Shen, Y. Li and C. -D. Lu,Phys. Rev. D 74, 114010 (2006); Y. L. Shen, W. Wang, J. Zhu and C. D. Lu, Eur. Phys. J. C 50, 877 (2007).[7℄ H. -Y. Cheng, C. -K. Chua, C. -W. Hwang, Phys. Rev. D69, 074025 (2004).[8℄ M. Diehl and G. Hiller, JHEP 0106, 067 (2001); Phys. Lett. B 517, 125 (2001).[9℄ Z. -T. Zou, X. Yu and C. -D. Lu, arXiv:1205.2971 [hep-ph℄.[10℄ W. Wang, Phys. Rev. D83, 014008 (2011).[11℄ P. Colangelo, F. De Fazio, W. Wang, Phys. Rev. D81, 074001 (2010); Phys. Rev. D83, 094027 (2011).[12℄ M. Gronau, Phys. Lett. B233, 479 (1989); R. Aleksan et al., Nul. Phys. B361, 141-165 (1991).FPCP2012-68
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