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DESY 07-021Marh 2007Charmless non-leptoni Bs deays to PP , PV and V V �nal states inthe pQCD approahAhmed Alia, Gustav Kramerba Deutshes Elektronen-Synhrotron DESY, 22607 Hamburg, Germanyb II. Institut f�ur Theoretishe Physik,Universit�at Hamburg, 22761 Hamburg, GermanyYing Li, Cai-Dian L�u, Yue-Long Shen, Wei Wang and Yu-Ming WangInstitute of High Energy Physis, CAS,P.O. Box 918(4), 100049, P.R. China(Dated: August 22, 2007)AbstratWe alulate the CP-averaged branhing ratios and CP-violating asymmetries of a number of two-bodyharmless hadroni deays B0s ! PP; PV; V V in the perturbative QCD (pQCD) approah to leadingorder in �s (here P and V denote light pseudo-salar and vetor mesons, respetively). The mixing-indued CP violation parameters are also alulated for these deays. We also predit the polarizationfrations of Bs ! V V deays and �nd that the transverse polarizations are enhaned in some penguindominated deays suh as B0s ! K�K�, K��. Some of the preditions worked out here an already beonfronted with the reently available data from the CDF ollaboration on the branhing ratios for thedeays B0s ! K+��, B0s ! K+K� and the CP-asymmetry in the deay B0s ! K+��, and are foundto be in agreement within the urrent errors. A large number of preditions for the branhing ratios,CP-asymmetries and vetor-meson polarizations in B0s deays, presented in this paper and omparedwith the already existing results in other theoretial frameworks, will be put to stringent experimentaltests in forthoming experiments at Fermilab, LHC and Super B-fatories.
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I. INTRODUCTIONThere has been remarkable progress in the study of exlusive harmless B0d ! h1h2 andB� ! h1h2 deays, where h1; h2 are light pseudo-salar and/or vetor mesons. Historially, thesedeays were alulated in the so-alled naive fatorization approah [1℄, whih was improved by in-luding some perturbative QCD ontributions [2, 3℄. Currently, there are three popular theoretialapproahes to study the dynamis of these deays, whih go under the name QCD fatorization(QCDF) [4℄, perturbative QCD (pQCD) [5℄, and soft-ollinear e�etive theory (SCET) [6℄. Allthree are based on power expansion in 1=mb, where mb is the b-quark mass. Fatorization of thehadroni matrix elements hh1h2jOijBi, where Oi is typially a four-quark or a magneti momenttype operator, is shown to exist in the leading power in 1=mb in a lass of deays. In addition,these approahes take into aount some ontributions in the deays B ! h1h2 not inluded inthe earlier attempts [1, 2, 3℄, in partiular the so-alled hard spetator graphs.Despite being embedded in the �=mb approah, justi�ed by both the large mass, mb = O(5GeV), and a large energy release in the deay, with Ehi = mB=2, these methods di�er signi�antlyfrom eah other in a number of important aspets. For example, these di�erenes pertain towhether one takes into aount the ollinear degrees of freedom only as in QCDF and SCET, orinludes also the transverse momenta implemented using the Sudakov formalism, as followed inthe pQCD method. Also, in pQCD, the power ounting is di�erent from the one in QCDF, whihmakes some amplitudes di�er signi�antly in the two approahes. The other di�ering feature ofpQCD and QCDF is the sale at whih strong interation e�ets, inluding the Wilson oeÆients,are alulated. In pQCD, this sale is low, typially of order 1 { 2 GeV. In QCDF, typial salesfor the Wilson oeÆients are taken as O(mb), following arguments based on fatorization. Therealso exist detailed di�erenes between QCDF and SCET, despite the fat that dediated studiesin the ontext of SCET have allowed to gain a better understanding of the QCDF framework.These di�erenes, though not inherent, lie in how pratially the alulations are done in the twoapproahes and involve issues suh as the treatment of the so-alled harming penguin ontribu-tions [7℄ to the deays B ! h1h2. These are argued to be power-suppressed in QCDF, and leftas phenomenologial parameters to be determined by data in SCET. Likewise, the treatment ofthe hard spetator ontribution in these two approahes is also di�erent. We reall that a generifatorization formula [8℄hh1h2jOijBi = �h2(u) � �T I(u)FBh1(0) + CII(�; u) � �Bh1(�; 0)� (1)2



involves the QCD form fator FBh1(0) and an unknown, non-loal form fator �Bh1(�; 0). InQCDF, this non-loal form fator fatorizes into light-one distribution amplitudes and a jetfuntion J(�; !; v), when the hard-ollinear sale pmb� is integrated out. This interpretationof the hard spetator ontribution was not at hand in the BBNS papers [4℄, but was gainedsubsequently in the SCET-analysis of the form fators [9℄. Amusingly, this SCET-result is notused in the SCET-based phenomenology in B ! h1h2 deays, for example in the works of Bauer etal. [10℄, where the use of perturbation theory at the sale pmb� is avoided. Detailed omparisonsof their preditions with the data for the deays of the B0d (and its harge onjugate) and B�-mesons have been made in the literature. We also refer to a reent ritique [8℄ of the underlyingtheoretial assumptions in the three methods. Data from the B-fatory experiments, BABAR andBELLE, as well as the CDF ollaboration at the Tevatron, do provide some disrimination amongthem. With the advent of the LHC physis program, and the steadily improving experimentalpreision at the existing failities, it should be possible to disentangle the underlying dynamis inhadroni B-deays.The experimental program to study non-leptoni deays B0s ! h1h2 has also started [11℄, with�rst measurements for the branhing ratiosB0s ! K+�� and B0s ! K+K� made available reentlyby the CDF ollaboration [12, 13℄ at the proton-antiproton ollider Tevatron. Remarkably, the�rst diret CP asymmetry involving the deay B0s ! K+�� and its CP onjugate mode has alsobeen reported by CDF [13℄, whih is found to be large, with ACP(B0s ! K+��) = (39� 15� 8)%.This is in agreement with the preditions of the pQCD approah, as we also quantify in thispaper. With the ongoing B-Physis program at the Tevatron, but, in partiular, with the onsetof the LHC experiments, as well as the Super B-fatories being ontemplated for the future,we expet a wealth of data involving the deays of the hitherto less studied B0s meson. Theharmless B0s ! h1h2 deays are important for the CP asymmetry studies and the determinationof the inner angles of the unitarity triangle, in partiular  (or �3), whih has not yet beenpreisely measured. In addition, a number of harmless deays B0s ! h1h2 an be related to theB0d ! h1h2 deays using SU(3) (or U-spin) symmetry, and hene data on these deays an beombined to test the underlying standard model and searh for physis beyond the SM underless (dynamial) model-dependent onditions. Antiipating the experimental developments, manystudies have been devoted to the interesting harmless B0s ! h1h2 deays. Among others, theyinlude detailed estimates undertaken in the naive fatorization framework [14℄, the so-alledgeneralized fatorization approah [15℄, QCDF [16, 17, 18℄, pQCD [19℄ and SCET [20℄. There are3



also many studies [21℄ undertaken, parameterizing the various parts of the deay amplitudes usingdistint topologies and the avor symmetries to relate the B0s ! h1h2 and B0d ! h1h2 deays.Possible New Physis e�ets in these deays have also been explored [22℄.In the appliations of the pQCD approah to B0s ! h1h2 deays, the urrently available worksonentrate on spei� deays. However, a omprehensive study of the deays B0s ! h1h2, whihhave been undertaken in QCDF and SCET, to the best of our knowledge, is still laking in pQCD.Our aim is to �ll in this gap and provide a ready referene to the existing and forthomingexperiments to ompare their data with the preditions in the pQCD approah. In doing this, wehave inluded the urrent information on the CKM matrix elements, updated some input hadroniparameters and have alulated the deay form fators in the pQCD approah. Sine these formfators have to be provided from outside in QCDF and SCET (suh as by resorting to QCDsum rules), there is already a potential soure of disagreement among these approahes on thisount. However, we remark that the estimates presented here for the ases Bs ! PP; PV; V Vare rather similar to the orresponding ones in the existing literature on the light one QCD sumrules. Thus, theoretial preditions presented in this work reet the detailed assumptions aboutthe dynamis endemi to pQCD, suh as the e�etive sales whih are generated by the stronginteration aspets of the weak non-leptoni two-body deays, setting the relative strengths ofthe various ompeting amplitudes in magnitudes and phases. As we work in the leading order(LO) in �s, there is onsiderable unertainty related to the sale-dependene, whih we quantifyin the estimates of the branhing ratios, CP-asymmetries and polarization frations for the deaysonsidered in this paper. Likewise, parametri unertainties in the numerial estimates of thesequantities resulting from other input parameters are worked out. Together, they quantify thetheoretial impreision in B0s ! h1h2 deays at the urrent stage in the pQCD approah. We havemade detailed omparison of our preditions with the existing literature on the deays B0s ! h1h2and in some benhmark deay widths and rate asymmetries in the orresponding B0d ! h1h2deays. Whenever available, we have also ompared our preditions with the data and found thatthey are generally ompatible with eah other.We also present numerial results for some seleted ratios of the branhing ratios involvingthe deays B0s ! K+K�, B0s ! K+��, B0d ! �+�� and B0d ! K��+, whih are related bySU(3) and U-spin symmetries. For omparison with other approahes, we also give in Table IVthe ontributions of the various topologies for these deays. The ratios worked out numeriallyare: R1 � BR(B0s!K+K�)BR(B0d!�+��) , R2 � BR(B0s!K+K�)BR(B0d!K��+) , and two more, alled R3 and �, de�ned in Eq. (72)4



and (73), respetively, whih involve the deays B0d ! K��+ and B0s ! K+�� and their hargeonjugates. All these ratios have been measured experimentally and the pQCD-based estimatespresented here are in agreement with the data, exept possibly the ratio R1 whih turns out toosmall. Whether this reets an intrinsi limitation of the pQCD approah or the inadequay ofthe LO framework remains to be seen, as omplete next-to-leading order (NLO) alulations of allthe relevant piees of the B ! h1h2 deay matrix elements are still not in plae. However, thereare sound theoretial arguments why the ratios R2, R3 and � are proteted against higher orderQCD orretions, suh as the harge onjugation invariane of the strong interations (for R3 and�), and the dominane of the deay amplitudes in the numerator and denominator in the ratioR2 by a single deay topology. The agreement between the pQCD approah and data in thesequantities is, therefore, both non-trivial and enouraging.This paper is organized as follows: In setion II, we briey review the pQCD approah and givethe essential input quantities that enter the pQCD approah, inluding the operator basis usedsubsequently and the numerial values of the Wilson oeÆients together with their sale depen-dene. The wave funtion of the B0s -meson, the distribution amplitudes for the light pseudo-salarand vetor mesons and the input values of the various mesoni deay onstants are also given here.Setion III ontains the alulation of the B0s ! PP mesons, making expliit the ontributionsfrom the so-alled emission and annihilation diagrams. Numerial results for the harge-onjugatedaverages of the deay branhing ratios, diret CP-asymmetries, the time-dependent CP asymme-tries Sf and the observables Hf in the time-dependent deay rates are tabulated in Tables III,V and VI, respetively. These tables also ontain detailed omparisons of our work with the or-responding numerial results obtained in the QCDF and SCET approahes, as well as with theavailable data. Setion IV ontains the numerial results for the deays B0s ! PV . They arepresented in Tables VII, VIII and IX for the harge-onjugated averages of the deay branhingratios, time-integrated CP-asymmetries, the time-dependent CP asymmetries Sf and the observ-ables Hf in the time-dependent deay rates, respetively. We also show the orresponding resultsfrom the QCDF approah in Tables VII and VIII. Setion V is devoted to a study of the deaysB0s ! V V , making expliit the amplitudes for the longitudinal (L), normal (N) and transverse (T)polarization omponents of the vetor mesons. Numerial results for the CP-averaged branhingratios are presented in Table X, and ompared with the orresponding results from the QCDFapproah, updated reently in Ref. [18℄, and available data. Results for the three polarizationfrations f0, fk , f?, the relative strong phases �k(rad), �?(rad) and the CP-asymmetries are5



displayed in Table XI. Appendix A ontains the various funtions that enter the fatorization for-mulae in the pQCD approah. Appendix B gives the analyti formulae for the B0s ! PP deaysused in the numerial alulations, while the details of the formulae for the deays B0s ! PV andB0s ! V V are relegated to Appendix C and D, respetively.II. THE EFFECTIVE HAMILTONIAN AND THE INPUT QUANTITIESA. Notations and ConventionsWe speify the weak e�etive Hamiltonian [23℄:Heff = GFp2(VubV �uqhC1(�)Qu1(�) + C2(�)Qu2(�)i� VtbV �tqh 10Xi=3Ci(�)Qi(�)i)+H..; (2)where q = d; s. The funtions Qi (i = 1; :::; 10) are the loal four-quark operators:� urrent{urrent (tree) operatorsQu1 = (�u�b�)V�A(�q�u�)V�A; Qu2 = (�u�b�)V�A(�q�u�)V�A; (3)� QCD penguin operatorsQ3 = (�q�b�)V�AXq0 (�q0�q0�)V�A; Q4 = (�q�b�)V�AXq0 (�q0�q0�)V�A; (4)Q5 = (�q�b�)V�AXq0 (�q0�q0�)V+A; Q6 = (�q�b�)V�AXq0 (�q0�q0�)V+A; (5)� eletro-weak penguin operatorsQ7 = 32(�q�b�)V�AXq0 eq0(�q0�q0�)V+A; Q8 = 32(�q�b�)V�AXq0 eq0(�q0�q0�)V+A; (6)Q9 = 32(�q�b�)V�AXq0 eq0(�q0�q0�)V�A; Q10 = 32(�q�b�)V�AXq0 eq0(�q0�q0�)V�A; (7)where � and � are the olor indies and q0 are the ative quarks at the sale mb, i.e. q0 =(u; d; s; ; b). The left handed urrent is de�ned as (�q0�q0�)V�A = �q0��(1 � 5)q0� and the righthanded urrent (�q0�q0�)V+A = �q0��(1 + 5)q0�. The ombinations ai of Wilson oeÆients arede�ned as usual [3℄:a1 = C2 + C1=3; a3 = C3 + C4=3; a5 = C5 + C6=3; a7 = C7 + C8=3; a9 = C9 + C10=3;a2 = C1 + C2=3; a4 = C4 + C3=3; a6 = C6 + C5=3; a8 = C8 + C7=3; a10 = C10 + C9=3: (8)6



TABLE I: Numerial values of the ombinations of Wilson oeÆients de�ned in the text at di�erentsales (�). � (GeV) 2:5 2:0 1:5 1:0a1 1:1 1:1 1:1 1:1a2(�10�2) 1:1 �2:8 �8:7 �19:4a3(�10�3) 6:2 7:5 9:7 14:4a4(�10�3) �32:0 �35:8 �41:4 �51:3a5(�10�3) �5:6 �7:4 �10:5 �17:6a6(�10�3) �46:8 �54:9 �68:2 �95:6a7(�10�4) 12:6 12:7 13:2 14:0a8(�10�4) 9:6 10:6 12:2 15:7a9(�10�4) �84:3 �85:4 �87:2 �91:0a10(�10�4) �0:87 2:3 7:0 15:5Sine we work in the leading order of perturbative QCD (O(�s)), it is onsistent to use the leadingorder Wilson oeÆients. The sale � haraterizes the typial sale for the hard sattering, andfor four di�erent values of this sale the results of the Wilson oeÆients are listed in Table I.It is seen that the oeÆient a2 and the penguin operator Wilson oeÆients a3, a5 have a largedependene on the sale whih will give large unertainties to those hannels highly dependent onthem, suh as the olor-suppressed QCD penguin dominant proesses. This situation is typial ofleading order estimates; the redution in the sale-dependene requires the alulation of next-to-leading order results whih are beyond the theoretial auray to whih we are working.We onsider the �B0s ! M2M3 deay. In the emission type diagrams with the spetator quark�s from the initial state �Bs reombining to form the meson M3, we denote the emitted meson asM2 while the reoiling meson is M3. The fatorization formula is then denoted as F �Bs!M3. It isonvenient to de�ne two light-like vetors: n and v. These two vetors satisfy n2 = v2 = 0 andn �v = 1. The mesonM2 is moving along the diretion of n = (1; 0; 0T ) andM3 is on v = (0; 1; 0T ),we use xi to denote the momentum fration of the anti-quark in eah meson, ki? to denote the
7
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FIG. 1: The notation in our alulationtransverse momentum of the anti-quark:PB = MBsp2 (1; 1; 0T ); P2 = MBsp2 (1; 0; 0T ); P3 = MBsp2 (0; 1; 0T );k1 = (x1MBsp2 ; 0;k1?); k2 = (x2MBsp2 ; 0;k2?); k3 = (0; x3MBsp2 ;k3?); (9)whih are shown in Figure 1.B. Wave Funtions of the Bs MesonIn order to alulate the analyti formulas of the deay amplitude, we use the light one wavefuntions �M;�� deomposed in terms of the spin struture. In general, �M;�� with Dira indies�; � an be deomposed into 16 independent omponents, 1��, ���, �����, (�5)��, 5��. If theonsidered meson M is the Bs meson, a heavy pseudo-salar meson, the Bs meson light-onematrix element an be deomposed as [24, 25℄Z d4zeik1�zh0j�b�(0)s�(z)jBs(PBs)i= ip6 �( 6PBs +MBs)5 ��Bs(k1)� 6 n� 6 vp2 ��Bs(k1)���� : (10)From the above equation, one an see that there are two Lorentz strutures in the Bs mesondistribution amplitudes. They obey the following normalization onditionsZ d4k1(2�)4�Bs(k1) = fBs2p6 ; Z d4k1(2�)4 ��Bs(k1) = 0: (11)In general, one should onsider these two Lorentz strutures in the alulations of Bs mesondeays. However, it is found that the ontribution of ��Bs is numerially small [26℄, thus its8



ontribution an be negleted. With this approximation, we only retain the �rst term in thesquare braket from the full Lorentz struture in Eq. (10)�Bs = ip6( 6PBs +MBs)5�Bs(k1): (12)In the next setion, we will see that the hard part is always independent of one of the k+1 and/ork�1 , if we make the approximations shown in the next setion. The Bs meson wave funtion isthen a funtion of the variables k�1 (or k+1 ) and k?1 only,�Bs(k�1 ; k?1 ) = Z dk+12� �Bs(k+1 ; k�1 ; k?1 ) : (13)Then, the Bs meson's wave funtion in the b-spae an be expressed by�Bs(x; b) = ip6 [ 6PBs5 +MBs5℄�Bs(x; b); (14)where b is the onjugate spae oordinate of the transverse momentum k?.In this study, we use the model funtion similar to that of the B meson whih is�Bs(x; b) = NBsx2(1� x)2 exp ��M2Bs x22!2b � 12(!bb)2� ; (15)with NBs the normalization fator. In reent years, a lot of studies have been performed for theB0d and B� deays in the pQCD approah [5℄. The parameter !b = 0:40 GeV has been �xed thereusing the rih experimental data on the B0d and B� mesons. In the SU(3) limit, this parametershould be the same in Bs deays. Considering a small SU(3) breaking, the s quark momentumfration here should be a little larger than that of the u or d quark in the lighter B mesons, sinethe s quark is heavier than the u or d quark. The shape of the distribution amplitude is shownin Fig.2 for !B = 0:45 GeV, 0:5 GeV, and 0:55 GeV. It is easy to see that the larger !b gives alarger momentum fration to the s quark. We will use !b = 0:50� 0:05 GeV in this paper for theBs deays.C. Distribution Amplitudes of Light Pseudo-salar MesonsThe deay onstant fP of the pseudo-salar meson is de�ned by the matrix element of the axialurrent: h0j�q1�5q2jP (P )i = ifPP�: (16)9



x

B(X)

FIG. 2: Bs meson distribution amplitudes. The solid-, dashed-, and tiny-dashed- lines orrespond to!B = 0:45 GeV, 0:5 GeV, and 0:55 GeV.TABLE II: Input values of the deay onstants of the pseudo-salar and vetor mesons (in MeV) [27, 28℄f� fK f� fT� f! fT! fK� fTK� f� fT�131 160 209� 2 165� 9 195� 3 145 � 10 217� 5 185� 10 231 � 4 200� 10The pseudo-salar deay onstants are shown in table II, taken from the Partile DataGroup [28℄. The vetor meson longitudinal deay onstants are extrated from the data on�� ! (��; K��)�� [28℄ and the transverse deay onstants are taken from QCD sum rules [29, 30℄.The input values given in table II are very similar to the ones used in [16℄.The light-one distribution amplitudes are de�ned by the matrix elements of the non-loal light-ray operators at the light-like separation z� with z2 = 0, and sandwihed between the vauum andthe meson state. The two-partile light-one distribution amplitudes of an outgoing pseudo-salarmeson P , up to twist-3 auray, are de�ned by [31℄:hP (P )j�q2(z)�5q1(0)j0i = �ifPP� Z 10 dxeixP �z�2(x); (17)hP (P )j�q2(z)5q1(0)j0i = �ifPm0 Z 10 dxeixP �z�P3 (x) ; (18)hP (P )j�q2(z)���5q1(0)j0i = i6fPm0(P�z� � P�z�) Z 10 dxeixP �z��3(x) : (19)where we have omitted the Wilson line onneting the two spae-time points. �2(x), �P3 (x) and��3 (x) have unit normalization. MP is the mass of the pseudo-salar meson, m0 is the hiralsale parameter whih is de�ned using the meson mass and the quark masses as m0 = M2Pmq1+mq2 :10



m�0 = 1:4 GeV and mK0 = 1:9 GeV, x is the momentum fration assoiated with the quark q2.It is easy to observe that the ontribution from �2(x), independent of the mass, is twist-2. Theontributions from �P3 (x) and ��3 (x), proportional to r = m0=MBs, are twist-3.The above de�nitions an be olleted ashP (P )j�q2�(z)q1�(0)j0i = � ip6 Z 10 dxeixP �z �5 6P�A(x) +m05�P (x)�m0���5P�z� ��(x)6 ���= � ip6 Z 10 dxeixP �z �5 6P�A(x) + 5m0�P (x) +m05( 6n 6v � 1)�T (x)��� ;(20)with the rede�nitions of the distribution amplitudes:�A(x) = fP2p6�2(x); �P (x) = fP2p6�P3 (x); ��(x) = fP2p6��3 (x); (21)and we have performed the integration by parts for the third terms and �T (x) = 16 ddx��(x).In the pQCD approah, the only non-perturbative inputs are the meson deay onstants andmeson light one distribution amplitudes, and they are both hannel independent. The mesondeay onstants are either measured through the leptoni deays of the mesons and the semilep-toni deays of the � -lepton or alulated from the measured ones using broken SU(3) symmetry.Therefore there is not muh unertainty in them. The wave funtions depend on the fatorizationsale and also the fatorization sheme. In priniple, they should be determined by experiment.Although there is no diret experimental measurement for the moments yet, the non-leptoni B0and B� deays already give muh information on them [5, 33℄. Sine the pQCD approah givesvery good results for these deays, espeially the diret CP asymmetries in B0 ! �+�� andB0 ! K+�� deays [34℄, we will use the well onstrained light one distribution amplitudes ofthe mesons in these papers [31℄ (see [32℄ for a summary and update of the LCDAs):�A� (x) = 3f�p6x(1� x)[1 + 0:44C3=22 (t)℄; (22)�P� (x) = f�2p6[1 + 0:43C1=22 (t)℄; (23)�T� (x) = � f�2p6[C1=21 (t) + 0:55C1=23 (t)℄; (24)�AK(x) = 3fKp6 x(1� x)[1 + 0:17C3=21 (t) + 0:2C3=22 (t)℄; (25)�PK(x) = fK2p6[1 + 0:24C1=22 (t)℄; (26)�TK(x) = � fK2p6[C1=21 (t) + 0:35C1=23 (t)℄; (27)11



with Gegenbauer polynomials de�ned as:C1=21 (t) = t; C3=21 (t) = 3tC1=22 (t) = 12(3t2 � 1); C3=22 (t) = 32(5t2 � 1);C1=23 (t) = 12t(5t2 � 3) ; (28)and t = 2x�1. In the LCDAs for �A� (x), �P� (x) and �PK(x), we have dropped the terms proportionalto C1=2;3=24 , and take into aount only the �rst two terms in their expansion, onsistently withthe rest of the LCDAs. These distribution amplitudes are very lose to the previous QCD sumrule results [31℄. In reent years, there have been ontinuing updates of the light one distributionamplitudes [35℄. However, the hanges in the oeÆients of the Gegenbauer polynomials do nota�et our results signi�antly, as shown in the next setion. We also point out that the defaultvalue of the sale at whih the Gegenbauer oeÆients are given above is 1 GeV. However, thesale of the perturbative alulation in the pQCD approah where these LCDAs enter is typially2 GeV. The LCDAs an be saled up, as the required anomalous dimensions are known. Wehave done this and �nd that the resulting numerial di�erenes are small. Stritly speaking, thesedi�erenes are part of the NLO orretions. With the urrent theoretial auray, they an beabsorbed in the unertainties on the input Gegenbauer oeÆients in the numerial alulations.As for the mixing of � and �0, we use the quark avor basis proposed by Feldmann, Kroll andSteh [36℄, i.e. these two mesons are made of �nn = (�uu+ �dd)=p2 and �ss:0� j�ij�0i1A = U(�)0� j�nij�si 1A ; (29)with the matrix, U(�) = 0� os� � sin�sin� os � 1A ; (30)where the mixing angle � = 39:3Æ� 1:0Æ. In priniple, this mixing mehanism is equivalent to thesinglet and otet formalism, as disussed in [36℄, and the advantage here is that expliitly onlytwo deay onstants are needed:h0j�n�5nj�n(P )i = ip2 fn P � ;h0j�s�5sj�s(P )i = ifs P � : (31)We assume that the distribution amplitudes of �nn and �ss are the same as the distributionamplitudes of �, exept for the di�erent deay onstants and the hiral sale parameters. We12



use [36℄fn = (1:07� 0:02)f� = 139:1� 2:6 MeV; fs = (1:34� 0:06)f� = 174:2� 7:8 MeV; (32)as the averaged results from the experimental data. The hiral enhanement fators are hosen asm�nn0 = 12mn [m2� os2 �+m2�0 sin2 �� p2fsfn (m2�0 �m2�) os� sin�℄; (33)m�ss0 = 12ms [m2�0 os2 �+m2� sin2 �� fnp2fs (m2�0 �m2�) os� sin�℄: (34)There are gluoni ontributions whih have been investigated in [37℄, with the result that theseparts do not hange the numerial results signi�antly. So, we will not onsider this kind ofontribution in this work.D. Distribution Amplitudes of Light Vetor MesonsWe hoose the vetor meson momentum P with P 2 =M2V , whih is mainly in the plus diretion.The polarization vetors �, satisfying P � � = 0, inlude one longitudinal polarization vetor �Land two transverse polarization vetors �T . Following a similar proedure as for the pseudo-salarmesons, we an derive the vetor meson distribution amplitudes up to twist-3 [38℄:hV (P; ��L)j�q2�(z)q1�(0)j0i = 1p6 Z 10 dxeixP �z �MV 6��L�V (x)+ 6��L 6P�tV (x) +MV �sV (x)��� ;(35)hV (P; ��T )j�q2�(z)q1�(0)j0i = 1p6 Z 10 dxeixP �z �MV 6��T�vV (x)+ 6��T 6P�TV (x)+MV i�����5����T n�v��aV (x)℄�� ; (36)for longitudinal polarization and transverse polarization, respetively. Here x is the momentumfration assoiated with the q2 quark. We adopt the onvention �0123 = 1 for the Levi-Civitatensor ����� .The twist-2 distribution amplitudes for a longitudinally polarized vetor meson an be param-eterized as: ��(x) = 3f�p6x(1� x) h1 + ajj2�C3=22 (t)i ; (37)�!(x) = 3f!p6 x(1� x) h1 + ajj2!C3=22 (t)i ; (38)�K�(x) = 3fK�p6 x(1� x) h1 + ajj1K�C3=21 (t) + ajj2K�C3=22 (t)i ; (39)��(x) = 3f�p6x(1� x) h1 + ajj2�C3=22 (t)i : (40)13



Here fV is the deay onstant of the vetor meson with longitudinal polarization, whose valuesare shown in table II. The Gegenbauer moments have been studied extensively in the literatures[38, 39℄, here we adopt the following values from the reent updates [29, 30, 40℄:ajj1K� = 0:03� 0:02; ajj2� = ajj2! = 0:15� 0:07; ajj2K� = 0:11� 0:09; ajj2� = 0:18� 0:08; (41)and we use the asymptoti form [41℄:�tV (x) = 3fTV2p6t2; �sV (x) = 3fTV2p6(�t) : (42)The twist-2 transversely polarized distribution amplitudes �TV have a similar form as the lon-gitudinally polarized ones in eq.(37-40), with the moments [29, 30℄:a?1K� = 0:04� 0:03; a?2� = a?2! = 0:14� 0:06; a?2K� = 0:10� 0:08; a?2� = 0:14� 0:07: (43)The asymptoti form of the twist-3 distribution amplitudes �vV and �aV are�vV (x) = 3fV8p6(1 + t2); �aV (x) = 3fV4p6(�t): (44)The above hoies of vetor meson distribution amplitudes an essentially explain the measuredB ! K��, B ! K�� and B ! �� polarization frations [41, 42, 43, 44℄, together with the rightbranhing ratios.E. A Brief Review of the pQCD ApproahThe basi idea of the pQCD approah is that it takes into aount the transverse momentumof the valene quarks in the hadrons whih results in the Sudakov fator in the deay amplitude.As an example, taking the �rst diagram in Fig. 3, the emitted partile M2 in the deay an befatored out (in terms of the appropriate vauum to M2 transition matrix element) and the restof the amplitude an be expressed as the onvolution of the wave funtions �Bs , �M3 and the hardsattering kernel TH , integrated over the longitudinal and the transverse momenta. Thus,M/ Z 10 dx1dx3 Z d2~k1T(2�)2 d2~k3T(2�)2 �B(x1; ~k1T ; p1; t)TH(x1; x3; ~k1T ; ~k3T ; t)�V (x3; ~k3T ; p3; t) : (45)It is onvenient to alulate the deay amplitude in oordinate spae. Through the Fourier trans-formation, the above equation an be expressed as:M/ Z 10 dx1dx3 Z d2~b1d2~b3�B(x1;~b1; p1; t)TH(x1; x3;~b1;~b3; t)�V (x3;~b3; p3; t) : (46)14



Loop e�ets an, in priniple, be taken into aount in the above expression. In general, individualhigher order diagrams su�er from two types of infrared divergenes: soft and ollinear. Softdivergene arise from the region of a loop momentum where all it's omponents in the light-oneoordinate vanish: l� = (l+; l�;~lT ) = (�;�; ~�): (47)Collinear divergene originates from the gluon momentum region whih is parallel to the masslessquark momentum, l� = (l+; l�;~lT ) � (mB;�2=mB; ~�): (48)In both ases, the loop integration orresponds to R d4l=l4 � log�, so logarithmi divergenes aregenerated. It has been shown order by order in perturbation theory that these divergenes an beseparated from the hard perturbative kernel and absorbed into the meson wave funtions usingthe eikonal approximation [45℄ . One also enounters double logarithm divergenes when soft andollinear momenta overlap. These large double logarithm an be re-summed into the Sudakovfator and the expliit form is given in Appendix A.Loop orretions to the weak deay vertex also give rise to double logarithms. For example, the�rst diagram in Fig. 3 gives an amplitude proportional to 1=(x23x1). In the threshold region withx3 ! 0, additional ollinear divergenes are assoiated with the internal quark. The QCD looporretions to the weak vertex an produe the double logarithm �s ln2 x3 and the re-summationof this type of double logarithms leads to the Sudakov fator St(x3). Similarly, the re-summationof �s ln2 x1 due to loop orretions in the other diagram lead to the Sudakov fator St(x1). Thesedouble logarithm an also be fatored out from the hard part and grouped into the quark jetfuntion [46℄. This type of fator dereases faster than any power of x as x! 0, so it removesthe endpoint singularity. For simpliity, this fator has been parameterized in a form whih isindependent of the deay hannels, twist and avors [47℄.Combining all the elements together, the typial fatorization formula in the pQCD approahreads as: M / Z 10 dx1dx3 Z d2~b1d2~b3�B(x1;~b1; p1; t)�TH(x1; x3;~b1;~b3; t)�M3(x3;~b3; p3; t)St(x3) exp[�SB(t)� S3(t)℄ : (49)The threshold Sudakov funtion St(x3) and the Sudakov exponents SB(t), S2(t) and S3(t) aregiven in Appendix A. Again, stritly speaking, the Sudakov improvements result from higher15



FIG. 3: The Feynman diagrams for emission ontribution, with possible four-quark operator insertionsorder ontributions. However, they are inluded traditionally in the pQCD approah, though inmost appliations, the perturbative funtion TH(x1; x3;~b1;~b3; t)�M3(x3;~b3; p3; t) is alulated onlyin the leading order in �s .III. CALCULATION OF THE Bs ! PP DECAY AMPLITUDES IN THE PQCD AP-PROACHIn the following we will give the general fatorization formulae for �Bs ! PP deays, and thepQCD funtions an be found in Appendix A. We will use LL to denote the ontribution from(V �A)(V �A) operators, LR to denote the ontribution from (V �A)(V +A) operators and SP todenote the ontribution from (S�P )(S+P ) operators whih result from the Fierz transformationof the (V � A)(V + A) operators.A. Emission DiagramThe emission diagrams are depited in Figure 3. The �rst two diagrams are alled fatorizable.They will give the B !M3 deay form fator, if we fator out the orresponding Wilson oeÆientsai. � (V � A)(V � A) operators:fM2FLLBs!M3(ai) = 8�CFM4BsfM2 Z 10 dx1dx3 Z 10 b1db1b3db3�Bs(x1; b1)nai(ta)Ee(ta)�h(1 + x3)�A3 (x3) + r3(1� 2x3)(�P3 (x3) + �T3 (x3))ihe(x1; x3; b1; b3)+2r3�P3 (x3)ai(t0a)Ee(t0a)he(x3; x1; b3; b1)o; (50)� (V � A)(V + A) operators: FLRBs!M3(ai) = �FLLBs!M3(ai); (51)16



� (S � P )(S + P ) operators:fM2F SPBs!M3(ai) = 16�r2CFM4BsfM2 Z 10 dx1dx3 Z 10 b1db1b3db3�Bs(x1; b1)nai(ta)Ee(ta)�h�A3 (x3) + r3(2 + x3)�P3 (x3)� r3x3�T3 (x3)ihe(x1; x3; b1; b3)+2r3�P3 (x3)ai(t0a)Ee(t0a)he(x3; x1; b3; b1)o; (52)with CF = 4=3 and ai the orresponding Wilson oeÆients for spei� hannels. In the abovefuntions, ri = m0i=mBs , where m0i is the hiral sale parameter. The funtions Ei, the de�nitionsof the fatorization sales ti and the hard funtions hi are given in Appendix A.The last two diagrams in Fig.3 ()(d) are the non-fatorizable diagrams, whose ontributionsare � (V � A)(V � A) operators:MLLBs!M3(ai) = 32�CFM4Bs=p6Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)�A2 (x2)�nh(1� x2)�A3 (x3)� r3x3(�P3 (x3)� �T3 (x3))iai(tb)E 0e(tb)� hn(x1; 1� x2; x3; b1; b2) + hn(x1; x2; x3; b1; b2)�h� (x2 + x3)�A3 (x3) + r3x3(�P3 (x3) + �T3 (x3))iai(t0b)E 0e(t0b)o; (53)� (V � A)(V + A) operators:MLRBs!M3(ai) = 32�CFM4Bsr2=p6 Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)�nhn(x1; 1� x2; x3; b1; b2)h(1� x2)�A3 (x3) ��P2 (x2) + �T2 (x2)�+r3x3 ��P2 (x2)� �T2 (x2)� ��P3 (x3) + �T3 (x3)�+(1� x2)r3 ��P2 (x2) + �T2 (x2)� ��P3 (x3)� �T3 (x3)� iai(tb)E 0e(tb)�hn(x1; x2; x3; b1; b2)hx2�A3 (x3)(�P2 (x2)� �T2 (x2))+r3x2(�P2 (x2)� �T2 (x2))(�P3 (x3)� �T3 (x3))+r3x3(�P2 (x2) + �T2 (x2))(�P3 (x3) + �T3 (x3))iai(t0b)E 0e(t0b)o; (54)
17



FIG. 4: The Feynman diagrams for annihilation ontribution, with possible four-quark operator inser-tions� (S � P )(S + P ) operators:MSPBs!M3(ai) = 32�CFM4Bs=p6 Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)�A2 (x2)�nh(x2 � x3 � 1)�A3 (x3) + r3x3(�P3 (x3) + �T3 (x3))i�ai(tb)E 0e(tb)hn(x1; 1� x2; x3; b1; b2) + ai(t0b)E 0e(t0b)�hx2�A3 (x3) + r3x3(�T3 (x3)� �P3 (x3))ihn(x1; x2; x3; b1; b2)o: (55)From these formulas we an see that there are anellations between the two diagrams of Fig.3 ()and (d). If the Wilson oeÆients are the same, the non-fatorizable ontributions (proportionalto the small xi) are power suppressed ompared to the fatorizable emission diagram ontributionsin eq.(50-52).B. Annihilation type DiagramsWe group all the W annihilation and W-exhange, spae-like penguin and time-like penguinannihilation diagrams together and refer to them as the annihilation type diagrams. In Fig.4, the�rst two diagrams are the fatorizable annihilation diagrams, whose ontributions are
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� (V � A)(V � A) operators:fBsFLLann(ai) = 8�CFM4BsfBs Z 10 dx2dx3 Z 10 b2db2b3db3nai(t)Ea(t)�h(x3 � 1)�A2 (x2)�A3 (x3)� 4r2r3�P2 (x2)�P3 (x3)+2r2r3x3�P2 (x2)(�P3 (x3)� �T3 (x3))iha(x2; 1� x3; b2; b3)+hx2�A2 (x2)�A3 (x3) + 2r2r3(�P2 (x2)� �T2 (x2))�P3 (x3)+2r2r3x2(�P2 (x2) + �T2 (x2))�P3 (x3)iai(t0)Ea(t0)ha(1� x3; x2; b3; b2)o:(56)There is a big anellation between the two fatorizable diagrams Fig.4(a) and (b), suhthat they are highly power suppressed, whih agrees with the long time argument thatthe annihilation ontributions are negligible. Espeially, if the two �nal state mesons areidential, the formula of eq.(56) gives exatly zero.� (V � A)(V + A) operators: FLRann(ai) = FLLann(ai); (57)� (S � P )(S + P ) operators:fBsF SPann(ai) = 16�CFM4BsfBs Z 10 dx2dx3 Z 10 b2db2b3db3nh2r2�P2 (x2)�A3 (x3)+(1� x3)r3�A2 (x2)(�P3 (x3) + �T3 (x3))iai(t)Ea(t)ha(x2; 1� x3; b2; b3)+h2r3�A2 (x2)�P3 (x3) + r2x2(�P2 (x2)� �T2 (x2))�A3 (x3)i�ai(t0)Ea(t0)ha(1� x3; x2; b3; b2)o: (58)It is interesting to see that the two diagrams Fig.4 (a) and (b) give onstrutive ontributionshere. Furthermore, they are not power suppressed as the (V � A)(V � A) operator ontributionin eq.(56) (proportional to the small xi), but proportional to 2r2 or 2r3. This gives the hirallyenhaned ontributions in the annihilation type diagrams. The operator O6-indued spae-likepenguin ontributions produe a large strong phase, whih is essential to explain the large diretCP asymmetry in the B0 ! �+�� and B0 ! K+�� deays [34℄.The last two diagrams in Fig.4 are the non-fatorizable annihilation diagrams, whose ontri-butions are 19



� (V � A)(V � A) operators:MLLann(ai) = 32�CFM4Bs=p6Z 10 dx1dx2dx3 Z 10 b1db2b2db2�Bs(x1; b1)�nhna(x1; x2; x3; b1; b2)h� x2�A2 (x2)�A3 (x3)� 4r2r3�P2 (x2)�P3 (x3)+r2r3(1� x2)(�P2 (x2) + �T2 (x2))(�P3 (x3)� �T3 (x3))+r2r3x3(�P2 (x2)� �T2 (x2))(�P3 (x3) + �T3 (x3))iai(td)E 0a(td)+h0na(x1; x2; x3; b1; b2)h(1� x3)�A2 (x2)�A3 (x3)+(1� x3)r2r3(�P2 (x2) + �T2 (x2))(�P3 (x3)� �T3 (x3))+x2r2r3(�P2 (x2)� �T2 (x2))(�P3 (x3) + �T3 (x3))iai(t0d)E 0a(t0d)o; (59)� (V � A)(V + A) operators:MLRann(M2;M3; ai) = 32�CFM4Bs=p6Z 10 dx1dx2dx3 Z 1 b1db1b2db2�Bs(x1; b1)�nhna(x1; x2; x3; b1; b2)hr2(2� x2)(�P2 (x2) + �T2 (x2))�A3 (x3)�r3(1 + x3)�A2 (x2)(�P3 (x3)� �T3 (x3))iai(td)E 0a(td)+h0na(x1; x2; x3; b1; b2)hr2x2 ��P2 (x2) + �T2 (x2)��A3 (x3)+r3(x3 � 1)�A2 (x2)(�P3 (x3)� �T3 (x3))iai(t0d)E 0a(t0d)o; (60)� (S � P )(S + P ) operators:MSPann(ai) = 32�CFM4Bs=p6Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)�nai(td)E 0a(td)hna(x1; x2; x3; b1; b2)h(x3 � 1)�A2 (x2)�A3 (x3)�4r2r3�P2 (x2)�P3 (x3) + r2r3x3(�P2 (x2) + �T2 (x2))(�P3 (x3)� �T3 (x3))+r2r3(1� x2)(�P2 (x2)� �T2 (x2))(�P3 (x3) + �T3 (x3))i+ai(t0d)E 0a(t0d)h0na(x1; x2; x3; b1; b2)hx2�A2 (x2)�A3 (x3)+x2r2r3(�P2 (x2) + �T2 (x2))(�P3 (x3)� �T3 (x3)))+r2r3(1� x3)(�P2 (x2)� �T2 (x2))(�P3 (x3) + �T3 (x3))io: (61)They are all power suppressed ompared to the fatorizable emission diagrams.
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C. Results for Bs ! PP deaysFirst we give the numerial results in the pQCD approah for the form fators at maximalreoil. For the form fators, we obtain:FB!�0 = 0:23+0:05+0:00�0:04�0:00; FB!K0 = 0:28+0:06+0:00�0:05�0:00; (62)FBs!K0 = 0:24+0:05+0:00�0:04�0:01; (63)where fB = 0:19� 0:02 GeV, !B = 0:40 GeV (for the B� and B0d mesons) and fBs = 0:23� 0:02GeV, !Bs = 0:50 � 0:05 GeV (for the B0s meson) have been used. They quantify the SU(3)-symmetry breaking e�ets in the form fators in the pQCD approah. The input values for fBand fBs are in agreement with the unquenhed lattie results [48℄ fB = 0:216� 0:022 GeV andfBs = 0:259� 0:032 GeV, and with the results from the QCD sum rules [49, 50℄. We also mentionin passing that a reent alulation of the distribution amplitudes for the pion and kaon with theQCD sum rules [51℄, whih inludes a new logarithmi divergent term in the twist-3 distributionamplitudes, leads to very large SU(3)-breaking e�ets in the form fators, alulating the formfators in the standard pQCD approah [52℄. This has also been observed in [27℄. Whether thisfeature also emerges in the light-one sum rule approah is not lear to us.For the CKM matrix elements, we adopt the updated results from [53℄ and drop the (small)errors on Vud, Vus, Vts and Vtb:jVudj = 0:974; jVusj = 0:226; jVubj = (3:68+0:11�0:08)� 10�3;jVtdj = (8:20+0:59�0:27)� 10�3; jVtsj = 40:96� 10�3; jVtbj = 1:0;� = (99+4�9:4)Æ;  = (59:0+9:7�3:7)Æ; arg[�VtsV �tb℄ = 1:0Æ: (64)The CKM fators mostly give an overall fator to the branhing ratios. However, the CKM anglesdo give large unertainties to the branhing ratios of some deays and to all the non-zero CPasymmetries. We will disuss their e�ets separately.The formulas of the deay amplitudes for the various hannels in terms of above topologiesare given in Appendix B. The CP -averaged branhing ratios of Bs ! PP deays are listed inTable III. The dominant topologies ontributing to these deays are also indiated through thesymbols T (tree), P (penguin), PEW (eletroweak penguins), C (olor-suppressed tree), and ann(annihilation). The �rst error in these entries arises from the input hadroni parameters, whih isdominated by the Bs-meson deay onstant (taken as fBs = 0:23� 0:02 GeV) and the Bs mesonwave funtion shape parameter ( taken as !b = 0:50 � 0:05 GeV). The seond error is from the21



TABLE III: The CP -averaged branhing ratios (�10�6) of Bs ! PP deays obtained in the pQCDapproah (This work); the errors for these entries orrespond to the unertainties in the input hadroniquantities, from the sale-dependene, and the CKM matrix elements, respetively. We have also listedthe urrent experimental measurements and upper limits (90% C.L.) wherever available [13℄. For om-parison, we also ite the theoretial estimates of the branhing ratios in the QCD fatorization framework[16℄, and in SCET [20℄, quoting two estimates in the latter ase for some deays.Modes Class QCDF SCET This work Exp.B0s!K+�� T 10:2+4:5+3:8+0:7+0:8�3:9�3:2�1:2�0:7 4:9� 1:2� 1:3� 0:3 7:6+3:2+0:7+0:5�2:3�0:7�0:5 5:0� 0:75� 1:0B0s!K0�0 C 0:49+0:28+0:22+0:40+0:33�0:24�0:14�0:14�0:17 0:76� 0:26� 0:27� 0:17 0:16+0:05+0:10+0:02�0:04�0:05�0:01B0s ! K+K� P 22:7+3:5+12:7+2:0+24:1�3:2� 8:4�2:0� 9:1 18:2� 6:7� 1:1� 0:5 13:6+4:2+7:5+0:7�3:2�4:1�0:2 24:4� 1:4� 4:6B0s ! K0K0 P 24:7+2:5+13:7+2:6+25:6�2:4� 9:2�2:9� 9:8 17:7� 6:6� 0:5� 0:6 15:6+5:0+8:3+0:0�3:8�4:7�0:0B0s ! �0� PEW 0:075+0:013+0:030+0:008+0:010�0:012�0:025�0:010�0:007 0:014� 0:004� 0:005� 0:004 0:05+0:02+0:01+0:00�0:02�0:01�0:00 < 10000:016� 0:0007� 0:005� 0:006B0s ! �0�0 PEW 0:11+0:02+0:04+0:01+0:01�0:02�0:04�0:01�0:01 0:006� 0:003� 0:002+0:064�0:006 0:11+0:05+0:02+0:00�0:03�0:01�0:000:038� 0:013� 0:016+0:260�0:036B0s ! K0� C 0:34+0:19+0:64+0:21+0:16�0:16�0:27�0:07�0:08 0:80� 0:48� 0:29� 0:18 0:11+0:05+0:06+0:01�0:03�0:03�0:010:59� 0:34� 0:24� 0:15B0s ! K0�0 C 2:0+0:3+1:5+0:6+1:5�0:3�1:1�0:3�0:6 4:5� 1:5� 0:4� 0:5 0:72+0:20+0:28+0:11�0:16�0:17�0:053:9� 1:3� 0:5� 0:4B0s ! �� P 15:6+1:6+9:9+2:2+13:5�1:5�6:8�2:5� 5:5 7:1� 6:4� 0:2� 0:8 8:0+2:6+4:7+0:0�1:9�2:5�0:0 < 15006:4� 6:3� 0:1� 0:7B0s ! ��0 P 54:0+5:5+32:4+8:3+40:5�5:2�22:4�6:4�16:7 24:0� 13:6� 1:4� 2:7 21:0+6:0+10:0+0:0�4:6�5:6�0:023:8� 13:2� 1:6� 2:9B0s ! �0�0 P 41:7+4:2+26:3+15:2+36:6�4:0�17:2� 8:5�15:4 44:3� 19:7� 2:3� 17:1 14:0+3:2+6:2+0:0�2:7�3:9�0:049:4� 20:6� 8:4� 16:2B0s ! �+�� ann 0:024+0:003+0:025+0:000+0:163�0:003�0:012�0:000�0:021 | 0:57+0:16+0:09+0:01�0:13�0:10�0:00 < 1:36B0s ! �0�0 ann 0:012+0:001+0:013+0:000+0:082�0:001�0:006�0:000�0:011 | 0:28+0:08+0:04+0:01�0:07�0:05�0:00 < 210
22



hard sale t, de�ned in Eqs. (A1) { (A8) in Appendix A, whih we vary from 0:75t to 1:25t,and from �(5)QCD = 0:25� 0:05 GeV. The sale-dependent unertainty an be redued only if thenext-to-leading order ontributions in the pQCD approah are known. A part of this perturbativeimprovement oming from the Wilson oeÆients in the NLO approximation an be implementedalready. However, the omplete NLO orretions to the hard spetator kernels are still missing.The third error is the ombined unertainty in the CKM matrix elements and the angles of theunitarity triangle.For omparison, we also reprodue verbatim the orresponding numerial results evaluated inthe framework of the QCD fatorization (QCDF) [16℄, and the ones obtained using the Soft-Collinear-E�etive-Theory (SCET) [20℄. For the deays B0s ! PP involving an �- and/or an �0-meson, Ref. [20℄ quotes two sets of values, whih di�er in the input values of the SCET parametersspei� to the iso-singlet modes, desribing gluoni ontributions to the B ! �(0) form fatorsand the gluoni parts of the harming penguins. They are not too di�erent from eah otherexept for the eletroweak-penguin-dominated deay B0s ! �0�0. The errors quoted in the QCDFase orrespond, respetively, to the assumed variation of the CKM parameters, variation of therenormalization sales, quark masses, deay onstants, form fators and (whenever appliable)the � - �0 mixing angle (olletively alled \hadroni 1"), unertainties in the expansion of thelight-one distribution amplitudes (alled \hadroni 2"), and estimates of the power orretions.The errors shown in the ase of the SCET-based results are due to the estimates of the SU(3)-breaking, 1=mb orretions and the errors on the SCET-parameters. The last olumn gives theurrent experimental data from the CDF ollaboration [12, 13℄, and the upper limits orrespondto 90% C.L.A number of remarks on the entries in Table III is in order. We note that there is generalagreement among these methods in the tree and penguin-dominated B0s ! PP deays, with thevariations reeting essentially the di�erenes in the input quantities. This agreement is lessmarked for the olor-suppressed and eletroweak-penguin dominated deays. For the annihilationdominated deays, SCET has no preditions and QCDF has essentially no preditive power asindiated by the estimates for the deays B0s ! �+�� and B0s ! �0�0, whih vary over more thanan order of magnitude one the parametri unertainties are taken into aount. First measure-ments of the tree-dominated deay B0s ! K+�� and the penguin-dominated deay B0s ! K+K�have been reported by the CDF ollaboration, and are in the right ball-park of the preditionsshown in Table III. A good number of the deays shown in this Table will be measured at the LHC23



and Super B-fatories, whih would disriminate among the preditions of the three frameworks.The deays B ! ��, B ! K�, Bs ! K� and Bs ! KK have reeived a lot of theoretialinterest, as they an be related by SU(3)-symmetry, a question of onsiderable interest is theamount of SU(3)-breaking in various topologies (diagrams) ontributing to these deays. To thatend, we present in Table IV the magnitude of the deay amplitudes (squared, in units of GeV2)involving the distint topologies: T , P, E , PA and PEW for the four deays modes of the B0d andB0s mesons. The two deays in the upper half of this table are related by U-spin symmetry (d! s)(likewise the two deays in the lower half). We note that the assumption of U-spin symmetryfor the (dominant) tree (T ) and penguin (P) amplitudes in the emission diagrams is quite good,it is less so in the other topologies, inluding the ontributions from the W -exhange diagrams,denoted by E for whih there are non-zero ontributions for the avor-diagonal states �+�� andK+K� only. The U-spin breaking is large in the eletroweak penguin indued amplitudes PEW ,and in the penguin annihilation amplitudes PA relating the deays Bd ! K+�� and Bs ! K+K�.In the SM, however, the amplitudes PEW are negligibly small.TABLE IV: Contributions from the various topologies to the deay amplitudes (squared) for the fourindiated deays B0d ! �+��; K+�� and B0s ! �+K�; K+K�. Here, T is the ontribution fromthe olor favored emission diagrams; P is the penguin ontribution from the emission diagrams; E isthe ontribution from the W-exhange diagrams; PA is the ontribution from the penguin annihilationamplitudes; and PEW is the ontribution from the eletro-weak penguin indued amplitude. See text fortheir de�nitions. mode (GeV2) jT j2 jPj2 jEj2 jPAj2 jPEW j2Bd ! �+�� 0:8 4:8� 10�3 5:5 � 10�3 1:6� 10�3 0:6� 10�6Bs ! �+K� 1:0 5:4� 10�3 0 3:3� 10�3 0:8� 10�6Bd ! K+�� 1:2 10:2 � 10�3 0 2:3� 10�3 2:9� 10�6Bs ! K+K� 1:5 11:3 � 10�3 3:5 � 10�3 7:3� 10�3 0:5� 10�6The diret CP asymmetry of �Bs ! f is de�ned asAdirCP � BR( �B0s ! f)� BR(B0s ! �f)BR( �B0s ! f) +BR(B0s ! �f) = jA( �Bs ! f)j2 � jA(Bs ! �f)j2jA( �Bs ! f)j2 + jA(Bs ! �f)j2 : (65)The numerial results for the diret CP asymmetries in B ! PP deays are shown in Table V.The �rst error is from the Bs meson wave funtion parameter !b = 0:50+0:05�0:05 GeV. As fBs is an24



overall fator, it drops out in the ratio and hene does not give any unertainty in the estimatesof the diret CP asymmetries. The seond error is from the hard sale t varying from 0:75t to1:25t (not hanging 1=bi, i = 1; 2; 3) and �(5)QCD = 0:25� 0:05 GeV. The third error is again fromthe ombined unertainty in the CKM matrix elements and the angles of the unitarity triangle.The observed CP asymmetry AdirCP(B0s ! K+��) by the CDF ollaboration is also shown in thistable, and is found to be in agreement with the pQCD preditions.Within (large) theoretial errors, the observed CP asymmetry is also in agreement with theSCET estimate but in stark disagreement with the QCDF predition. This deserves a omment.As is well-known, the deay rates and CP-asymmetries in the deays B0d ! �+�� and B0s ! K+��are related by SU(3) symmetry. The predited CP asymmetry AdirCP(B0s ! K+��) in the QCDFapproah shown in Table V is very similar to the SU(3)-related CP asymmetry AdirCP(B0d ! �+��).These CP-asymmetries are small in the QCDF approah and both are onsistently in disagreementwith the data, in magnitude and sign. Using SU(3)-symmetry, the CP-asymmetry AdirCP(B0s !K+��) in SCET, given in Table V, is idential to the values quoted in Ref. [20℄ for the CP-asymmetry AdirCP(B0d ! �+��). As the dynamial hadroni quantities in the SCET frameworkare �tted using the B-fatory data on B ! �� and B ! K� [20℄, it is not surprising that thisphenomenologial �t an aount for the SU(3)-related observed CP-asymmetry in the B0s deays,suh as AdirCP(B0s ! K+��). The �tted quantities, namely the SCET-spei� funtions �, �J , di�erfrom their orresponding QCDF analogs. But, ruially, also the ontributions of the harmingpenguin [7℄, denoted as jAj and argA in [20℄, whih are power-suppressed in QCDF, are foundto be large using data and SCET. These di�erenes lead to a di�erent phenomenologial pro�le ofthe B ! h1h2 deays in SCET and QCDF. However, one has to stress that the harming penguinontribution, whih is not yet shown to fatorize in SCET, obviously is not on the same theoretialfooting as the rest of the deay amplitudes, for whih fatorization is proven in the heavy quarklimit. Thus, the preditions in SCET [20℄ essentially reet the parameterization of the harmingpenguins from the available data.In general, one has also to take into aount the unertainties aused by the Gegenbauermoments. In reent years, the light one distribution amplitudes have been ontinually updated[35℄. In order to hek the sensitivity to the values on the Gegenbauer moments, we alulate thebranhing ratio for �Bs ! K+�� with the following values for the twist-2 LCDAs:aK1 = 0:06� 0:03; a�;K2 = 0:25� 0:15; (66)25



instead of aK1 = 0:17 and aK2 = 0:2 from eq. (25) and a�2 = 0:44 from eq. (22). Using the abovevalues and the asymptoti forms for the twist-3 LCDAs, we obtainBR( �B0s ! K+��) = (7:2+3:0+0:7+0:4�2:2�0:8�0:5)� 10�6; (67)where the errors are to be interpreted as before. The agreement between this result with theorresponding number listed in Table III on�rms our expetation that this branhing ratio is nothanged signi�antly. In our alulation, the parameters in the LCDAs are hosen at � = 1 GeVbut as they are sale-dependent quantities, their value at � = 2 GeV, the typial sale whih entersthe perturbative alulation in pQCD, is required. At � = 2 GeV, the values for the Gegenbauermoments saled from eq. (66) are:aK1 = 0:05� 0:02; a�;K2 = 0:17� 0:10: (68)Using these values, we obtain:BR( �B0s ! K+��) = (6:9+3:0+0:7+0:4�2:1�0:7�0:5)� 10�6 : (69)We remark that the unertainties aused by the sale dependene of the Gegenbauer moments arenot large, ompared with other unertainties.D. The Observables Sf and Hf in time-dependent deays B0s (t)! fRestriting the �nal state f to have de�nite CP-parity, the time-dependent deay width for theBs ! f deay is [54℄:�(B0s(t)! f) = e��t �(Bs ! f)h osh ���t2 �+Hf sinh���t2 ��AdirCP os(�mt)� Sf sin(�mt)i; (70)where �m = mH �mL > 0, � is the average deay width, and �� = �H � �L is the di�erene ofdeay widths for the heavier and lighter B0s mass eigenstates. The time dependent deay width�( �B0s (t) ! f) is obtained from the above expression by ipping the signs of the os(�mt) andsin(�mt) terms. In the Bs system, we expet a muh larger deay width di�erene (��=�)Bs. Thisis estimated within the standard model to have a value (��=�)Bs = �0:12 � 0:05 [55℄, updatedreently in [56℄ to (��=�)Bs = �0:147� 0:060, while experimentally (��=�)Bs = �0:33+0:09�0:11 [57℄,26



TABLE V: The diret CP asymmetries (in %) in the Bs ! PP deays, obtained in the pQCD approah(This work); the errors for these entries orrespond to the unertainties in the input hadroni quantities,from the sale-dependene, and the CKM matrix elements, respetively. The only measured CP asym-metry is also given [13℄. For omparison, we also ite the theoretial estimates of the CP asymmetries inthe QCD fatorization framework [16℄, and in SCET [20℄.Modes Class QCDF SCET This work EXPB0s!K+�� T �6:7+2:1+3:1+0:2+15:5�2:2�2:9�0:4�15:2 20� 17� 19� 5 24:1+3:9+3:3+2:3�3:6�3:0�1:2 39� 15� 8B0s!K0�0 C 41:6+16:6+14:3+ 7:8+40:9�12:0�13:3�14:5�51:0 76� 26� 27� 17 59:4+1:8+ 7:4+2:2�4:0�11:3�3:5B0s ! K+K� P 4:0+1:0+2:0+0:5+10:4�1:0�2:3�0:5�11:3 �6� 5� 6� 2 �23:3+0:9+4:9+0:8�0:2�4:4�1:1B0s ! K0K0 P 0:9+0:2+0:2+0:1+0:2�0:2�0:2�0:1�0:3 < 10 0B0s ! �0� PEW |{ |- �0:4+0:6+2:2+0:0�0:7�2:2�0:0B0s ! �0�0 PEW 27:8+6:0+9:6+2:0+24:7�7:1+5:7�2:0�27:2 |- 20:6+0:0+2:0+2:8�0:7�2:5�1:2B0s ! K0� C 46:8+18:5+28:6+5:2+34:6�13:2�32:2�12:5�45:6 �56� 46 � 14 � 6 56:4+2:9+6:8+3:1�3:4�8:0�3:461� 59� 12� 8B0s ! K0�0 C �36:6+8:6+6:0+3:8+19:3�8:2�7:4�2:5�17:3 �14� 7� 16� 2 �19:9+1:6+5:1+1:4�1:4�5:0�0:937� 8� 14� 4B0s ! �� P �1:6+0:5+0:6+0:4+2:2�0:4�0:6�0:7�2:2 7:9� 4:9� 2:7 � 1:5 �0:6+0:2+0:6+0:0�0:2�0:5�0:1�1:1 � 5:0 � 3:9� 1:0B0s ! ��0 P 0:4+0:1+0:3+0:1+0:4�0:1�0:3�0:1�0:3 0:04 � 0:14� 0:39 � 0:43 �1:3+0:0+0:1+0:1�0:0�0:2�0:12:7� 0:9� 0:8 � 7:6B0s ! �0�0 P 2:1+0:5+0:4+0:2+1:1�0:6�0:4�0:3�1:2 0:9� 0:4� 0:6 � 1:9 1:9+0:2+0:3+0:2�0:2�0:4�0:1�3:7 � 1:0 � 1:2� 5:6B0s ! �+�� ann |{ |- �1:2+0:1+1:2+0:1�0:4�1:2�0:1B0s ! �0�0 ann |{ |- �1:2+0:1+1:2+0:1�0:4�1:2�0:1so that both Sf and Hf , an be extrated from the time dependent deays of Bs mesons. Thede�nition of the various quantities in the above equation are as follows:Sf = 2Im[�℄1 + j�j2 ; Hf = 2Re[�℄1 + j�j2 ; (71)27



with � = �fe2i�A( �Bs ! f)A(Bs ! �f) ; (72)where �f is +1(�1) for a CP-even (CP-odd) �nal state f and � = arg[�VbVtsV �sV �tb℄. With theonvention arg[Vb℄ = arg[Vs℄ = 0, the parameter an be redued to � = arg[�VtsV �tb℄. The resultsof our alulations for the deays B0s ! PP are listed in Table VI and ompared with the onesobtained in SCET [20℄.E. Spei� Tests of the pQCD preditions in B0d ! PP and B0s ! PP DeaysIn this subsetion, we onfront the preditions of the pQCD approah to available data inthe deay modes B0s ! PP and B0d ! PP , in terms of the ratios of the branhing ratios andCP-asymmetries. Restrited by the urrently available data, we shall on�ne ourselves to thedeay modes B0s ! K+K�, B0s ! K+��, B0d ! �+�� and B0d ! K��+. The ratio of thebranhing ratios de�ned as R1 � BR(B0s!K+K�)BR(B0d!�+��) has been studied at some length in the literature.In R1, the numerator is dominated by the penguin amplitude, but the denominator is a mixtureof tree and penguin amplitudes, and both the numerator and denominator have been measuredexperimentally. It has been argued that the ratio R1 and the two CP asymmetries SCP ( �B0d !�+��) and CCP ( �B0d ! �+��) = �AdirCP ( �B0d ! �+��) of the �B0d ! �+�� hannel depend, in theSU(3) limit, on only two quantities [58℄ whih an be determined from data and ompared withthe various dynamial models to get a lear piture of two-body non-leptoni deays. However,not invoking the SU(3) limit, this system of observables has too many unknowns and a lean testof the dynamial models is bogged down in the details of the hadroni input. To enable gettingleaner theoretial handles on the underlying dynamis, we alulate the ratio R2 � BR( �B0s!K+K�)BR( �B0d!�+K�) ,the ratio R3 and the quantity alled �, de�ned later in this subsetion. The last two (i.e. R3 and�) have been advoated by Lipkin [60℄ invoking earlier work by Gronau [59℄ as preision tests ofthe SM.The CDF ollaboration has measured the branhing ratio of B0s ! K+K� in the form [13℄:fs �BR(B0s ! K+K�)fd �BR(B0d ! �+K�) = 0:324� 0:019� 0:041: (73)Using the results [57℄ fs = (10:4� 1:4)%; fd = (39:8� 1:0)%; (74)BR(B0d ! �+��) = (5:2� 0:2)� 10�6; (75)28



TABLE VI: The mixing-indued CP asymmetries Sf (the �rst row of eah deay hannel) and theobservables Hf (the seond row) in the Bs ! PP deays alulated in the pQCD approah (This work).The errors for these entries orrespond to the unertainties in the input hadroni quantities, from thesale-dependene, and the CKMmatrix elements, respetively. Estimates of these quantities in SCET [20℄are also given, quoting two of these for the deays involving an � and/or an �0-meson.Modes SCET Theory I SCET Theory II This workB0s ! KS�0 �0:16� 0:41� 0:33� 0:17 �0:61+0:08+0:23+0:01�0:06�0:19�0:030:80� 0:27� 0:25� 0:11 �0:52+0:04+0:22+0:03�0:06�0:16�0:02B0s ! K�K+ 0:19� 0:04� 0:04� 0:01 0:28+0:03+0:04+0:02�0:03�0:04�0:010:979� 0:008� 0:007� 0:002 0:93+0:01+0:02+0:00�0:01�0:02�0:01B0s ! K0K0 | | 0:04| | 1:00B0s ! �0� 0:45� 0:14� 0:42� 0:30 0:38� 0:20� 0:42� 0:37 0:17+0:04+0:10+0:01�0:04�0:12�0:01�0:89� 0:07� 0:21� 0:15 �0:92� 0:08� 0:17� 0:15 0:99+0:00+0:01+0:00�0:01�0:02�0:00B0s ! �0�0 0:45� 0:14� 0:42� 0:30 0:38� 0:20� 0:42� 0:37 �0:17+0:00+0:07+0:03�0:01�0:08�0:05�0:89� 0:07� 0:21� 0:15 �0:92� 0:08� 0:17� 0:15 0:96+0:00+0:01+0:01�0:00�0:01�0:01B0s ! KS� 0:82� 0:32� 0:11� 0:04 0:63� 0:61� 0:16� 0:08 �0:43+0:03+0:22+0:02�0:04�0:21�0:030:07� 0:56� 0:17� 0:05 0:49� 0:68� 0:21� 0:03 �0:70+0:04+0:13+0:01�0:05�0:21�0:01B0s ! KS�0 0:38� 0:08� 0:10� 0:04 0:24� 0:09� 0:15� 0:05 �0:68+0:01+0:06+0:00�0:02�0:05�0:00�0:92� 0:04� 0:04� 0:02 �0:90� 0:05� 0:05� 0:03 �0:70+0:02+0:06+0:00�0:02�0:07�0:00B0s ! �� �0:026� 0:040� 0:030� 0:014 �0:077� 0:061� 0:022� 0:026 0:03+0:00+0:01+0:00�0:00�0:01�0:000:9965� 0:0041� 0:0019� 0:0015 0:9970� 0:0048� 0:0017� 0:0021 1:00+0:00+0:00+0:00�0:00�0:00�0:00B0s ! ��0 0:041� 0:004� 0:002� 0:051 0:015� 0:010� 0:008� 0:069 0:04+0:00+0:00+0:00�0:00�0:00�0:000:9992� 0:0002� 0:0001� 0:0021 0:9996� 0:0003� 0:0003� 0:0007 1:00+0:00+0:00+0:00�0:00�0:00�0:00B0s ! �0�0 0:049� 0:005� 0:005� 0:031 0:051� 0:009� 0:017� 0:039 0:04+0:00+0:01+0:00�0:00�0:01�0:000:9988� 0:0003� 0:0002� 0:0017 0:9980� 0:0007� 0:0009� 0:0041 1:00+0:00+0:00+0:00�0:00�0:00�0:00B0s ! �+�� |- |- 0:14+0:02+0:08+0:09�0:00�0:02�0:05|- |- 0:99+0:00+0:00+0:00�0:00�0:01�0:01B0s ! �0�0 |- |- 0:14+0:02+0:08+0:09�0:00�0:02�0:05|- |- 0:99+0:00+0:00+0:00�0:00�0:01�0:0129



one obtains R1 and R2: R1 = 4:69� 0:94; R2 = 1:24� 0:24: (76)We have alulated the branhing ratios for the related B0d ! �+��; �+K� deays in the pQCDapproah, getting:BR(B0d ! �+��) = (5:8+3:0+0:5+0:4�2:1�0:4�0:3)� 10�6; BR(B0d ! �+K�) = (11:6+5:0+5:2+0:7�3:5�2:9�0:3)� 10�6: (77)Taking into aount the orrelated errors in the numerator and the denominator, we get:R1 = 2:35+0:45+0:99+0:19�0:36�0:59�0:15; R2 = 1:18+0:11+0:10+0:01�0:11�0:08�0:01: (78)Adding the theoretial errors in quadrature, we get R1 = 2:35+1:10�0:71 and R2 = 1:18+0:15�0:14. Hene, inthe pQCD approah, the ratio R1 is smaller ompared to the urrent data. This originates fromthe fat that BR(B0d ! �+��) is somewhat larger in the pQCD approah ompared to the data,and BR(B0s ! K+K�) is smaller than the urrently measured branhing ratio (see Table III).Furthermore, the value of R1 also depends on the s quark mass through the hiral sale parametermK0 = m2K=(ms+mu;d). If we use mK0 = (1:9� 0:2) GeV, where the errors reets the unertaintyin the quark masses, we �nd that R1 has an additional unertainty R1 = 2:35+0:62�0:49. Adding thiserror with the one quoted above in quadrature yields R1 = 2:35+1:26�0:86. It would be interesting toinvestigate how the NLO ontributions modify the ratio R1 as the tree and penguin amplitudesare expeted to be renormalized di�erently inluding the O(�2s) orretions, as shown in [52℄ inthe ontext of the B0d ! PP deays.The ratio R2, on the other hand, omes out just about right in pQCD, as in this ratio boththe numerator and denominator are dominated by QCD penguin amplitudes. One also expetsthat this ratio is stable under O(�2s) orretions, as the denominator in R2 is itself stable againstsuh orretions (see Table III in [52℄) and very similar arguments apply to the deay rate for thenumerator. The stability of the olor-allowed QCD penguin amplitudes against one-loop orre-tions to the hard spetator sattering is also borne out in the QCD fatorization framework [8℄.The SU(3)-breaking e�ets in R2 are of the same size as the orresponding e�ets in the formfators, typially � 30%, and this likely is the dominant theoretial unertainty in this ratio. InFig. 5, we plot the ratio R2 vs. AdirCP (K+��) for the LO pQCD-based alulations worked outby us and ompare them with the urrent data on these observables. The experimental value ofR2 has already been given earlier, and we use AdirCP (B0d ! K+��) = �0:093 � 0:015 [57℄. We30
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KFIG. 5: R2 vs AdirCP (�K). The region inside the solid (red) box is the pQCD alulation in the LO. Theexperimental results are shown as bands within their �1� errors.reall that the diret CP asymmetry AdirCP (K+��), alulated by us in the LO pQCD approah,AdirCP (B0d ! �+K�) = �0:17+0:02+0:03+0:01�0:02�0:02�0:01 is numerially signi�antly di�erent than the earlierestimates of the same in this approah (for example, the entral value of this CP asymmetry inLO is quoted as �0:12 in [52℄). This mismath reets the dependene of AdirCP (K+��) on theinput quantities, in partiular Vub, whih have evolved in the meanwhile. Thus, with our inputvalues, we �nd good agreement with data on R2 but not so for AdirCP (K+��), as shown in Fig. 5.However, taking into aount the O(�2s) ontributions, this CP-asymmetry is renormalized whileR2 remains pratially the same. Taking the entral values from Table IV of Ref. [52℄, one gets aK-fator of 0.75 for AdirCP (K+��) (the entral value in NLO is �0:09 with the input values usedthere). Using this K-fator, and our LO alulations, we estimate AdirCP (K+��) = �0:13� 0:04 inNLO, making it ompatible with the urrent data. This is shown in Fig. 6. It should, however,be pointed out for the sake of larity that the NLO orretions in [52℄ are not omplete, as thehard spetator ontributions in O(�2s) are not all alulated. Hene a residual ontribution toAdirCP (K+��) (and other observables) an not be logially exluded. However, our disussion hereundersores the dominant soure of the unertainty in AdirCP (K+��), whih is of parametri origin.In B0d ! K��+ and B0s ! K+��, the branhing ratios are very di�erent from eah other dueto the di�ering strong and weak phases entering in the tree and penguin amplitudes. However,as shown by Gronau [59℄, the two relevant produts of the CKM matrix elements entering in the31



-0.35 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00
0.0

0.5

1.0

1.5

2.0

 

 

R2

Adir
KFIG. 6: R2 vs AdirCP (�K). The region inside the solid (green) box is obtained by estimating AdirCP (�K) inNLO, as disussed in the text. R2 (pQCD) and the experimental results are the same as in the previous�gure.expressions for the diret CP asymmetries in these deays are equal, and, as stressed by Lipkin [60℄subsequently, the �nal states in these deays are harge onjugates, and the strong interationsbeing harge-onjugation invariant, the diret CP asymmetry in B0s ! K��+ an be related tothe well-measured CP asymmetry in the deay B0d ! K+�� using U-spin symmetry. In thissymmetry limit, we have [59, 60℄jA(Bs ! �+K�)j2 � jA( �Bs ! ��K+)j2 = jA( �Bd ! �+K�)j2 � jA(Bd ! ��K+)j2; (79)AdirCP ( �Bd ! �+K�) = �AdirCP ( �Bs ! ��K+) � BR(Bs ! �+K�)BR( �Bd ! �+K�) � �(Bd)�(Bs) : (80)Following the suggestions in the literature, we an test these equations and searh for possiblenew physis e�ets whih would likely violate these relations. To that end, one an de�ne thefollowing two parameters (using Eq. (65) for the de�nition of CP asymmetry):R3 � jA(Bs ! �+K�)j2 � jA( �Bs ! ��K+)j2jA(Bd ! ��K+)j2 � jA( �Bd ! �+K�)j2 ; (81)� = AdirCP ( �Bd ! �+K�)AdirCP ( �Bs ! ��K+) + BR(Bs ! �+K�)BR( �Bd ! �+K�) � �(Bd)�(Bs) : (82)The standard model predits R3 = �1 and � = 0 if we assume U -spin symmetry. Sine we havea detailed dynamial theory to study the SU(3) (and U-spin) symmetry violation, we an hek32
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FIG. 7: R3 vs �: The red (smaller) retangle is the pQCD estimates worked out in this paper. Theexperimental results with their �1� errors are shown as the larger retangle.how good quantitatively this symmetry is in the ratios R3 and �. We �nd:R3 = �1:00+0:04+0:03+0:09�0:04�0:04�0:08; � = �0:00+0:03+0:03+0:06�0:03�0:02�0:04; (83)The di�ering values of !B and !Bs, whih enter in the B0d and B0s -meson wave funtions, ontributedominantly to the �rst errors, whereas the urrent unertainties on the CKM angle  and Vts arereeted in the third errors given above. The sale-dependent unertainties leading to the seonderror are relatively small. Adding all the theoretial errors in quadrature, we get R3 = �1:00+0:10�0:10and � = �0:00+0:07�0:05. Thus, we �nd that these quantities are quite reliably alulable, as antiipatedon theoretial grounds. On the experimental side, the results for R3 and � are [13℄:R3 = �0:84� 0:42� 0:15; � = 0:04� 0:11� 0:08: (84)We onlude that the SM is in good agreement with the data, as an also be seen in Fig. 7 wherewe plot theoretial preditions for R3 vs. � and ompare them with the urrent measurements ofthe same. The measurements of these quantities are rather impreise at present, a situation whihwe hope will greatly improve at the LHC (and Super-B fatories).
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IV. CALCULATION OF Bs TO A VECTOR AND A PSEUDO-SCALAR MESON INTHE PQCD APPROACHA. Deay amplitudesIn the deays of Bs to a vetor and a pseudo-salar meson, only the longitudinal polarizationof the vetor meson an ontribute, thus the deay formulas are very similar to those of theBs ! PP deays. Sine the Lorentz struture of the vetor meson wave funtions is di�erent fromthe pseudo-salar ase, there are two kinds of emission diagrams in priniple. If the emitted mesonis a vetor meson, the deay amplitudes are the same as that of the Bs ! PP ase, sine theyare both haraterized by the Bs ! P transition form fators. For the non-fatorizable diagramsand also those diagrams in whih a pseudo-salar meson is emitted, the distribution amplitudesof the pseudo-salar meson will be replaed by that of the vetor meson as follows:�A2 (x)! �2(x); �P2 (x)! �s2(x); �T2 (x)! �t2(x); m02 !M2; (85)where M2 is the mass of the vetor meson. The fatorizable emission topology F SPB!P does notontribute as the vetor meson annot be generated by the salar or the pseudo-salar density.Furthermore, we must add a minus sign to �s3(x) and �t3(x) in the annihilation diagram formulasFann and Mann if the vetor meson is on the light �s quark side.B. Numerial results for Bs ! PV deaysThe branhing ratios of Bs ! PV deays are listed in Table VII. The diret CP asymmetriesof the Bs ! PV deays are given in Table VIII. They are ompared with the orrespondingalulations in the QCDF approah [16℄, where the soures of the errors in the numerial estimateshave the same origin as in the disussion of the B ! PP deays. Comparison of the entries inTable VII shows that the two approahes give similar results for the tree-dominated deays and theQCD penguin- and eletroweak-penguin dominated deays (exept for those involving an � or �0in the �nal states), and they are radially di�erent for the annihilation-dominated deays (the lastfour entries in this table). The branhing ratios for �Bs ! �� and �Bs ! ��0 are of the same order asthe QCDF results, but there are large di�erenes in �Bs ! !(�)� and �Bs ! �(�)�0. In QCDF, thebranhing ratios for �Bs ! ��, �Bs ! ��0 and �Bs ! ��0 (eletro-weak penguin dominated proess)are of the same magnitude, whih implies that the olor-suppressed QCD-penguins have a redued34



value similar to the eletroweak penguins. However, in the pQCD approah, the fatorization saleis low and this dynamially enhanes the olor-suppressed QCD penguins sizably.Preditions for the CP-asymmetries in the two approahes given in Table VIII are, however, allquite di�erent. The zeros shown in some ases for the pQCD approah will be lifted on inludingthe negleted small subdominant ontributions. Also, as opposed to the QCDF approah, weare able to alulate the CP asymmetries in the annihilation-dominated topologies. The mixing-indued CP asymmetries (Sf )Bs and the observable (Hf )Bs, de�ned in the previous setion, areshown in Table IX. Currently, there is no data to onfront the estimates given in Tables VII, VIIIand IX, and again we hope that this will be remedied at the LHC (and Super-B fatories).V. Bs ! V V DECAYS IN PQCD APPROACHA. Deay amplitudesThere are three kinds of polarizations of a vetor meson, namely longitudinal (L), normal(N) and transverse (T). The amplitudes for a Bs meson deay to two vetor mesons are alsoharaterized by the polarization states of these vetor mesons. The amplitudes A(�) for the deayBs(PB)! V2(P2; ��2�) + V3(P3; ��3�) an be deomposed as follows:A(�) = ��2�(�)��3�(�) �a g�� + bM2M3P �BP �B + i M2M3 �����P2�P3�� ;� AL + AN��2(� = T ) � ��3(� = T ) + i ATM2Bs ������2�(�)��3�(�)P2P3� ; (86)where M2 and M3 are the masses of the vetor mesons V2 and V3, respetively. The de�nitions ofthe amplitudes Ai (i = L;N; T ) in terms of the Lorentz-invariant amplitudes a, b and  areAL = a ��2(L) � ��3(L) + bM2M3 ��2(L) � P3 ��3(L) � P2 ;AN = a; (87)AT = r2r3 :The longitudinal polarization amplitudes for the Bs ! V V deays an be obtained from thosein the Bs ! PP deays with the following replaement in the distribution amplitudes:�A2(3)(x)! �2(3)(x); �P2(3)(x)! �s2(3)(x); �T2(3)(x)! �t2(3)(x); (88)for the emission diagrams, while�A2(3)(x)! �2(3)(x); �P2(3)(x)! (�)�s2(3)(x); �T2(3)(x)! (�)�t2(3)(x); (89)35



TABLE VII: The CP -averaged branhing ratios (�10�6) of Bs ! PV deays obtained in the pQCDapproah (This work); the errors for these entries orrespond to the unertainties in the input hadroniquantities, from the sale-dependene, and the CKM matrix elements, respetively. For omparison, wealso ite the theoretial estimates of the branhing ratios in the QCD fatorization framework [16℄.Modes Class QCDF This workB0s!��K�+ T 8:7+4:6+3:5+0:7+0:8�3:7�2:9�1:0�0:7 7:6+2:9+0:4+0:5�2:2�0:5�0:3B0s!��K+ T 24:5+11:9+9:2+1:8+1:6�9:7�7:8�3:0�1:6 17:8+7:7+1:3+1:1�5:6�1:6�0:9B0s!�0K�0 C 0:25+0:08+0:10+0:32+0:30�0:08�0:06�0:14�0:14 0:07+0:02+0:04+0:01�0:01�0:02�0:01B0s!�0K0 C 0:61+0:33+0:21+1:06+0:56�0:26�0:15�0:38�0:36 0:08+0:02+0:07+0:01�0:02�0:03�0:00B0s ! K�0� C 0:26+0:15+0:49+0:15+0:57�0:13�0:22�0:05�0:15 0:17+0:04+0:10+0:03�0:04�0:06�0:01B0s ! K�0�0 C 0:28+0:04+0:46+0:23+0:29�0:04�0:24�0:10�0:15 0:09+0:02+0:03+0:01�0:02�0:02�0:01B0s ! K0! C 0:51+0:20+0:15+0:68+0:40�0:18�0:11�0:23�0:25 0:15+0:05+0:07+0:02�0:04�0:03�0:01B0s ! K+K�� P 4:1+1:7+1:5+1:0+9:2�1:5�1:3�0:9�2:3 6:0+1:7+1:7+0:7�1:5�1:2�0:3B0s ! K�+K� P 5:5+1:3+5:0+0:8+14:2�1:4�2:6�0:7� 3:6 4:7+1:1+2:5+0:0�0:8�1:4�0:0B0s ! K0K�0 P 3:9+0:4+1:5+1:3+10:4�0:4�1:4�1:4� 2:8 7:3+2:5+2:1+0:0�1:7�1:3�0:0B0s ! K�0K0 P 4:2+0:4+4:6+1:1+13:2�0:4�2:2�0:9� 3:2 4:3+0:7+2:2+0:0�0:7�1:4�0:0B0s ! �0� PEW 0:12+0:03+0:04+0:01+0:02�0:02�0:04�0:01�0:01 0:16+0:06+0:02+0:00�0:05�0:02�0:00B0s ! �0� PEW 0:17+0:03+0:07+0:02+0:02�0:03�0:06�0:02�0:01 0:06+0:03+0:01+0:00�0:02�0:01�0:00B0s ! �0�0 PEW 0:25+0:06+0:10+0:02+0:02�0:05�0:08�0:02�0:02 0:13+0:06+0:02+0:00�0:04�0:02�0:01B0s ! !� P;C 0:012+0:005+0:010+0:028+0:025�0:004�0:003�0:006�0:006 0:04+0:03+0:05+0:00�0:01�0:02�0:00B0s ! !�0 P;C 0:024+0:011+0:028+0:077+0:042�0:009�0:006�0:010�0:015 0:44+0:18+0:15+0:00�0:13�0:14�0:01B0s ! �� P 0:12+0:02+0:95+0:54+0:32�0:02�0:14�0:12�0:13 3:6+1:5+0:8+0:0�1:0�0:6�0:0B0s ! ��0 P 0:05+0:01+1:10+0:18+0:40�0:01�0:17�0:08�0:04 0:19+0:06+0:19+0:00�0:01�0:13�0:00B0s ! K0� P 0:27+0:09+0:28+0:09+0:67�0:08�0:14�0:06�0:18 0:16+0:04+0:09+0:02�0:03�0:04�0:01B0s ! �0! ann � 0:0005 0:004+0:001+0:000+0:000�0:001�0:001�0:000B0s ! �+�� ann � 0:003 0:22+0:05+0:04+0:00�0:05�0:06�0:01B0s ! �+�� ann � 0:003 0:24+0:05+0:05+0:00�0:05�0:06�0:01B0s ! �0�0 ann � 0:003 0:23+0:05+0:05+0:00�0:05�0:06�0:01
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TABLE VIII: The diret CP asymmetries (in %) in the Bs ! PV deays, obtained in the pQCD approah(This work); the errors for these entries orrespond to the unertainties in the input hadroni quantities,from the sale-dependene, and the CKM matrix elements, respetively. For omparison, we also ite thetheoretial estimates of the CP asymmetries in the QCD fatorization framework [16℄.Modes Class QCDF This workB0s!��K�+ T 0:6+0:2+1:4+0:1+19:9�0:1�1:7�0:1�20:1 �19:0+2:5+2:7+0:9�2:6�3:4�1:4B0s!��K+ T �1:5+0:4+1:2+0:2+12:1�0:4�1:4�0:3�12:1 14:2+2:4+2:3+1:2�2:2�1:6�0:7B0s!�0K�0 C �45:7+14:3+13:0+28:4+80:0�16:0�11:6�28:0�59:7 �47:1+7:4+35:5+2:9�8:7�29:8�7:0B0s!�0K0 C 24:7+7:1+14:0+22:8+51:3�5:2�12:4�17:7�52:3 73:4+6:4+16:2+2:2�11:7�47:8�3:9B0s ! K�0� C 40:2+17:0+24:6+ 7:8+65:9�11:5�30:8�14:0�96:3 51:2+6:2+14:1+2:0�6:4�12:4�3:3B0s ! K�0�0 C �58:6+16:9+41:4+19:9+44:9�11:9�11:7�13:9�35:7 �51:1+4:6+15:0+3:2�6:6�18:2�4:1B0s ! K0! C �43:9+13:6+18:0+30:6+57:7�13:4�18:2�30:2�49:3 �52:1+3:2+22:7+3:2�0:0�15:1�2:0B0s ! K+K�� P 2:2+0:6+8:4+5:1+68:6�0:7�8:0�5:9�71:0 �36:6+2:3+2:8+1:3�2:3�3:5�1:2B0s ! K�+K� P �3:1+1:0+3:8+1:6+47:5�1:1�2:6�1:3�45:0 55:3+4:4+8:5+5:1�4:9�9:8�2:5B0s ! K0K�0 P 1:7+0:4+0:6+0:5+1:4�0:5�0:5�0:4�0:8 0B0s ! K�0K0 P 0:2+0:0+0:2+0:1+0:2�0:1�0:3�0:1�0:1 0B0s ! �0� PEW 27:2+6:1+9:8+2:7+32:0�6:8�5:6�2:4�37:1 13:3+0:3+2:1+1:5�0:4�1:7�0:7B0s ! �0� PEW 27:8+6:4+9:1+2:6+25:9�6:7�5:7�2:2�28:4 �9:2+1:0+2:8+0:4�0:4�2:7�0:7B0s ! �0�0 PEW 28:9+6:1+10:3+1:5+24:8�7:5� 6:3�1:8�27:5 25:8+1:3+2:8+3:4�2:0�3:6�1:5B0s ! !� P;C | �16:7+5:8+15:4+0:8�3:2�19:1�1:7B0s ! !�0 P;C | 7:7+0:4+4:5+9:4�0:1�4:2�0:4B0s ! �� P �8:4+2:0+30:1+14:6+36:3�2:1�71:2�44:7�59:7 �1:8+0:0+0:6+0:1�0:1�0:6�0:2B0s ! ��0 P �62:2+15:9+132:3+80:8+122:4�10:2� 84:2�46:8� 49:9 7:8+1:5+1:2+0:1�0:5�8:6�0:4B0s ! K0� P �10:3+3:0+4:7+3:7+5:0�2:4�3:0�4:1�7:5 0B0s ! �0! ann | 6:0+0:0+0:5+0:8�5:2�3:3�0:4B0s ! �+�� ann | 4:6+0:0+2:9+0:6�0:6�3:5�0:3B0s ! �+�� ann | �1:3+0:9+2:8+0:1�0:4�3:5�0:2B0s ! �0�0 ann | 1:7+0:2+2:8+0:2�0:8�3:6�0:1
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TABLE IX: The mixing-indued CP asymmetries (Sf )Bs and (Hf )Bs in Bs ! PV deays obtained inthe pQCD approah (This work); the errors for these entries orrespond to the unertainties in the inputhadroni quantities, from the sale-dependene, and the CKM matrix elements, respetively.Modes Class (Sf )Bs (Hf )BsB0s!�0KS C �0:57+0:22+0:51+0:02�0:17�0:39�0:05 �0:36+0:10+0:46+0:04�0:13�0:15�0:04B0s ! KS! C �0:63+0:09+0:28+0:01�0:09�0:11�0:02 �0:57+0:11+0:31+0:02�0:13�0:38�0:02B0s ! �0� PEW �0:07+0:01+0:08+0:02�0:01�0:09�0:03 0:98+0:00+0:01+0:01�0:00�0:03�0:00B0s ! �0� PEW 0:15+0:06+0:14+0:01�0:06�0:16�0:01 0:98+0:01+0:01+0:00�0:01�0:03�0:00B0s ! �0�0 PEW �0:16+0:00+0:10+0:04�0:00�0:12�0:05 0:95+0:01+0:01+0:01�0:00�0:02�0:02B0s ! !� P;C �0:02+0:01+0:02+0:00�0:03�0:08�0:00 0:99+0:01+0:01+0:00�0:01�0:06�0:00B0s ! !�0 P;C �0:11+0:01+0:04+0:02�0:00�0:04�0:03 0:99+0:00+0:00+0:00�0:00�0:00�0:00B0s ! �� P �0:03+0:02+0:07+0:01�0:01�0:20�0:02 1:00+0:00+0:00+0:00�0:00�0:01�0:00B0s ! ��0 P 0:00+0:00+0:02+0:00�0:00�0:02�0:00 1:00+0:00+0:00+0:00�0:00�0:00�0:02B0s ! KS� P �0:72 �0:69B0s ! �0! ann �0:97+0:00+0:00+0:11�0:01�0:00�0:02 �0:22+0:02+0:00+0:12�0:00�0:02�0:29B0s ! �0�0 ann �0:19+0:00+0:02+0:01�0:00�0:02�0:02 0:99+0:00+0:00+0:00�0:00�0:00�0:00for the annihilation diagrams. The fatorizable emission topology ontribution F SP;iBs!V3 (i =L;N; T ) vanish due to the onservation of harge parity.The normal and transverse polarization amplitudes for Bs ! V V deays are displayed as
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follows. For the fatorizable emission diagrams shown in Fig.3(a) and (b), the formulas arefV2FLL;NBs!V3(ai) = 8�CFM4BsfV2r2 Z 10 dx1dx3 Z 10 b1db1b3db3�Bs(x1; b1)nhe(x1; x3; b1; b3)�Ee(ta)ai(ta)[�T3 (x3) + 2r3�v3(x3) + r3x3(�v3(x3)� �a3(x3))℄+r3[�v3(x3) + �a3(x3)℄Ee(t0a)ai(t0a)he(x3; x1; b3; b1)o; (90)fV2FLL;TBs!V3(ai) = 16�CFM4BsfV2r2 Z 10 dx1dx3 Z 10 b1db1b3db3�Bs(x1; b1)nhe(x1; x3; b1; b3)�[�T3 (x3) + 2r3�v3(x3)� r3x3(�v3(x3)� �a3(x3))℄Ee(ta)ai(ta)+r3[�v3(x3) + �a3(x3)℄Ee(t0a)ai(t0a)he(x3; x1; b3; b1)o; (91)FLR;iBs!V3(ai) = FLL;iBs!V3(ai); (92)F SP;iBs!V3(ai) = 0; (93)with i = L;N; T .The non-fatorizable emission diagrams are shown in Fig.3() and (d). Their ontributions areexpressed in the formulas given below:MLL;NBs!V3(ai) = 32�CFM4Bsr2=p6 Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)�n �x2(�v2(x2) + �a2(x2))�T3 (x3)� 2r3(x2 + x3)(�v2(x2)�v3(x3) + �a2(x2)�a3(x3))�hn(x1; x2; x3; b1; b2)E 0e(t0b)ai(t0b)+(1� x2)(�v2(x2) + �a2(x2))�T3 (x3)E 0e(tb)ai(tb)hn(x1; 1� x2; x3; b1; b2)o; (94)MLL;TBs!V3(ai) = 64�CFM4Bsr2=p6 Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)nE 0e(t0b)ai(t0b)��x2(�v2(x2) + �a2(x2))�T3 (x3)� 2r3(x2 + x3)(�v2(x2)�a3(x3)+�a2(x2)�v3(x3))�hn(x1; x2; x3; b1; b2)+(1� x2)[�v2(x2) + �a2(x2)℄�T3 (x3)E 0e(tb)ai(tb)hn(x1; 1� x2; x3; b1; b2)o; (95)MLR;TBs!V3(ai) = 2MLR;NBs!V3(ai)= 64�CFM4Bs=p6Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)�r3x3�T2 (x2)(�v3(x3)� �a3(x3))nE 0e(t0b)ai(t0b)hn(x1; x2; x3; b1; b2) + E 0e(tb)ai(tb)hn(x1; 1� x2; x3; b1; b2)o; (96)
39



MSP;NBs!V3(ai) = 32�CFM4Bs=p6Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)r2�nx2(�v2(x2)� �a2(x2))�T3 (x3)E 0e(t0b)ai(t0b)hn(x1; x2; x3; b1; b2)+hn(x1; 1� x2; x3; b1; b2)[(1� x2)(�v2(x2)� �a2(x2))�T3 (x3)�2r3(1� x2 + x3)(�v2(x2)�v3(x3)� �a2(x2)�a3(x3))℄E 0e(tb)ai(tb)o; (97)MSP;TBs!V3(ai) = 64�CFM4Bs=p6Z 10 dx1dx2dx3 Z 10 b1db1b2db2�Bs(x1; b1)r2�nx2(�v2(x2)� �a2(x2))�T3 (x3)E 0e(t0b)ai(t0b)hn(x1; x2; x3; b1; b2)+hn(x1; 1� x2; x3; b1; b2)[(1� x2)(�v2(x2)� �a2(x2))�T3 (x3)�2r3(1� x2 + x3)(�v2(x2)�a3(x3)� �a2(x2)�v3(x3))℄E 0e(tb)ai(tb)o: (98)The fatorizable annihilation diagrams are shown in Fig.4 (a) and (b), and the normal polar-ization ontributions are:fBsFLL;Nann (ai) = fBsFLR;Nann (ai)= �8�CFM4BsfBsr2r3 Z 10 dx2dx3 Z 10 b2db2b3db3nEa(t)ai(t)ha(x2; 1� x3; b2; b3))[(2� x3) (�v2(x2)�v3(x3) + �a2(x2)�a3(x3)) + x3(�v2(x2)�a3(x3) + �a2(x2)�v3(x3))℄�ha(1� x3; x2; b3; b2)[(1 + x2)(�v2(x2)�v3(x3) + �a2(x2)�a3(x3))�(1� x2)(�v2(x2)�a3(x3) + �a2(x2)�v3(x3))℄Ea(t0)ai(t0)o: (99)Note, that large anellations between the two diagrams Fig.4 (a) and (b) take plae, as a resultof whih ontributions from these diagrams are suppressed.For the transverse polarization, we havefBsFLL;Tann (ai) = �fBsFLR;Tann (ai)= �16�CFM4BsfBsr2r3 Z 10 dx2dx3 Z 10 b2db2b3db3n[x3(�v2(x2)�v3(x3) + �a2(x2)�a3(x3))+(2� x3)(�v2(x2)�a3(x3) + �a2(x2)�v3(x3))℄Ea(t)ai(t)ha(x2; 1� x3; b2; b3)+ha(1� x3; x2; b3; b2)[(1� x2)(�v2(x2)�v3(x3) + �a2(x2)�a3(x3))�(1 + x2)(�v2(x2)�a3(x3) + �a2(x2)�v3(x3))℄Ea(t0)ai(t0)o: (100)We remark that, although the anellations in this ase are not as severe as for the normalpolarization ase, the dominant ontributions are still power suppressed by r2r3, where r2(3) =40



M2(3)=MBs . For the (S � P )(S + P ) operators, we havefBsF SP;Tann (ai) = 2fBsF SP;Nann (ai)= �32�CFM4BsfBs Z 10 dx2dx3 Z 10 b2db2b3db3nr2(�v2(x2) + �a2(x2))�T3 (x3)�Ea(t)ai(t)ha(x2; 1� x3; b2; b3)+r3�T2 (x2)(�v3(x3)� �a3(x3))Ea(t0)ai(t0)ha(1� x3; x2; b3; b2)o: (101)Again, for this ase, like the Bs ! PP deays, no anellations among the ontributing diagramsor power suppressions are involved. The hiral enhanement here for the transverse and normalpolarizations are essential for the explanation of the large transverse polarization fration in thepenguin dominant B deays, suh as B ! K�� and B ! K�� deays [42, 43℄. For the non-fatorizable annihilation diagrams shown in Fig.4 () and (d), we haveMLL;Nann (ai) = MSP;Nann (ai)= �64�CFM4Bsr2r3=p6 Z 10 dx1dx2dx3 Z 10 b1db2b2db2�Bs(x1; b1)[�v2(x2)�v3(x3)+�a2(x2)�a3(x3)℄E 0a(td)ai(td)hna(x1; x2; x3; b1; b2); (102)MLL;Tann (ai) = �MSP;Tann (ai)= �128�CFM4Bsr2r3=p6 Z 10 dx1dx2dx3 Z 10 b1db2b2db2�Bs(x1; b1)[�v2(x2)�a3(x3)+�a2(x2)�v3(x3)℄E 0a(td)ai(td)hna(x1; x2; x3; b1; b2); (103)MLR;Tann (ai) = 2MLR;Nann (ai)= �64�CFM4Bs=p6Z 10 dx1dx2dx3 Z 1 b1db1b2db2�Bs(x1; b1)nh0na(x1; x2; x3; b1; b2)�r2x2(�v2(x2) + �a2(x2))�T3 (x3)� r3(1� x3)�T2 (x2)(�v3(x3)� �a3(x3))�E 0a(t0d)ai(t0d)+ �r2(2� x2)(�v2(x2) + �a2(x2))�T3 (x3)� r3(1 + x3)�T2 (x2)(�v3(x3)� �a3(x3))��E 0a(td)ai(td)hna(x1; x2; x3; b1; b2)o: (104)These ontributions are all power-suppressed as expeted.B. Numerial results for Bs ! V V deaysThe deay width for Bs ! V2V3 is given as� = P8�M2Bs Xi=0;k;?Ay(i)A(i) ; (105)41



where P is the momentum of either of the two vetor mesons in the �nal states. The sum is overthe three transversity amplitudes of the two vetor mesons, de�ned as follows:A0 � �AL;Ak � p2a;A? � r2r3p2(�2 � 1)AT ; (106)with the ratio � = P2 � P3=(M2M3). Note that the de�nitions of Ai(i = 0; k;?) are onsistentwith those in [18℄, exept for an additional minus sign in A0, so that our de�nitions of the relativestrong phases �i(i =k;?) (see text below) also di�er from the ones in [18℄ by �. The polarizationfrations fi(i = 0; k;?) are de�ned as follows:fi = jAij2jA0j2 + jAkj2 + jA?j2 : (107)We �rst give the numerial results of the form fators at maximal reoil:V B!K� = 0:25+0:05+0:00�0:05�0:00; AB!K�0 = 0:30+0:06+0:00�0:05�0:01; AB!K�1 = 0:19+0:04+0:00�0:03�0:00;V B!� = 0:21+0:05+0:00�0:04�0:00; AB!�0 = 0:25+0:05+0:00�0:04�0:01; AB!�1 = 0:17+0:04+0:00�0:03�0:00;V B!! = 0:19+0:04+0:00�0:04�0:00; AB!!0 = 0:23+0:05+0:00�0:04�0:01; AB!!1 = 0:15+0:03+0:00�0:03�0:00:V Bs!K� = 0:21+0:04+0:00�0:03�0:01; ABs!K�0 = 0:25+0:05+0:00�0:05�0:01; ABs!K�1 = 0:16+0:03+0:00�0:03�0:01;V Bs!� = 0:25+0:05+0:00�0:04�0:01; ABs!�0 = 0:30+0:05+0:00�0:05�0:01; ABs!�1 = 0:19+0:03+0:00�0:03�0:01: (108)
where the �rst error in the above entries is due to the input hadroni parameters fB(Bs), !b andthe seond one is from the hard sale and �QCD. The entries in the �rst three lines involve thedeays of the B� and B0d mesons to two vetor mesons, and as suh are not required for theB0s ! V V deays being worked out in this paper. We list them here to see the SU(3)-breakinge�ets in the form fators. Within errors, these form fators are in agreement with the ones inthe light one QCD sum rules [61℄ and with the slightly di�erent estimates of the same in [18℄.The branhing ratios of Bs ! V V deays are listed in Table X. They are ompared with theorresponding results in the QCDF approah [18℄. A omparison shows that the tree-, penguin-and eletroweak dominated deays are omparable in the two approahes, with the numerialdi�erenes reeting the input parameters. The olor-suppressed deays, but more markedly theannihilation-dominated deays, di�er in these approahes, a feature whih is well appreiated inthe literature. The experimental upper bounds on some of the deays are also listed. Exept forthe deay Bs ! ��, where an experimental measurement may be just around the orner, all otherdeay modes remain essentially unexplored. 42



TABLE X: The CP-averaged branhing ratios in Bs ! V V deays (�10�6) obtained in the pQCDapproah (This work); the errors for these entries orrespond to the unertainties in the input hadroniquantities, from the sale-dependene, and the CKM matrix elements, respetively. For omparison, wealso ite the updated theoretial estimates in the QCD fatorization framework [18℄. The experimentalupper limits (at 90% C.L.) are from the Partile Data Group [28℄.Channel Class QCDF [18℄ This work Exp [28℄�Bs ! �0K�0 C 1:5+1:0+3:1�0:5�1:5 0:33+0:09+0:14+0:00�0:07�0:09�0:01 < 767�Bs ! !K�0 C 1:2+0:7+2:3�0:3�1:1 0:31+0:10+0:12+0:07�0:07�0:06�0:02�Bs ! ��K�+ T 25:2+1:5+4:7�1:7�3:1 20:9+8:2+1:4+1:2�6:2�1:4�1:1�Bs ! K��K�+ P 9:1+2:5+10:2�2:2�5:9 6:7+1:5+3:4+0:5�1:2�1:4�0:2�Bs ! K�0K�0 P 9:1+0:5+11:3�0:4�6:8 7:8+1:9+3:8+0:0�1:5�2:2�0:0 < 1681�Bs ! �K�0 P 0:4+0:1+0:5�0:1�0:3 0:65+0:16+0:27+0:10�0:13�0:18�0:04 < 1013�Bs ! �� P 21:8+1:1+30:4�1:1�17:0 35:3+8:3+16:7+0:0�6:9�10:2�0:0 14� 8�Bs ! �+�� ann 0:34+0:03+0:60�0:03�0:38 1:0+0:2+0:3+0:0�0:2�0:2�0:0�Bs ! �0�0 ann 0:17+0:01+0:30�0:01�0:19 0:51+0:12+0:17+0:01�0:11�0:10�0:01 < 320�Bs ! �0! ann < 0:01 0:007+0:002+0:001+0:000�0:001�0:001�0:000�Bs ! !! ann 0:11+0:01+0:20�0:01�0:12 0:39+0:09+0:13+0:01�0:08�0:07�0:00�Bs ! ��0 PEW 0:40+0:12+0:25�0:10�0:04 0:23+0:09+0:03+0:00�0:07�0:01�0:01 < 617�Bs ! �! P 0:10+0:05+0:48�0:03�0:12 0:16+0:09+0:10+0:01�0:05�0:04�0:00The results for the longitudinal polarization fration f0, parallel polarization fration fk and per-pendiular polarization fration f?, their relative phases �k � Arg(Ak=A0) and �? � Arg(A?=A0)(both in radians), and the diret CP-asymmetry in the B0s ! V V deays are displayed in Ta-ble XI. In alulating the CP-asymmetries, we have used the de�nition given earlier in Eq. 65.Again, there are no data available to onfront the entries in Table XI.Two remarks on the Bs ! �� deays presented above are in order.First, Bs ! �� is a b ! s penguin dominated proess. The CDF ollaboration [62℄ hasreported the deay branhing fration of this hannel as (14� 8)� 10�6, but a thorough angularanalysis is still laking. This hannel is very similar to the deay B ! �K�, whih is wellmeasured in the experiment. In the B ! �K� deays, the data show that the fration of the43



left-handed polarization reahes about 50%. This result is quite di�erent from the expetationin the fatorization assumption that the longitudinal polarization should dominate due to thequark heliity analysis. There exist lots of theoretial attempts to solve this ontradition. Todistinguish, whih one is the most appropriate sheme, we must investigate the deay Bs ! ��and other similar hannels.In the pQCD approah, the weak annihilation diagram indued by the operator O6 an enhanethe transverse polarization sizably. In Ref. [63℄, the longitudinal fration of B ! �K� is about 75%, whih is muh smaller than that obtained based on the fatorization assumption, but still largerthan the data. Moreover, the branhing fration is overestimated. Li [64℄ has suggested a strategyto solve these two problems together, by invoking a smaller value for the form fator A0. A smallerA0 is also onsistent with the preditions in other approahes, suh as the ovariant light frontquark model [65℄. In the pQCD approah, a smaller A0 requires smaller Gegenbauer moments ofthe longitudinal polarized distribution amplitudes of the reoiling vetor meson. Following thislead, and performing a alulation using the asymptoti distribution amplitude for K�, one indeed�nds that the longitudinal polarization fration an be redued; Ref. [64℄ �nds that this frationan be redued to 59%.Based on the above disussion, we also analyzed the Bs ! V V deays adopting the asymptotiforms of the twist-3 distribution amplitudes in the pQCD approah, while keeping the leading-twist distribution amplitudes up to the seond Gegenbauer moments, as done for the pseudo-salarmeson ase disussed earlier. In addition, we also test the sensitivity of the branhing ratio ofthe Bs ! �� deay on the Gengenbauer moments of the twist-2 distribution amplitudes. Theresult of the branhing ratio for this hannel with asymptoti twist-2 distribution amplitudes is22:2� 10�6, whih is muh smaller than that for the ase with higher Gegenbauer moments andis loser to the experiment. However, we �nd that the polarization frations do not hange toomuh using the asymptoti forms of distribution amplitudes. The reason is that the ontributionsfrom the annihilation topology, whih enhane the transverse polarization fration, also dereasewith a dereased value of the form fator A0. This is di�erent from the B ! �K� deay.Seond, it is to be noted that the longitudinal polarization of B ! �K� and �Bs ! �� anbe related to eah other in the SU(3) limit. The disrepany between them represents SU(3)symmetry breaking e�ets, whih an be reeted in the following aspets in the pQCD approahspei�ally: In the �rst plae, the shape parameter of B and Bs wavefuntion in the initialstate an give rise to di�erenes in these two U-spin related proess. Then, the longitudinal and44



TABLE XI: The CP-averaged polarization frations, relative phases and diret CP asymmetries in theBs ! V V deays obtained in the pQCD approah; the errors for these entries orrespond to the un-ertainties in the input hadroni quantities, from the sale-dependene, and the CKM matrix elements,respetively.Channel f0(%) fk(%) f?(%) �k(rad) �?(rad) CP(%)�Bs ! �0K�0 45:5+0:4+6:9+0:6�0:3�4:3�0:9 27:6+0:1+2:1+0:4�0:2�3:4�0:3 26:9+0:2+2:3+0:4�0:3�3:5�0:3 2:7+0:2+0:2+0:3�0:3�0:3�0:1 2:8+0:3+0:3+0:4�0:2�0:2�0:1 61:8+3:2+17:1+4:4�4:7�22:8�2:3�Bs ! !K�0 53:2+0:3+3:5+2:3�0:2�2:9�1:3 23:6+0:2+1:5+0:4�0:1�1:7�1:0 23:1+0:1+1:4+1:0�0:2�1:7�0:6 1:4+0:1+0:2+0:0�0:1�0:2�0:1 1:4+0:1+0:2+0:0�0:1�0:2�0:0 �62:1+4:8+19:7+5:5�3:9�12:6�1:9�Bs ! ��K�+ 93:7+0:1+0:2+0:0�0:2�0:3�0:2 3:4+0:1+0:2+0:1�0:0�0:1�0:0 2:9+0:1+0:1+0:1�0:1�0:1�0:0 3:0+0:1+0:1+0:1�0:0�0:0�0:0 3:1+0:0+0:0+0:0�0:1�0:1�0:1 �8:2+1:0+1:2+0:4�1:2�1:7�1:1�Bs ! K��K�+ 43:8+5:1+2:1+3:7�4:0�2:3�1:5 30:1+2:1+0:9+0:8�2:7�1:0�1:9 26:1+1:8+1:4+0:7�2:4�1:0�1:8 1:7+0:2+0:1+0:1�0:2�0:1�0:0 1:7+0:2+0:1+0:1�0:2�0:1�0:0 9:3+0:4+3:3+0:3�0:7�3:6�0:2�Bs ! K�0K�0 49:7+5:7+0:6+0:0�4:8�3:8�0:0 26:8+2:6+2:1+0:0�3:0�0:3�0:0 23:5+2:2+1:7+0:0�2:7�0:3�0:0 1:4+0:2+0:0+0:0�0:1�0:0�0:0 1:4+0:1+0:0+0:0�0:1�0:0�0:0 0�Bs ! �K�0 71:2+3:2+2:7+0:0�3:0�3:7�0:0 15:5+1:6+2:1+0:0�1:7�1:5�0:0 13:3+1:4+1:7+0:0�1:5�1:3�0:0 1:4+0:1+0:0+0:0�0:1�0:1�0:0 1:4+0:1+0:0+0:0�0:1�0:1�0:0 0�Bs ! �� 61:9+3:6+2:5+0:0�3:2�3:3�0:0 20:7+1:7+1:8+0:0�2:0�1:4�0:0 17:4+1:5+1:5+0:0�1:6�1:1�0:0 1:3+0:2+0:1+0:0�0:1�0:0�0:0 1:3+0:2+0:0+0:0�0:1�0:0�0:0 0�Bs ! �+�� � 100 � 0 � 0 4:3+0:1+0:1+0:0�0:0�0:1�0:0 4:7+0:0+0:3+0:1�0:0�0:5�0:0 �2:1+0:2+1:7+0:1�0:1�1:3�0:1�Bs ! �0�0 � 100 � 0 � 0 4:3+0:1+0:1+0:0�0:0�0:1�0:0 4:7+0:0+0:3+0:1�0:0�0:5�0:0 �2:1+0:2+1:7+0:1�0:1�1:3�0:1�Bs ! �0! � 100 � 0 � 0 4:5+0:0+0:0+0:0�0:0�0:0�0:0 3:2+0:0+0:1+0:0�0:1�0:0�0:2 6:0+0:7+2:7+1:0�0:5�3:9�0:4�Bs ! !! � 100 � 0 � 0 4:3+0:0+0:1+0:0�0:0�0:1�0:0 4:7+0:0+0:2+0:0�0:0�0:5�0:0 �2:0+0:1+1:7+0:1�0:1�1:3�0:1�Bs ! ��0 87:0+0:2+0:9+0:9�0:2�0:3�0:4 6:8+0:1+0:2+0:3�0:1�0:5�0:4 6:2+0:1+0:1+0:1�0:1�0:5�0:4 3:5+0:0+0:0+0:0�0:0�0:1�0:1 3:5+0:0+0:1+0:1�0:0�0:0�0:0 10:1+0:9+1:6+1:3�0:9�1:8�0:5�Bs ! �! 44:3+0:0+5:4+0:9�7:5�6:1�0:4 28:5+3:8+3:1+0:1�0:0�2:8�0:5 27:2+3:7+3:0+0:2�0:0�2:6�0:4 3:0+0:1+0:2+0:0�0:1�0:2�0:0 3:0+0:1+0:2+0:1�0:0�0:2�0:0 3:6+0:6+2:4+0:6�0:6�2:4�0:2transverse deay onstants as well as the Gegenbauer moments in the two vetor mesons in the�nal state an also ontribute to the SU(3) symmetry breaking e�ets signi�antly. In addition,these two deay proesses also di�er due to the absene of the time-like penguin annihilation inthe B ! �K� deay.VI. SUMMARYWith the LHC era almost upon us, where apart from the deisive searhes for the Higgs boson(s)and supersymmetry (or, alternatives thereof), also dediated studies of the B0s -meson physis (aswell as that of the heavier b-hadrons) will be arried out. First results on the deay harateristis45



of the B0s -mesons are already available from the Tevatron, in partiular the B0s - B0s -mixing induedmass di�erene �Ms, the branhing ratios for the deays B0s ! K+��, B0s ! K+K�, B0s ! ��,and the �rst diret CP asymmetry AdirCP(B0s ! K+��). These measurements owe themselves tothe two experiments CDF and D0; they are impressive and prove that utting-edge B physis analso be arried out by general purpose hadron ollider experiments. At the LHC, we will have adediated b-physis experiment, LHCb, but also the two main general purpose detetors ATLASand CMS will be able to ontribute handsomely to the ongoing researh in b-physis. Coneivably,also at a Super-B fatory with dediated running at the �(5S)-resonane, the urrent experimentaldatabank on the Bs-meson will be greatly enlarged.Antiipating these developments, we have presented in this work the results of a omprehensivestudy of the deays B0s ! h1h2, where h1 and h2 are light (i.e., harmless) pseudo-salar andvetor mesons. This study has been arried out in the ontext of the pQCD approah, takinginto aount the most reent information on the CKM matrix elements and weak phases andupdating the input hadroni parameters. The deay amplitudes ontain the relevant emission andannihilation diagrams of the tree and penguin nature. Expliit formulae for all these amplitudes,inluding the various pQCD-related funtions, are provided in the Appendies. Numerial resultsfor the harge-onjugation averaged branhing ratios, the diret CP asymmetries and the mixing-indued CP-asymmetries Sf for the CP-eigenstates f , and the time-dependent observable Hf arepresented in the form of tables. In addition, for the B0s ! V V deays, we also alulate the harge-onjugation-averaged transversity amplitudes, their relative strong phases and magnitudes. Theresults for the altogether 49 B0s ! h1h2 deays inlude also theoretial errors oming from theinput hadroni parameters, variation of the hard sattering sale together with the unertainty on�QCD, and the ombined unertainty in the CKM matrix elements and the angles of the unitaritytriangle. For the last mentioned error, we use the reently updated results from the CKM�tter [53℄.Our results are ompared with the available data on the deays B0s ! h1h2 from the Tevatron,and some seleted B0d ! h1h2 deays from the B-fatory experiments, updating the theoretialalulations in the pQCD approah with our input parameters. In partiular, we revisited thewell-measured diret CP asymmetry AdirK�(B0d ! K+��), working out the parametri sensitivity ofthis observable, and argued that data an be aommodated in the pQCD approah by invokingO(�2s) ontributions, whih we estimated from the existing literature. The suessful preditionsof this diret CP-asymmetry in the pQCD approah is set forth with the �rst observed CP-asymmetry in the deay B0s ! K+��. This CP-asymmetry is experimentally large and is in good46



agreement with our numerial results, within the stated errors. We have also analyzed a numberof ratios of branhing ratio involving the B0s ! PP and B0d ! PP deays. They inlude the ratiosR1 � BR(B0s!K+K�)BR(B0d!�+��) , R2 � BR(B0s!K+K�)BR(B0d!K��+) , and two more, alled R3 and �, de�ned in Eq. (72)and (73), respetively, whih involve the deays B0d ! K��+ and B0s ! K+�� and their hargeonjugates. Exept for the ratio R1, for whih the pQCD alulations presented here are on thelower side of the data (within large errors), the others are well aounted for. We also ompareour results with the orresponding ones in the QCDF and SCET approahes. What onerns thebranhing ratios, we �nd reasonable agreement for some topologial amplitudes, but also majordisagreement, in partiular for those deays whih are dominated by the olor-suppressed tree andannihilation amplitudes. There are striking di�erenes in the CP asymmetries, in partiular withthe QCDF-based estimates, whih will be preisely tested in the future.Experimental preision on Bs deays will improve enormously in the oming years, thanks todediated experiments at the Tevatron and LHC. Many of the deay rates and CP asymmetriesworked out here will be put to experimental srutiny. They an be ombined with the B-fatorydata on the orresponding B ! PP; PV; V V deays, eliminating some of the large parametriunertainties in theoretially well-motivated ratios to test the SM preisely in exlusive hadronideays. In priniple, theoretial preditions presented here an be systematially improved byinluding higher order perturbative orretions (in �s) and sub-leading power orretions in 1=mb.AknowledgmentThis work is partly supported by National Siene Foundation of China under the Grant Num-bers 10475085 and 10625525. One of us (C.-D.L.) would like to aknowledge the �nanial sup-port of the Sino-German Center for Siene Promotion (Grant No. GZ 369), the Alexander-von-Humboldt-Foundation and DESY. We would like to thank Vladimir Braun for a disussion on theSU(3)-breaking e�ets in the light-one-distribution amplitudes of light mesons.
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APPENDIX A: PQCD FUNCTIONSIn this setion, we group the funtions whih appear in the fatorization formulae.The hard sales are hosen asta = maxfpx3MBs ; 1=b1; 1=b3g; (A1)t0a = maxfpx1MBs ; 1=b1; 1=b3g; (A2)tb = maxfpx1x3MBs ;pj1� x1 � x2jx3MBs ; 1=b1; 1=b2g; (A3)t0b = maxfpx1x3MBs ;pjx1 � x2jx3MBs ; 1=b1; 1=b2g; (A4)t = maxfp1� x3MBs ; 1=b2; 1=b3g; (A5)t0 = maxfpx2MBs ; 1=b2; 1=b3g; (A6)td = maxfpx2(1� x3)MBs ;p1� (1� x1 � x2)x3MBs ; 1=b1; 1=b2g; (A7)t0d = maxfpx2(1� x3)MBs ;pjx1 � x2j(1� x3)MBs ; 1=b1; 1=b2g: (A8)The funtions h in the deay amplitudes onsist of two parts: one is the jet funtion St(xi)derived by the threshold re-summation[46℄, the other is the propagator of virtual quark and gluon.They are de�ned byhe(x1; x3; b1; b3) = ��(b1 � b3)I0(px3MBsb3)K0(px3MBsb1) (A9)+�(b3 � b1)I0(px3MBsb1)K0(px3MBsb3)�K0(px1x3MBsb1)St(x3);hn(x1; x2; x3; b1; b2) = [�(b2 � b1)K0(px1x3MBsb2)I0(px1x3MBsb1)+�(b1 � b2)K0(px1x3MBsb1)I0(px1x3MBsb2)℄�8<: i�2 H(1)0 (p(x2 � x1)x3MBsb2); x1 � x2 < 0K0(p(x1 � x2)x3MBsb2); x1 � x2 > 0 ; (A10)
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ha(x2; x3; b2; b3) = ( i�2 )2St(x3)h�(b2 � b3)H(1)0 (px3MBsb2)J0(px3MBsb3)+�(b3 � b2)H(1)0 (px3MBsb3)J0(px3MBsb2)iH(1)0 (px2x3MBsb2);(A11)hna(x1; x2; x3; b1; b2) = i�2 h�(b1 � b2)H(1)0 (px2(1� x3)MBsb1)J0(px2(1� x3)MBsb2)+�(b2 � b1)H(1)0 (px2(1� x3)MBsb2)J0(px2(1� x3)MBsb1)i�K0(p1� (1� x1 � x2)x3MBsb1); (A12)h0na(x1; x2; x3; b1; b2) = i�2 h�(b1 � b2)H(1)0 (px2(1� x3)MBsb1)J0(px2(1� x3)MBsb2)+�(b2 � b1)H(1)0 (px2(1� x3)MBsb2)J0(px2(1� x3)MBsb1)i�8<: i�2 H(1)0 (p(x2 � x1)(1� x3)MBsb1); x1 � x2 < 0K0(p(x1 � x2)(1� x3)MBsb1); x1 � x2 > 0 ; (A13)where H(1)0 (z) = J0(z) + iY0(z).The St re-sums the threshold logarithms ln2 x appearing in the hard kernels to all orders andit has been parameterized as St(x) = 21+2�(3=2 + )p��(1 + ) [x(1� x)℄; (A14)with  = 0:4. In the nonfatorizable ontributions, St(x) gives a very small numerial e�et to theamplitude [47℄. Therefore, we drop St(x) in hn and hna.The evolution fators E(0)e and E(0)a entering in the expressions for the matrix elements (seesetion 3) are given byEe(t) = �s(t) exp[�SB(t)� S3(t)℄; E 0e(t) = �s(t) exp[�SB(t)� S2(t)� S3(t)℄jb1=b3 ;(A15)Ea(t) = �s(t) exp[�S2(t)� S3(t)℄; E 0a(t) = �s(t) exp[�SB(t)� S2(t)� S3(t)℄jb2=b3 ; (A16)in whih the Sudakov exponents are de�ned asSB(t) = s�x1MBsp2 ; b1�+ 53 Z t1=b1 d���� q(�s(��)); (A17)S2(t) = s�x2MBsp2 ; b2�+ s�(1� x2)MBsp2 ; b2�+ 2 Z t1=b2 d���� q(�s(��)); (A18)with the quark anomalous dimension q = ��s=�. Replaing the kinemati variables of M2 to M3in S2, we an get the expression for S3. The expliit form for the funtion s(Q; b) is:s(Q; b) = A(1)2�1 q̂ ln� q̂̂b�� A(1)2�1 �q̂ � b̂�+ A(2)4�21 � q̂̂b � 1�� �A(2)4�21 � A(1)4�1 ln�e2E�12 �� ln� q̂̂b�+A(1)�24�31 q̂ " ln(2q̂) + 1q̂ � ln(2b̂) + 1b̂ #+ A(1)�28�31 hln2(2q̂)� ln2(2b̂)i ; (A19)49



where the variables are de�ned byq̂ � ln[Q=(p2�)℄; b̂ � ln[1=(b�)℄; (A20)and the oeÆients A(i) and �i are �1 = 33� 2nf12 ; �2 = 153� 19nf24 ;A(1) = 43 ; A(2) = 679 � �23 � 1027nf + 83�1ln(12eE ); (A21)nf is the number of the quark avors and E is the Euler onstant. We will use the one-looprunning oupling onstant, i.e. we pik up the four terms in the �rst line of the expression for thefuntion s(Q; b).APPENDIX B: ANALYTIC FORMULAE FOR THE Bs ! PP DECAY AMPLITUDESBefore we give the analyti formulae for Bs ! PP deays, we analyze the amplitudes in somespeial ases whih an simplify the formulae.� In the non-fatorizable emission diagrams, the formulae an be simpli�ed if the emissionmeson M2 is �, � or �0. Their distribution amplitudes �A(x) and �P (x) are symmetri and�T (x) is antisymmetri under the hange x ! 1 � x. From Eq. (54) we an see that theamplitude is identially zero for the (V � A)(V + A) operators; From Eq. (53) and Eq.(55) we an see that the (V � A)(V � A) ontribution is the same as the (S � P )(S + P )ontribution whih an be simpli�ed asMLLBs!M3(ai) = 32�CFM4Bs=p6 Z 10 dx1dx2dx3 Z 10 b1db1b2db2�B(x1; b1)�A2 (x2)� hn(x1; x2; x3; b1; b2)h� x3�A3 (x3) + 2r3x3�T3 (x3)iai(t0b)E 0e(t0b)= MSPBs!M3(ai): (B1)� In the annihilation fatorizable diagrams, the (V �A)(V �A) and (V �A)(V +A) operatorsgive the same ontribution, both from the vetor urrent. If the �nal state mesons areharge onjugate with eah other, the (V � A)(V � A) and (V � A)(V + A) operatorsgive identially zero ontributions due to the onservation of the vetor urrent. Suhoperators do not ontribute to the Bs ! K� deay either, in the SU(3) limit. The SU(3)symmetry breaking, i.e. the di�erene in the distribution amplitudes of � and K meson, an50



indue small deviations from zero. We expet this kind of operators an not give importantontributions to the branhing ratios.� In the nonfatorizable annihilation amplitudes of �Bs ! ��, Bs ! �(�nn)�(�nn) andBs ! �(�ss)�(�ss), the (V � A)(V � A) operators and (S � P )(S + P ) operators give equalontributions as an be seen from the fatorization formulae Mann by making x2 $ 1� x3.1. The ase without �(0)Tree operator dominant deays:A( �B0s ! ��K+) = GFp2VubV �udnf�FLLBs!K [a1℄ +MLLBs!K[C1℄o�GFp2VtbV �td�f�FLLBs!K [a4 + a10℄ + f�F SPBs!K [a6 + a8℄+MLLBs!K [C3 + C9℄ + fBsFLLann �a4 � 12a10�+ fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9�+MLRann �C5 � 12C7��; (B2)p2A( �B0s ! �0K0) = GFp2VubV �udnf�FLLBs!K [a2℄ +MLLBs!K[C2℄o�GFp2VtbV �td�f�FLLBs!K ��a4 � 32a7 + 32a9 + 12a10�+f�F SPBs!K ��a6 + 12a8�+MLLBs!K ��C3 + 32C8 + 12C9 + 32C10�+fBsF SPann ��a6 + 12a8�+ fBsFLLann ��a4 + 12a10�+MLLann ��C3 + 12C9�+MLRann ��C5 + 12C7��: (B3)Pure annihilation type deays:A( �B0s ! �+��) = p2A( �B0s ! �0�0)= GFp2VubV �usMLLann [C2℄� GFp2VtbV �tsMLLann �2C4 + 2C6 + 12C8 + 12C10� : (B4)
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QCD penguin operator dominant deays:A( �B0s ! K�K+) = GFp2VubV �usnfKFLLBs!K [a1℄ +MLLBs!K[C1℄ +MLLann[C2℄o�GFp2VtbV �ts�fKFLLBs!K [a4 + a10℄ + fKF SPBs!K [a6 + a8℄+MLLBs!K [C3 + C9℄ +MLRBs!K [C5 + C7℄ + fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9 + C4 � 12C10�+MLRann �C5 � 12C7�+MSPann �C6 � 12C8�+ �MLLann [C4 + C10℄ +MSPann [C6 + C8℄�K�$K+ �; (B5)A( �B0s ! �K0K0) = �GFp2VtbV �ts�fKFLLBs!K �a4 � 12a10�+ fKF SPBs!K �a6 � 12a8�+MLLBs!K �C3 � 12C9�+MLRBs!K �C5 � 12C7�+ fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9 + C4 � 12C10�+MLRann �C5 � 12C7� (B6)+MLLann �C4 � 12C10�K0$ �K0 + �MSPann �C6 � 12C8�+ [K0 $ �K0℄��;2. The ase with �(0)As disussed in the last setion, we use the quark avor basis for the mixing of � and �0. Sowe divide the amplitudes into the �n = (�uu+ �dd)=p2 and �ss omponent.p2A( �B0s ! �nK0) = GFp2VubV �udnfnFLLBs!K [a2℄ +MLLBs!K[C2℄o�GFp2VtbV �tdnfnF SPBs!K �a6 � 12a8�+ fBsFLLann �a4 � 12a10�+fnFLLBs!K �2a3 + a4 � 2a5 � 12a7 + 12a9 � 12a10�+MLLBs!K �C3 + 2C4 + 2C6 + 12C8 � 12C9 + 12C10�+fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9�+MLRann �C5 � 12C7�o; (B7)
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A( �B0s ! K0�s) = �GFp2VtbV �td�fsFLLBs!K �a3 � a5 + 12a7 � 12a9�+ fKFLLBs!�s �a4 � 12a10�+fKF SPBs!�s �a6 � 12a8�+MLLBs!K �C4 + C6 � 12C8 � 12C10�+MLLBs!�s �C3 � 12C9�+MLRBs!�s �C5 � 12C7�+ fBsFLLann �a4 � 12a10�+fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9�+MLRann �C5 � 12C7��: (B8)The deay amplitudes for the physial states are thenA( �Bs ! �K0) = A( �B0s ! �nK0) os�� A( �B0s ! K0�s) sin�; (B9)A( �Bs ! �0K0) = A( �B0s ! �nK0) sin�+ A( �B0s ! K0�s) os�: (B10)For �Bs ! �(0)�0 the deay amplitudes are de�ned similarly,A( �Bs ! �0�) = A( �B0s ! �0�n) os�� A( �B0s ! �0�s) sin�; (B11)A( �Bs ! �0�0) = A( �B0s ! �0�n) sin�+ A( �B0s ! �0�s) os�; (B12)whereA( �B0s ! �0�n) = GFp2VubV �us�fBsFLLann [a2℄ +MLLann[C2℄��GFp2VtbV �ts�fBsFLLann �32a9 + 32a7�+MSPann �32C8�+MLLann �32C10��;(B13)and p2A( �B0s ! �0�s) = GFp2VubV �us�f�FLLBs!�s [a2℄ +MLLBs!�s [C2℄��GFp2VtbV �ts�f�FLLBs!�s �32a9 � 32a7�+MLLBs!�s �32C8 + 32C10��: (B14)
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For �Bs ! �(0)�(0), we haveA( �B0s ! �n�n) = GFp2VubV �usMLLann[C2℄� GFp2VtbV �tsMLLann �2C4 + 2C6 + 12C8 + 12C10� ; (B15)p2A( �B0s ! �n�s) = GFp2VubV �usnfnFLLBs!�s [a2℄ +MLLBs!�s [C2℄o�GFp2VtbV �tsnfnFLLBs!�s �2a3 � 2a5 � 12a7 + 12a9�+MLLBs!�s �2C4 + 2C6 + 12C8 + 12C10�o; (B16)A( �B0s ! �s�s) = �p2GFVtbV �tsnfsFLLBs!�s �a3 + a4 � a5 + 12a7 � 12a9 � 12a10�+fsF SPBs!�s �a6 � 12a8�+MLLBs!�s �C3 + C4 + C6 � 12C8 � 12C9 � 12C10�+fBsF SPann �a6 � 12a8�+MLLann �C3 + C4 + C6 � 12C8 � 12C9 � 12C10�);(B17)The deay amplitudes for the physial states are thenp2A( �Bs ! ��) = A( �B0s ! �n�n) os2 �+ A( �B0s ! �s�s) sin2 �� sin(2�)A( �B0s ! �n�s);(B18)A( �Bs ! ��0) = �A( �B0s ! �n�n)� A( �B0s ! �s�s)� os� sin�+ A( �B0s ! �n�s) os(2�);(B19)p2A( �Bs ! �0�0) = A( �B0s ! �n�n) sin2 �+ A( �B0s ! �s�s) os2 �+ sin(2�)A( �B0s ! �n�s):(B20)APPENDIX C: ANALYTIC FORMULAE FOR THE Bs ! PV DECAY AMPLITUDES1. The tree dominant deays
A( �B0s ! ��K�+) = GFp2VubV �ud(f�FLLBs!K� [a1℄ +MLLBs!K�[C1℄)�GFp2VtbV �td(f�FLLBs!K� [a4 + a10℄� f�F SPBs!K� [a6 + a8℄+MLLBs!K� [C3 + C9℄ + fBsFLLann �a4 � 12a10�� fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9��MLRann �C5 � 12C7�); (C1)
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A( �B0s ! ��K+) = GFp2VubV �ud(f�FLLBs!K [a1℄ +MLLBs!K[C1℄)�GFp2VtbV �td(f�FLLBs!K [a4 + a10℄ +MLLBs!K [C3 + C9℄+MLRBs!K [C5 + C7℄ + fBsFLLann �a4 � 12a10�+ fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9�+MLRann �C5 � 12C7�); (C2)p2A( �B0s ! �0K�0) = GFp2VubV �ud(f�FLLBs!K� [a2℄ +MLLBs!K�[C2℄)�GFp2VtbV �td(f�FLLBs!K� ��a4 � 32a7 + 12a10 + 32a9��f�F SPBs!K� ��a6 + 12a8�+MLLBs!K� ��C3 + 32C8 + 12C9 + 32C10�+fBsFLLann ��a4 + 12a10�� fBsF SPann ��a6 + 12a8�+MLLann ��C3 + 12C9��MLRann ��C5 + 12C7�); (C3)p2A( �B0s ! �0K0) = GFp2VubV �ud(f�FLLBs!K [a2℄ +MLLBs!K[C2℄)�GFp2VtbV �td(f�FLLBs!K ��a4 + 32a7 + 12a10 + 32a9�+MLRBs!K ��C5 + 12C7�+MLLBs!K ��C3 + 12C9 + 32C10��MSPBs!K �32C8�+ fBsFLLann ��a4 + 12a10�+fBsF SPann ��a6 + 12a8�+MLLann ��C3 + 12C9�+MLRann ��C5 + 12C7�);(C4)
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p2A( �B0s ! !K0) = GFp2VubV �ud(f!FLLBs!K [a2℄ +MLLBs!K[C2℄o�GFp2VtbV �td�f!FLLBs!K �2a3 + a4 + 2a5 + 12a7 + 12a9 � 12a10�+MLLBs!K �C3 + 2C4 � 12C9 + 12C10�+MLRBs!K �C5 � 12C7��MSPBs!K �2C6 + 12C8�+ fBsFLLann �a4 � 12a10�+ fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9�+MLRann �C5 � 12C7�); (C5)2. The pure annihilation type deays
A( �B0s ! �+��) = GFp2VubV �us(fBsFLLann [a2℄ +MLLann[C2℄)� GFp2VtbV �ts(fBsFLLann [a3 + a9℄�fBsFLRann [a5 + a7℄ +MLLann [C4 + C10℄�MSPann [C6 + C8℄ + [�+ $ ��℄); (C6)A( �B0s ! �+��) = GFp2VubV �us(fBsFLLann [a2℄ +MLLann[C2℄)� GFp2VtbV �ts(fBsFLLann [a3 + a9℄�fBsFLRann [a5 + a7℄ +MLLann [C4 + C10℄�MSPann [C6 + C8℄ + [�+ $ ��℄); (C7)2A( �B0s ! �0�0) = A( �B0s ! �+��) + A( �B0s ! �+��); (C8)2A( �B0s ! �0!) = GFp2VubV �us(MLLann[C2℄)� GFp2VtbV �ts(MLLann �32C10��MSPann �32C8�+ [�0 $ !℄):(C9)
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3. The QCD penguin dominant deays
A( �B0s ! K�K�+) = GFp2VubV �usnfKFLLBs!K� [a1℄ +MLLBs!K�[C1℄ + fBsFLLann [a2℄ +MLLann[C2℄o�GFp2VtbV �ts(fKFLLBs!K� [a4 + a10℄� fKF SPBs!K� [a6 + a8℄+MLLBs!K� [C3 + C9℄ + fBFLLann �a3 + a4 � a5 + 12a7 � 12a9 � 12a10��MLRann �C5 � 12C7�+ fBsFLLann [a3 � a5 � a7 + a9℄K�$K�MLRBs!K� [C5 + C7℄� fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9 + C4 � 12C10��MSPann �C6 � 12C8�+MLLann [C4 + C10℄K�$K �MSPann [C6 + C8℄K�$K ); (C10)A( �B0s ! K��K+) = GFp2VubV �usnfK�FLLBs!K [a1℄ +MLLBs!K�[C1℄ + fBsFLLann [a2℄ +MLLann[C2℄o�GFp2VtbV �ts�fK�FLLBs!K [a4 + a10℄ +MLLBs!K [C3 + C9℄ +MLRBs!K [C5 + C7℄+fBFLLann �a3 + a4 � a5 + 12a7 � 12a9 � 12a10�+ fBsF SPann �a6 � 12a8�+fBsFLLann [a3 � a5 � a7 + a9℄K�$K +MLRann �C5 � 12C7�+MLLann �C3 � 12C9 + C4 � 12C10��MSPann �C6 � 12C8�+MLLann [C4 + C10℄K�$K �MSPann [C6 + C8℄K�$K ); (C11)
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A( �B0s ! �K0K�0) = �GFp2VtbV �ts(fKFLLBs!K� �a4 � 12a10�� fKF SPBs!K� �a6 � 12a8�+MLLBs!K� �C3 � 12C9�+ fBsFLLann �a3 + a4 � a5 + 12a7 � 12a9 � 12a10��MLRBs!K� �C5 � 12C7�� fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9 + C4 � 12C10�+MLLann �C4 � 12C10�K�$K�MLRann �C5 � 12C7�� �MSPann �C6 � 12C8�+ [K� $ K℄�+fBsFLLann �a3 � a5 + 12a7 � 12a9�K�$K �; (C12)A( �B0s ! �K�0K0) = �GFp2VtbV �ts(fK�FLLBs!K �a4 � 12a10�+MLLBs!K �C3 � 12C9�+MLRBs!K �C5 � 12C7�+ fBsFLLann �a3 + a4 � a5 + 12a7 � 12a9 � 12a10�+fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9 + C4 � 12C10�+MLRann �C5 � 12C7�� �MSPann �C6 � 12C8�+ [K� $ K℄� (C13)+fBsFLLann �a3 � a5 + 12a7 � 12a9�K�$K +MLLann �C4 � 12C10�K�$K ):A( �B0s ! K0�) = �GFp2VtbV �td(f�FLLBs!K �a3 + a5 � 12a7 � 12a9�+ fKFLLBs!� �a4 � 12a10��fKF SPBs!� �a6 � 12a8�+MLLBs!K �C4 � 12C10�+MLLBs!� �C3 � 12C9��MSPBs!K �C6 � 12C8��MLRBs!� �C5 � 12C7�+ fBsFLLann �a4 � 12a10��fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9��MLRann �C5 � 12C7��: (C14)
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4. The Eletroweak penguin dominant deaysp2A( �B0s ! �0�) = GFp2VubV �us(f�FLLBs!�[a2℄ +MLLBs!�[C2℄)�GFp2VtbV �ts(f�FLLBs!� �32a9 � 32a7�+MLLBs!� �32C8 + 32C10�): (C15)5. The deays involving � and �0p2A( �B0s ! �nK�0) = GFp2VubV �udnfnFLLBs!K� [a2℄ +MLLBs!K�[C2℄o�GFp2VtbV �td�fnFLLBs!K� �2a3 + a4 � 2a5 � 12a7 + 12a9 � 12a10��fnF SPBs!K� �a6 � 12a8�+MLLBs!K� �C3 + 2C4 � 12C9 + 12C10�+MSPBs!K� �2C6 + 12C8�+ fBsFLLann �a4 � 12a10�+ fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9�+MLRann �C5 � 12C7�); (C16)A( �B0s ! K�0�s) = �GFp2VtbV �td(fsFLLBs!K� �a3 � a5 + 12a7 � 12a9�+ fK�FLLBs!�s �a4 � 12a10�+MLLBs!K� �C4 � 12C10�+MLLBs!�s �C3 � 12C9�+MSPBs!K� �C6 � 12C8�+MLRBs!�s �C5 � 12C7�+ fBsFLLann �a4 � 12a10�+fBsF SPann �a6 � 12a8�+MLLann �C3 � 12C9�+MLRann �C5 � 12C7��: (C17)The deay amplitudes for the physial states are thenA( �Bs ! �K�0) = A( �B0s ! �nK�0) os�� A( �B0s ! �sK�0) sin�; (C18)A( �Bs ! �0K�0) = A( �B0s ! �nK�0) sin�+ A( �B0s ! �sK�0) os�: (C19)For �Bs ! �(0)�0 the deay amplitudes are de�ned similarly,A( �Bs ! �0�) = A( �B0s ! �0�n) os�� A( �B0s ! �0�s) sin�; (C20)A( �Bs ! �0�0) = A( �B0s ! �0�n) sin�+ A( �B0s ! �0�s) os�; (C21)59



where2A( �B0s ! �0�n) = �GFp2VtbV �ts(fBsFLLann �32a9 � 32a7�+MLLann �32C10��MSPann �32C8�)+GFp2VubV �us(fBsFLLann [a2℄ +MLLann[C2℄) + ��0 $ �n�; (C22)andp2A( �B0s ! �0�s) = GFp2VubV �us(f�FLLBs!�s [a2℄ +MLLBs!�s [C2℄) (C23)�GFp2VtbV �ts(f�FLLBs!�s �32a7 + 32a9�+MLLBs!�s �32C10��MSPBs!�s �32C8�):For deays �Bs ! �(0)!, we have2A( �B0s ! �n!) = GFp2VubV �us(fBsFLLann [a2℄ +MLLann[C2℄)�GFp2VtbV �ts(MLLann �2C4 + 12C10��MSPann �2C6 + 12C8�+fBsFLLann �2a3 � 2a5 � 12a7 + 12a9�)+ [�n $ !℄; (C24)p2A( �B0s ! !�s) = GFp2VubV �us(f!FLLBs!�s [a2℄ +MLLBs!�s [C2℄)�GFp2VtbV �ts(f!FLLBs!�s �2a3 + 2a5 + 12a7 + 12a9�+MLLBs!�s �2C4 + 12C10��MSPBs!�s �2C6 + 12C8�): (C25)And the deay amplitudes for physial states areA( �Bs ! �!) = A( �B0s ! �n!) os�� A( �B0s ! !�s) sin�; (C26)A( �Bs ! �0!) = A( �B0s ! �n!) sin�+ A( �B0s ! !�s) os�: (C27)
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For deays �Bs ! ��, we havep2A( �B0s ! �n�) = GFp2VubV �us(fnFLLBs!� [a2℄ +MLLBs!� [C2℄)�GFp2VtbV �ts(fnFLLBs!� �2a3 � 2a5 � 12a7 + 12a9�+MLLBs!� �2C4 + 12C10�+MSPBs!� �2C6 + 12C8�); (C28)A( �B0s ! �s�) = �GFp2VtbV �ts(fsFLLBs!� �a3 + a4 � a5 + 12a7 � 12a9 � 12a10��fsF SPBs!� �a6 � 12a8�+MLLBs!� �C3 + C4 � 12C9 � 12C10�+MSPBs!� �C6 � 12C8�+ fBsFLLann �a3 + a4 � a5 + 12a7 � 12a9 � 12a10�+MLLann �C3 + C4 � 12C9 � 12C10�� fBsF SPann �a6 � 12a8��MLRann �C5 � 12C7��MSPann �C6 � 12C8�)+ [�s $ �℄: (C29)And the deay amplitudes for physial states areA( �Bs ! ��) = A( �B0s ! �n�) os�� A( �B0s ! �s�) sin�; (C30)A( �Bs ! �0�) = A( �B0s ! �n�) sin�+ A( �B0s ! �s�) os�: (C31)APPENDIX D: ANALYTIC FORMULAE FOR THE Bs ! V V DECAY AMPLITUDESThere are three kinds of polarizations in the Bs meson deays to two vetor �nal states, namely:Longitudinal (L), parallel (N) and transverse (T). The deay amplitudes are lassi�ed aordingly,with i = L;N; T .
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1. Tree dominant deays
Ai( �B0s ! ��K�+) = GFp2VubV �udnf�FLL;iBs!K� [a1℄ +MLL;iBs!K�[C1℄o�GFp2VtbV �td�f�FLL;iBs!K� [a4 + a10℄+MLL;iBs!K� [C3 + C9℄�MLR;iBs!K� [C5 + C7℄+fBsFLL;iann �a4 � 12a10�� fBsF SP;iann �a6 � 12a8�+MLL;iann �C3 � 12C9��MLR;iann �C5 � 12C7��; (D1)p2Ai( �B0s ! �0K�0) = GFp2VubV �udnf�FLL;iBs!K� [a2℄ +MLL;iBs!K�[C2℄o+GFp2VtbV �tdnf�FLL;iBs!K� ��a4 + 32a7 + 32a9 + 12a10��MLR;iBs!K� ��C5 + 12C7�+MLL;iBs!K� ��C3 + 12C9 + 32C10��MSP;iBs!K� �32C8�+fBsFLL;iann ��a4 + 12a10�� fBsF SP;iann ��a6 + 12a8�+MLL;iann ��C3 + 12C9��MLR;iann ��C5 + 12C7��; (D2)p2Ai( �B0s ! !K�0) = GFp2VubV �udnf!FLL;iBs!K� [a2℄ +MLL;iBs!K�[C2℄o�GFp2VtbV �td�f!FLL;iBs!K� �2a3 + a4 + 2a5 + 12a7 + 12a9 � 12a10�+MLL;iBs!K� �C3 + 2C4 � 12C9 + 12C10��MLR;iBs!K� �C5 � 12C7��MSP;iBs!K� �2C6 + 12C8�+fBsFLL;iann �a4 � 12a10�� fBsF SP;iann �a6 � 12a8�+MLL;iann �C3 � 12C9��MLR;iann �C5 � 12C7��: (D3)
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2. Pure annihilation type deays
Ai( �B0s ! �+��) = GFp2VubV �usnfBsFLL;iann [a2℄ +MLL;iann [C2℄o�GFp2VtbV �ts�fBsFLL;iann �2a3 + 12a9�+ fBsFLR;iann �2a5 + 12a7�+MLL;iann �2C4 + 12C10�+MSP;iann �2C6 + 12C8��; (D4)p2Ai( �B0s ! �0�0) = GFp2VubV �usnfBsFLL;iann [a2℄ +MLL;iann [C2℄o�GFp2VtbV �ts�fBsFLL;iann �2a3 + 12a9�+ fBsFLR;iann �2a5 + 12a7�+MLL;iann �2C4 + 12C10�+MSP;iann �2C6 + 12C8��; (D5)p2Ai( �B0s ! !!) = GFp2VubV �us(fBsFLL;iann [a2℄ +MLL;iann [C2℄)�GFp2VtbV �ts(fBsFLL;iann �2a3 + 12a9�+ fBsFLR;iann �2a5 + 12a7�+MLL;iann �2C4 + 12C10�+MSP;iann �2C6 + 12C8�); (D6)2Ai( �B0s ! �0!) = GFp2VubV �usnfBsFLL;iann [a2℄ +MLL;iann [C2℄o� GFp2VtbV �tsnfBsFLL;iann �32a9�+fBsFLR;iann �32a7�+MLL;iann �32C10�+MSP;iann �32C8�o + ��0 $ !� : (D7)
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3. QCD penguin dominant deays
Ai( �B0s ! K��K�+) = GFp2VubV �usnfK�FLL;iBs!K� [a1℄ +MLL;iBs!K�[C1℄ + fBsFLL;iann [a2℄+MLL;iann [C2℄o� GFp2VtbV �ts�fK�FLL;iBs!K� [a4 + a10℄+MLL;iBs!K� [C3 + C9℄�MLR;iBs!K [C5 + C7℄+fBsFLL;iann �a3 + a4 � 12a9 � 12a10�+ fBsFLR;iann �a5 � 12a7��fBsF SP;iann �a6 � 12a8�+MLL;iann �C3 � 12C9 + C4 � 12C10��MLR;iann �C5 � 12C7�+MSP;iann �C6 � 12C8�+ �fBsFLL;iann [a3 + a9℄ + fBsFLR;iann [a5 + a7℄+MLL;iann [C4 + C10℄ +MSP;iann [C6 + C8℄�K��$K�+ �; (D8)
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Ai( �B0s ! �K�0K�0) = �GFp2VtbV �ts�fK�FLL;iBs!K� �a4 � 12a10�+MLL;iBs!K� �C3 � 12C9��MLR;iBs!K� �C5 � 12C7�+ fBsFLL;iann �a3 + a4 � 12a9 � 12a10��fBsF SP;iann �a6 � 12a8�+MLL;iann �C3 � 12C9 + C4 � 12C10��MLR;iann �C5 � 12C7�+MSP;iann �C6 � 12C8�+�fBsFLL;iann �a3 � 12a9�+ fBsFLR;iann �a5 � 12a7��K�0$ �K�0+�MLL;iann �C4 � 12C10�+MSP;iann �C6 � 12C8��K�0$ �K�0 �; (D9)Ai( �B0s ! K�0�) = �GFp2VtbV �td�f�FLL;iBs!K� �a3 + a5 � 12a7 � 12a9�+ fK�FLL;iBs!� �a4 � 12a10�+MLL;iBs!K� �C4 � 12C10�+MLL;iBs!� �C3 � 12C9��MSP;iBs!K� �C6 � 12C8��MLR;iBs!� �C5 � 12C7�+ fBsFLL;iann �a4 � 12a10�� fBsF SP;iann �a6 � 12a8�+MLL;iann �C3 � 12C9��MLR;iann �C5 � 12C7��: (D10)p2Ai( �B0s ! !�) = GFp2VubV �us(f!FLL;iBs!� [a2℄ +MLL;iBs!� [C2℄)�GFp2VtbV �ts(f!FLL;iBs!� �2a3 + 2a5 + 12a7 + 12a9�+MLL;iBs!� �2C4 + 12C10��MSP;iBs!� �2C6 + 12C8�); (D11)p2Ai( �B0s ! ��) = �2GFp2 VtbV �ts(f�FLL;iBs!� �a3 + a4 + a5 � 12a7 � 12a9 � 12a10�+MLL;iBs!� �C3 + C4 � 12C9 � 12C10��MLR;iBs!� �C5 � 12C7��MSP;iBs!� �C6 � 12C8�+ fBsFLL;iann �a3 + a4 � 12a9 � 12a10�+fBsFLR;iann �a5 � 12a7�� fBsF SP;iann �a6 � 12a8��MLR;iann �C5 � 12C7�+MLL;iann �C3 + C4 � 12C9 � 12C10�+MSP;iann �C6 � 12C8�): (D12)
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4. Eletroweak penguin dominant deaysp2Ai( �B0s ! �0�) = GFp2VubV �us(f�FLL;iBs!� [a2℄ +MLL;iBs!� [C2℄)�GFp2VtbV �ts(f�FLL;iBs!� �32(a9 + a7)�+MLL;iBs!� �32C10��MSP;iBs!� �32C8�) :(D13)
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