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DESY 11-201Analysis of B ! K�J(! K�)�+�� in the higher kaon resonan
e regionCai-Dian L�u a and Wei Wang b �a Institute of High Energy Physi
s, P.O. Box 918(4), Beijing 100049, People's Republi
 of Chinab Deuts
hes Elektronen-Syn
hrotron DESY, Hamburg 22607, GermanyWe study the resonant 
ontributions in the pro
ess of B0 ! K��+�+�� with the K��+invariant mass square m2K� 2 [1; 5℄GeV2. Width e�e
ts of the involved strange mesons,K�(1410); K�0 (1430); K�2 (1430); K�(1680); K�3 (1780) and K�4 (2045), are in
orporated. In terms ofheli
ity amplitudes, we derive a 
ompa
t form for the full angular distributions, through whi
h thebran
hing ratios, forward-ba
kward asymmetries and polarizations are attained. We propose thatthe un
ertainties in the B ! K�J form fa
tors 
an be pinned down by the measurements of a setof SU(3)-related pro
esses. Using results from the large energy limit, we derive the dependen
e ofbran
hing fra
tions on the mK�, and �nd that the K�2 resonan
e has a 
lear signature, in parti
ular,in the transverse polarizations.PACS numbers: 13.20.He; 12.39.St 14.40.Be;I. INTRODUCTIONIt is anti
ipated that the LHC is able to answer some of the fundamental questions in parti
le physi
s. One of greatinterests is in dertermining whether the new degrees of freedom are relevant for the phenomena at the TeV s
ale. Onthe one hand, many new parti
les have signatures di�erent from the standard model (SM) parti
les, and measurementsof their produ
tion and de
ays at the LHC may provide de�nitive eviden
e on their existen
e. On the other hand,low energy pro
esses may also be in
uen
ed by them. Rare B de
ays, with tiny de
ay probabilities in the SM, arehighly sensitive to the new degrees of freedom and thus 
an be exploited as indire
t sear
hes of these unknown e�e
ts.In parti
ular, b ! sl+l� espe
ially B ! K�(! K�)l+l� provide a wealth of information on the weak intera
tions,in terms of a number of observables ranging from the de
ay probabilities, forward-ba
kward asymmetries (FBAs),polarizations to a full angular analysis. The small bran
hing fra
tion, of order 10�6 for B ! K�l+l�, is 
ompensatedby the high luminosity at the B fa
tories and hadron 
olliders [1{3℄. It is anti
ipated that the measurements bythe LHCb dete
tor will allow to probe the short-distan
e physi
s at an unpre
edented level and will provide goodsensitivity to dis
riminate between the SM and di�erent models of new physi
s. For instan
e, results by the LHCbbased on the data with the integrated luminosity 0:3fb�1 [4℄ are in good agreement with the theory predi
tions [5℄,whi
h has pla
ed a stringent 
onstraint on new physi
s (NP) models.In our previous work [6℄, we have explored the B ! K�2 l+l� de
ay mode in the SM and two spe
i�
 NP s
enariosusing the B ! K�2 form fa
tors 
al
ulated in Ref. [7℄. We provided a 
omprehensive analysis of the bran
hing ratio,FBAs, transversity amplitudes, and full angular distributions. It is pointed out that the B ! K�2 l+l� de
ay hasseveral advantages in di�erent aspe
ts and is 
omplementary to the 
ommonly-studied mode B ! K�l+l�. Thepro
ess B ! K�2 l+l� has also re
eived 
onsiderable attention in the SM and several variants of it in Refs. [8{13℄. On� Email: wei.wang�desy.de
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2TABLE I: Wilson 
oeÆ
ients Ci(mb) in the leading logarithmi
 approximation, with mW = 80:4GeV, � = mb;pole [15℄.C1 C2 C3 C4 C5 C6 Ce�7 C9 C101:107 �0:248 �0:011 �0:026 �0:007 �0:031 �0:313 4:344 �4:669the experimental side, however, its usefulness is 
hallenged by the \pollution" from several other strange resonan
esin this mass region namely K�(1410);K�0 (1430);K�(1680);K�3(1780) and K�4 (2045) [14℄. The di�erent 
ontributions
an be separated by a partial wave analysis when a large amount of data is available, but it is ne
essary to explorethe interferen
e e�e
ts in physi
al quantities, su
h as the bran
hing ratios to have a ben
hmark for the possiblemeasurement in the �rst running of LHC. The aim of the present work is to a
hieve this goal. To do so, we willstudy the B ! K�J l+l� ! K�l+l� with the invariant mass square mK� ranging from 1 to 5 GeV2. Using theheli
ity amplitudes te
hnique we will derive a 
ompa
t form for the angular distributions and a number of otherquantities. To redu
e the un
ertainties in B ! K�J transition form fa
tors, we will propose to measure a set ofuseful but SU(3)-related 
hannels. In terms of the results derived from the large energy symmetry, we will showthe di�erential distributions and their dependen
e on m2K�. We further point out that for m2K� ' 2GeV2, the K�2dominates espe
ially in the transverse polarization while at m2K� ' 3GeV2, the B ! K�(1680) 
ontribution is thelargest.The rest of the paper is organized as follows. In Se
. II, we give the theoreti
al framework in
luding the e�e
tiveHamiltonian and the hadroni
 form fa
tors. Se
. III is devoted to the derivation of the di�erential de
ay distributionsand the integrated quantities. Se
. IV is devoted to the numeri
al predi
tions in the SM. We 
on
lude in the lastse
tion. The appendix 
ontains our derivation of the angular distributions.II. THEORETICAL FRAMEWORKThe de
ay amplitude for B ! K�J(! K�)l+l� 
onsists of two separate parts: the short distan
e physi
s and thelong-distan
e physi
s. The former arises from the degrees of freedom higher than mb, and thus 
an be 
omputed byperturbation theory. The low-energy e�e
t is usually parameterized in terms of heavy-to-light form fa
tors.The b! sl+l� e�e
tive Hamiltonian He� = �GFp2 VtbV �ts 10Xi=1 Ci(�)Oi(�)involves the four-quark and the magneti
 penguin operators Oi and their expli
it forms 
an be found in Ref. [15℄.Here Ci(�) are the Wilson 
oeÆ
ients for these lo
al operators Oi, and we use the leading logarithmi
 values [15℄,whi
h are listed in Table I, GF is the Fermi 
onstant, Vtb = 0:999176 and Vts = �0:03972 [14℄ are the CKM matrixelements. The double Cabibbo suppressed terms, proportional to VubV �us, have been omitted. mb = 4:67+0:18�0:06GeVand ms = 0:101+0:029�0:021GeV are the b and s quark masses [14℄.With the negle
t of QCD 
orre
tions, only the operators O7
 ; O9 and O10 
ontribute to the de
ay amplitudesiM(b! sl+l�) = iGFp2 �em� VtbV �ts ��C9 + C104 [�sb℄V�A[�ll℄V+A + C9 � C104 [�sb℄V�A[�ll℄V�A+C7Lmb[�si���(1 + 
5)b℄q�q2 � [�l
� l℄ + C7Rmb[�si���(1� 
5)b℄q�q2 � [�l
� l℄� ; (1)



3TABLE II: Properties of the resonan
es K�J . The isospin symmetry relation B(K�J ! K��+) = 2=3B(K�J ! K�) will be used.K�J JP n2S+1LJ m (MeV) � (MeV) B(K�J ! K�)(%) �L �TK�(1410) 1� 23S1? 1414 � 15 232� 21 6:6� 1:3 1 1K�0 (1430) 0+ 13P0; 23P0? 1425 � 50 270� 80 93 � 10 1 {K�2 (1430) 2+ 3P2 1432:4 � 1:3 109� 5 49:9� 1:2 q 23 q 12K�(1680) 1� 13D1 1717 � 27 322 � 110 38:7� 2:5 1 1K�3 (1780) 3� 13D3 1776� 7 159� 21 18:8� 1:0 q 25 q 415K�4 (2045) 4+ 13F4 2045� 9 198� 30 9:9� 1:2 q 835 q 17TABLE III: B ! K�J form fa
tors taken from Ref. [10℄.K�J �jj �?K�(1410) 0:22 � 0:03 0:28 � 0:04K�0 (1430) 0:22 � 0:03 {K�2 (1430) 0:22 � 0:03 0:28 � 0:04K�(1680) 0:18 � 0:03 0:24 � 0:05K�3 (1780) 0:16 � 0:03 0:23 � 0:05K�4 (2045) 0:13 � 0:03 0:19 � 0:05where C7L = C7 and C7R = msmbC7L. On the other hand, the operators O1 �O6 also 
ontribute starting from the oneloop diagrams. The fa
torizable loop terms 
an be in
orporated into the Wilson 
oeÆ
ients C7 and C9, and thus itis 
onvenient to de�ne the Wilson 
oeÆ
ients 
ombinations Ce�7 and Ce�9 [16℄Ce�7 = C7 � C5=3� C6;Ce�9 (q2) = C9(�) + h(m̂
; ŝ)C0 � 12h(1; ŝ)(4C3 + 4C4 + 3C5 + C6)�12h(0; ŝ)(C3 + 3C4) + 29(3C3 + C4 + 3C5 + C6); (2)with ŝ = q2=m2b , C0 = C1 + 3C2 + 3C3 + C4 + 3C5 + C6, and m̂
 = m
=mb. The auxiliary fun
tions used above areh(z; ŝ) = �89 ln mb� � 89 ln z + 827 + 49x� 29(2 + x)j1� xj1=28<: ln ���p1�x+1p1�x�1 ���� i� for x � 4z2ŝ < 12ar
tan 1px�1 for x � 4z2ŝ > 1 ;h(0; ŝ) = �89 ln mb� � 49 ln ŝ+ 827 + 49 i�: (3)In the following, we shall also drop the supers
ripts for Ce�9 and Ce�7 for brevity.The B ! K�0 (1430) transition form fa
tors are de�ned byhK�0 (P2)j�s
�
5bjB(PB)i = �i("P� � m2B �m2K�0q2 q�#F1(q2) + m2B �m2K�0q2 q�F0(q2)) ;hK�0 (P2)j�s���q�
5bjB(PB)i = h(m2B �m2K�0 )q� � q2P�i FT (q2)mB +mK�0 ; (4)



4while the parametrization of the B ! K�J(J > 1) form fa
tors is as follows [10, 17℄hK�J(P2; �)j�s
�bjB(PB)i = � 2V (q2)mB +mK�J �������J�PB�P2� ;hK�J(P2; �)j�s
�
5bjB(PB)i = 2imK�JA0(q2)��J � qq2 q� + i(mB +mK�J )A1(q2) ���J� � ��J � qq2 q���iA2(q2) ��J � qmB +mK�J "P� � m2B �m2K�Jq2 q�# ;hK�J (P2; �)j�s���q�bjB(PB)i = �2iT1(q2)�������J�PB�P2� ;hK�J(P2; �)j�s���
5q�bjB(PB)i = T2(q2) h(m2B �m2K�J )��J� � ��J � qP �i+ T3(q2)��J � q "q� � q2m2B �m2K�J P�# ;whi
h is in general analogous to the B ! K� ones. Here q = PB � P2, and P = PB + P2. We have the relation2mK�JA0(0) = (mB +mK�J )A1(0)� (mB �mK�J )A2(0) in order to smear the pole at q2 = 0. The polarization ve
torin the above equations is 
onstru
ted by the J-rank polarization tensor�J�(h) = 1mJ�1B ���1�2:::�J�1(h)P �1B P �2B :::P �J�1B ; (5)with h = 0;�1 being the heli
ity. Using the expression for ���1�2:::�J�1(h) whi
h is a produ
t of the polarizationve
tors with the Clebs
h-Gordan 
oeÆ
ients, we simplify the above equation as �J�(h) � (j~pK�J j=mK�J )J�1~�J�, with~�J�(0) = �JL��(0) and ~�J�(�1) = �JT ��(�1) and j~pK�J j � EK�J in the large re
oil region. �JL and �JT are produ
ts ofthe Clebs
h-Gordan 
oeÆ
ients �JL = CJ;01;0;J�1;0CJ�1;01;0;J�2;0:::C2;01;0;1;0;�JT = CJ;11;1;J�1;0CJ�1;01;0;J�2;0:::C2;01;0;1;0: (6)The B ! K�J form fa
tors are nonperturbative in nature and the appli
ation of QCD theory to them mostly resortsto the Latti
e QCD simulations, whi
h is quite limited at this stage. The 
ru
ial input we use in this work is theobservation that, in the heavy quark mb ! 1 and the large energy E ! 1 limit, intera
tions of the heavy andlight systems 
an be expanded in small ratios �QCD=E and �QCD=mB. At the leading power, the large energysymmetry is obtained and su
h symmetry to a large extent simpli�es the heavy-to-light transition [18, 19℄. As a
on
rete appli
ation, the 
urrent �s�b in QCD 
an be mat
hed onto the 
urrent �sn�bv 
onstru
ted in terms of the�elds in the e�e
tive theory. Here v denotes the velo
ity of the heavy meson and n is a light-like ve
tor along the K�Jmoving dire
tion. This pro
edure 
onstrains the independent Lorentz stru
tures and redu
es the seven independent



5TABLE IV: B ! K�2 form fa
tors at q2 = 0 in the ISGW2 model [21℄ (using the updated inputs [22℄), the 
ovariant light-frontquark model [22, 23℄ and the light-
one QCD sum rules [17℄ and perturbative QCD approa
h [7℄.ISGW2 [22℄ CLFQM [22, 23℄ LCSR [17℄ LEET+BSW [10℄ PQCD [7℄V BK�2 0.38 0.29 0:16 � 0:02 0:21 � 0:03 0:21+0:06�0:05ABK�20 0:27 0.23 0:25 � 0:04 0:15 � 0:02 0:18+0:05�0:04ABK�21 0.24 0.22 0:14 � 0:02 0:14 � 0:02 0:13+0:04�0:03ABK�22 0:22 0.21 0:05 � 0:02 0:14 � 0:02 0:08+0:03�0:02TBK�21 0:28 0:14 � 0:02 0:16 � 0:02 0:17+0:05�0:04TBK�23 �0:25 0:01+0:02�0:01 0:10 � 0:02 0:14+0:05�0:03hadroni
 form fa
tors for ea
h B ! K�J (J � 1) type to two universal fun
tions �? and �jj. Expli
itly, we haveAK�J0 (q2)� j~pK�J jmK�J �J�1 � AK�J ;e�0 ' (1� m2K�JmBE )�K�Jjj (q2) + mK�JmB �K�J? (q2);AK�J1 (q2)� j~pK�J jmK�J �J�1 � AK�J ;e�1 ' 2EmB +mK�J �K�J? (q2);AK�J2 (q2)� j~pK�J jmK�J �J�1 � AK�J ;e�2 ' (1 + mK�JmB )[�K�J? (q2)� mK�JE �K�Jjj (q2)℄;V K�J (q2)� j~pK�J jmK�J �J�1 � V K�J ;e� ' (1 + mK�JmB )�K�J? (q2);TK�J1 (q2)� j~pK�J jmK�J �J�1 � TK�J ;e�1 ' �K�J? (q2);TK�J2 (q2)� j~pK�J jmK�J �J�1 � TK�J ;e�2 ' (1� q2m2B �m2K�J )�K�J? (q2);TK�J3 (q2)� j~pK�J jmK�J �J�1 � TK�J ;e�3 ' �K�J? (q2)� (1� m2K�Jm2B )mK�JE �K�Jjj (q2): (7)For the sake of simpli
ity we will use the latter set of form fa
tors but as in the 
ase of C9 and C7, we drop thesupers
ript \e�" as well. In the 
ase of B to s
alar meson transition, the large energy limit givesmBmB +mK�0 FT (q2) = F1(q2) = mB2E F0(q2) = �K�0 (q2): (8)The results for �K�Jjj and �K�J? derived from the Bauer-Ste
h-Wirbel (BSW) model [20℄ in Ref. [10℄ will be used in thiswork and we 
olle
t these results in Tab. III. For the B ! K�0 transition, it is plausible to employ �B!K�0 = �B!K�2jjsin
e both K�0 and K�2 are p-wave states.Several remarks on the form fa
tors are given in order.� Due to the la
k of Latti
e QCD simulations, the 
al
ulation of B ! K�J form fa
tors rely on di�erent phe-nomenologi
al models. In Tab. IV, as an example we show the results for the B ! K�2 form fa
tors at q2 = 0in the ISGW2 model [21℄ (using the updated inputs [22℄), the 
ovariant light-front quark model [22, 23℄ and thelight-
one QCD sum rules [17℄ and perturbative QCD approa
h [7℄ (using the light meson's light-
one distribu-tion amplitudes [24℄). From this table we 
an see the LEET+BSW results used here are 
lose to the ones in thelight-
one sum rules (ex
ept for T3) and the perturbative QCD approa
h.



6� The large energy e�e
tive theory [18, 19℄ has negle
ted the intera
tion between the soft se
tor and 
ollinearse
tor and it is re�ned by the soft-
ollinear e�e
tive theory [25{29℄, in whi
h at leading power in 1=mb a formfa
tor takes the generi
 expression Fi(q2) = Ci�(q2) + C 0i Z d��a(�; q2): (9)Here Ci and C 0i are the short-distan
e Wilson 
oeÆ
ients obtained by integrating out degrees of freedom withvirtuality of O(m2b). � is one of the above universal fun
tions entering the large-re
oil symmetries. �a(�; q2) isa symmetry breaking fun
tion, whi
h 
an be fa
torized into a 
onvolution of light-
one distribution amplitudeswith the jet fun
tion. The detailed expressions of the B ! K�J form fa
tors (with the subs
ript \e�") have asimilar form with the B ! V transition, for instan
e, as Eqs.(21, 22) in Ref. [30℄ and in parti
ular, two relationsfor form fa
tors remain mBmB +mK�J V K�J = mB +mK�J2E AK�J1 ; TK�J1 = mB2E TK�J2 : (10)Again, the fun
tion � 
an only be 
al
ulated in some nonperturbative QCD methods. The 
al
ulation in light-
one sum rules in 
onjun
tion with the soft-
ollinear e�e
tive theory indi
ates that the � dominates in B ! �transition while the �a gives 
orre
tions at the order of 5%� 10% [31℄ 1. One may expe
t a similar size for �ain B ! K�J transition whi
h will be one of the main sour
es of un
ertainties.� It is noteworthy to point out that there are ambiguities in the internal stru
tures of K�0 , thus large dis
repan
ieson form fa
tors 
an be found in the literature. For instan
e, using two di�erent assignments of K�0 , namelyp-wave states without or with one unit of radial ex
itation, we have 
al
ulated the B to s
alar meson formfa
tors in perturbative QCD approa
h [34℄ and the results 
an di�er up to a fa
tor of 3 [35℄. We propose thatthe SU(3)-symmetry related pro
esses 
an be used to pin down the un
ertainties. Channels of this type in
ludethe semi-leptoni
 B ! a0(1450)l��, Bs ! K�0 l�� de
ays and the ex
lusive 
hannels �B0 ! a+0 (1450)D�s =D�,B� ! a00(1450)D�s , �Bs ! K�+0 D�. Semileptoni
 de
ays provide the information of form fa
tors in the fullkinemati
s region through the di�erential de
ay width distribution. The above ex
lusive pro
esses are 
olor-favored and free of annihilation diagrams; therefore the fa
torization method works phenomenologi
ally well forthem. In the fa
torization 
ontext, the de
ay amplitudes, taking �B0 ! D�s a+0 (1450) as an example, are writtenas A( �B0 ! D�s a+0 ) = iGFp2 iV �
sVuba1fDs(m2B �m2Ds)FB!a00 (m2Ds); (11)where a1 � 1 being the Wilson 
oeÆ
ients and fDs denoting the de
ay 
onstant of the Ds meson. In parti
ular,most of the inputs will be 
an
eled if the ratior = �( �B0 ! D�s a+0 )�( �B0 ! D�s �+) ' [FB!a00 (m2Ds)℄2[FB!�0 (m2Ds)℄2is 
onsidered. The de
ay �B0 ! D�s �+ has a quite large bran
hing ratio B = (2:4 � 0:4) � 10�5 [14℄. Themeasurement of �B0 ! D�s a+0 in the future will 
onsequently determine the FB!a00 and also FB!K�00 up toSU(3) symmetry breaking e�e
ts. Repla
ing D�s by D��s , one 
an extra
t the form fa
tor FB!a0=K�01 from therelevant data in future.1 A dire
t �t of the hadroni
 B ! �� de
ay data results in a large �B!�a [32℄, while a numeri
ally small �B!�a seems to be favored bythe B ! �� data [33℄.
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FIG. 1: Kinemati
s in B ! K�J (! K��+)l+l�. K�J moves along the z axis in the B rest frame. �K(�l) is de�ned in K�J(lepton pair) rest frame as the angle between z-axis and the 
ight dire
tion of K� (��), respe
tively. The azimuth angle � isthe angle between the K�J de
ay and lepton pair planes.III. DIFFERENTIAL DECAY DISTRIBUTIONS AND FORWARD-BACKWARD ASYMMETRIESThe 
onvention on the kinemati
s in B ! K�J(! K�)l+l� is illustrated in Fig. 1. The moving dire
tion of K�J inthe B rest frame is 
hosen as the z axis. The polar angle �K (�l) is de�ned as the angle between the 
ight dire
tionof K� (��) and the z axis in the K�J (lepton pair) rest frame. � is the angle de�ned by the de
ay planes of K�J andthe lepton pair.B ! K�J(! K�)l+l� is a quasi four-body de
ay pro
ess and pro
eeds via three steps: B meson �rst de
ays into anearly onshell strange meson plus a pair of leptons; the K�J meson propagates followed by its strong de
ay into theK� state. The de
ay amplitudes of B ! (K��+)l+l� are obtained by sandwi
hing Eq. (1) between the initial and�nal states, in whi
h the spinor produ
t [�sb℄ by hadroni
 matrix element will be repla
ed by hadroni
 form fa
tors.The operator realization of this pi
ture ishl+l�j[�ll℄j0ihK�j[�sb℄jB0i ' hl+l�j[�ll℄j0i Z d4pK�J hK�jK�JihK�J j[�sb℄jB0ip2K�J �m2K�J + imK�J�K�J ; (12)with p2K�J = m2K�. In appendix A, we will 
ompute the required quantities in the three steps with the use of heli
ityamplitudes. Combining the individual pie
es, we obtain the angular distributionsd4�dm2K�dq2d 
os �Kd 
os �ld� = hI
1 + 2Is1 + (I
2 + 2Is2) 
os(2�l) + 2I3 sin2 �l 
os(2�) + 2p2I4 sin(2�l) 
os�+2p2I5 sin(�l) 
os�+ 2I6 
os �l + 2p2I7 sin(�l) sin�+2p2I8 sin(2�l) sin�+ 2I9 sin2 �l sin(2�)i; (13)



8with the angular 
oeÆ
ientsI
1 = (jAL0j2 + jAR0j2) + 8m2lq2 Re[AL0A�R0℄ + 4m2lq2 jAtj2;Is1 = 34[jAL?j2 + jALjjj2 + jAR?j2 + jARjjj2℄�1� 4m2l3q2 �+ 4m2lq2 Re[AL?A�R? +ALjjA�Rjj℄;I
2 = ��2l (jAL0j2 + jAR0j2);Is2 = 14�2l (jAL?j2 + jALjjj2 + jAR?j2 + jARjjj2);I3 = 12�2l (jAL?j2 � jALjjj2 + jAR?j2 � jARjjj2);I4 = 1p2�2l [Re(AL0A�Ljj) + Re(AR0A�Rjj℄; I5 = p2�l[Re(AL0A�L?)�Re(AR0A�R?)℄;I6 = 2�l[Re(ALjjA�L?)�Re(ARjjA�R?)℄; I7 = p2�l[Im(AL0A�Ljj)� Im(AR0A�Rjj)℄;I8 = 1p2�2l [Im(AL0A�L?) + Im(AR0A�R?)℄; I9 = �2l [Im(ALjjA�L?) + Im(ARjjA�R?)℄: (14)The lepton mass 
orre
tion fa
tor is �l =p1� 4m2l =q2. The fun
tions AL=Ri are de�ned byAL=R0=t = XJ=0;1;2:::qNK�JY 0J (�; 0)MB(K�J ; L=R; 0=t) im2K� �m2K�J + imK�J�K�JrmK�J�K�J!K�� ;AL=Rjj=? = XJ=0;1;2:::qNK�JY �1J (�; 0)MB(K�J ; L=R; jj= ?) im2K� �m2K�J + imK�J�K�JrmK�J�K�J!K�� ;with NK�J = p�q2�l256�3m3B . MB is the de
ay amplitudes of B ! K�JV to be given in the appendix. In the narrow-widthlimit, the integration over the K� invariant mass will be 
ondu
ted asZ dm2K�mK�J�K�J� 1(m2K� �m2K�J )2 +m2K�J�2K�J = 1: (15)Integrating out the angles �l; �K and �, we obtain the dilepton mass spe
trumd2�Ldq2dm2K� = 23 Z 1�1 2�d 
os �K (3I
1 � I
2) ;d2�Tdq2dm2K� = 23 Z 1�1 2�d 
os �K (6Is1 � 2Is2) ;d2�dq2dm2K� = d2�Ldq2dm2K� + d2�Tdq2dm2K� ; (16)and its expression in the massless limitd2�idq2dm2K� = 83 Z 1�1 2�d 
os �K(jALij2 + jARij2); (17)with i = 0;�1 or i = 0;?; jj.The di�erential FBA in this pro
ess is de�ned byd2AFBdq2dm2K� = �Z 10 � Z 0�1� d 
os �l d3�dq2d 
os �ldm2K� = 23 Z 1�1 2� 
os �K3I6; (18)while the normalized di�erential FBA is given byd2AFBdq2dm2K� = d2AFBdq2dm2K�d2�dq2dm2K� = R 1�1 d 
os �K3I6R 1�1 d 
os �K [3I
1 + 6Is1 � I
2 � 2Is2 ℄ : (19)
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FIG. 2: Di�erential bran
hing ratios d2BRidq2dm2K� , with i denoting the total (a), longitudinal (b) and transverse polarizations (
),and the normalized FBA d2AFBdq2dm2K� (d) for �B0 ! K��+�+�� in the mass region 1GeV2 < m2K� < 5GeV2
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FIG. 3: Di�erential bran
hing ratios dBRidm2K� (B0 ! K��+�+��) integrated over the kinemati
s region q2 > 4m2l . The bla
k(solid) 
urve denotes the total 
ontribution, while individual terms are given by the green (dashed) line for K�0 (1430), bluedotted line for K�2 (1430), the bla
k (dot-dashed) line for K�(1680) and K�(1410) with the interferen
e in
orporated, and thered (dotted) 
urve with a very small magnitude for K�3 (1780). The 
ontribution from K�4 (2045) is negligibly small.IV. NUMERICAL RESULTS AND DISCUSSIONSBefore presenting the numeri
al results, we start with an estimate of the 
ontributions from di�erent mesons. Itis noti
ed that larger the J is the smaller is the 
ontribution. (1) The K�J with a larger spin is heavier and thus thephase spa
e is smaller. (2) The Clebs
h-Gordan 
oeÆ
ient produ
ts �JL and �JT de
rease with the in
rease of J . (3)The B ! K�J form fa
tors suppress the heavier K�J further. Moreover, the tiny bran
hing ratios of K�(1410) andK�4 (2045) into K��+ result in very smaller e�e
ts. As a 
onsequen
e we �nd that the K�4 (2045) is negligibly small.We plot the di�erential bran
hing ratios d2BRidq2dm2K� (in units of 10�8GeV�4), with the subs
ript i denoting the total,longitudinal and transverse polarizations) and the normalized FBA d2AFBdq2dm2K� for �B0 ! K��+�+�� in Fig. 2. Byintegrating the di�erential distributions over q2, we obtain their dependen
e on m2K�. Fig. 3 shows the di�erentialbran
hing ratios dBRidm2K� (B0 ! K��+�+��) (in units of 10�8GeV�2) integrated over the kinemati
s region 4m2l <
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FIG. 4: Same as Fig. 3, but integrated over 1GeV2 < q2 < 6GeV2q2 < (mB �mK�)2, while Fig. 4 gives the results under the integration over 1GeV2 < q2 < 6GeV2. In these �gures,the bla
k (solid) 
urve denotes the total 
ontribution, while individual terms are given by the green (dashed) line forK�0 (1430), blue dotted line for K�2 (1430), the bla
k (dot-dashed) line for K�(1680) and K�(1410) with the interferen
ein
orporated, and the red (dotted) 
urve with a very small magnitude for K�3 (1780). The 
ontribution from K�4 (2045)is negligibly small.From these �gures, we 
an see that for m2K� = 2GeV2, the K�2 dominates; while at m2K� ' 3GeV2,the B ! K�(1680) 
ontribution is the largest, espe
ially in the transverse polarization.Now let us analyze the zero 
rossing point s0 of FBAs satisfying d2AFBdq2dm2K� jq2=s0 = 0 and governed by the equationRe[C9℄A1(s0)V (s0) + C7Lmb(mB +mK�J )s0 A1(s0)T1(s0) + C7Lmb(mB �mK�J )s0 T2(s0)V (s0) = 0: (20)Substituting the relations from the large energy limit into the above equation, we �nd that the dependen
e on theform fa
tors 
an
els 
ompletely and more expli
itly Eq. (20) givess0 = (3:1� 0:1)GeV2; (21)where the un
ertainties are 
aused bym2K�J=m2B 
orre
tions in the form fa
tor relations in Eq. (7). As we have dis
ussedin Se
. II, the intera
tion of 
ollinear and soft se
tors brings in symmetry breaking e�e
ts. After the in
lusion of them,only two relations among form fa
tors remain as in Eq. (10). De�ne the ratioRK�J (q2) � mB +mK�JmB TK�J1 (q2)V K�J (q2) ; (22)we �nd that Eq. (20) be
omes Re[C9℄ + 2mbmBs0 C7LRK�J (s0) = 0: (23)The analaysis in Ref. [30℄ indi
ates that the ratio R 
an deviate from 1 by 10% in the B ! V transition (see Eq.(124)of [30℄). Using the PQCD [7℄ and LCSR [17℄ results for the B ! K2 form fa
tors, we haveRK2PQCD � 1:03; RK2LCSR � 1:11; (24)where the q2-dependen
e is negligible sin
e form fa
tors T1 and V are found to have similar q2-distribution in bothmodel 
al
ulations. Suppose that the RK�J deviates from 1 by 10%, the s0 is also shifted by roughly 10%, namely 0:3GeV2.Our analysis of themK� dependen
e 
an be generalized to similar 
hannels su
h as �B0 ! J= K�J ! (�+��)(K��+)and Bs ! fJ(! K+K�)l+l�. For the former pro
esses, however, apart from the B ! K�J form fa
tors, it is likelythat the e�e
tive Wilson 
oeÆ
ients a2 depends on the spin of K�J as well (for a re
ent dis
ussion see Ref. [36℄).



11Although the relative strengths among K�J may be modi�ed, the stru
ture of the dependen
e on m2K� is expe
ted tobe similar. For the latter, un
ertainties are presumably smaller, as a re
ent measurement of Bs ! J= K+K� 
learlyshows the peak at f 02(1525) [37℄. V. CONCLUSIONIn summary, we have analyzed the resonant 
ontributions in the pro
ess B0 ! K��+�+�� with theK��+ invariant mass square m2K� 2 [1; 5℄GeV2. Width e�e
ts of the strange mesons involved in this range,K�(1410);K�0(1430);K�2(1430);K�(1680);K�3(1780) and K�4 (2045), are in
orporated. In terms of the heli
ity am-plitudes, we derive a 
ompa
t form for the full angular distributions, through whi
h the bran
hing ratios, forward-ba
kward asymmetries and polarizations are attained. To pin down the un
ertainties in the form fa
tors, we suggestthe measurements of a set of SU(3)-related pro
esses whi
h are useful. Using the form fa
tors from the large energylimit, we derive the dependen
e of the bran
hing fra
tions on mK�, and we point out that the K�2 and K�(1680)
ontributions 
an be separated from the rest, in parti
ular, in the transverse polarizations. The generalization into�B ! J= K�J(! K��+) and Bs ! fJ(! K+K�)l+l� is also dis
ussed brie
y.A
knowledgementsW. W. is grateful to Ulrik Egede for the enlightening dis
ussions on the interferen
es of K�J whi
h initiated thiswork. We thank Ahmed Ali for fruitful dis
ussions, and Run-Hui Li for the 
ollaboration at the early stage of thiswork. This work is supported by National Natural S
ien
e Foundation of China under the Grant No. 10735080 and11075168 (C.D. L�u) and the Alexander von Humboldt Stiftung (W. Wang).Appendix A: Heli
ity amplitudesThe di�erential distributions are divided into several individual pie
es and ea
h of them 
an be expressed in termsof the heli
ity amplitudes whi
h are Lorentz invariant.� B de
ays into K�JThe spin-0 K�0 in the �nal state has only one polarization state and the longitudinal amplitudes areiMB(K�0 ; L=R; 0) = N1i"(C9 � C10) p�pq2F1(q2) + 2(C7L � C7R) p�mbpq2(mB +mK�0 )FT (q2)#;iMB(K�0 ; L=R; t) = N1i"(C9 � C10)m2B �m2K�0pq2 F0(q2)#; (A1)with N1 = iGF4p2 �em� VtbV �ts. The fun
tion � is related to the magnitude of the K�J momentum in B meson restframe: � � �(m2B ;m2K�J ; q2) = 2mBj~pK�J j, and �(a2; b2; 
2) = (a2 � b2 � 
2)2 � 4b2
2. Here the s
ript t denotesthe time-like 
omponent of a virtual ve
tor/axial-ve
tor meson de
ays into a lepton pair. In the 
ase of strange



12mesons with spin J � 1, the K��+ system 
an be either longitudinally or transversely polarized:iMB(K�J ; L; 0) = �JLN1i2mK�Jpq2 �(C9 � C10)[(m2B �m2K�J � q2)(mB +mK�J )A1 � �mB +mK�J A2℄+2mb(C7L � C7R)[(m2B + 3m2K�J � q2)T2 � �m2B �m2K�J T3℄# ;iMB(K�J ; L;�) = �JTN1i"(C9 � C10)[(mB +mK�J )A1 � p�mB +mK�J V ℄�2mb(C7L + C7R)q2 (�p�T1) + 2mb(C7L � C7R)q2 (m2B �m2K�J )T2� ; (A2)iMB(K�J ; L; t) = �JLiN1(C9 � C10) p�pq2A0: (A3)For the sake of 
onvenien
e, we de�neiMB(K�; L;? =jj) = 1p2[iMB(K�; L;+)� iMB(K�; L;�)℄;iMB(K�; L;?) = �i�JTp2N1 "(C9 � C10) p�VmB +mK�J + 2mb(C7L + C7R)q2 p�T1# ;iMB(K�; L; jj) = i�JTp2N1 �(C9 � C10)(mB +mK�J )A1 + 2mb(C7L � C7R)q2 (m2B �m2K�J )T2� : (A4)The right-handed de
ay amplitudes are de�ned in a similar wayARi = ALijC10!�C10 : (A5)The 
ombination of the time-like de
ay amplitude is used in the di�erential distributioniMB(K�0 ; t) = iMB(K�0 ; R; t)� iMB(K�0 ; L; t) = 2�JLiC10N1m2B �m2K�0pq2 F0(q2); (A6)iMB(K�J ; t) = iMB(K�J ; R; t)� iMB(K�J ; L; t) = 2�JLiN1C10 p�pq2A0(q2): (A7)� Nonzero leptoni
 amplitudes are given as followsML;R(�l; ��l; �V ) = TL;R�l;��lD1��V ;�l���l(�; � � �l; 0);ML(12 ; 12 ; t) = �ML(�12 ; �12 ; t) = �MR(12 ; 12 ; t) =MR(�12 ; �12 ; t) = �2ml: (A8)with q� =pq2 �pq2 � 4m2l . The redu
ed matrix elements are given asTL12 12 = TL�12 �12 = TR12 12 = TR�12 �12 = �2ml;TL12 �12 = TR�12 12 = p2q�; TL�12 12 = TR12 �12 = �p2q+: (A9)� The propagation of K�J is parameterized by a Breit-Wigner formula while the K�J ! K� de
ay is des
ribed bythe spheri
al harmoni
 fun
tions: Y iJ(�K ; 0), with i = 0 for K�0 and i = 0;�1 for K�J . It should be pointed outthat the dependen
e of the 
oupling between a virtualK�J and the K� state on m2K� is negle
ted. Sin
e there isno singularity in the 
oupling, it 
an be expanded in terms of m2K� �m2K�J around the resonan
e region, whi
h



13is also guaranteed by the Breit-Wigner propagation. For de�niteness, we list the expli
it forms of the spheri
alharmoni
 fun
tions used in this workY 00 (�K ; �) = 1p4� ; Y 01 (�K ; �) =r 34� 
os �K ; Y �11 (�K ; �) = �r 38� sin �K ;Y 02 (�K ; �) =r 516� (3 
os2 �K � 1); Y �12 (�K ; �) = �r 1532� sin(2�K);Y 03 (�K ; �) =r 716� (5 
os3 �K � 3 
os �K); Y �13 (�K ; �) = �r 2164� sin �K(5 
os2 �K � 1);Y 04 (�K ; �) = 316p� (35 
os4 �K � 30 
os2 �K + 3); Y �14 (�K ; �) = � 3p58p� sin �K(7 
os3 �K � 3 
os �K): (A10)
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