
B ! �K� decays and other rare vector-vector modes �G. VasseuryDSM/DAPNIA/SPP, CEA/Saclay, F-91191 Gif-sur-Yvette, FranceThe recent analyses of the following rare vector-vector decays of the B meson are presented:�K�, !K�, !�, !!, and !� charmless �nal states. The latest results indicate that the fraction oflongitudinal polarization is about 0.5 in penguin-dominated modes and close to 1 for tree-dominatedmodes.I. MOTIVATIONThe search for rare charmless hadronic decays of theB meson to vector-vector �nal states has become a quiteactive �eld in the experiments at the B factories, Belleat KEK and BABAR at SLAC. As a lot of these decayshave not yet been seen, the �rst goal of these studiesis to observe such modes and measure their branchingfraction. The measurements can then be compared totheoretical predictions.The direct CP-violation asymmetry in these modescan also be measured. It is de�ned as ACP = (�� ��+)=(��+�+), where the superscript on the total width� indicates the sign of the b-quark charge in the B me-son. Some modes can be used for further CP studies. Infact, the result on B+ ! �+K�0 has already been usedto constrain the e�ect of the penguin amplitude on themeasurement of the angle � of the unitarity triangle fromB0 ! �+�� using SU(3) avor symmetry [1].A hot topic is the measurement of the fraction of lon-gitudinal polarization. The helicity angles �1 and �2 ofthe two vector mesons are de�ned as the angles betweenthe vector meson direction in the B meson rest frameand the direction of one of its decay product in the vec-tor meson rest frame, as illustrated on one example inFig. 1. Integrating over the � angle between the decayplanes of the two vector mesons, the fraction of longitu-dinal polarization fL can be extracted from the angular
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π0FIG. 1: De�nition of the helicity angles in the case of thevector-vector B+ ! �+K�0 decay.�Presented at the 4th International Workshop on the CKM Uni-tariry Triangle, Nagoya, Japan, December 12-16, 2006.yElectronic address: georges.vasseur@cea.fr

dependence of the decay rate, which is proportional to14(1� fL) sin2 �1 sin2 �2 + fL cos2 �1 cos2 �2:A value of fL close to unity of order (1�O(mV 2mB2 )) is ex-pected for light vector mesons from helicity conservation.This is expected to be true for both tree and penguin dia-grams. However the experimental situation is more com-plex. If fL has indeed been measured close to 1 in thetree-dominated B ! �� modes [2], it is surprisingly closeto 0.5 in the penguin-dominated B ! �K� modes [3].This e�ect is not yet understood. There are several possi-ble explanations, either within the Standard Model, suchas rescattering in the �nal state, contribution from anni-hilation or electroweak penguin diagrams, and transversegluon [4], or in new physics outside the Standard Model.To have a better picture, it is important to measure othervector-vector modes, both tree-dominated, like B ! !�and B0 ! !!, and penguin-dominated like B ! �K�and B ! !K�.The recent studies of the B ! �K� modes are reviewedin section II, the ones involving an ! meson in section III.Charge-conjugate modes are implied throughout.II. B ! �K� MODESA. IntroductionThe B ! �K� charmless decays proceed throughdominant gluonic penguin loops and doubly Cabibbo-suppressed tree processes, as shown in Fig. 2. The ex-ternal tree diagram is only possible with a K�+, and thecolor-suppressed internal tree diagram with a �0. HenceB+ ! �+K�0 is pure penguin.According to isospin symmetry, the two modes with acharged � are expected to have a branching fraction twiceas large as the two modes with a neutral �.FIG. 2: Feynmann diagrams for the B ! �K� decay: gluonicpenguin, external tree and internal tree diagrams.



2B. Results from Belle
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and fL in B+ ! �+K�0 are:B = (8:9� 1:7� 1:2) 10�6;fL = 0:43� 0:11+0:05�0:02:The value found for fL is similar to the one found in �K�and its error is about twice as large as in �K�.C. Results from BABAR
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3TABLE I: Results from BABAR on the B ! �K� modes: signal yield with its statistical uncertainty, signi�cance (systematic un-certainties included), branching fraction (90% con�dence level upper limit in parentheses), fraction of longitudinal polarizationand direct CP asymmetry. (The numbers in brackets are not quoted as measurements.)Mode Signal yield Signi�cance (�) B(�10�6) fL ACPB+ ! �0K�+ 51 � 24 2.5 < 6:1 (3:6� 1:7� 0:8) [0:9� 0:2]B0 ! ��K�+ 60 � 24 1.6 < 12:0 (5:4� 3:6� 1:6)B+ ! �+K�0 194 � 29 7.1 9:6� 1:7� 1:5 0:52� 0:10� 0:04 �0:01 � 0:16� 0:02B0 ! �0K�0 185 � 30 5.3 5:6� 0:9� 1:3 0:57� 0:09� 0:08 0:09 � 0:19� 0:02
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100FIG. 6: Projections of mES of events passing a signal likeli-hood threshold for (a) B+ ! �0K�+, (b) B+ ! �+K�0, (c)B0 ! ��K�+, (d) B0 ! �0K�0, (e) B+ ! f0(980)K�+, and(f) B0 ! f0(980)K�0. The points with error bars show thedata. The solid curve is the �t function, the dashed curveis the total background contribution, and the dotted curve isthe continuum background contribution.mode, is considered as another signal to be measured inthe same maximum-likelihood �t. Also present are con-tributions from the f0(1370) and nonresonant ��. Theyields of the nonresonant backgrounds are �tted in theenlarged mass windows, then extrapolated to the stan-dard ones and �xed in the �nal �t with the standard masswindows.The projection plots in the B mass shown in Fig. 6 il-lustrate the extraction of the signal from the continuumand B �B backgrounds in the four B ! �K� channels andthe two B ! f0(980)K� modes. Table I summarizes theresults. No signi�cant enough signals are observed forB0 ! ��K�+ and B+ ! �0K�+, where upper limits atthe 90 % con�dence level are set on the branching ratios.For the latter a related signal B+ ! f0(980)K�+ is ob-served with a signi�cance of 5.0 � and a measured branch-ing fraction of (5:2� 1:2� 0:5) 10�6. In B+ ! �+K�0,the result is in very good agreement with the result fromBelle, with a similar precision. The B0 ! �0K�0 mode isobserved for the �rst time. The ratio between the branch-

ing fractions in these two modes is compatible with thefactor 2 expected from isospin symmetry.The value of ACP is measured in the two signi�cantmodes to be compatible with 0, as expected since there isone dominant diagram. Finally fL is found close to 0.5 inthese two modes. It is compatible with the measurementfrom Belle and has about the same precision. It is againsimilar to the value found for �K�.III. MODES WITH !
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4TABLE II: Results from BABAR on modes involving an ! meson: signal yield with its statistical uncertainty, signi�cance(systematic uncertainties included), branching fraction (90% con�dence level upper limit in parentheses), fraction of longitudinalpolarization and direct CP asymmetry. (The numbers in brackets are not quoted as measurements.)Mode Signal yield Signi�cance (�) B(�10�6) fL ACPB0 ! !K�0 55� 20 2.4 < 4:2 (2:4� 1:1� 0:7) [0:71� 0:25]B+ ! !K�+ 8� 16 0.4 < 3:4 (0:6� 1:3� 1:0)B0 ! !�0 �18� 16 0.6 < 1:5 (�0:6� 0:7+0:8�0:3)B+ ! !�+ 156� 32 5.7 10:6� 2:1+1:6�1:0 0:82� 0:11� 0:02 0:04 � 0:18 � 0:02B0 ! !! 48+24�19 2.1 < 4:0 (1:8+1:3�0:9 � 0:4) [0:71� 0:25]B0 ! !� 3:1�+4:4�8:5 0.3 < 1:2 (0:1� 0:5� 0:1)
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30FIG. 8: Projections of the helicity-angle cosines for ! (left)and �+ (right) of events passing a signal likelihood thresholdfrom the �t for B+ ! !�+ decays. The points with error barsshow the data. The solid curve is the �t function, the dashedcurve is the signal contribution, and the dot-dashed curve isthe background contribution.On the same sample of 232 millions of B �B pairs,BABAR has also recently published a search for severalvector-vector modes involving an ! meson [7]: B0 !!K�0, B+ ! !K�+, B0 ! !�0, B+ ! !�+ , B0 ! !!,and B0 ! !�. The related vector-scalar mode B0 !!f0(980) was also searched for. An earlier search forB ! !K� and B ! !� on 89 millions of B �B pairsresulted in the �rst observation of the B+ ! !�+ chan-nel [8].The analysis is also based on an extended unbinnedmaximim-likelihood �t using the same seven variables asin the previous section. Nonresonant �� and K� back-grounds are �xed in the �t as determined from extrap-olations from higher-mass regions. The projection plotsof �E and mES of Fig. 7 illustrate the extraction of thesignal from the continuum and B �B backgrounds in allthese modes. In most of them, no signi�cant enough sig-nal is seen. The only channel where a signi�cant signal is

observed is B+ ! !�+. Its measured branching fractionis about 2 standard deviations smaller than the one ofB+ ! �+�0 [2], while these two branching fractions arenaively expected to be equal. Table II summarizes theresults in all the modes. To calculate the branching frac-tion, fL is left free in the �t for the three modes with asignal signi�cance greater than 2� and is �xed otherwise.Upper limits at the 90 % con�dence level are set on thebranching fractions for the modes other than B+ ! !�+ .The maximum-likelihood �t also provides the value offL in B+ ! !�+, which is found to be 0:82 � 0:11, ahigh value expected for this tree-dominated mode. Thisis illustrared in the projection plots of the helicity anglecosines shown in Fig. 8. The direct CP asymmetry is alsomeasured and found to be compatible with 0.IV. CONCLUSIONIn summary, improved analyses with explicit consider-ation of nonresonant backgrounds have been performedon several charmless hadronic vector-vector decays ofthe B meson. The B+ ! !�+, B+ ! �+K�0, andB0 ! �0K�0 modes have been observed and measured inthe past few years. Improved upper limits have been seton the branching fraction of other vector-vector modes.The recent results on vector-vector modes have alsobrought more pieces to the polarization puzzle. Thepenguin-dominated B+ ! �+K�0 and B0 ! �0K�0modes have a fraction of longitudinal polarization ofabout 0.5 like �K�, while the tree-dominated B+ ! !�+mode has one closer to 1 like ��. As a lot of charmlessvector-vector modes have not yet been observed, new re-sults can be expected with more data.[1] M. Beneke et al., Phys. Lett. B 638, 68 (2006).[2] A. Somov, contribution to this conference.[3] K.F. Chen, contribution to this conference.[4] G.W.S. Hou, contribution to this conference.[5] J. Zhang et al., Phys. Rev. Lett. 95, 141801 (2005). [6] B. Aubert et al., Phys. Rev. Lett. 97, 201801 (2006).[7] B. Aubert et al., Phys. Rev. D 74, 051102 (2006).[8] B. Aubert et al., Phys. Rev. D 71, 031103 (2005).


