arXiv:hep-ex/0504030 v2 13 Jul 2005

Belle Prerpint 2005-15 KEK Preprint 2005-7

Studies of CP violation in B → J/ψK^∗ decays

R. Itoh,^7 Y. Onuki,^{26} K. Abe,^7 K. Abe,^{40} I. Adachi,^7 H. Aihara,^{42} Y. Asano,^{46} T. Aushev,^{10} A. M. Bakich,^{37} Y. Ban,^{31} E. Barberio,^{18} A. Bay,^{15} U. Bitenc,^{11} I. Bizjak,^{11} S. Blyth,^{23} A. Bondar,^1 A. Bozek,^{24} M. Bračko,^{7, 17, 11} J. Brodzicka,^{24} T. E. Browder,^6 Y. Chao,^{23} A. Chen,^{21} K.-F. Chen,^{23} W. T. Chen,^{21} B. G. Cheon,^3 R. Chistov,^{10} S.-K. Choi,^5 Y. Choi,^{36} Y. K. Choi,^{36} A. Chuvikov,^{32} S. Cole,^{37} J. Dalseno,^{18} M. Dash,^{47} L. Y. Dong,^8 A. Drutskoy,^4 S. Eidelman,^1 Y. Enari,^{19} F. Fang,^6 S. Fratina,^{11} N. Gabyshev,^1 A. Garmash,^{32} T. Gershon,^7 G. Gokhroo,^{38} B. Golob,^{16, 11} A. Gorišek,^{11} J. Haba,^7 K. Hara,^7 T. Hara,^{29} H. Hayashii,^{20} M. Hazumi,^7 T. Higuchi,^7 L. Hinz,^{15} T. Hokuue,^{19} Y. Hoshi,^{40} S. Hou,^{21} W.-S. Hou,^{23} Y. B. Hsiung,^{23} T. Iijima,^{19} A. Imoto,^{20} K. Inami,^{19} A. Ishikawa,^7 H. Ishino,^{43} M. Iwasaki,^{42} Y. Iwasaki,^7 J. H. Kang,^{48} J. S. Kang,^{13} P. Kapusta,^{24} S. U. Kataoka,^{20} N. Katayama,^7 H. Kawai,^2 T. Kawasaki,^{26} H. R. Khan,^{43} H. Kichimi,^7 H. J. Kim,^{14} S. M. Kim,^{36} K. Kinoshita,^4 S. Korpar,^{17, 11} P. Križan,^{16, 11} P. Krokovny,^1 S. Kumar,^{30} C. C. Kuo,^{21} A. Kusaka,^{42} A. Kuzmin,^1 Y.-J. Kwon,^{48} G. Leder,^9 S. E. Lee,^{35} T. Lesiak,^{24} J. Li,^{34} S.-W. Lin,^{23} G. Majumder,^{38} F. Mandl,^9 T. Matsumoto,^{44} A. Matyja,^{24} Y. Mikami,^{41} W. Mitaroff,^9 K. Miyabayashi,^{20} H. Miyake,^{29} H. Miyata,^{26} R. Mizuk,^{10} D. Mohapatra,^{47} T. Nagamine,^{41} E. Nakano,^{28} M. Nakao,^7 H. Nakazawa,^7 Z. Natkaniec,^{24} S. Nishida,^7 O. Nitoh,^{45} T. Nozaki,^7 S. Ogawa,^{39} T. Ohshima,^{19} T. Okabe,^{19} S. Okuno,^{12} S. L. Olsen,^6 W. Ostrowicz,^{24} H. Ozaki,^7 P. Pakhlov,^{10} H. Palka,^{24} H. Park,^{14} N. Parslow,^{37} L. S. Peak,^{37} R. Pestotnik,^{11} L. E. Piilonen,^{47} A. Poluektov,^1 M. Rozanska,^{24} H. Sagawa,^7 Y. Sakai,^7 N. Sato,^{19} T. Schietinger,^{15} O. Schneider,^{15} P. Schönmeier,^{41} J. Schümann,^{23} A. J. Schwartz,^4 K. Senyo,^{19} M. E. Sevior,^{18} H. Shibuya,^{39} B. Shwartz,^1 V. Sidorov,^1 J. B. Singh,^{30} A. Somov,^4 N. Soni,^{30} R. Stamen,^7 S. Stanič,^{27} M. Starič,^{11} K. Sumisawa,^{29} T. Sumiyoshi,^{44} S. Suzuki,^{33} S. Y. Suzuki,^7 O. Tajima,^7 F. Takasaki,^7 K. Tamai,^7 N. Tamura,^{26} M. Tanaka,^7 Y. Teramoto,^{28} X. C. Tian,^{31} K. Trabelsi,^6 T. Tsuboyama,^7 T. Tsukamoto,^7 S. Uehara,^7 T. Uglov,^{10} K. Ueno,^{23} Y. Unno,^7 S. Uno,^7 P. Urquijo,^{18} Y. Ushiroda,^7 G. Varner,^6 K. E. Varvell,^{37} C. C. Wang,^{23} C. H. Wang,^{22} Y. Watanabe,^{43} Q. L. Xie,^8 B. D. Yabsley,^{47} A. Yamaguchi,^{41} Y. Yamashita,^{25} M. Yamauchi,^7 Heyoung Yang,^{35} J. Zhang,^7 L. M. Zhang,^{34} Z. P. Zhang,^{34} V. Zhilich,^1 and D. Žontar^{16, 11}

(The Belle Collaboration) 1Budker Institute of Nuclear Physics, Novosibirsk 2Chiba University, Chiba 3Chonnam National University, Kwangju 4University of Cincinnati, Cincinnati, Ohio 45221 5Gyeongsang National University, Chinju 6University of Hawaii, Honolulu, Hawaii 96822 7High Energy Accelerator Research Organization (KEK), Tsukuba 8Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 9Institute of High Energy Physics, Vienna 10Institute for Theoretical and Experimental Physics, Moscow 11J. Stefan Institute, Ljubljana

Typeset by REVTEX 1

12Kanagawa University, Yokohama 13Korea University, Seoul 14Kyungpook National University, Taegu 15Swiss Federal Institute of Technology of Lausanne, EPFL, Lausanne 16University of Ljubljana, Ljubljana 17University of Maribor, Maribor 18University of Melbourne, Victoria 19Nagoya University, Nagoya 20Nara Women’s University, Nara 21National Central University, Chung-li 22National United University, Miao Li 23Department of Physics, National Taiwan University, Taipei 24H. Niewodniczanski Institute of Nuclear Physics, Krakow 25Nippon Dental University, Niigata 26Niigata University, Niigata 27Nova Gorica Polytechnic, Nova Gorica 28Osaka City University, Osaka 29Osaka University, Osaka 30Panjab University, Chandigarh 31Peking University, Beijing 32Princeton University, Princeton, New Jersey 08544 33Saga University, Saga 34University of Science and Technology of China, Hefei 35Seoul National University, Seoul 36Sungkyunkwan University, Suwon 37University of Sydney, Sydney NSW 38Tata Institute of Fundamental Research, Bombay 39Toho University, Funabashi 40Tohoku Gakuin University, Tagajo 41Tohoku University, Sendai 42Department of Physics, University of Tokyo, Tokyo 43Tokyo Institute of Technology, Tokyo 44Tokyo Metropolitan University, Tokyo 45Tokyo University of Agriculture and Technology, Tokyo 46University of Tsukuba, Tsukuba 47Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 48Yonsei University, Seoul

Abstract

CP violation in B → J/ψK^∗ decays is studied using an angular analysis in a data sample of 253 fb^{−1} recorded with the Belle detector at the KEKB e^+e^− collider. The flavor separated measurements of the decay amplitudes indicate no evidence for direct CP violation. T-odd CP violation is studied using the asymmetries in triple product correlations, and the results are consistent with the Standard Model null predictions. The time-dependent angular analysis gives the following values of CP-violating parameters: sin 2ϕ_1 = 0.24 ± 0.31 ± 0.05 and cos 2ϕ_1 = 0.56 ± 0.79 ± 0.11.

PACS numbers: 11.30.Er, 12.15.Hh, 13.25.Hw

An angular analysis of B meson decay to two vector mesons is a sensitive probe of new physics. There are three classes of parameters obtained through the angular analysis. The first is the measurement of the decay amplitudes of the three helicity states. These can be obtained by the time-integrated angular analysis of flavor specific decays. The comparison of the amplitudes between flavor separated samples probes direct CP violation. The second is the triple product correlation, which can be extracted from the measured decay amplitudes. This quantity is sensitive to T-odd CP violation. The third class is comprised of the CP parameters (sin 2ϕ_1 and cos 2ϕ_1) that are measured through a time-dependent angular analysis. In particular, the measurement of cos 2ϕ_1, which appears in the time-dependent interference terms, is important both to solve the two-fold ambiguity in 2ϕ_1 and to test the consistency of this determination with the more precise value from other b → cc̄s decays. In this paper, we report the measurements of these parameters for B → J/ψK^∗ decays.

The data sample used in this analysis corresponds to an integrated luminosity of 253 fb^{−1} recorded with the Belle detector [1] at the KEKB electron-positron collider [2]. Four decay modes are reconstructed: B^0 → J/ψK^{∗0}; K^{∗0} → K^+π^− and K^0_S π^0, and B^+ → J/ψK^{∗+}; K^{∗+} → K^+π^0 and K^0_S π^+. The charge conjugate modes are included everywhere unless otherwise specified. The reconstruction is done using the criteria described in Ref. [3]. A J/ψ candidate is reconstructed from two oppositely charged tracks identified as leptons. A K^∗ candidate is selected if the absolute difference between the invariant mass of an identified Kπ pair and the nominal K^∗(892) mass is less than 75 MeV/c^2. Candidate B mesons are reconstructed by combining a J/ψ candidate with a K^∗ candidate and examining two quantities in the center-of-mass of the Υ(4S): the beam-constrained mass calculated using the beam energy in place of the reconstructed energy (M_{bc}), and the energy difference between the B candidate and the beam energy (ΔE). M_{bc} is required to be in the range 5.27-5.29 GeV/c^2. For the modes with a charged (neutral) pion, the energy difference must satisfy |ΔE| < 30 MeV (−50 MeV < ΔE < 30 MeV). To eliminate slow π^0 backgrounds, the angle θ_K∗ of the kaon with respect to the opposite of B direction in the K^∗ rest frame is required to satisfy cosθ_K∗ < 0.8. When an event contains more than one candidate passing the above requirements, the best combination is selected based on a χ^2 calculated using M_{bc} and ΔE. Figure 1 shows the M_{bc} distributions for the candidates of two neutral B decay modes within the ΔE signal window. After all selections are applied, the remaining numbers of events in the signal region of the M_{bc}–ΔE plane are 8194 for J/ψK^{∗0}(K^+π^−), 363 for J/ψK^{∗0}(K^0_S π^0), 2222 for J/ψK^{∗+}(K^+π^0) and 2168 for J/ψK^{∗+}(K^0_S π^+).

The angular distribution of the products of B → J/ψK^∗ decays is described using three angles in the transversity basis [4]. The direction of motion of the J/ψ in the rest frame of the B candidate is defined to be the x-axis. The y-axis is chosen along the direction of the projection of the K momentum into the plane perpendicular to the x-axis in the B rest frame. The z-axis is then perpendicular to the x-y plane according to the right-hand rule. The angle between the positive lepton (l^+) and the z-axis in the J/ψ rest frame is defined as θ_{tr}. The angle between the x-axis and the projection of the l^+ momentum onto the x-y plane is defined as ϕ_{tr} in the same frame. The angle θ_K∗ is defined earlier.

The distribution of the angles as a function of the decay time difference between B and anti-B mesons (Δt) is described as follows [5]: 1 Γ d^4Γ(θ_{tr}, ϕ_{tr}, θ_K∗ , Δt) d cos θ_{tr}dϕ_{tr}d cos θ_K∗ dΔt = 9 32π e^{−|Δt|/τB} 2τ_B 6∑ i=1 g_i(θ_{tr}, ϕ_{tr}, θ_K∗ )a_i(Δt) (1)

FIG. 1: M_{bc} distributions for the candidates of (a) B^0 → J/ψK^{∗0}(K^+π^−), and (b) B^0 → J/ψK^{∗0}(K^0_S π^0). The solid line shows the projection of the two-dimensional fit to M_{bc} and ΔE while the dashed line is the estimated background contamination.

where the angular terms g_i are defined as

g_1 = 2 cos^2 θ_K∗ (1 − sin^2 θ_{tr} cos^2 ϕ_{tr}) g_2 = sin^2 θ_K∗ (1 − sin^2 θ_{tr} sin^2 ϕ_{tr}) g_3 = sin^2 θ_K∗ sin^2 θ_{tr} g_4 = −(1/ √ 2) sin 2θ_K∗ sin^2 θ_{tr} sin 2ϕ_{tr} g_5 = sin^2 θ_K∗ sin 2θ_{tr} sin ϕ_{tr} g_6 = (1/ √ 2) sin 2θ_K∗ sin 2θ_{tr} cos ϕ_{tr},

and the amplitude terms a_i as

a_1 = |A_0|^2(1 + η sin 2ϕ_1 sin ΔmΔt), a_2 = |A_‖|^2(1 + η sin 2ϕ_1 sin ΔmΔt), a_3 = |A_⊥|^2(1 − η sin 2ϕ_1 sin ΔmΔt), a_4 = Re(A^∗_‖A_0)(1 + η sin 2ϕ_1 sin ΔmΔt), a_5 = ηIm(A^∗_‖A_⊥) cos ΔmΔt

−ηRe(A^∗_‖A_⊥) cos 2ϕ_1 sin ΔmΔt, a_6 = ηIm(A^∗_0A_⊥) cos ΔmΔt

−ηRe(A^∗_0A_⊥) cos 2ϕ_1 sin ΔmΔt.

Here, A_0, A_‖ and A_⊥ are the complex decay amplitudes of the three helicity states in the transversity basis, and η = +1 (−1) for B^0 or B^+ (B^0 or B^−). Δm is the B^0 − B^0 mixing parameter, which is zero for charged B meson decays, and τ_B is the lifetime of a B meson. Γ is the decay rate to each final state. Two CP violation parameters appear in the formula, viz, sin 2ϕ_1 and cos 2ϕ_1. They can take non-zero values for the decay into CP eigenstate

B^0 → J/ψK^{∗0}(K^0_S π^0) that occurs through the same quark level diagram as that of the golden mode for sin 2ϕ_1 measurement, B^0 → J/ψK^0_S .

The determination of the decay amplitudes and CP parameters are performed using an unbinned maximum likelihood method, taking into account the detection efficiency and backgrounds. The probability density function (PDF) for an event is defined as P = f_{sig}(M_{bc}, ΔE)ϵ(θ_{tr}, ϕ_{tr}, θ_K∗ ) × 1 Γ d^4Γ(θ_{tr}, ϕ_{tr}, θ_K∗ , Δt) d cos θ_{tr}dϕ_{tr}d cos θ_K∗ dΔt + e^{−|Δt|/τB} 2τ_B { ∑ i f^i_{cf} (M_{bc}, ΔE)A_{cf} (θ_{tr}, ϕ_{tr}, θ_K∗ ) +f_{nr} (M_{bc}, ΔE)A_{nr}(θ_{tr}, ϕ_{tr}, θ_K∗ ) }

+δ(Δt)f_{cb}(M_{bc}, ΔE)A_{cb}(θ_{tr}, ϕ_{tr}, θ_K∗ ), (2) where f_{sig} , f_{cf} , f_{nr} and f_{cb} are the respective fractions of signal, cross-feeds, non-resonant production, and combinatorial background components as functions of ΔE and M_{bc}, while A_{cf} , A_{nr} and A_{cb} are the corresponding angular shape functions, and ϵ is the detection efficiency function.

Three separate background sources are considered in the fit: cross-feeds that are contaminations from other K^∗ subdecays, non-resonant production of Kπ including contaminations from higher resonance tails, and combinatorial background. The fraction and angular shape of cross-feeds are estimated from Monte Carlo. The fraction of non-resonant production is estimated to be 6.8% from a fit to the invariant mass distribution of Kπ pairs in an alternate data sample that is assembled without the K^∗ selection criteria. The fit is performed with two Breit-Wigner functions for the K^∗(892) and K^∗_2 (1430) resonances and a threshold function describing the non-resonant production, taking into account the contaminations of cross-feeds and combinatorial background. The phase space factor includes a J/ψ recoil correction. The angular shape is obtained from samples in the mass region 1.0 GeV/c^2 < M(Kπ) < 1.3 GeV/c^2.

The fractions of signal and combinatorial background are estimated from a fit to the samples in the region of 5.2 GeV/c^2 < M_{bc} < 5.29 GeV/c^2 and −0.1 GeV < ΔE < 0.1 GeV. The angular shape of combinatorial background is obtained from the sub-sample with 5.2 GeV/c^2 < M_{bc} < 5.26 GeV/c^2 used in the fit above. The fractions of both signal and backgrounds are parameterized as two-dimensional functions of M_{bc} and ΔE. The background angular shapes are parameterized for each of three angles separately. For each signal mode, the detection efficiency is parameterized as a three-dimensional function whose parameters are obtained by a fit to a high-statistics Monte Carlo sample. The function is almost flat except in the region cos θ_K∗ ∼ 1, where the pion is slow so that the efficiency is reduced.

The decay amplitudes are determined by fitting the time-integrated angular distribution to three measured angles. Eqs. 1 and 2 are integrated over Δt, where terms with^{e−|Δt|/τB}_{2τB} and cos ΔmΔt become unity while terms with sin ΔmΔt become 0. The value of η is determined from the charge of the kaon for K^∗ decays with a K^+ or of the pion with a K^0_S . The decay mode B^0 → J/ψK^{∗0}(K^0_S π^0) is not used, since η cannot be determined by this prescription. In the fit, the imaginary part of A_0 is defined to be zero since the overall phase of the decay amplitudes is arbitrary. The values of the other five parameters, |A_0|^2, |A_‖|^2, |A_⊥|^2, arg(A_‖) and arg(A_⊥), are determined in the fit. There is a two fold ambiguity in arg(A_‖) and

TABLE I: Measured decay amplitudes for B^0 and B^+ decays. The first error is statistical while the second is systematic.

B^0 B^0 B^0 + B^0 B^+ B^− B^+ + B^− |A_0 |^2 0.571 ± 0.015 0.578 ± 0.016 0.574 ± 0.012 ± 0.009 0.600 ± 0.020 0.608 ± 0.021 0.604 ± 0.015 ± 0.018 |A_‖|^2 0.216 ± 0.017 0.244 ± 0.018 0.231 ± 0.012 ± 0.008 0.194 ± 0.019 0.243 ± 0.021 0.216 ± 0.014 ± 0.013 |A_⊥|^2 0.213 ± 0.017 0.178 ± 0.017 0.195 ± 0.012 ± 0.008 0.206 ± 0.019 0.149 ± 0.019 0.180 ± 0.014 ± 0.010 arg(A_‖ ) −2.934 ± 0.134 −2.851 ± 0.114 −2.887 ± 0.090 ± 0.008 −3.070 ± 0.142 −3.129 ± 0.172 −3.090 ± 0.108 ± 0.006 arg(A_⊥ ) 2.878 ± 0.088 2.993 ± 0.089 2.938 ± 0.064 ± 0.010 2.964 ± 0.099 2.988 ± 0.121 2.983 ± 0.076 ± 0.004

FIG. 2: Distributions of projected angles for B^0 → J/ψK^{∗0}(K^+π^−). Solid lines show results of the fit. The data points are corrected for the detector efficiency and the backgrounds are subtracted.

arg(A_⊥) [6]. We take the choice consistent with the s-quark helicity conservation hypothesis, which is shown by BaBar to be the physical choice [7]. The normalization condition of the amplitudes, |A_0|^2 + |A_‖|^2 + |A_⊥|^2 = 1, is taken into account by adopting the extended likelihood defined as − ln L = −

∑_{Nobs} i=1 ln G_i + N_{exp} − N_{obs} ln(N_{exp}), where G_i is the value of the PDF for each event, and N_{obs} is the number of events used for the fit. N_{exp} is defined to be N_{obs} ·(|A_0|^2 +|A_‖|^2 +|A_⊥|^2) to incorporate the normalization condition. The normalization of the PDF is recalculated whenever the fit parameters change. The two charged B decay modes are combined by defining a single likelihood.

The decay amplitudes determined from the fit are summarized in Table I. The obtained values are consistent between the two flavors both in neutral and charged B decays, indicating no evidence for direct CP violation. The flavor averaged values are consistent with our previous measurement [3] and that by BaBar using 83 fb^{−1} [7]. Small discrepancies from π are observed in arg(A_‖) and arg(A_⊥) for both B^0 and B^+ decays. The difference of these two phases is 0.458 ± 0.110 rad in B^0 decays, which is shifted from 0 by more than 4σ. This is interpreted as evidence for the existence of final state interactions. Fig. 2 shows the projected angular distributions for B^0 → J/ψK^{∗0}(K^+π^−) decays.

Systematic uncertainties in the fit are determined for: 1) detection efficiency (MC statistics and effect of polarization), 2) background angular distribution functions, 3) background fractions, 4) slow pion efficiency, and 5) non-resonant decay polarization effect. The effect of the uncertainty in the fraction of the non-resonant production is estimated by varying the value by ±5σ to take into account the possible contamination of other resonance tails.

The uncertainty in its angular shape is determined by comparing with results that assume phase space decay.

The triple product correlations in B → J/ψK^∗ decays take the form of ⃗p · (⃗v_1 × ⃗v_2) in the B rest frame, where ⃗p is the momentum of J/ψ or K^∗, and ⃗v_1(⃗v_2) is the polarization vector of J/ψ(K^∗) [8]. They are odd under time reversal (T-odd) and their asymmetries are sensitive to direct CP violation even when the strong phase difference is small. The asymmetries are defined using the decay amplitudes as:

A^{(1)}_T =

Im(A_⊥A^∗_0) A^2_0 + A^2_‖ + A^2_⊥

, A^{(2)}_T =

Im(A_⊥A^∗_‖) A^2_0 + A^2_‖ + A^2_⊥

. (3)

The corresponding asymmetries for anti-B decays are defined as Ā^{(1)}_T and Ā^{(2)}_T . The Standard Model predicts tiny values for these asymmetries and no difference between B and anti- B mesons. Substituting the measured amplitudes in Eq. 3, the obtained triple product asymmetries are listed in Table II. As seen, all the obtained asymmetries are small. Tiny discrepancies from zero are considered to be due to final state interactions. No difference between A^{(1)}_T and Ā^{(1)}_T nor A^{(2)}_T and Ā^{(2)}_T is observed, which is consistent with the absence of T-odd CP violation.

TABLE II: Measured asymmetries in the triple product correlations. The first error is statistical while the second is systematic.

B^0 B^+ A^{(1)}_T 0.091 ± 0.034 ± 0.007 0.062 ± 0.038 ± 0.005 A^{(2)}_T −0.098 ± 0.032 ± 0.003 −0.049 ± 0.034 ± 0.002 Ā^{(1)}_T 0.047 ± 0.031 ± 0.007 0.046 ± 0.039 ± 0.005 Ā^{(2)}_T −0.089 ± 0.029 ± 0.003 −0.031 ± 0.039 ± 0.002

|A^{(1)}_T − Ā^{(1)}_T | 0.044 ± 0.046 0.016 ± 0.054 |A^{(2)}_T − Ā^{(2)}_T | 0.009 ± 0.043 0.018 ± 0.052

The CP violation parameters sin 2ϕ_1 and cos 2ϕ_1 are determined by fitting the timedependent angular distribution in Eq. 1 to the measured angles and Δt simultaneously in the CP decay mode B^0 → J/ψK^{∗0}(K^0_S π^0) using the PDF in Eq. 2. The procedures to measure Δt and to determine the flavor of the decaying B^0 meson are described elsewhere [9]. The flavor tagging procedure gives the flavor q of the tag-side B meson, where q = +1(−1) for B^0(B^0), and the probability w that this flavor determination is incorrect. The value of η is given by −q(1 − 2w) within the signal angular distribution in Eq. 1. The difference in w between B^0 and B^0 mesons is also considered.

Each term in Eq. 2 is convolved with the appropriate resolution functions separately for the signal, backgrounds having the B^0 lifetime (namely, cross-feeds and non-resonant production), and the combinatorial background with a zero-lifetime δ-function shape. The resolution functions are obtained from fits to the Δt distributions measured for various data samples. Null CP asymmetry is assumed for the backgrounds. In the fit, the decay

FIG. 3: Raw asymmetry in measured Δt between samples tagged as q = +1 and q = −1. The solid line shows the projection of the fit.

amplitudes are fixed at the values obtained for B^0 decays. The lifetime and mixing parameter are set to PDG values [10]. From the fit to the data, we obtain

sin 2ϕ_1 = 0.24 ± 0.31 ± 0.05, cos 2ϕ_1 = 0.56 ± 0.79 ± 0.11.

When we fix the value of sin 2ϕ_1 to the world average value (0.726) [11], the value of cos 2ϕ_1 becomes 0.87 ± 0.74 ± 0.12. The positive sign of cos 2ϕ_1 is consistent with the measurement by BaBar [7]; however, we cannot exclude negative values with our current statistical errors. The raw asymmetry in the measured Δt distribution between samples with q = +1 and −1 is shown in Fig. 3 with the projected result of the fit.

Systematic uncertainties in the fit are determined in the same manner as those in the b → cc̄s sin 2ϕ_1 measurement [9]. In addition, the uncertainties that come from the angular analysis are estimated similarly as that in the decay amplitude measurement. The possible bias in the fit is checked by applying the same fitting procedure to the sample of B → J/ψK^{∗0}(K^+π^−) decays. We obtain “ sin 2ϕ_1” = −0.047 ± 0.067 and “ cos 2ϕ_1” = −0.111 ± 0.161, which are consistent with zero as expected.

In summary, a full angular analysis is performed for B → J/ψK^∗ decays. The complex decay amplitudes are measured by a simultaneous fit to three transversity angles. The measured values are consistent between the two B flavors both in neutral and charged B meson decays, and no direct CP-violating effect is observed. The difference of arg(A_‖) and arg(A_⊥) of B^0 decays is shifted from 0 by more than 4σ, which is interpreted as evidence for the existence of final state interactions. The differences between the asymmetries of triple product correlations for B and anti-B mesons are consistent with zero in both neutral and charged B mesons, and no T-odd CP-violating new physics effect is observed. The time-dependent angular analysis performed for B^0 → J/ψK^{∗0} (K^{∗0} → K^0_S π^0) decays gives the CP violation parameters sin 2ϕ_1 = 0.24 ± 0.31 ± 0.05 and cos 2ϕ_1 = 0.56 ± 0.79 ± 0.11.

Fixing sin 2ϕ_1 at the world average value (0.726) gives cos 2ϕ_1 = 0.87 ± 0.74 ± 0.12. The sign of cos 2ϕ_1 is positive, although we cannot exclude negative values with current statistical errors.

We thank the KEKB group for the excellent operation of the accelerator, the KEK cryogenics group for the efficient operation of the solenoid, and the KEK computer group and the NII for valuable computing and Super-SINET network support. We acknowledge support from MEXT and JSPS (Japan); ARC and DEST (Australia); NSFC (contract No. 10175071, China); DST (India); the BK21 program of MOEHRD and the CHEP SRC program of KOSEF (Korea); KBN (contract No. 2P03B 01324, Poland); MIST (Russia); MHEST (Slovenia); SNSF (Switzerland); NSC and MOE(Taiwan); and DOE (USA).

[1] A.Abashian et al. (Belle Collaboration), Nucl. Inst. and Meth. A 479, 117 (2002). [2] S. Kurokawa and E. Kikutani, Nucl. Instr. and Meth. A 499, 1 (2003). [3] K.Abe et al. (Belle Collaboration), Phys Lett. B 538, 11 (2002). [4] I.Dunietz, H.Quinn, A.Snyder, W.Toki and H.J.Lipkin, Phys. Rev. D 43, 2193 (1991). [5] K.Abe, M.Satpathy and H.Yamamoto, hep-ex/0103002 (2001). [6] M.Suzuki, Phys. Rev. D 64, 117503 (2001).

[7] B.Aubert et al. (BaBar Collaboration), Phys. Rev. D 71, 032005 (2005). [8] A.Datta and D.London, Int. J. Mod. Phys. A 19, 2505 (2004). [9] K.Abe et al. (Belle Collaboration), Phys. Rev. D 71, 072003 (2005). [10] S.Eidelman et al. (Particle Data Group), Phys. Lett. B 592, 1 (2004). [11] Heavy Flavor Averaging Group, hep-ex/0412073 (2004);

http://www.slac.stanford.edu/xorg/hfag/.