arXiv:hep-ex/0308048 v2 19 Mar 2004

Belle Preprint 2004-11 KEK Preprint 2003-143

Study of CP Violating Effects in Time Dependent B^0(B̄^0) → D^{(∗)∓}π^± Decays

T. R. Sarangi,^7 K. Abe,^7 K. Abe,^{38} T. Abe,^7 H. Aihara,^{40} Y. Asano,^{44} V. Aulchenko,^1 T. Aushev,^{11} S. Bahinipati,^3 A. M. Bakich,^{35} Y. Ban,^{29} S. Banerjee,^{36} U. Bitenc,^{12} I. Bizjak,^{12} S. Blyth,^{23} A. Bondar,^1 M. Bračko,^{18, 12} T. E. Browder,^6 M.-C. Chang,^{23} P. Chang,^{23} K.-F. Chen,^{23} B. G. Cheon,^{34} R. Chistov,^{11} S.-K. Choi,^5 Y. Choi,^{34} A. Chuvikov,^{30} S. Cole,^{35} M. Danilov,^{11} M. Dash,^{46} L. Y. Dong,^9 A. Drutskoy,^{11} S. Eidelman,^1 V. Eiges,^{11} S. Fratina,^{12} N. Gabyshev,^7 A. Garmash,^{30} T. Gershon,^7 G. Gokhroo,^{36} J. Haba,^7 N. C. Hastings,^7 H. Hayashii,^{21} M. Hazumi,^7 T. Higuchi,^7 L. Hinz,^{16} T. Hokuue,^{20} Y. Hoshi,^{38} W.-S. Hou,^{23} K. Inami,^{20} A. Ishikawa,^7 H. Ishino,^{41} R. Itoh,^7 H. Iwasaki,^7 M. Iwasaki,^{40} J. H. Kang,^{48} J. S. Kang,^{14} P. Kapusta,^{24} S. U. Kataoka,^{21} H. Kawai,^2 T. Kawasaki,^{26} H. Kichimi,^7 H. J. Kim,^{48} H. O. Kim,^{34} S. K. Kim,^{33} T. H. Kim,^{48} K. Kinoshita,^3 S. Korpar,^{18, 12} P. Križan,^{17, 12} P. Krokovny,^1 A. Kuzmin,^1 Y.-J. Kwon,^{48} J. S. Lange,^{4, 31} G. Leder,^{10} S. H. Lee,^{33} T. Lesiak,^{24} J. Li,^{32} S.-W. Lin,^{23} D. Liventsev,^{11} J. MacNaughton,^{10} F. Mandl,^{10} D. Marlow,^{30} T. Matsumoto,^{42} A. Matyja,^{24} Y. Mikami,^{39} W. Mitaroff,^{10} K. Miyabayashi,^{21} H. Miyake,^{27} H. Miyata,^{26} D. Mohapatra,^{46} G. R. Moloney,^{19} T. Nagamine,^{39} Y. Nagasaka,^8 T. Nakadaira,^{40} M. Nakao,^7 H. Nakazawa,^7 Z. Natkaniec,^{24} S. Nishida,^7 O. Nitoh,^{43} T. Nozaki,^7 S. Ogawa,^{37} T. Ohshima,^{20} T. Okabe,^{20} S. Okuno,^{13} S. L. Olsen,^6 W. Ostrowicz,^{24} H. Ozaki,^7 P. Pakhlov,^{11} H. Palka,^{24} H. Park,^{15} K. S. Park,^{34} N. Parslow,^{35} L. E. Piilonen,^{46} M. Rozanska,^{24} H. Sagawa,^7 S. Saitoh,^7 Y. Sakai,^7 M. Satapathy,^{45} O. Schneider,^{16} J. Schümann,^{23} C. Schwanda,^{10} A. J. Schwartz,^3 S. Semenov,^{11} K. Senyo,^{20} M. E. Sevior,^{19} H. Shibuya,^{37} V. Sidorov,^1 J. B. Singh,^{28} N. Soni,^{28} R. Stamen,^7 S. Stanič,^{44, ∗} M. Starič,^{12} K. Sumisawa,^{27} T. Sumiyoshi,^{42} S. Suzuki,^{47} O. Tajima,^{39} F. Takasaki,^7 M. Tanaka,^7 G. N. Taylor,^{19} T. Tomura,^{40} T. Tsuboyama,^7 S. Uehara,^7 T. Uglov,^{11} K. Ueno,^{23} Y. Unno,^2 S. Uno,^7 G. Varner,^6 K. E. Varvell,^{35} C. H. Wang,^{22} M.-Z. Wang,^{23} M. Watanabe,^{26} B. D. Yabsley,^{46} Y. Yamada,^7 A. Yamaguchi,^{39} Y. Yamashita,^{25} J. Ying,^{29} Y. Yusa,^{39} J. Zhang,^7 Z. P. Zhang,^{32} Y. Zheng,^6 V. Zhilich,^1 T. Ziegler,^{30} and D. Žontar^{17, 12}

(The Belle Collaboration) 1Budker Institute of Nuclear Physics, Novosibirsk 2Chiba University, Chiba 3University of Cincinnati, Cincinnati, Ohio 45221 4University of Frankfurt, Frankfurt 5Gyeongsang National University, Chinju 6University of Hawaii, Honolulu, Hawaii 96822 7High Energy Accelerator Research Organization (KEK), Tsukuba

Typeset by REVTEX 1

8Hiroshima Institute of Technology, Hiroshima 9Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 10Institute of High Energy Physics, Vienna 11Institute for Theoretical and Experimental Physics, Moscow 12J. Stefan Institute, Ljubljana 13Kanagawa University, Yokohama 14Korea University, Seoul 15Kyungpook National University, Taegu 16Swiss Federal Institute of Technology of Lausanne, EPFL, Lausanne 17University of Ljubljana, Ljubljana 18University of Maribor, Maribor 19University of Melbourne, Victoria 20Nagoya University, Nagoya 21Nara Women’s University, Nara 22National United University, Miao Li 23Department of Physics, National Taiwan University, Taipei 24H. Niewodniczanski Institute of Nuclear Physics, Krakow 25Nihon Dental College, Niigata 26Niigata University, Niigata 27Osaka University, Osaka 28Panjab University, Chandigarh 29Peking University, Beijing 30Princeton University, Princeton, New Jersey 08545 31RIKEN BNL Research Center, Upton, New York 11973 32University of Science and Technology of China, Hefei 33Seoul National University, Seoul 34Sungkyunkwan University, Suwon 35University of Sydney, Sydney NSW 36Tata Institute of Fundamental Research, Bombay 37Toho University, Funabashi 38Tohoku Gakuin University, Tagajo 39Tohoku University, Sendai 40Department of Physics, University of Tokyo, Tokyo 41Tokyo Institute of Technology, Tokyo 42Tokyo Metropolitan University, Tokyo 43Tokyo University of Agriculture and Technology, Tokyo 44University of Tsukuba, Tsukuba 45Utkal University, Bhubaneswer 46Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 47Yokkaichi University, Yokkaichi 48Yonsei University, Seoul

Abstract

We report measurements of time dependent decay rates for B^0(B̄^0) → D^{(∗)∓}π^± decays and extraction of CP violation parameters containing ϕ_3. Using fully reconstructed D^{(∗)}π events from a 140 fb^{−1} data sample collected at the Υ(4S) resonance, we obtain the CP violation parameters for D^∗π and Dπ decays, 2R_D(∗)_π sin(2ϕ_1 + ϕ_3 ± δ_D(∗)_π ), where R_D(∗)_π is the ratio of the magnitudes of the doubly-Cabibbo-suppressed and Cabibbo-favoured amplitudes, and δ_D(∗)_π is the strong phase difference between them. Under the assumption of δ_D(∗)_π being close to either 0 or 180^∘, we obtain |2R_D∗_π sin(2ϕ_1 + ϕ_3)| = 0.060 ± 0.040(stat) ± 0.019(sys) and |2R_{Dπ} sin(2ϕ_1 + ϕ_3)| = 0.061 ± 0.037(stat) ± 0.018(sys).

PACS numbers: 12.15.Hh,13.25.Hw

The good agreement between direct measurements of sin 2ϕ_1 [1, 2] and the outcome of global fits to the CKM quark mixing matrix elements [3] strongly supports the standard model explanation of CP violation. To determine whether it is the complete description or whether additional factors come into play, further measurements of other CKM parameters are required. Among these parameters ϕ_3 is of particular importance. The measurements of time-dependent decay rates of B^0(B̄^0) → D^{(∗)∓}π^± provide a theoretically clean method for extracting sin(2ϕ_1 + ϕ_3), since loop diagrams do not contribute to these decays [4].

There are two ways for a state which is initially B^0 to be found as D^{(∗)−}π^+ at a later time t. It can occur either directly through a Cabbibo-favoured decay (CFD) or through mixing followed by doubly-Cabbibo-suppressed decay (DCSD), as shown in Fig. 1. Interference of the two processes introduces the term containing ϕ_3 to the time dependent decay rates, which are given by [5, 6]

(a) CFD (b) DCSD

FIG. 1: Contributions to B^0 → D^{(∗)−}π^+ can come either (a) from CFD or (b) from mixing followed by DCSD.

P (B^0 → D^{(∗)+}π^−) = c [1 − cos Δmt − 2ℑρ̄ sin Δmt] P (B^0 → D^{(∗)−}π^+) = c [1 + cos Δmt + 2ℑρ sin Δmt] P (B̄^0 → D^{(∗)+}π^−) = c [1 + cos Δmt + 2ℑρ̄ sin Δmt] P (B̄^0 → D^{(∗)−}π^+) = c [1 − cos Δmt − 2ℑρ sin Δmt] (1) where c = (e^{−t/τB0} )/2τ_B0 with τ_B0 denoting the lifetime of the neutral B meson and Δm is the B^0-B̄^0 mixing parameter. The ρ and ρ̄ are defined as ρ = (q/p)(A(B̄^0 → D^{(∗)−}π^+)/A(B^0 → D^{(∗)−}π^+)) and ρ̄ = (p/q)(A(B^0 → D^{(∗)+}π^−)/A(B̄^0 → D^{(∗)+}π^−)), where p and q relate the mass eigenstates to the flavour eigenstates in the neutral B meson system [5]. They lead to CP violating terms ℑρ = −(−1)^LR sin(2ϕ_1+ϕ_3−δ) and ℑρ̄ = (−1)^LR sin(2ϕ_1+ϕ_3+δ), where R is the ratio of the magnitudes of the DCSD and CFD amplitudes (here the magnitudes of both the CFD and DCSD amplitudes are assumed to be same for B^0 and B̄^0 decays), δ is the strong phase difference between DCSD and CFD, and L is the angular momentum of the final state (1 for D^∗π and 0 for Dπ). R and δ are not necessarily the same for D^∗π and Dπ final states, and are denoted with subscripts, D^∗π and Dπ, in what follows.

This study uses a 140 fb^{−1} data sample, which contains 152 million BB̄ events, collected with the Belle detector [7] at the KEKB collider [8]. The selection of hadronic events is described elsewhere [9].

For the B̄^0 → D^{∗+}π^− event selection, we use the decay chain D^{∗+} → D^0π^+, and D^0 → K^−π^+, K^−π^+π^0 or K^−π^+π^+π^− (charge conjugate modes are implied throughout this paper). For the B̄^0 → D^+π^− event selection, we use D^+ → K^−π^+π^+ decays. Charged tracks except the slow π^+ in the D^{∗+} → D^0π^+ decay are required to have a minimum of one hit (two hits) in the r-ϕ (z) plane of the vertex detector in order to allow precise vertex determination. To separate kaons from pions, we form a likelihood for each track, L_{K(π)}. The kaon likelihood ratio, P (K/π) = L_K /(L_K + L_π), has values between 0 (likely to be a pion) and 1 (likely to be a kaon). We require charged kaons to satisfy P (K/π) > 0.3. No such requirement is imposed to select charged pions coming from D decays.

For D^0 selection, the invariant mass of the daughter particles is required to be within ±16.5 MeV/c^2, ±24.0 MeV/c^2, and ±13.5 MeV/c^2 of the nominal D^0 mass, for K^−π^+, K^−π^+π^0, and K^−π^+π^+π^− modes, respectively. These intervals correspond to ±3σ, where σ is the Monte Carlo determined invariant mass resolution. For the D^+, the invariant mass is required to be within ±12.5 MeV/c^2 of the nominal D^+ mass. For the D^0 → K^−π^+π^0 reconstruction, we further require the π^0 momentum to be greater than 200 MeV/c in the Υ(4S) rest frame, and the ratio of the second to zeroth Fox-Wolfram moments [10] R_2 to be less than 0.55. We require R_2 < 0.5 for D^+ → K^−π^+π^+. We use a mass- and vertex-constrained fit for D^0 and a vertex-constrained fit for D^+.

The D^{∗+} is reconstructed by combining D^0 candidates with a slow π^+. Here, slow pions are required to have momentum less than 300 MeV/c in the Υ(4S) rest frame. The D^∗ candidates are required to have a mass difference ΔM ≡ M_D0_π − M_D0 within ±7 MeV/c^2, ±2 MeV/c^2, or ±4 MeV/c^2 of the nominal value, for the K^−π^+, K^−π^+π^0, and K^−π^+π^+π^− modes respectively.

We reconstruct B candidates by combining the D^{(∗)+} candidate with a π^− candidate satisfying P (K/π) < 0.8. We identify B decays based on requirements on the energy difference ΔE ≡ ∑ i E_i − E_{beam} and the beam-energy constrained mass M_{bc} ≡ √ E^2_{beam} − ( ∑ i ⃗p_i)^2, where E_{beam} is the beam energy, ⃗p_i and E_i are the momenta and energies of the daughters of the reconstructed B meson candidate, all in the Υ(4S) rest frame. If more than one B candidate is found in the same event, we select the one with best D vertex quality. We define a signal region in the ΔE-M_{bc} plane of 5.27 GeV/c^2 < M_{bc} < 5.29 GeV/c^2 and |ΔE| < 0.045 GeV, corresponding to about ±3σ of both quantities. For the determination of background parameters, we use events in a sideband region defined by M_{bc} > 5.2 GeV/c^2 and −0.14 GeV < ΔE < 0.20 GeV, excluding the signal region.

Charged leptons, pions, and kaons that are not associated with the reconstructed D^{(∗)}π decays are used to identify the flavour of the accompanying B meson. The algorithm [1] leads to two parameters, q and r, where q = +1 indicates b̄ hence B^0 and q = −1 indicates b hence B̄^0. The parameter r is an event-by-event dilution factor ranging from r = 0 for no flavour discrimination to r = 1 for unambiguous flavour assignment. More than 99.5% of the events are assigned non-zero values of r.

The decay vertices of the B → D^{(∗)}π are fitted using the momentum vectors of the D and π (except the slow π from D^∗ decay) and a requirement that they are consistent with the interaction region profile. For the decay vertices of the tagging B meson, the remaining well reconstructed tracks in the event are used. Tracks that are consistent with K^0_S decay are rejected. The proper-time difference between the fully reconstructed and the associated B decay is calculated as Δt = (z_{rec} − z_{tag})/cβγ, where z_{rec} and z_{tag} are the z coordinates of the two B decay vertices and βγ = 0.425 is the Lorentz boost factor at KEKB. After application of the event selection criteria and the requirement that both B’s have well defined vertices and |Δt| < 70 ps (∼ 45 τ_B0 ), 7763 and 9351 events remain as the D^∗π and Dπ candidates, respectively. The signal fractions of the samples, which vary for different r bins, are 96% for D^∗π and 91% for Dπ.

Unbinned maximum likelihood fits to the four time dependent decay rates are performed to extract ℑρ and ℑρ̄. We minimize −2 ∑ i ln L_i where the likelihood for the i-th event is given by

L_i = (1 − f_{ol}) [f_{sig}P_{sig} ⊗ R_{sig} + (1 − f_{sig})P_{bkg} ⊗ R_{bkg}] +f_{ol}P_{ol}.

The signal fraction f_{sig} is determined from the (ΔE, M_{bc}) value of each event. The signal distribution is the product of the sum of two Gaussian in ΔE and a Gaussian in M_{bc}; that for the background is the product of a first order polynomial in ΔE and an ARGUS function [11] in M_{bc}.

The Δt distribution is modeled by a core distribution convolved with resolutions. A small number of events have poorly reconstructed vertices resulting in a very broad distribution Δt. We account for the contributions from these “outliers” by adding a Gaussian component P_{ol} with a width and fraction determined from the B lifetime analysis [12]. The Δt resolution, denoted by R_{sig} and R_{bkg} for the signal and background, is determined on an event-by-event basis, using the estimated uncertainties on the z vertex positions [13].

The signal Δt distributions are given by

P_{sig}(q = −1, D^{(∗)±}π^∓) = (1 − w_−)P (B^0 → D^{(∗)±}π^∓) + w_+P (B̄^0 → D^{(∗)±}π^∓) P_{sig}(q = +1, D^{(∗)±}π^∓) = (1 − w_+)P (B̄^0 → D^{(∗)±}π^∓) + w_−P (B^0 → D^{(∗)±}π^∓) (2) where w_− and w_+ are wrong tag fractions for the q = −1 and q = +1 samples, respectively. P ’s are given by Eq. 1 with t and c replaced by Δt and (e^{−|Δt|/τB0} )/4τ_B0 , respectively.

The background Δt distribution is parameterized as a sum of a δ-function component and an exponential component with a lifetime τ_{bkg}

P_{bkg} = f^δ_{bkg}δ(Δt − μ^δ_{bkg}) +

(1 − f^δ_{bkg}) 2τ_{bkg} e^−|^{Δt−μτbkg} |^{/τbkg} (3)

where f^δ_{bkg} is the fraction of events contained in the δ-function, and μ^δ_{bkg} and μ^τ_{bkg} are the mean values of |Δt| in the δ-function and exponential components, respectively.

While the tagging side should have no asymmetry if the flavour is tagged by primary leptons, it is possible to introduce a small asymmetry when daughter particles of hadronic decays such as D^{(∗)}π are used for the flavour tagging, due to the same CP violating effect, which is the subject of this paper [14]. This effect is taken into account by replacing the coefficients of sin Δmt in Eqs. 1 by ℑρ̄ − ℑρ̄^′, ℑρ − ℑρ̄^′, ℑρ̄ − ℑρ^′, and ℑρ − ℑρ^′, respectively. Here the ℑρ^′ and ℑρ̄^′ represent the CP violating effect due to the presence of B^0 → D̄X and B^0 → DX amplitudes in the flavour tagging side. Note that unlike the ℑρ and ℑρ̄, which are rigorously defined in terms of B^0 → D^{(∗)∓}π^± and B̄^0 → D^{(∗)±}π^∓ amplitudes, ℑρ^′ and ℑρ̄^′ are effective quantities that include effects of the fraction of B → DX components in the tagging B decays and all experimental effects of subsequent behaviour of D mesons. Therefore, these quantities must be determined experimentally.

The values of ℑρ^′ and ℑρ̄^′ are determined in each of six r bins by fitting the Δt distributions of a D^∗lν control sample [15] using the signal distributions of Eq. 2 and setting ℑρ and ℑρ̄ to zero. Since the D^∗lν final states have specific flavour, any observable asymmetry must originate from the tagging side. The results for the combined r bins are 2ℑρ^′ = 0.038 ± 0.014(stat) ± 0.005(sys) and 2ℑρ̄^′ = 0.002 ± 0.014(stat) ± 0.009(sys).

The procedures for Δt determination and flavour tagging are tested by extracting τ_B0 and Δm. When all four signal categories in Eq. 1 are combined, the signal Δt distribution reduces to an exponential lifetime distribution. We obtain τ_B0 = 1.583 ± 0.029 ps (1.575 ± 0.032 ps) for the D^∗π (Dπ) samples, in good agreement with the world average (1.542 ± 0.016 ps) [3]. Combining the two CFD-dominant modes and the two mixing-dominant modes and ignoring the CP violating terms, the asymmetry behaves as cos ΔmΔt. We obtain Δm = 0.490 ± 0.015 ps^{−1} (0.483 ± 0.014 ps^{−1}) for the D^∗π (Dπ) samples, also in good agreement with the world average (0.489 ± 0.008 ps^{−1}) [3]. The same fits also provide wrong tag fractions w_− and w_+ in each r bin for both D^∗π and Dπ data samples. The errors of our results are statistical only.

We then perform fits to determine the ℑρ and ℑρ̄ by fixing τ_B0 and Δm_d to the world average values and using w_−, w_+, ℑρ^′, and ℑρ̄^′ for each r bin, as obtained from the above fits. The results are 2ℑρ_D∗_π = 0.011 ± 0.057, 2ℑρ̄_D∗_π = −0.109 ± 0.057, 2ℑρ_{Dπ} = −0.037 ± 0.052, and 2ℑρ̄_{Dπ} = 0.087 ± 0.054. The errors are statistical only. The Δt distributions for the subsamples having the best quality flavour tagging (0.875 < r < 1.000) are shown in Fig. 2 for the D^∗π and in Fig. 3 for the Dπ samples, respectively.

The systematic errors come from i) the uncertainties of parameters which are constrained in the fit, including Δt resolution parameters, background parameters, wrong tag fractions, and physics parameters; ii) uncertainties of the tagging side asymmetries; iii) fit biases induced by the vertexing and other unknown factors. For item i), we repeat the fits varying each parameter value by ±1σ. To estimate item ii), we repeat the fits by varying the ℑρ^′ and ℑρ̄^′ by their errors. Errors are not explicitly assigned for item iii), since they are included in the errors of ℑρ^′ and ℑρ̄^′ from the D^∗lν control sample fit (item ii). Table I summarizes the systematic errors.

TABLE I: Systematic errors in the 2R sin(2ϕ_1 + ϕ_3 ± δ) extractions.

Sources D^∗π Dπ Signal Δt resolution 0.014 0.013 Background Δt shape 0.001 0.003 Background fraction 0.002 0.001 Wrong tag fraction 0.006 0.006 Vertexing 0.005 0.005 Physics parameters (Δm, τ_B0) 0.001 0.002 Tagging side asymmetry 0.009 0.009 Combined 0.019 0.018

We obtain

2R_D∗_π sin(2ϕ_1 + ϕ_3 + δ_D∗_π) = 0.109 ± 0.057 ± 0.019, 2R_D∗_π sin(2ϕ_1 + ϕ_3 − δ_D∗_π) = 0.011 ± 0.057 ± 0.019, 2R_{Dπ} sin(2ϕ_1 + ϕ_3 + δ_{Dπ}) = 0.087 ± 0.054 ± 0.018, 2R_{Dπ} sin(2ϕ_1 + ϕ_3 − δ_{Dπ}) = 0.037 ± 0.052 ± 0.018.

FIG. 2: Δt distributions for the D^∗π data in the 0.875 < r < 1.000 flavour tagging quality bin. (a) B^0 → D^{∗+}π^−, (b) B^0 → D^{∗−}π^+, (c) B̄^0 → D^{∗+}π^−, (d) B̄^0 → D^{∗−}π^+. Curves show the fit results with the entire event sample, hatched regions indicate the backgrounds.

FIG. 3: Δt distributions for the Dπ events in the 0.875 < r < 1.000 flavour tagging quality bin. (a) B^0 → D^+π^−, (b) B^0 → D^−π^+, (c) B̄^0 → D^+π^−, (d) B̄^0 → D^−π^+. Curves show the fit results with the entire event sample, hatched regions indicate the backgrounds.

The first and second errors are statistical and systematic. At present, the statistical errors are too large to allow any meaningful conclusion to be drawn. However, it is interesting to consider how the four results can be combined using knowledge of R and δ to improve the precision of sin(2ϕ_1 + ϕ_3). Several methods have been proposed to measure R [4]. A method that compares the branching fractions of B^0 → D^{(∗)+}_s π^− and B^0 → D^{(∗)−}π^+ and uses factorization relation gives R_{Dπ} = 0.0237 ± 0.0050 and R_D∗_π = 0.0180 ± 0.0067[16]. The present errors are too large to conclude that the two R values are equal. On the other hand, there are solid theoretical grounds for assuming δ_D∗_π and δ_{Dπ} to be very small and therefore equal [17]. However, some argue that there is an ambiguity of 180^∘ between δ_D∗_π and δ_{Dπ} [6]. Assuming δ_D(∗)_π is close to either 0^∘ or 180^∘, we obtain |2R_D∗_π sin(2ϕ_1 + ϕ_3)| = 0.060 ± 0.040(stat) ± 0.019(sys) and |2R_{Dπ} sin(2ϕ_1 + ϕ_3)| = 0.061 ± 0.037(stat) ± 0.018(sys).

In summary, we measure the time dependent CP violation parameters 2R sin(2ϕ_1 +ϕ_3 ±δ) for the B^0(B̄^0) → D^{(∗)∓}π^± decays using 152 million BB̄ events. Under the assumption of δ_D(∗)_π being close to either 0^∘ or 180^∘, we obtain |2R_D∗_π sin(2ϕ_1 +ϕ_3)| = 0.060±0.040(stat)± 0.019(sys) and |2R_{Dπ} sin(2ϕ_1 + ϕ_3)| = 0.061 ± 0.037(stat) ± 0.018(sys).

We wish to thank the KEKB accelerator group for the excellent operation of the KEKB accelerator. We acknowledge support from the Ministry of Education, Culture, Sports, Science, and Technology of Japan and the Japan Society for the Promotion of Science; the Australian Research Council and the Australian Department of Education, Science and Training; the National Science Foundation of China under contract No. 10175071; the Department of Science and Technology of India; the BK21 program of the Ministry of Education of Korea and the CHEP SRC program of the Korea Science and Engineering Foundation; the Polish State Committee for Scientific Research under contract No. 2P03B 01324; the Ministry of Science and Technology of the Russian Federation; the Ministry of Education, Science and Sport of the Republic of Slovenia; the National Science Council and the Ministry of Education of Taiwan; and the U.S. Department of Energy.

∗ on leave from Nova Gorica Polytechnic, Nova Gorica [1] K. Abe et al. (Belle Collaboration), Phys. Rev. D 66 (2002) 071102(R). [2] B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 89 (2002) 201802. [3] K. Hagiwara et al. (Particle Data Group), Phys. Rev. D 66 (2002) 010001. [4] I. Dunietz and R.G. Sachs, Phys. Rev. D 37 (1988) 3186, Erratum: Phys. Rev. D 39 (1989) 3515; I. Dunietz, Phys. Lett. B 427 (1998) 179.

[5] K. Abe, M. Satpathy, and Hitoshi Yamamoto, hep-ex/0103002. [6] R. Fleischer, Nucl. Phys. B671 (2003) 459.

[7] A. Abashian et al. (Belle Collaboration), Nucl. Instr. and Meth. A 479 (2002) 117. [8] S. Kurokawa, Nucl. Instr. and Meth. A 499 (2003) 1. [9] K. Abe et al. (Belle Collaboration), Phys. Rev. D 66 (2002) 032007. [10] G.C. Fox and S. Wolfram, Phys. Rev. Lett. 41 (1978) 1581. [11] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B 241 (1990) 278. [12] H. Tajima, H. Aihara, T. Higuchi et al., hep-ex/0301026. [13] K. Abe, et al. (Belle Collaboration), Phys. Rev. Lett. 88 (2002) 171801. [14] O. Long, M. Baak, R.N. Cahn and D. Kirkby, Phys. Rev. D 68 (2003) 304010. [15] K. Hara, M. Hazumi et al. (Belle Collaboration), Phys. Rev. Lett. 89 (2002) 251803. [16] We use the PDG values [3] for the D^{(∗)}π branching fractions, the decay constant ratio f_D(∗) /f_D(∗)_s from a recent lattice QCD calculation of K.C. Bowler et al.(UKQCD Collaboration), Nucl. Phys. 619 (2001) 507, the D^{(∗)}s π branching fractions of P. Krokovny et al. (Belle Collaboration), Phys. Rev. Lett. 89 (2002) 231804 and B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 90 (2003) 181803.

[17] L. Wolfenstein, hep-ph/0309166.