CDF note 9109

Measurements of branching fraction ratios and CP asymmetries in B^+ → D^0_{CP} K^±

The CDF II Collaboration URL http://www-cdf.fnal.gov (Dated: July 28, 2008)

The branching fractions and CP asymmetries of B^− → D^0K^− modes allow a theoretically-clean way of measuring the CKM angle γ. In this analysis, we reconstructed modes where the D^0 decays in either K^−π^+ (flavor eigenstate) or K^−K^+, π^−π^+ (CP-even eigenstates), in a sample of about 1 fb^{−1} of CDF data.

We measure the direct CP asymmetry:

ACP + =

BR(B^− → D^0_{CP +}K^−) − BR(B^+ → D^0_{CP +}K^+) BR(B^− → D^0_{CP +}K^−) + BR(B^+ → D^0_{CP +}K^+)

= 0.39 ± 0.17(stat.) ± 0.04(syst.).

and the double ratio of the branching fractions:

RCP + = R+ R = BR(B−→D0CP +K−)+BR(B+→D0CP +K+) BR(B−→D0CP +π−)+BR(B+→D0CP +π+)

BR(B−→D0K−)+BR(B+→D0K+) BR(B−→D0π−)+BR(B+→D0π+)

= 1.30 ± 0.24(stat.) ± 0.12(syst.)

in agreement with previous measurements from other experiments. This is the first measurement of these quantities to be performed at a hadron collider.

I. INTRODUCTION

The partial widths of B^− → D^0K^− modes allow a thoretically-clean extraction of the CKM [1, 2] angle γ = arg(−V_{ud}V^∗_{ub}/V_{cd}V^∗_{cb}) by a variety of methods, depending on the specific D^0 decay channel involved [3–7].

The precision of current experimental data [8] is still far from theoretical uncertainties and is statistics–limited, so the current limited knowledge of γ can be significantly improved by the addition of further data.

All mentioned methods for extracting γ from B^− → D^0K^− modes require no tagging or time-dependent measurements, and many of them only involve charged particles in the final state. They are therefore particularly well–suited to analysis in a hadronic collider environment, where the large production can be well exploited.

In this note we describe the reconstruction and analysis of modes where the D^0 decays to either K^−π^+ (flavor eigenstate) or K^−K^+, π^−π^+ (CP-even eigenstates). These modes allow measuring the following useful parameters for the determination of angle γ (“GLW method” [3, 4]):

A_{CP +} =

BR(B^− → D^0_{CP +}K^−) − BR(B^+ → D^0_{CP +}K^+) BR(B^− → D^0_{CP +}K^−) + BR(B^+ → D^0_{CP +}K^+) (1) R_{CP +} =

R_+ R (2) where R = BR(B^− → D^0K^−) + BR(B^+ → D^0K^+)

BR(B^− → D^0π^−) + BR(B^+ → D^0π^+) (3) R_+ =

BR(B^− → D^0_{CP +}K^−) + BR(B^+ → D^0_{CP +}K^+) BR(B^− → D^0_{CP +}π^−) + BR(B^+ → D^0_{CP +}π^+) (4) These quantities are related to angle γ by the equations:

R_{CP +} = 1 + r^2 + 2r cos δ cos γ (5) A_{CP +} = 2r sin δ sin γ/R_{CP +} (6)

where r is the magnitude of the ratio of the amplitudes of the processes B^− → D^0K^− and B^− → D^0K^−, and δ is the relative strong phase between those two amplitudes.

We reconstruct and separate the relevant modes for this analysis and the larger B^− → D^0π^− modes by a simultaneous Likelihood fit, exploiting their kinematics differences and the particle identification information provided by the specific ionization (dE/dx) in the CDF central drift chamber.

II. DATA SAMPLE AND EVENT SELECTION

The analysis is performed on a sample collected by the upgraded CDF detector [9] between February 2002 and February 2006, corresponding to an integrated luminosity of ∼ 1 fb^{−1}. The trigger is based on precision track impact parameters measured by SVT [10], and is designed to select hadronic B meson decays by requiring the presence of at least two charged particles with significant impact parameters with respect to the interaction region.

Candidates for modes B^− → D^0π^− with D^0 → K^−π^+ (flavour eigenstate) and the B^− → D^0_{CP +}π^− with D^0_{CP +} → π^+π^− and D^0_{CP +} → K^+K^− (CP-even eigenstate) were reconstructed from a sample collected with the request of at least two tracks with p_T > 2 GeV, 120 μm < |d_0| < 1 mm and ΔΦ <= 90^∘ (ΔΦ is the transverse opening-angle between tracks). Either the two tracks from the D^0, or one track from the D^0 and one from the B may satisfy the trigger requirements. The two subsamples have different kinematical distributions; in the present analysis we explicitly require the trigger tracks to be one from B and a track from D^0; this happens in ∼ 70% of the signal events.

Candidates for each particle decay tree are reconstructed according to a bottom−up strategy. This means that, for example, in the case of B^+ → D^0π^+, D^0 → K^+π^−, at first we look for a track pair vertex that is compatible with a D^0 decay, typically, to suppress the combinatorial background, the invariant mass of the track pair is required to lie in a mass range centered in the D^0 mass; we then combine the given D candidate with an additional charged track (new vertex) to reconstruct a new candidate compatible with a B^+ → D^0π^+ decay. The tracks are fitted to a secondary vertex by applying mass and pointing constraints, at the same time they are forced to comply with the proper vertex topology.

Offline cuts on the tridimensional vertex quality χ^2_{3D} and on the B isolation are very important handles to suppress combinatoric background. The B isolation variable is defined as I =^{pT (B)}_{pT (B)+}^∑_{pT} , where the sum runs over all tracks contained in a cone with radius = 1 in the η - ϕ space around the B meson flight direction.

The threshold placement for all cuts was determined by an optimization procedure aimed at achieving the best resolution on A_{CP +}, which is the most important parameter for extraction of γ. We do this in an ubiased way by using Monte Carlo predictions for the signal distributions, while the properties of the background are extrapolated from real data using the signal sidebands. The optimized cuts are listed in Table I.

After reconstructing D^0 candidates in the three modes of interest, the invariant mass distributions, with a nominal pion mass assignment to the track from B, are reported in Figs. 1, 2 and 3.

Clear B signals are seen in all plots, accompanied by a complex structure produced by partially reconstructed B decays, and a small combinatorial background component.

III. LIKELIHOOD FIT

Our goal is to measure the relative yields of B^− → D^0_{(CP +)}K^− to B^− → D^0_{(CP +)}π^− and their charge asymmetries. To this purpose, we performed an unbinned maximum likelihood fit which combines invariant mass, momenta, and Particle IDentification (PID) information for all three modes of interest simultaneously.

Fig. 4 shows the contribution to physics background from other B modes, obtained from a generic B Montecarlo sample. A single component dominates the background in the mass region of the DK signal: the mode B^+ → D^{0∗}π^+ where a soft γ or π^0 from D^{0∗} decay was lost. We limited our fit to the range of mass between 5.17 and 5.60 GeV/c^2 in order to ensure that contributions other than B^+ → D^0π^+ and B^+ → D^{0∗}π^+ were negligible. The presence of a pion in these backgrounds, allows exploiting the dE/dx information on the B track as a handle in separating them from the DK signal.

We perform a simultaneous fit for the three channels, the flavor mode (B^− → D^0K^− → [K^−π^+]K^−) and the two DCP modes (B^− → D^0_{CP +}K^− → [K^−K^+]K^− and B^− → D^0_{CP +}K^− → [π^−π^+]K^−). The structure of the Likelihood, described below, is the same for all three channels; an additional discrete observable flags the D^0 mode for each event, which is unambiguously determined at reconstruction time.

The fraction of the physics background (B^− → D^{0∗}π^−) with respect to the total signal (B^− → D^0π^− + B^− → D^0K^− + B^− → D^{0∗}π^−) is common to the three modes and the fraction of B^− → D^0_{CP} π^− is common to the two DCP modes. The simultaneous fit allows us to take advantage of the channel with more statistics to constrain the common parameters in a consistent way.

The observables used in the fit are:

• M_D0_π: the invariant mass assigning the pion mass at the track from B.

• The momentum imbalance α defined as:

– if p_{tr} < p_D0 α = 1 − p_{tr}/p_D0 > 0 – if p_{tr} ≥ p_D0 α = −(1 − p_D0 /p_{tr}) ≤ 0.

As shown in Fig. 5, where the mass vs α is reported for B^+ → D^0π^+ and B^+ → D^0K^+, these two variables provide some separation between the two channels.

• p_{tot} = p_t + p_D0 .

• The “kaonness” κ which contain the dE/dx information for the track from B. The “kaonness” κ is defined as κ = dE dx meas − dE dx exp(π) dE dx exp(K) − dE dx exp(π) (7)

where the^{dE}_{dx meas} is the measured energy lost by the particle in the drift chamber and the^{dE}_{dx exp}(π(K)) is the expected value for the energy lost in the drift chamber in a given particle hypothesis (π(K)) given the particle momentum. The average of κ observable respectively in pion and kaon hypothesis is < κ >_π= 0 and < κ >_K = 1. The particle identification is used only for the track from B to distinguish between BDK and BDπ mode. The distribution of kaonness k is crosschecked with the two tracks from the D0 which are unambiguosly identified from kinematics.

Using M_D0_π, α and p_{tot} the B mass in the kaon hypothesis can be expressed as:

• if α > 0

M^2(α, p_{tot}) = M^2_{Bu} + m^2_π − m^2_K + 2 · √ m^2_{D0} + (p_{tot}/(2 − α))^2 · · (√ (m^2_π + (p_{tot}(1 − α)/(2 − α))^2 − √ m^2_K + (p_{tot}(1 − α)/(2 − α))^2 ) (8) • if α ≤ 0

M^2(α, p_{tot}) = M^2_{Bu} + m^2_π − m^2_K + 2 · √ m^2_{D0} + (p_{tot}(1 + α)/(2 + α))^2 · · (√ (m^2_π + (p_{tot}/(2 + α))^2 − √ m^2_K + (p_{tot}/(2 + α))^2 ) . (9)

The expression of the likelihood is then: L = Nevents ∏ k ((1 − b) · (f_π · F_π(α, p_{tot}, M_D0_π, κ) + f_D · BG_D(α, p_{tot}, M_D0_π, κ) +

+ (1 − f_π − f_D) · F_K (α, p_{tot}, M_D0_π, κ)) + b · BG_{comb}(α, p_{tot}, M_D0_π, κ)). (10)

Where b is the combinatorial background fraction measured with respect to all the events, f_π the fraction of B^+ → D^0π^+ with respect to the total signal and f_D the fraction of B^+ → D^{0∗}π^+ with respect to the total signal (as a consequence, the fraction of B^+ → D^0K^+ is f_K = 1 − f_π − f_D). We wrote six Likelihoods terms of this kind, one for each channel and each charge.

The fraction of the physics background is common to the three decays, so we will have only two parameters, f_D+ (positive charge) and f_D− (negative charge), instead of six. The fraction of B^+ → D^0_{CP} π^+ and of B^− → D^0_{CP} π^− are common to both DCP modes (D^0_{CP} → K^+K^− and D^0_{CP} → π^+π^−).

F_π(α, P tot, M_D0_π, κ) and F_K (α, P tot, M_D0_π, κ) are the pdf respectively of B^+ → D^0π^+ and B^+ → D^0K^+. The expression of these pdf is given by:

F_i(α, p_{tot}, M_D0_π, κ) = G(M_D0_π − M_i(α, p_{tot}))P (α, p_{tot})P (κ) (11)

where G(M_D0_π − M_i(α, p_{tot})) is the mass resolution function of each i-mode when the correct mass is assigned to the track from B. We have defined the “correct mass” as M_{corr} = M_D0_π − δ(α, p_{tot}) where δ(α, p_{tot}) = M(α, p_{tot}) − M_{Bu} is the mass shift due to the incorrect mass assignment (δ(α, p_{tot}) = 0 for B^+ → D^0π^+). G resolution function was parameterized using a modified full CDF II simulation including the most recent theoretical QED-calculations for non gaussian tails due to the emission of one or more photons in the final state (FSR) [11] (Figs. 6, 7).

BG_D(α, P tot, M_D0_π, κ) and BG_{comb}(α, P tot, M_D0_π, κ) are the pdf respectively of the physics background (B^+ → D^{0∗}π^+) and of the combinatorial background. The expression of these pdf is given by:

BG_i(α, p_{tot}, M_D0 π, κ) = BG(M_D0_π)P (α, p_{tot})P (κ). (12)

We choose an exponential function to model the mass distribution of combinatorial background. The normalization and the shape of the exponential (one for each mode) were left free in the maximum likelihood fit.

The P (α, p_{tot}) is the 2-dimensional distribution of the kinematical variables α and p_{tot}, and it is parameterized for each mode by a product of polynomial and exponential functions fitted to MC samples for B^− → D^0K^−, B^− → D^0π^− and B^− → D^{0∗}π^− and to mass sideband of data for the combinatorial background.

P(κ) is the distribution of the particle identification variable κ obtained using a sample of kaons and pions from D^0 → K^−π^+ decays.

The PID pdf for the combinatorial background was obtained in the assumption that it is dominated by pions and kaons:

a · pdf_π(κ) + (1 − a) · pdf_K (κ) (13)

where a is the fraction of pions in the combinatorial background and is left free to float in the central fit.

There are additional sources of background for the DCP modes: the three-body B^− decays. The B^− → K^−K^+K^− forms a mass peak in the same region as the B^− → D_{CP +}K^− → [K^−K^+]K^−; the B^− → K^−π^+π^− forms a mass peak in the same region as B^− → D_{CP +}K^− → [π^−π^+]K^− and finally the B^− → π^−π^+π^− forms a mass peak in the same region as the B^− → D_{CP +}π^− → [π^−π^+]π^−. To suppress these backgrounds we choose a tight cut on the D^0 decay length with respect to the B meson: L_{xyB} (D) > 0.01 cm.

From the MC simulation of the three-body decays we observed that after this cut the B^− → K^−π^+π^− and the B^− → π^−π^+π^− backgrounds become negligible. In the case of the B^− → K^−K^+K^−, after the tightened L_{xyB} (D) cut, the ratio between the number of B^− → K^−K^+K^− events and the number of the B^− → D_{CP +}K^− → [K^−K^+]K^− events is about 8%. We included the B^− → K^−K^+K^− mode in the maximum likelihood fit. In the fit the number of B^− → K^−K^+K^− events is Gaussian constrained.

IV. FIT RESULT

The raw results of the maximum Likelihood fit are reported in tables II and III.

In order to visualize the agreement between the fit and the data we report the plots of fit projections. The most relevant projections are those for the observables M_D0_π, α, p_{tot} and κ (Figs 8-12).

A further check, giving confidence in the correctness of the fit, can be done using the PID variable “kaonness” κ defined in equation 7. Fig. 13 shows the mass fit projection for κ > 0.5 for the three decay modes. The average κ, respectively in pion and kaon hypothesis is < κ >_π= 0 and < κ >_K = 1, so cutting at 0.5 we select a kaon enriched sample and the ratio between the two yields N(B^− → D^0K^−)/N(B^− → D^0π^−) increases. These projections show nicely the good agreement between the fit results and the data.

The raw fit results are first corrected for small biases, measured by testing the fit on Toy MC (2600 pseudoexperiment, the toy input values are the results obtained from the fit on data): Bias_{RCP +} = −0.027 ± 0.005, Bias_{ACP +} = 0.015 ± 0.003 and Bias_R = −0.0021 ± 0.0001. We obtain then: R | |_{raw} = 0.0705 ± 0.0043 (14)

R_{CP +} | |_{raw} = 1.30 ± 0.24 (15)

A_{CP +} | |_{raw} = 0.38 ± 0.17 (16)

These results must be further corrected for detector effects and analysis efficiencies. Several factors cancel out in the double ratio of branching fractions. The analysis efficiencies were determined from the detailed detector simulation. The lower specific ionization of kaons with respect to pions in the drift chamber is responsible for a ∼ 3% lower efficiency to reconstruct a kaon by the XFT. This effect was measured in a sample of D^+ → K^−π^+π^+ decays triggered on two tracks, using the unbiased third track.

The only correction needed by the direct CP-asymmetry A_{CP +} is due to different probability for K^+ and K^− to interact with the tracker material. This effect is reproduced rather well by GEANT [12]. The asymmetry^{ϵ(K+)}_{ϵ(K−)} = 1.0178 ± 0.0023(stat.) ± 0.0045(syst.) is estimated with a careful study on a large Monte Carlo sample. The corrected result are:

R = 0.0745 ± 0.0043(stat.) (17) R_{CP +} = 1.30 ± 0.24(stat.) (18) A_{CP +} = 0.39 ± 0.17(stat.). (19)

V. SYSTEMATICS UNCERTAINTIES

• Input mass. The B_u mass is an input parameter to the fit through the analytic expression of M(α,p_{tot}). We generate distinct ensembles of pseudo-experiments in which we vary the B_u input mass within ±1σ statistical uncertainty of the published CDF II mass measurements [13] to evaluate the systematics due to the uncertainty on the input mass.

• Mass scale. The central fit is performed by assuming a known global mass scale in which we assign to the B_u mass the value measured by CDF in Run II. Since the mass is one of the variables used in separating all the different contributions we decide to include a mass scale parameter that is left free to be determined by the fit. From the fit we obtained a mass scale of 0.4 ± 0.2 MeV/c^2.

• dE/dx induced systematics. We generate distinct ensembles of pseudo-experiments in which the dE/dx parameters of the likelihood function are randomly varied in a 1σ-radius multidimensional sphere, in the space of the parameters of dE/dx calibrations.

• Combinatorial background systematics.

– Mass model. Our central fit assumes a mass-shape of the combinatorial background events distribuited as an exponential function. To evaluate the systematics we generate distinct ensembles of pseudo-experiments in which we vary the mass-shape of the combinatorial background using polynomials of second and third degree.

– Kinematical parameterization. To evaluate the systematics associated with the kinematical parameterization of the combinatorial background we generate distinct ensembles of pseudo-experiments in which we vary the bidimensional function P (α, p_{tot}) using a different parameterization.

• Kinematical parameterization of the signal and of the physics background. To evaluate the systematics associated with the kinematical parameterization of the signal (D^0π and D^0K) and of the physics background (D^{0∗}π) we generate distinct ensembles of pseudo-experiments in which we vary the function P (α, p_{tot}) using a different parameterization.

• D^{∗0}π mass model. To evaluate this systematics we leave free in the main fit some parameters of the D^{∗0}π mass parameterization. We parameterize the D^{∗0}π mass with three gaussians plus an exponential between 5.06 and 5.6. The idea is to see how the results (R, R_{CP +} and A_{CP +}) change letting free in the main fit the parameters of the exponential or of the gaussian that falls in the fit window [5.17,5.6].

To check that we are treating correctly the D^{0∗}π decay, we compare what the fit predicted in the mass region below 5.17 with the data and we obtained a good agreement between the two.

• Monte Carlo statistics. The Monte Carlo statistics is the uncertainty deriving from the limited statistics of the Monte Carlo samples used to estimate the relative efficiencies. The statistic uncertainty on the relative efficiency is 0.004.

• Uncertainty on the XFT-bias correction The lower specific ionization of kaons with respect to pions in the drift chamber is responsible for a ∼ 3% lower efficiency to reconstruct a kaon by the XFT. This effect was measured in a sample of D^+ → K^−π^+π^+ decays triggered on two tracks, using the unbiased third track. We quoted an associated systematics due to the uncertainty of the parameterization of this effect.

A summary of all systematics is reported in Tab. IV. The total systematic uncertainty on each measurement is determined as the sum in quadrature of all systematic uncertainties.

VI. RESULTS

We measure the ratios of the branching fractions R = BR(B^− → D^0K^−) + BR(B^+ → D^0K^+)

BR(B^− → D^0π^−) + BR(B^+ → D^0π^+)

= 0.0745 ± 0.0043(stat.) ± 0.0045(syst.)

R_{CP +} =

BR(B^− → D^0_{CP +}K^−) + BR(B^+ → D^0_{CP +}K^+)

[BR(B^− → D^0K^−) + BR(B^+ → D^0K^+)]/2

= 1.30 ± 0.24(stat.) ± 0.12(syst.)

and the direct CP asymmetry

A_{CP +} =

BR(B^− → D^0_{CP +}K^−) − BR(B^+ → D^0_{CP +}K^+) BR(B^− → D^0_{CP +}K^−) + BR(B^+ → D^0_{CP +}K^+)

= 0.39 ± 0.17(stat.) ± 0.04(syst.).

These quantities are measured for the first time in hadron collisions. The results are in agreement with existing measurements performed at Υ(4S) resonance (Figs. 14 and 15), and have comparable resolution. The significance of A_{CP +} being different from zero increases from 3σ to 4σ when adding the current measurement into the world average. These measurements can be combined with other B^− → D^0K^− decay parameters to improve the determination of CKM angle γ.

Acknowledgments

We thank the Fermilab staff and the technical staffs of the participating institutions for their vital contributions. This work was supported by the U.S. Department of Energy and National Science Foundation; the Italian Istituto Nazionale di Fisica Nucleare; the Ministry of Education, Culture, Sports, Science and Technology of Japan; the Natural Sciences and Engineering Research Council of Canada; the National Science Council of the Republic of China; the Swiss National Science Foundation; the A.P. Sloan Foundation; the Bundesministerium fuer Bildung und Forschung, Germany; the Korean Science and Engineering Foundation and the Korean Research Foundation; the Particle Physics and Astronomy Research Council and the Royal Society, UK; the Russian Foundation for Basic Research; the Comision Interministerial de Ciencia y Tecnologia, Spain; and in part by the European Community’s Human Potential Programme under contract HPRN-CT-20002, Probe for New Physics.

[1] M. Kobayashi and T Maskawa, “CP Violation in the Renormalizable Theory of Weak Interaction”, Prog. Theor. Phys., 49(2) 652-657,1973.

[2] N. Cabibbo, “Unitary Simmetry and Leptonics Decays”, Phys. Rev. Lett., 10: 511-533,1963. [3] M.Gronau, D.Wyler, PLB 265,172. [4] M.Gronau, D.London, PLB 253,483. [5] D.Atwood, I.Dunietz, A.Soni, PRD 63, 036005. [6] D.Atwood, I.Dunietz, A.Soni, PRL 78, 3257. [7] A.Giri, Y.Grossman, A.Soffer, J.Zupan, PRD 68, 054018.

[8] The Heavy Flavor Averaging Group. http://www.slac.stanford.edu/xorg/hfag/index.html [9] F. Abe, et al., Nucl. Instrum. Methods Phys. Res. A 271,387 (1988);D. Amidei, et al., Nucl. Instum. Methods Phys. Res.

A 350, 73 (1994);F. Abe, et al., Phys. Rev. D 52, 4784 (1995);P. Azzi, et al., Nucl. Instrum. Methods Phys. Res. A 360, 137 (1995);The CDF II Detector Technical Design Report, Fermilab-Pub-96/390-E.

[10] I.Furic et al., “The Silicon Vertex Trigger Upgrade at CDF” Proceedings 10th Pisa Meeting on advanced detectors, frontier detectors for frontier physics, La Biodola, Elba, Italy, May 21-27, 2006.

[11] E.Baracchini and G.Isidori, ”Electromagnetic corrections to non-leptonic two body B and D decays”, Phys. Lett. B633, 309 (2006), [hep-ph/0508071].

[12] R.Brun, R.Hagelberg, M.Hansroul, and J.C.Lassalle, Reports no. CERN-DD-78-2-REV and CERN-DD-78-2. [13] CDF collaboration measurement of b hadron masses in exclusive J/ψ decays with the CDF detector, hep-ex/0508022.

Parameter Value χ3D < 13 Isol > 0.65

Lxy (B) σLxy (B) > 12

Lxy(D) > 0.04 cm |d0(B)| < 0.007 pt (track from B) > 2 GeV/c ΔR_{π,D}0 = √ Δϕ^2 + Δη^2 < 2

TABLE I: Optimized cuts

Mode Raw fraction Raw yield B^+ → D^0π^+ 0.902 ± 0.006 3769 ± 68 B^− → D^0π^− 0.902 ± 0.006 3763 ± 68 B^+ → D^0K^+ 0.060 ± 0.005 250 ± 26 B^− → D^0K^− 0.064 ± 0.005 266 ± 27 B^+ → D^0_{CP +}π^+ → [K^+K^−]π^+ (f^{dcp+}_π ) 0.910 ± 0.018 381 ± 25 B^− → D^0_{CP +}π^− → [K^+K^−]π^− (f^{dcp−}_π ) 0.854 ± 0.018 399 ± 26 B^+ → D^0_{CP +}K^+ → [K^+K^−]K^+ (f^{dcp+}_K ) 0.052 ± 0.018 22 ± 8 B^− → D^0_{CP +}K^− → [K^+K^−]K^− (f^{dcp−}_K ) 0.105 ± 0.018 49 ± 11 B^+ → D^0_{CP +}π^+ → [π^+π^−]π^+ (f^{dcp+}_π ) 0.910 ± 0.018 101 ± 13 B^− → D^0_{CP +}π^− → [π^+π^−]π^− (f^{dcp−}_π ) 0.854 ± 0.018 117 ± 14 B^+ → D^0_{CP +}K^+ → [π^+π^−]K^+ (f^{dcp+}_K ) 0.052 ± 0.018 6 ± 6 B^− → D^0_{CP +}K^− → [π^+π^−]K^− (f^{dcp−}_K ) 0.105 ± 0.018 14 ± 6

TABLE II: Raw results from the maximum likelihood fit.

Quantity Measurement (raw)

R 0.0684 ± 0.0043 ACP flavor 0.03 ± 0.06

RCP + 1.30 ± 0.24 ACP + 0.39 ± 0.17

TABLE III: Raw results from the maximum likelihood fit.

Source R RCP + ACP + dE/dx 0.0028 0.056 0.030 D^{0∗}π mass model 0.0028 0.025 0.006 Input mass to the fit (Bu mass) 0.0002 0.004 0.002 Combinatorial background mass model 0.0002 0.020 0.001 (α, ptot) combinatorial background 0.0002 0.100 0.020 (α, ptot) D^0π 0.0001 0.002 0.001 (α, ptot) D^0K 0.0006 0.002 0.004 (α, ptot) D^{0∗}π 0.0007 0.004 0.002 Bias error 0.0001 0.005 0.003 MC statistics/XFT eff 0.002 - - Total(sum in quadrature) 0.0045 0.12 0.04

TABLE IV: Systematics summary.

FIG. 1: Invariant mass distribution of B^− → D^0π^− with D^0 → K^−π^+ (flavour eigenstate) with the optimized cuts.

FIG. 2: Invariant mass distribution of B^− → D^0_{CP +}π^− with D^0_{CP +} → π^+π^− (CP-even eigenstate) with the optimized cuts.

FIG. 3: Invariant mass distribution of B^− → D^0_{CP +}π^− with D^0_{CP +} → K^+K^− (CP-even eigenstate) with the optimized cuts.

FIG. 4: Generic MC of B^+. On the bottom a Zoom of the mass distributions to see the B → D^0K decay.

FIG. 5: Mass vs α using MC. Blue: M_D0_π. Black: M_D0_K . Red: theoretical curve obtained using the analytical formula

FIG. 6: Invariant mass distribution (correct mass assignment) of the simulated B^+ → D^0π^+ events (on the left linear scale, on the right logarithmic scale). We overlaided the mass template.

FIG. 7: Invariant mass distribution (correct mass assignment) of the simulated B^+ → D^0K^+ events (on the left linear scale, on the right logarithmic scale). We overlaided the mass template.

FIG. 8: Fit projection in all mass range onto the m_D0_π, κ, ptot, α variables for the flavor modes.

FIG. 9: Fit projection in all mass range onto the m_D0_π, κ, ptot, α variables for B^+ → D^0_{CP +}K^+ → [K^+K^−]K^+.

FIG. 10: Fit projection in all mass range onto the m_D0_π, κ, ptot, α variables for B^− → D^0_{CP +}K^− → [K^+K^−]K^−.

FIG. 11: Fit projection in all mass range onto the m_D0_π, κ, ptot, α variables for B^+ → D^0_{CP +}K^+ → [π^+π^−]K^+.

FIG. 12: Fit projection in all mass range onto the m_D0_π, κ, ptot, α variables for B^− → D^0_{CP +}K^− → [π^+π^−]K^−.

FIG. 13: Fit projection in all mass range onto the m_D0_π for the three decay modes requiring κ > 0.5. Top left: flavor mode. Top right: DCP mode, D^0_{CP +} → K^−K^+. Bottom: DCP mode, D^0_{CP +} → π^−π^+.

FIG. 14: ACP + measurement. Comparison with other experiments.

FIG. 15: RCP + measurement. Comparison with other experiments.