Searches for New Physics in CP Violation from BABAR

F. Palombo^∗

Università degli Studi di Milano, Dipartimento di Fisica and INFN, I-20133 Milano, Italy on behalf of the BABAR Collaboration

Abstract

Results of recent searches for new physics in CP violation in charm decays from the BABAR experiment are presented. These results include a measurement of D^0 - D^0 mixing and searches for CP violation in two-body D^0 decays, a search for CP violation in the charm decays D^± → K^0_S K^± and D^±_s → K^0_S K^±, K^0_S π^±, and a search for direct CP violation in the singly-Cabibbo suppressed D^± → K^+K^−π^± decays. These studies are based on the final dataset collected by BABAR at the PEP-II B factory at SLAC in the period 1999- 2008. No evidence of CP violation is found in these charm decays. The measured mixing parameter y_{CP} = [0.72 ± 0.18(stat) ± 0.12(syst)]% excludes the no-mixing null hypothesis with a significance of 3.3σ.

1 Introduction

The Cabibbo-Kobayashi-Maskawa (CKM) paradigm of CP violation (CPV ) in the Standard Model (SM) has been tested by the BABAR and Belle experiments with high precision in many overconstrained measurements. Nevertheless SM leaves many unanswered questions. CPV is one of the three Sakharov necessary conditions to generate the asymmetry between matterantimatter (baryogenesis) observed in the Universe. The measured CKM weak phase is unable to provide enough CPV to explain the observed baryon asymmetry. New CPV sources are needed from New Physics (NP ) beyond the SM.

At the B-factories important areas of search for NP are processes which are expected at low level in SM and which could be enhanced by NP . In these NP searches at low energies, charm physics plays currently an important and increasing role. The BABAR, Belle and CDF measurements of flavor mixing in the neutral D meson system [1] show evidence of D^0 - D^0 mixing at 1 % level. These results are in agreement with SM predictions [2, 3, 4] and sets constraints on possible contributions from many NP models [5].

Recently the LHCb collaboration has reported a first evidence of CP violation in D^0 decays to K^+K^− and π^+π^− [6]. This evidence has been confirmed by the CDF Collaboration [7]. Given the SM expectation that CPV in charm sector should be at the level of 10^{−3} (or lower) [2, 4], this CPV evidence was rather unexpected at the present experimental sensitivity. Marginally compatible with the SM expectations, this CPV may be a manifestation of NP or of significant enhancements of penguin diagrams in charm decays [8, 9, 10, 11, 12].

In this talk I present recent BABAR measurements concerning mixing and CP violation in charm sector. All new results presented here are preliminary.

∗e-mail: palombo@mi.infn.it

2 D^0- D^0 Mixing and CP Violation in Two-Body D^0 decays

Mixing in charm sector is unique because it involves virtual down type quarks. It arises from both short range and long range contributions. The short range contribution is expected to be very small because of CKM and GIM suppressions. The dominant long range contribution is non perturbative and hard to evaluate. This implies large theoretical uncertainties in the SM calculations of the mixing parameters x and y [3, 13, 14]. SM expectations values for x and y are ≤ 10^{−3} but higher values are predicted in some NP models [15, 16].

In a recent BABAR analysis [17] charm mixing and CP violation are measured using the ratio of lifetimes obtained in the D^0 decays to the two-body final states K^∓π^±, K^−K^+, and π^−π^+. The analysis is based on an integrated luminosity of 468 fb^{−1} collected by the BABAR detector [18]. Five different signal channels are considered [19]: three flavor tagged channels D^{∗+} → D^0π^+_s with D^0 → K^+K^−, D^0 → π^+π^−, and D^0 → K^−π^+, K^+π^− and two flavor untagged channels D^0 → K^+K^− and D^0 → K^−π^+, K^+π^−, where π^+_s is a slow pion track used in the tagging algorithm.

The experimental observables y_{CP} [20] , sensitive to mixing, and ΔY , sensitive to CPV , are measured. These observables are defined as:

y_{CP} ≡

Γ^+ + Γ̄^+ Γ − 1 and ΔY ≡

Γ^+ − Γ̄^+ 2Γ , (1)

where Γ^+ (Γ̄^+) is the average width of the D^0 (D^0) when reconstructed in the CP -even eigenstates (K^+K^−, π^+π^−). Γ is the average D^0 width describing the decays to the CP-mixed final states K^∓π^± [21].

Neglecting contribution of direct CP violation estimated at a level below our sensitivity [22] and taking into account that the CP violating weak phase ϕ in SM to a good approximation does not depend on the final states [23], the observables y_{CP} and ΔY in terms of the mixing parameters x and y can be written as:

y_{CP} = y cos ϕ +

A_M 2 x sin ϕ

ΔY = −x sin ϕ +

A_M 2 y cos ϕ , (2)

where A_M = (|q/p|^2 − |p/q|^2)/(|q/p|^2 + |p/q|^2) measures the CP asimmetry in mixing. The complex parameters p and q relate the mass eigenstates of neutral mesons , |D_{1,2} >, to the flavor eigenstates, |D^0 > and |D^0 >, through the relation |D_{1,2} >= p|D^0 > ±q|D^0 >. With no CP violation y_{CP} = y and ΔY = 0.

A simultaneous extended unbinned Maximum Likelihood (ML) fit to the two-dimensional distribution of the proper time and proper time error in tagged and untagged modes is performed: the average D^0 lifetime τ is extracted from K^∓π^± final states and the effective lifetime τ^+ (τ̄^+) is extracted from D^0 (D^0) decays to the final states K^−K^+ and π^−π^+. Main sources of background are misreconstructed charm events and the combinatorial background candidates consisting of random tracks. Using the reciprocals of the three measured lifetimes in Eq. 1 we obtain:

y_{CP} = (0.72 ± 0.18 ± 0.12)% and ΔY = (0.09 ± 0.26 ± 0.09)% ,

where the first uncertainty is statistical and the second systematic. Projections of lifetime fit are in Fig. 1.

These results exclude no-mixing hypothesis at 3.3σ significance and show no evidence of CPV . The y_{CP} value is consistent with the mixing parameter y measured in the decays D^0 → K^0_S h^+h^− (where h = K, π) [24] as expected in absence of CPV . This y_{CP} measurement is the most precise single measurement up to date. These results are in agreement with SM predictions.

Figure 1: Proper time fit projections with the fit results overlaid. The combinatorial background distribution (Comb) is stacked on the top of the misreconstructed-charm background distribution (Charm). Under each plot are shown the normalized Poisson pulls; ”unt” refers to the untagged dataset. The gray band is the PDG D^0 lifetime ±σ[25].

3 CP Violation in D^± → K^0_S K^± and D^±_s → K^0_S K^±, K^0_S π^±

The channels D^± → K^0_S K^± can proceed through Cabibbo-Favored (CF) and Doubly-Cabibbo- Suppressed (DCS) transitions. The CF transition is largely dominating and the SM expectation for direct CP is negligible. The channels D^±_s → K^0_S K^± , K^0_S π^± can proceed through two Singly- Cabibbo-Suppressed (SCS) transitions, both of comparable amplitudes. The relative weak phase between the two decay amplitudes can generate interference effects and induce direct CPV .

In these channels with a K^0 (or K^0) in the final state a time-integrated CPV of ≈ (±0.332± 0.006) % is induced by the K^0K^0 mixing [25]. The sign of this asymmetry is positive (negative) in presence in the final state of a K^0 (K^0). The exact value of this CPV asymmetry contribution depends on the requirements on the reconstructed K^0_S → π^+π^− decays and the decay kinematics [26].

Previous results of searches for direct CP violation in these decay modes by CLEO-c [27] and Belle [28] Collaborations are all in agreement with SM expectations.

Direct CP asymmetry in these charm decay modes has been recently searched for by BABAR [29] using a dataset of 469fb^{−1}. The following direct CP -violating parameter A_{CP} is measured for each decay channel:

A_{CP} =

Γ(D^+_{(s)} → K^0_S (π^+, K^+)) − Γ(D^−(s) → K^0_S (π^+, K^+))

Γ(D^+_{(s)} → K^0_S (π^+, K^+)) + Γ(D^+_{(s)} → K^0_S (π^+, K^+))

, (3)

where Γ is the partial width of the decay channel.

The measured CP asymmetry A an be written as A = A_{CP} + A_{FB} + A_ϵ, where A_{CP} is the direct CP asymmetry contribution, A_{FB} is a forward/backward asymmetry contribution in cc̄ production from γ − Z^0 interference and higher order QED processes, and A_ϵ is the asymmetry contribution induced by the detector in tracking, particle identification, and in material interactions. A_{FB} asymmetry is an odd function of the cosine of the polar angle of the D^±_{(s)} meson momentum in the e^+e^− center of mass (CM) system, cos θ^∗_D. A_{CP} and A_{FB} are both measured while data have been corrected for A_ϵ with a control sample. The data-driven method used to correct for A_ϵ is described in Ref.[30].

A simultaneous binned ML fit to the D^+_{(s)} and D^−_{(s)} mass distributions is performed in 10 equally spaced bins of cos θ^∗_D with bin 0 at [-1.0, -0.8]. Since A_{CP} is independent of the kinematic variable cos θ^∗_D, the asymmetry A(+| cos θ^∗_D| ) measured in a positive cos θ^∗_D bin and the asymmetry A(−| cos θ^∗_D| ) measured in its symmetric (negative) counterpart cos θ^∗_D bin give the same contribution to A_{CP} . On the other hand since A_{FB} is an odd function of cos θ^∗_D , the contribution to A_{FB} from symmetric cos θ^∗_D bins have the same magnitude and opposte sign. So A_{CP} and A_{FB} as a function of cos θ^∗_D can be written in the form:

A_{FB}(| cos^∗ θ_D|) =

A(+| cos θ^∗_D|) − A(−| cos θ^∗_D|) 2 A_{CP} (| cos^∗ θ_D|) =

A(+| cos θ^∗_D|) + A(−| cos θ^∗_D|) 2 , (4)

The values of A_{CP} and A_{FB} asymmetries are shown in Fig. 2.

Figure 2: A_{CP} (top) and A_{FB} (bottom) asymmetries for D^± → K^0_S K^± (left), D^±_s → K^0_S K^± (center), and D^±_s → K^0_S π^± (right) as a function of | cos^∗ θ_D| in the data sample. The solid line represents the central value of A_{CP} and the gray region is the ±σ interval, both from a χ^2 minimization assuming no dependence of A_{CP} on | cos^∗ θ_D|.

For each decay mode Table 1 shows the A_{CP} value from the fit, the bias corrected A_{CP} value and in the last raw the A_{CP} value after subtracting the expcted A_{CP} contribution due to K^0-K^0 mixing. These results are consistent with zero and with the SM predictions within 1 σ.

4 CP Violation in the Decays D^± → K^+K^−π^±

Searches for direct CP violation in the SCS decays D^± → K^+K^−π^± have been recently performed by BABAR, using a dataset of 476fb^{−1} [31]. This sample contains enough 3-body SCS decays to probe CP at the level of SM predictions. The decay D^+ → K^+K^−π^+ [19] is dominated by quasi-two body decays with resonant intermediate states, giving possibility to study direct CPV in a particular resonance or in different regions of the Dalitz plot (DP ). In previous analyses of these 3-body decay modes performed by CLEO-c [32] and LHCb [33] Collaborations no evidence for CPV has been found in agreement with SM prediction.

Table 1: A_{CP} measurements. Uncertainties, where reported, are statistical the first and systematic the second (BABAR Preliminary).

D^± → K^0_S K^± D^±_s → K^0_S K^± D^±_s → K^0_S π^± ACP value from the fit (+0.16 ± 0.36)% (0.00 ± 0.23)% (+0.6 ± 2.0)% Bias Corrections for:

Toy MC experiments +0.013% −0.01% − PID selectors −0.05% −0.05% −0.05% K^0_S −K^0_L interference +0.015% +0.014% −0.008% ACP final value (+0.13 ± 0.36 ± 0.25)% (−0.05 ± 0.23 ± 0.24)% (+0.6 ± 2.0 ± 0.3)% ACP contribution (−0.332 ± 0.006)% (−0.332 ± 0.006)% (+0.332 ± 0.006)% from K^0 −K^0 mixing ACP final value (charm only) (+0.46 ± 0.36 ± 0.25)% (+0.28 ± 0.23 ± 0.24)% (+0.3 ± 2.0 ± 0.3)%

Signal reconstruction efficiency is determined with a sample of Monte Carlo (MC) simulated events from the distribution of reconstructed events as a function of the CM polar angle of the D meson (cos θ_{CM} ) and of the m^2(K^−π^+) vs m^2(K^+K^−) DP . The ratio of efficiency-corrected signal yields, R =^{ND+ /ϵD+}

N_{D−} /ϵ_{D−} = 1.020 ± 0.006 is used to allow for asymmetries in the MC event

production due to physics or detector induced effects.

Time-integrated CP asymmetry (charge asymmetry) is defined in a given bin as: A ≡ N_D+ /ϵ_D+ − N_D− /ϵ_D− N_D+ /ϵ_D+ + N_D− /ϵ_D− (5) Selection efficiencies are corrected to account for differences between data and MC simulated events in the reconstruction asymmetry of charged pion tracks and in the production model of charm mesons. The charge asymmetry A contains contributions from both the forward/backward asymmetry A_{FB} and the direct CP asymmetry A_{CP} . To remove the contribution A_{FB}, the charge asymmetry is averaged over four symmetric bins in cos θ_{CM} . The averaged values of A_{CP} in the four bins are shown Fig. 3. The central value A_{CP} = (0.35 ± 0.30 ± 0.15) % is obtained with a χ^2 minimization. The probability that the asymmetries are null in all the four bins is 21%.

Figure 3: Charge asymmetry A_{CP} as a function of | cos θ_{CM} | in data. The solid line represents the central value of A_{CP} and the dashed lines represent the ±σ interval, both determined from a χ^2 minimization assuming no dependence on | cos θ_{CM} |.

A model-independent technique to search for CP violation in DP is to compare CP asym-

Table 2: Yields, efficiencies,, and CP asymmetry in four different regions of the DP. First uncertainty in the CP asymmetry is statistical, the second is systematic (BABAR Preliminary).

metries in different regions of the DP . The results of A_{CP} asymmetry measured in four regions of DP are given in Table 2. Measured CP asymmetries are consistent with zero.

We also measure the normalized residuals Δ of efficiency-corrected and background subtracted DP for D^+ and D^− for equally populated bins. Δ is defined as Δ ≡ n(D^+) − R n(D^−) √ σ^2(D^+) + R^2σ^2(D^−)

, (6)

where n is the yield in a bin in the DP and σ its uncertainty.

Δ distribution is fitted to a Gaussian function. For 100 bins we obtain a Gaussian residual mean of 0.08±0.15 and a width of 1.11±0.15. The probability that the two DP ’s are consistent with no CP asymmetry is 72%.

Angular moments of the cosine of the helicity angle θ_H of the D decay products reflect the spin and mass of intermediate resonant and non resonant states [34]. The helicity angle θ_H in the decay D → (r → AB)C is defined as the angle between the momenta of B and parent D in the AB rest frame. We can search for CP in the DP in a model-independent way by comparing the angular moments between D^+ and D^− [35]. Angular moments of order l are defined as the efficiency-corrected and background-subtracted two-body invariant mass distributions (m(K^+K^−), m(K^−π^+)) weighted by spherical harmonic moments w^{(l)} = Y^0_l (cos θ_H ). Weights in two-body invariant mass intervals are defined as:

W^{(l)}_i ≡ (∑ j w^{(l)S}_{ij} − ∑ k w^{(l)B}_{ik} ) < ϵ_i >

, (7)

where i is bin index, and j, k event indices. S and B refer to signal and background, and < ϵ_i > is the average efficiency in bin i.

Normalized moment residuals X_l for D^+ and D^− are calculated for l from 0 to 7:

X_l = ( W^{(l)}_i (D^+) − RW^{(l)}_i (D^−) ) √ σ^{(l)2}_1 (D^+) + R^2σ^{(l)2}_1 (D^−) (8)

The χ^2 is calculated over all the mass bins in K^+K^− and K^−π^+ moments with

χ^2 = ∑ i ∑ l_1 ∑ l_2

X^{(l1)}_i ρ^{(l1l2)}_i X^{(l2 )}_i , (9)

where ρ^{(l1l2)}_i is the correlation coefficient between X^{(l1)}_i and X^{(l2 )}_i .

With a number of degrees of freedom NDF equal to 287 the χ^2/NDF in the K^+K^− and K^−π^+ moments is 1.10 and 1.09, consistent with no CPV at 11% and 13 %, respectively.

BABAR also searched for CPV in a model-dependent DP analysis of the D^+ → K^+K^−π^+ decay [19]. The DP amplitude A in the isobar model is written as a set of two-body intermediate

Table 3: CPV parameters from the DP fit. First uncertainties are statistical, the second systematic (BABAR Preliminary).

states r : A = ∑ r M_re^{iϕr} F_r, where M_r and ϕ_r are real and F_r = F_r(m(K^+K^−), m(K^−π^+)) are dynamical functions describing the intermediate states. In case of amplitudes with small contributions the complex coefficient has been parameterized in a Cartesian form: x_r = M_r cos ϕ_r and y_r = M_r sin ϕ_r. The K^∗(892)^0 has been chosen as the reference amplitude. Assuming no CPV the relative fractions of resonances and a constant non resonant amplitude over the entire DP contributing to the decay have been determined with an unbinned ML fit.

To allow for possible CPV in the decay, the resonances of the D^+ (D^−) decays contributing with a fit fraction of at least 1% have been parameterized with different amplitudes and phases in their decay amplitudes. A simultaneous fit to the D^+ and D^− samples have been performed, parameterizing each resonance with four parameters, M_r, ϕ_r, r_{CP} , and Δϕ_{CP} . The CPV parameters are r_{CP} =^{|Mr|2−|M̄r|2}

|M_r|^2+|M̄_r|^2 and ΔϕCP = ϕr −

ϕ̄_r.

The Cartesian form of the CP violating parameters are Δx_r and Δy_r with x_r(D^±) = x_r ± Δx_r/2 and y_r(D^±) = y_r ± Δy_r/2. Fit results are shown in Table 3.

All CPV parameters from DP fit are consistent with zero and with SM expectations.

5 Conclusions

I have presented recent improved BABAR measurement of mixing and a search of CP violation in two-body D^0 decays, a search for direct CP violation in D^± → K^0_S K^± and D^±_s → K^0_S K^±, K^0_S π^±, and searches for CP violation in the decays D^± → K^+K^−π^± both using model-independent and model-dependent analysis techniques. All results in these analyses are well described within the SM and no effect related to NP has been found. The measured mixing parameter y_{CP} = [0.72 ± 0.18(stat) ± 0.12(syst)]% excludes the no-mixing null hypothesis with a significance of 3.3σ.

6 Acknowledgments

I wish to warmly thank the organizers of QUARKS-2012 for the excellent program and for the kind hospitality in Yaroslavl. I would like to thank also G. Casarosa for useful comments.

References

[1] B. Aubert et al.(BABAR Collaboration), Phys. Rev. Lett. 98, 211802 (2007) [arXiv:hepex/0703020]; M. Staric et al.(Belle Collaboration), Phys. Rev. Lett. 98, 211803 (2007) [arXiv:hep-ex/0703036]; L. M. Zhang et al.(Belle Collaboration), Phys. Rev. Lett. 99, 131803 (2007) [arXiv:0704.1000v2 [hep-ex]]; T. Aaltonen et al.(CDF Collaboration), Phys. Rev. Lett. 100, 121802 (2008) [arXiv:0712.1567 [hep-ex]]; B. Aubert et al.(BABAR Collaboration), Phys. Rev. D 78, 011105 (2008) [arXiv:0712.2249 [hep-ex]]; B. Aubert et al.(BABAR Collaboration), Phys. Rev. Lett. 103, 211801 (2009) [arXiv:0807.4544 [hepex]].

[2] F. Buccella et al., Phys. Rev. D 51, 3478 (1995). [3] S. Bianco et al., Riv. Nuovo Cim. 26N7, 1 (2003).

[4] Y. Grossman, A. L. Kagan, and Y. Nir, Phys. Rev. D 75, 036008 (2007) [arXiv:hepph/0609178].

[5] E. Golowich et al., Phys. Rev. D 76, 095009 (2007) [arXiv:0705.3650 [hep-ph]]; Phys. Rev.

D 79, 114030 (2009) [arXiv:0903.2830v2 [hep-ph]].

[6] R. Aaij et al.(LHCb Collaboration), Phys. Rev. Lett. 108, 111602 (2012) [arXiv:1112.0938v2 [hep-ex]].

[7] T. Aaltonen et al.(CDF Collaboration), arXiv: 1207.2158 [hep-ex]; A. Di Canto, Proceed.

XXVI Renc. de Phys. de la Valle d’Aoste, La Thuile 2012 [arXiv:1205.4836 [hep-ex]]. [8] Y. Grossman, A. L. Kagan, and J. Zupan, arXiv:1204.3557 [hep-ph]. [9] G. Isidori et al., Phys. Lett. B 711, 46 (2012) [arXiv:1111.4987v2 [hep-ph]]. [10] E. Franco, S. Mishima, and L. Silvestrini, arXiv:1203.3131v2 [hep-ph]. [11] H. Cheng and C. Chiang, Phys. Rev. D 85, 034036 (2012) [arXiv:1201.0785v3 [hep-ph]]. [12] B. Bhattacharya, M. Gronau, and J. L. Rosner, arXiv:1202.2351v4 [hep-ph]. [13] Z. -Z. Xing, Phys. Rev. D 55, 196 (1997) [arXiv:hep-ph/9606422v2]. [14] G. Burdman and I. Shipsey, Ann. Rev. Part. Sci. 53, 431(2003) [arXiv:hep-ph/0310076v2]. [15] A. A. Petrov, Int. J. Mod. Phys. A 21, 5686 (2006) [arXiv:hep-ph/0611361]. [16] M. Gersabeck, Mod. Phys. Lett. A, Vol. 27, No. 26 (2012) 1230026 [arXiv:1207.2195 [hepex]].

[17] G. Casarosa, Proceed. of the 5th Inter. Workshop on Charm Physics (Charm 2012), Honolulu, Hawai’i, USA, 14-17 May 2012 [arXiv:1208.6436 [hep-ex]].

[18] B. Aubert et al.(BABAR Collaboration), Nucl. Instr. Meth. A 479, 1 (2002). [19] Charge conjugation is implied throughout.

[20] T. -h (T.) Liu , ”The D^0- D^0 Mixing Search - Current Status and Future Prospects” in The Future of High-Sensitivity Charm Experiments , pag.375 [arXiv:hep-ph/9408330].

[21] Note that this ΔY definition is opposite in sign to that used in previous BABAR analysis:

B. Aubert et al.(BABAR Collaboration), Phys. Rev. D 78, 011105 (2008) [arXiv:0712.2249 [hep-ex]].

[22] M. Gersabeck et al., J. Phys. G 39, 045005 (2012) [arXiv:1111.6515v2 [hep-ex]]. [23] A. L. Kagan and M. D. Sokolov, Phys. Rev. D 80, 076008 (2009) [arXiv:0907.3917 [hep-ph]]. [24] D. Asner et al.(HFAG Collaboration), arXiv:1010.1589 [hep-ex]. [25] K. Nakamura et al.(Particle Data Group), J. Phys. G 37, 075021 (2010). [26] Y. Grossman and Y. Nir, JHEP 1204, 002 (2012) [arXiv:1110.3790 [hep-ph]]. [27] S. Dobbs et al.(CLEO Collaboration), Phys. Rev. D 76, 112001 (2007) [arXiv:0709.3783 [hep-ex]].

[28] B. R. Ko et al.(Belle Collaboration), Phys. Rev. Lett. 104, 181602 (2010) [arXiv:1001.3202v2 [hep-ex]].

[29] R. Cenci, Proceed. of the 5th Inter. Workshop on Charm Physics (Charm 2012), Honolulu, Hawai’i, USA, 14-17 May 2012 [arXiv:1209.0138 [hep-ex]].

[30] P. del Amo Sanchez et al.(BABARCollaboration), Phys. Rev. D 83, 071103 (2011) [arXiv:1109.1527].

[31] M, V. Purohit, talk presented at the 5th Inter. Workshop on Charm Physics (Charm 2012), Honolulu, Hawai’i, USA, 14-17 May 2012 [arXiv:1210.1393 [hep-ex]].

[32] P. Rubin et al.(CLEO Collaboration), Phys. Rev. D 78, 072003 (2008) [arXiv:0807.4545 [hep-ex]].

[33] R. Aaij et al.(LHCb Collaboration), Phys. Rev. D 84, 112008 (2011) [arXiv: 1110.3970 [hep-ex]].

[34] B. Aubert et al.(BABAR Collaboration), Phys. Rev. D 76, 011102(R) (2007) [arXiv:

0704.3593 [hep-ex]].

[35] B. Aubert et al.(BABAR Collaboration), Phys. Rev. D 78, 051102(R) (2008) [arXiv:

0802.4035 [hep-ex]].