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1. Introduction and time-dependent CP asymmetry measurement principle

Charge conjugation-parity (CP) violation is described in the Standard Model (SM) by a single
complex phase in the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix [1]. CP violation
has been established in the B meson system by the BABAR [2] and Belle [3] collaborations which
have precisely measured the parameter sin(2f3), where B = arg[—VeaVg,/MdVip) and Vj; are the
CKM matrix elements. For a B meson from a Y(4S) — BB decay, the SM predicts the decay rate
f. (f_) when the other B meson Biag has been determined to be BY (B?):
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Here, At is the difference between the proper decay times of the reconstructed B meson By and
Brag, Tgo is the B lifetime, Am is the mass difference between the B® mass eigenstates By and
BL. The decay width difference A" between the B® mass eigenstates has been assumed to be zero.
The complex parameter A is given by: A = [g/p] [Af /As¢]. g and p define the transformation basis
between the mass eigenstates and the weak eigensates By . >= p|B° > +q|B° >, and As and A
are the decay amplitude for B — f and B® — f respectively. The sine term describes the interfer-
ence between decay with mixing and decay without mixing. The cosine term mainly arises from
direct CP violation as CP violation in mixing is predicted to be small in the SM. Experimentally,
the following time-dependent CP asymmetry is measured, where Sand C are fitted to the data:

N(B° — fep) —N(B® — fcp)
N(go — for)+ N(BO — fop)

Acp(t) = = Ssin(Amt) — Ccos(Amt) (1.2)

2. Measurement of CP asymmetry in B — (¢ ¢)R(*) decays

The following CP modes have been used: J/@ K2, w(2S) KO, xc1 KO, ne KO with CP eigen-
value nep = —1, J/ K2 with CP eigenvalue nep = +1, and J/ K*%. Depending on the value
of the angular momentum, the J/ K*? final state can be CP-even (L=0,2) or CP-odd (L=1). The
measurement asymmetry is reduced by a factor |1 — 2R, |, where R, =0.230+£0.015+0.004 [4] is
the fraction of CP-odd measured in a time-integrated analysis of J/¢ K*0(K* 7). After acceptance
corrections, we obtain an effective eigenvalue ncp = —0.51 +0.04.

We fully reconstruct a decay By to the final states listed above. The rest of the event is
assigned to the other B meson Biag and is used in a neural network to determine the Byag flavor
and therefore the flavor of the By meson at At = 0. There are six tagging categories. The time
interval At is obtained from the measurement of the reconstruction of the decay vertices of By and
Btag. Flavor tagging and At resolution are calibrated using a large sample of B? decays to flavor
eigenstates (Byiay). The beam-energy substituted mass mes = +/(ESR )2 — (PE")? (for all modes
except for J/ KP) or the difference AE between the candidate center-of-mass energy and Ecom
(I KO only) is used to estimate the sample composition.

We determine sin(2[3) in a data sample of approximately 227 x 10°Y(4S) — BB decays with
a simultaneous maximum likelihood fit to the At distributions of both the Bye: and B¢jay Samples.
There are in total 65 paramaters in the fit. Figure 1 shows the At distributions and raw asymmetries
for both the CP eigenvalues nce = —1 and +1. The fit yields the result [5]:
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Figure 1: a) Number of ncp = —1 candidates (J/@ K9, ¢(2S) K9, xc1 K9 and n¢ K9) in the signal region
with a BY tag Ngo and with a B® tag Ngo, and b) the raw asymmetry AR, as a function of At. Figures c) and
d) are the corresponding plots for the ncp = +1 mode J/y K. The solid (dashed) curves represent the fit
projections in At for B® (B°) tags. The shaded area regions represent the estimated background contributions.

sin(2B) = 0.722 4 0.040(stat ) +0.023(syst). 2.1)

3. Measurement of CP asymmetry in B® — J/y ri° decays

The B® — J/@ i® decay is a Cabibbo and color-suppressed b — ccd transition. In the absence
of loop contributions, the SM predicts the sine coefficient of the time-dependent CP asymmetry
to be S= —sin(2p3) and the cosine coefficient C to be zero. The weak phase of b — ccd tree
amplitude is the same as for the b — cCs transitions (measured through B — (ccK°*) modes), but
is different from the penguin amplitudes. Therefore if penguin amplitudes contribute significantly
to the B® — J/y r° decay, values of Sand C will differ from —sin(23) and zero [6].

The signal is isolated using the two kinematic variables mgs and AE. A Fisher discriminant F
based on kinematic and topological variables has been used to improve background rejection. The
values of the signal yield, Sand C are simultaneously extracted from a maximum likelihood fit to
the mes, AE, F and At distributions. From a data sample of approximately 232 x 10°Y(4S) — BB
decays, the fit returns 109 4 12(stat) signal events and the CP parameters [7]:

S= —0.68+0.30(stat) -+ 0.04(sy<t) C=-021+0.26(stat) £0.09(syst)  (3.1)

These values are consistent with the SM expectations for a tree-dominated b — ccd transition with
S= —sin(2B) and C =0.

4. Measurement of CP asymmetry in open-charm modes

We have measured time-dependent CP asymmetries in B — D**D*~ and B® — D®)*D¥ In
a data sample of approximately 232 x 106Y(4S) — BB decays. These color-allowed decays are
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dominated by the b — ccd transition. Within the SM, the CP asymmetries are related to sin(2f3),
assuming the penguin contributions are neglected. Penguin corrections have been estimated to be
at the level of a few percents [8].

The B® — D**D*~ decay occurs through both CP-even and CP-odd transitions. The fraction

of CP-odd R, has been determined from a time-integrated one-dimensional angular analysis which
yields: R, =0.12540.044(stat) +0.007(syst).
Signal yields and CP parameters are extracted using simultaneous maximum likehood fits of Byec
and By samples on At distributions and mes, and cos(6) for the B — D**D*~ decay mode
(6 in the transversity basis is the polar angle of the slow pion from the D** defined in the D**
rest frame , where the opposite direction of flight of the D*~ is chosen as the x-axis, and the
z-axis is defined as the normal to the D*~ decay plane). For the B® — D**D*~, only CP-even
parameters results are shown (the CP-odd parameters, with much larger statistical errors, are found
to be consistent with the CP-even results). The signal yields are found to be 391 +28(stat), 126 +
16(stat), 1454 16(stat), and 54 & 11(stat) events for the B® — D**D*~, B® — D*D*, B® —
D**D~, and B° — D*D~ decay modes, respectively. The results for the CP parameters are [9]:

S = —0.75+0.25(stat) £ 0.03(syst) Cperp- = 0.06-£0.17(stat) = 0.03(syst) (4.1)
Spep- = —0.54+0.35(stat) £0.07(sys) Cp-+p- = 0.09+0.25(stat) +0.06(syst) (4.2)
So-p+ = —0.29£0.33(stat) £0.07(syst) Cp-p+ = 0.17 £0.24(stat) + 0.04(syst) (4.3)

Soep- = —0.29+0.63(stat) £0.06(syst) Cpp- = 0.11-£0.35(stat) = 0.06(syst) (4.4)

5. Summary

We have measured time-dependent CP parameters in various neutral B decays to charm and
charmonium final states. No direct CP violation has been observed. The results for the sine term
(which is equal to —ngesin(2B3) in the SM and in the absence of significant penguin contributions)
are all consistent.

References

[1] N. Cabibbo, Phys. Rev.. Lett. 10, 531 (1963). M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49,
652 (1973).

[2] B. Aubert et al. [Babar Collaboration], Phys. Rev. Lett. 89, 201802 (2002).

[3] K. Abe et al. [Belle Collaboration], Phys. Rev. D 66, 071102 (2002).

[4] B. Aubert et al. [Babar Collaboration], Phys. Rev. D 71, 032005 (2005).

[5] B. Aubert et al. [Babar Collaboration], Phys. Rev. Lett. 94, 161803 (2005).

[6] Y. Grossman and M. Worah, Phys. Lett. B 395, 241 (1997).

[7]1 B. Aubert et al. [Babar Collaboration], hep-ex/0507074.

[8] X.Y.Phamand Z. Z. Xing, Phys. Lett. B 458, 375 (1999). Z. Z. Xing, Phys. Rev. D 61, 14010 (2000)
[9] B. Aubert et al. [Babar Collaboration], hep-ex/0506082 and hep-ex/0505092.

23714



