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Abstract. Recent experimental results on B — D™+ D™~ and B — Jip K* decays at the B factories
by the BABAR and BELLE collaborations are reviewed.

1 Introduction

In the Standard Model (SM) CP violation is made possi-
ble by an irreducible complex phase in the CKM quark-
mixing matrix [1]. In this framework, measurements of CP
asymmetries in the proper-time distribution of neutral B
decays to CP final states can be related to the parameter
sin20, (8 being one of the angles of the unitarity triangle of
the CKM matrix. The theoretically cleanest environment
to measure sin20 are the b — c¢s (charmonium) decays,
such as B® — J/¢K2. A precise measurement of sin2(3
in the charmonium modes has been reported in the last
years by the BABAR and BELLE collaborations [2].

In addition to the charmonium modes, CP violation
measurement can be performed in many other CP decays.
Cabibbo suppressed modes b — céd and vector-vector
decays are excellent candidates to broaden CP violation
studies.

The CP violating asymmetry in the Cabibbo sup-
pressed modes b — céd such as B® — D**D*~ and
BY — D*:D7 is related to sin23 when corrections due
to theoretically uncertain penguin diagram contributions
are neglected [3,4]. Penguin-induced corrections are pre-
dicted to be small in models based on the factorization
approximation and heavy-quark symmetry; an effect of
about 2% is predicted by [5]. A comparison of measure-
ments of sin23 from b — c¢és modes with that obtained
in B® — D™+ D™~ is an important test of these models
and the SM.

In vector-vector decays such as B — D*t*D*~ and
B — JWK*(— K9rY) different partial waves con-
tribute with different CP parities to the CP asymmetry,
leading to a dilution in the observed asymmetry. An an-
gular analysis allows to separate out the two different CP
contributions to the asymmetry [6]. For B® — J/i K*0(—
K97%) a cos 23 factor appears in the interference between
the CP-odd and CP-even amplitudes. Moreover time in-
tegrated angular analyses allow to extract the decay am-
plitudes, providing a test for the models based on factor-
ization hypothesis and heavy-quark symmetry.
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Fig. 1. Energy-substituted mass for the BABAR selected B® —
D**D*~ candidates in the region —39 < AE < 31 MeV. The
solid line is a fit result using a Gaussian and an Argus function

2 B — D*tD*~

B mesons decaying in D*tD*~ are exclusively recon-
structed by combining two charged D* candidates recon-
structed in the modes D** — D% and D** — D¥x0.
The primary variables used to distinguish signal from
background are the difference of the B candidate energy
and the beam energy, AE = Eg — Eeam, and the energy-
substituted mass, mgs = \/E3.,, — P, where all vari-
ables are evaluated in the 7(4S5) center-of-mass frame.

Both BABAR [7] and BELLE [8] have measured the
branching fraction Br(B® — D**D*~):

Br(BABAR) = (8.3 + 1.6(stat) + 1.2(syst)) x 107*
Br(BELLE) = (7.6 4 0.9(stat) 4 1.4(syst)) x 10~*

with data corresponding to an integrated luminosity of
21fb~! and 78 fb~! respectively and systematic uncertain-
ties dominated by tracking efficiencies and acceptance ef-
fects.
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Fig. 2. Measured distribution of cos#;, by BABAR in B° —
D**D*~ events. The data points are from the region mgs >
5.27 GeV/c? and the solid line is the fit result; the dotted line
represents the background component

2.1 CP odd fraction in B® — D*t D*—

The B® — D*tD*~ mode is a pseudo-scalar decay to
a vector-vector final state, with contributions from three
partial waves with different CP parities: even for the S-
and D-waves, odd for the P-wave. The CP-odd contribu-
tion is predicted to be about 6% in [9}[10].

BABAR has performed a one-dimensional time inte-
grated angular analysis to determine the fraction, R, of
the P-wave, CP-odd component of the B® — D*t D*~ de-
cay, with data corresponding to an integrated luminosity
of 81fb~! and a signal yield of 156 + 14(stat) events [L1].

Only the polar angle 6;, between the normal to the
D*~ decay plane and the direction of flight of the slow
pion from the D*T in the D*t rest frame is used. The
expected one-dimensional differential decay rate is:

% %ﬁetr = %(1 —R)) sin? 0, + gRl cos? Oy, (1)
The dependence of the detector efficiency on the decay
angles can introduce a bias in the measured value of R .
Including the efficiency explicitly in the decay rate, leads
to a modified expression for the (), in terms of the three
efficiency moments which can be determined by using sim-
ulated events [L1].

The measurement of R is based on a combined un-
binned maximum likelihood fit of the cos 6, and mgg dis-
tributions. The experimental resolution of 6y, is not neg-
ligible and is accounted for by convolving the signal pdf
with a double Gaussian. The fit to the dataset (Fig. I
yields a value of

R, = 0.063 = 0.055(stat) = 0.009(syst).

The largest systematic uncertainties arise from the pa-
rameterization of the angular resolution (0.005) and the
determination of the efficiency moments (0.005).

2.2 Time dependent angular analysis
in B — D*+*D*~

In addition to the time-integrated measurement of the CP-
odd fraction, BABAR has performed a combined analysis
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of the cos 6y, distribution, the time dependence and the
information from the other B meson in the event to tag
its flavor as either a B° or B, in order to determine the
time-dependent CP asymmetry [11].

Although factorization models predict a small penguin
contamination in the weak phase difference in Im(Ay) =
—sin 2(3 [], a sizable penguin contribution cannot a priori

be excluded. Thus, the value of Ay = ncp%% [12] can be

different for the three transversity amplitudes (f =.L1,0, )
because of possible different penguin-to-tree ratios. This
possibility is explicitly included in the parameterization of
the decay rates Fy (F_) for a neutral B meson tagged as
a BY(BY):

oAt /750

Fy(At,cosby) = GF

47'30
[S sin (AmgAt) 4+ C cos (AmgAt)] },

where At = t1ec — Liag is the difference between the proper
decay time of the reconstructed B meson (Byec) and of the
tagging B meson (Btag), 7o is the BY lifetime, and Amyg is
the mass difference determined from the B°-BY oscillation
frequency. The G, C and S coefficients are defined as

G = %[(1 — Ry )sin® 0y, 4+ 2R cos? B,],
_ 2 _ 2
= %[(1 — RL)% sin? 0y, + 2R, 1 ‘If\‘HQ cos? Oy, ],
2Im(A . Tm(\
S = =3[(1 - Ry) THEH sin® O — 2R 5534 cos? Oy,

Because the two CP-even transversity amplitudes pro-
duce the same distribution in cos 6y, the only sensitivity
is on Ay, the appropriate average of A and Ao [IT].

The parameters Im(A; ) and |\ | are determined with
a simultaneous unbinned maximum likelihood fit to the At
distributions of the Byec and B,y tagged samples (Fig. B).
Since the CP-odd fraction is small, there is little sensitivity
to the parameters |A | and Im(A ). Therefore they are
fixed to 1.0 and —0.741 [2] respectively. These are the
values expected if direct CP violation and contributions
from penguin diagrams are neglected. The results obtained
from the fit (Fig.[B)) are

Im(\.) = 0.05 = 0.29(stat) + 0.10(syst)
[A+] = 0.75 £ 0.19(stat) £ 0.02(syst).

The dominant sources of systematic uncertainty come
from the variation of the value of A (0.056 and 0.008,
respectively, for Im(A;) and |[A4]), and the level, com-
position, and CP asymmetry of the background (0.078
and 0.005). If the B — D*T D*~ transition proceeds only
through the b — ced tree amplitude, one expects that
Im(Ay) = —sin20 and |A;| = 1. To test this hypothesis,
Im(Ay) and |[A4| = 1 are fixed to —0.741 and 1 respec-
tively [2] and the fit is repeated. The observed change in
the likelihood corresponds to 2.5 standard deviations (sta-
tistical uncertainty only).
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Fig. 3. From top to bottom: Number Npgo (Ngo) of candidate
events in the region mgrs > 5.27 GeéV/c? with a BY (B°) tag,
and the raw asymmetry (Ngo — Ngo)/(Npo + Ngo), as func-
tions of At in BABAR B® — D** D*~ events. The solid curves
represent the result of the combined fit to the full sample. The
shaded regions represent the background contributions

3 B — D*:D¥

Both BELLE [I3] and BABAR [14] have measured the
branching fraction Br(B® — D**DT):

Br(BELLE) = (11.7 4 2.6(stat) & 2.3(syst)) x 10~*
Br(BABAR) = (8.8 + 1.0(stat) + 1.3(syst)) x 1074

with data corresponding to an integrated luminosity of
29fb~"' and 81fb! respectively.

On the same data corresponding to a signal yield of
113 £ 13(stat) events BABAR has also performed CP vio-
lation studies [14].

First of all BABAR has determined the time-integrated
CP violating asymmetry between the rates to D*~ D™ and
D**D~ to be A = —0.03 & 0.11(stat) 4= 0.05(syst).

The decay rate distributions f*, where the superscript
+(—) refers to whether the flavor tag was B (B°), are
given by

o—lAt)/7

Y = S x

[1 £ Ssin(AmgAt) F C cos(AmgAt)].

The states D*~ D' and D** D~ are not CP eigenstates.
The formalism of time evolution for non-CP eigenstate
vector-pseudo-scalar decays is given in [I5]. Separate S
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and C parameters are fitted for the two decays D*~ D™
and D*T D~ resulting in the four fitted CP violation pa-
rameters {S_,,C_,,S,_,C,_}. The time-dependent fit to
the B — D**DT and Bg,, samples yields

S_, = —0.24 £ 0.69(stat) £ 0.12(syst),

C_, = —0.22 +£0.37(stat) £ 0.10(syst),

S,_ = —0.82+0.75(stat) £+ 0.14(syst),

C,_ = —0.47 £ 0.40(stat) & 0.12(syst).
In the case of equal amplitudes for B — D*~ DT and B —
D** D™, one expects that at tree level C_, = C,_ = 0
and S_,. =5, = —sin25.
4B — JhpK*

For B — JAK* new results were not available for
this conference, but time integrated and time depen-
dent full angular analyses were already published by both
BABAR [16] and BELLE [17].
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