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Abstract

We present results on B decays to modes sensitive to the CKM angle . These
include the time-dependant CP analysis of the mode B® — D*r, using both
full reconstruction and a powerful method in which the D*T is partially re-
constructed using only the soft pion. This process provides a measurement
of sin(28 + ). We also present the decay rate asymmetry for Bt /B~ —
Dcp+ KT /K™, where the neutral D meson is reconstructed in the CP even
final states 777~ and K™K ~. Finally we present results from a search for the
decay B~ — Dy K~ where the ”wrong-sign” K7~ final sates results either
from the usual b — ¢ transition together with a doubly-Cabibbo-suppressed
D decay or a b — wu transition that produces a DY, with a favored decay
DY — K*7~. The interference between these channels means that the mode
is sensitive to ~.

* On behalf of BaBar Collaboration



1 Introduction

One of the main purpose of BaBar is to study CP violation in the B mesons
system, and to test the Standard model, in particular by the measurement
of the angles of the unitarity triangle. CP violation is now well established
in B mesons by the precise measurement of sin(23). The next step is now
to overconstrain the unitarity triangle by studying other channels and by the
measurements of the other angles o and . Several ways to measure v will
be presented here. sin(208 4 7) has been measured using the decay channels
B° — D™z, with full and partial reconstruction methods. ~ can also be
measured in the decays B* — DYK™)* by two methods (GLW and ADS).

2 Measurement of sin(23 + ) with B® — D®)x decays

2.1 CP violation in B® — D®x
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In that channel, interferences between b — ¢ and b — u transitions can occur.
The relative weak phase between these diagrams is 23 + v and we also have to
consider a relative strong phase 6(*).We define (*) as the ratio between the am-
plitudes of these two diagrams : r(*) = [A(B® — D" =x+)/A(B® — D" =7t)].
r*) is estimated using the branching fraction B(B° — Dg*)+7r_) and assuming
SU3) = 7 = 0.0217350% and r* = 0.01715:055. We are expecting very small
asymmetries, of the order of 2r*). This mode is interesting because only tree
decays are involved. The main uncertainty is about the value of r*).
The CP asymmetries are time-dependant. The B mesons are produced by pairs
of correlated B in BaBar : B;..., which decays in D™ and Biag, which is used
to tag the flavor of the B, .., using the time-evolution of the B and the correla-
tion between the 2 B mesons. One need to measure At = (zZyec — Ztag)/(V0¢),
where Zrec (Ziag) is the decay position of the Bye. (Biqg) along the beam axis
(2) in the laboratory frame. The decay probabilities for B/B° — D) ¥ g+
are : P(BY — D®FrE At) o [1 £ cos(AmgAt) 4 (a F c £ b) sin(AmgAt)] and



P(B° — D®Frt At) o [1Fcos(AmgAt)—(axcFb) sin(AmgAt)] where a, b, ¢
are the CP parameters. One have to take into account possible (b — u) inter-
ference effects in the tag side. They are parameterized by the effective parame-
ters 7/ and ¢§’. The CP parameters are then : a®*) = 2r*) sin(28 + 7) cos(6**)),
b = 2¢"sin(28 + ) cos(8'), ¢*) = 2cos(28 + ) (r™) sin(6*)) — ' sin(8")).

2.2 Full reconstruction of BY — D™ 1)

This method provides a large sample with few background. Signal and back-
ground are discriminated by two kinematic variables : the beam-energy sub-
stituted mass, mps = 1/(v/5/2)? — p%?, and the difference between the B
candidate’s measured energy and the beam energy, AE = E — (1/s/2), where
E% (p};) is the energy (momentum) of the B candidate in the eTe™ center-
of-mass frame, and /s is the total center-of-mass energy. With 82fb~!, we
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Figure 2: Distributions of mgs in the AE signal region for events in the B® —
D*a¥F (upper plot) and the B® — D**x¥ sample (lower plot).

have 5207 & 87 and 4746 & 78 events for the B — D*7T and B® — D**7T
sample respectively. We measure : a = —0.022 4+ 0.038 &+ 0.020 and a* =
—0.068 £ 0.038 £ 0.020.

9.3 Partial reconstruction of B® — D*r 2)

In the partial reconstruction method, only the hard pion track m, from the
B decay and the soft pion track 75 from the decay D*~ — D7 are used.
Applying kinematic constraints, we calculate the four-momentum of the non-
reconstructed D, obtaining its invariant mass M,;ss 3). Signal events peak in

the M,,;ss distribution at the nominal D° mass (Fig. 3).
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Figure 3: The Mp,;ss distributions for on-resonance lepton-tagged (left) and
kaon-tagged (right) data.

™

o
§ 2000 b
(i F 1

83000* b

/

Events/(0.7 MeV/c

10001 1

This method allows to select more events but there is also more background.
With 76 fb~1, we have 6400 & 130 (25160 + 320) signal events for the lepton-
(kaon-) tagged sample. The CP asymmetry is then a* = —0.063+£0.024+0.014.
It deviates from zero by 2.3c.

2.4 Combining the two results to put limits on sin(28 + )

The measured CP-parameters are used to minimize a X2, in which we fit
[sin(26+7)|, 4, %, r and r*, applying the method of Ref. 4) . In this method,
we assume SU(3) for the value of *) and we add a 30% flat theoretical er-
ror for r*). Tt allows to put constrains in the (p,m) plane and the limits
[sin(283 + )| > 0.74 (0.58) at 90% (95%) of confidence level. Another method
has been used only with the measurements related to B — D*r decays. In
this method, no assumption are made on 7*, which is scanned. It allows to put
a 95% confidence level lower limit on |sin(28 + «)| as a function of r*.
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Figure 4: 95% CL lower limit on |sin(206 + )| as a function of r*. The solid
(dashed) curve corresponds to partial (partial and full) reconstruction



3 Measuring v with B — DK decays
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The phase ~ is due to the interferences between b — u and b — ¢ decay
amplitudes. These interferences are possible if D and D° decay in the same
final state f. Two methods are presented here to extract «y in that decays: GLW,
if f is a CP-eigenstate (777~, KTK~) and ADS if f is a non CP eigenstate
(K*T7™).

3.1 Gronau-London-Wyler method : B — D%, K= 5)

The angle « is related to the ratios of Cabibbo-suppressed to Cabibbo-favored
decays R(cpy = [B(B~ — D°(D2p)K~) + B(B* — DD ,)K+)]/[B(B~ —
DY(DYp)r~) + B(BT — DOY(DYp)rt)] with DY reconstructed in Cabibbo-
allowed or CP-even (D2 ) channels. The direct CP asymmetry is : Acp =
BB~ — DLpK~) — B(B* — DY,K*)|/[B(B~ — DLpK~) + B(B* —
D2, ,KT)]. We measure R = (8.31 £ 0.35 (stat) £0.20 (syst) ) x 1072, Rep =
(8.8 4+ 1.6 (stat) 0.5 (syst) ) x 1072 and the CP asymmetry Acp = 0.07 +
0.17 (stat) £0.06 (syst). The measured ratio R is consistent with Standard
Model expectation (= 7.5%) assuming factorization 8). In the Standard Model
Rep/R=1+1%+2rcosdcosy and Acp = 2rsindsiny/(1+72+2rcos d cosy),
where 7 =~ 0.1 — 0.2 is the magnitude of the ratio of the amplitudes for the
processes B~ — DK~ and B~ — DK~ )and 4 is the (unknown) relative
9

strong phase between these two amplitudes /. The measured values of R and

Rep are equal within errors, and Agp is consistent with zero.

3.2 Atwood-Dunietz-Soni method : B* — D°K* D — K+r=/K—n+ 6)

We measure the branching ratios of the decay chains B~ — DK~ (b — c tran-
sition) followed by the doubly Cabibbo-suppressed D° — K+t7~ and B~ —
DK~ (b — u transition) followed by the Cabibbo-favored D° — K*¥7~.



The interferences between these two decay chains is sensitive to 7. We mea-
sure R = [B(B~—Dg+,-K )+ B(B*—=Dg-.+K")]|/IB(B-—=Dg-+ K~ )+
B(BT—Dg+,-K™T)], which corresponds to the ratio of branching fractions
for suppressed and favored decays. We measure no events for the suppressed
decays (Nguppressea = 1.1 £ 3.0 and Nygpored = 261 £ 32). This leads to
R = 0.004 4+ 0.012. We can put the limit R < 0.026 at 90 % C.L. We don’t
have enough statistics to conclude for that mode but it seems difficult to mea-
sure v in that way.

4 Conclusion and prospects

The first steps to extract v are promising. D)7 analysis are well established
(|sin(28+)| > 0.74 (0.58) at 90% (95%)) and will be updated with more data.
GLW and ADS methods are actually limited by the statistics, but the analysis
will also be updated and interesting results are expected. There are several
other channels to explore in order to extract v : D®*)p, by the measurement
of sin(28 +v), GLW and ADS method with other final states and using D* K*
and D*K decays.
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