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1. Introduction

The precise measurements of theCP violation processes is one of the way to look for the de-
viations from the Standard Model (SM). This goal can be achieved in the experiments aiming to
study theB-meson decays. TheBABAR experiment was constructed at the SLAC National Acceler-
ator Laboratory on the PEP-II accelerator with primary goal to perform the first precision tests of
the Kobayashi-Maskawa theory usingCP asymmetry measurements inB-meson decays. The ac-
celerator PEP-II operated at the energy close to the mass ofϒ (4S) resonance, which subsequently
decays to a pair ofB mesons.

The BABAR detector is described in detail elsewhere [1]. During the last decade theBABAR

detector was able to collect more than 430 fb−1 of data before the shutdown in 2008. This dataset
can be interpreted as 470 billions ofBB pairs.

The angleγ =−arg
(

VudV∗
ub

VcdV∗
cb

)

is defined in terms of the matrix elementsVi j of the CKM matrix.
Its measurements provide a good test of the Standard Model (SM) extensions, asγ can be extracted
from the processes well described in the SM with a tree-level diagrams.

Various methods related toB+ → D(∗)0K(∗)+ decays have been proposed to determine the UT
angleγ. These methods exploit the fact that theB+ meson can decay either aD0 (from a b̄→ cūs
transition), or aD̄0 (from ab̄→ uc̄stransition; or vice versa forb decays). If the final state is chosen
such that bothD0 andD̄0 can contribute, the interference between these amplitudes is sensitive to
the phaseγ, allowing γ to be determined with essentially no theoretical assumptions. Choices for
the final state includeD0 meson decaying to:

• a singly Cabibbo-suppressedCPeigenstate, likeD0 → h+h− (h= π,K) for Gronau-London-
Wyler (GLW) method [2];

• a doubly Cabibbo-suppressed flavor eigenstate, likeD0 → K+π− for Atwood-Dunietz-Soni
(ADS) method [3];

• a Cabibbo-allowed self-conjugate 3-body state, likeD0 → K0
S π+π− for Giri-Grossman-

Soffer-Zupan (GGSZ) method [4].

Generally, the observables of the methods also depend on the amplitude ratiorB ≡ A(b→u)
A(b→c) and the

relativeCP conserving phaseδB between the two amplitudes. These parameters depend on theB
decay under investigation.

One of the advantages of studyingB physics in ane+e− collider at theϒ (4S) resonance is
the kinematic constraint provided by the initial state. The energy of each B meson in theϒ (4S)
frame must be equal to

√
s/2, where

√
s is the totale+e− CM energy. This constraint is exploited

by introducing two almost uncorrelated kinematic variables: the energy-substituted massmES ≡
√

(E∗2
0 /2+ ~p0 · ~pB)2/E2

0 − p2
B and the energy difference∆E ≡ E∗

B−E∗
0/2, whereE and p are the

energy and the momentum respectively, the subscriptsB and 0 refer to the candidateB and to the
e+e− system respectively and the asterisk denotes thee+e− CM frame.

In the analyses presented, additional continuum background discrimination is achieved through
inclusion into the maximum likelihood fit a variable from the combination (either a linear for Fisher
discriminant,F , or a non-linear neural network, NN) of several event-shape quantities and proper-
time interval between twoB meson decays. The selection is optimized maximizing the ratioS

S+B,
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whereS and B are the expected number of signal and background events. In case ofthe ADS
method, the selection optimization is performed on the suppressed channel sample.

In the following, the most recent results from theBABAR collaboration are discussed.

2. Recent Results with the GLW Method

The Gronau-London-Wyler (GLW) method [2] is based on the reconstruction of theB decay
to D0K, whereD0 andD0 decay toCP-even orCP-odd eigenstates. TheD0 modes normally used
are:

• CP+: K+K−, π+π−;

• CP−: K0
S π0, φK0

S , ηK0
S , ρK0

S , andωK0
S .

For the normalization,B+ → D0K+, with D0 → K+π− is also reconstructed.
The four observables for this method are formed in the following way:

RCP± =
Γ(B+ → D0

±K+)+Γ(B− → D0
±K−)

Γ(B+ → D0K+)+Γ(B− → D0K−)
= 1+ r2

B ±2rB cosγ cosδB,

ACP± =
Γ(B+ → D0

±K+)−Γ(B− → D0
±K−)

Γ(B+ → D0
±K+)+Γ(B− → D0

±K−)
=

±2rB sinγ sinδB

RCP±
.

(2.1)

This set can provide an information onγ, δB, andrB with an 8-fold ambiguity for the phases.
In the recentBABAR analysis [5], the partial decay rates are obtained from maximum likelihood
fits to ∆E, mES, andF . We obtain around 500 signal events in bothCP-odd andCP-even final
states. An example of the fit is shown in Fig. 1. We measureACP+ = 0.25±0.06±0.02 and and
ACP− = −0.09± 0.07± 0.02, respectively, where the first error is the statistical and the second
is the systematic uncertainty. The parameterACP+ is different from zero with a significance of
3.6 standard deviations, constituting evidence for direct CP violation. We also measureRCP+ =

1.18±0.09±0.05 andRCP− = 1.07±0.08±0.04.
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Figure 1: mES projections of the fits to the data: (a)B− → DCP+K−, (b) B+ → DCP+K+. The curves are
the full PDF (solid, blue), andB→ Dπ (dash-dotted, green) stacked on the remaining backgrounds(dotted,
purple). Only a subrange of the whole fit range is shown in order to provide a closer view of the signal peak.
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Following the frequentist approach and combining the statistical and systematicerrors, we
obtain 0.24< rB < 0.45 and 11.3◦ < γ < 22.7◦ or 80.9◦ < γ < 99.1◦ or 157.3◦ < γ < 168.7◦,
modulus 180◦.

3. Recent Results with the ADS Method

In the ADS method [3],γ is measured from the study ofB → DK decays, whereD mesons
decay into nonCP eigenstate final states. The suppression ofb→ u transition with respect to the
b→ cone is partly overcome by the study of decays of theBmeson in final states which can proceed
in two ways: either through a favoredb→ c B decay followed by a doubly-Cabibbo-suppressedD
decay, or through a suppressedb→ u Bdecay followed by a Cabibbo-favoredD decay.

NeglectingD-mixing effects, which in the SM give very small corrections toγ and do not
affect therB measurement, the measured ratiosR+ andR− are related to theB andD mesons’
decay parameters through the following relations:

R+ =
Γ(B+ → [ f̄ ]D0K+)

Γ(B+ → [ f ]D0K+)
= r2

B + r2
D +2rBrDkD cos(γ +δ ),

R− =
Γ(B− → [ f ]D0K−)

Γ(B+ → [ f̄ ]D0K+)
= r2

B + r2
D +2rBrDkD cos(γ −δ ),

(3.1)

with

r2
D ≡

Γ(D0 → f )

Γ(D0 → f̄ )
=

∫

dmADCS(m)
∫

dmACA(m)
,

kDeiδD ≡
∫

dmADCS(m)ACAeiδ (m)

√

∫

dpA2
DCS(p)

∫

dpA2
CA(p)

,
(3.2)

The used observables are connected to the “classical”RADS andAADS set by simple relations:
RADS = R++R−

2 andAADS = R−−R+

R−+R+ . SinceR+ andR− are two independent observables, whileRADS

andAADS are correlated we prefer to extract the physical parameters from(R+,R−) rather than
(RADS,AADS). The values ofkD andδD measured by the CLEO-c collaboration [6], are used in the
signal yield estimation andrB extraction. The ratiorD has been measured in different experiments
and we take the average value [7].

TheBABAR collaboration has recently published the analyses ofB± →D(∗)K± decay channels
with D∗ → Dγ andD∗ → Dπ0. We have reconstructed theD → Kπ [8] andD → Kππ0 [9] decay
channels.

The yields are determined from the maximum likelihood fit tomES and Neural Network (for
theD → Kπ mode) or Fisher (for theD → Kππ0 mode). The measured values ofR+ andR− are
shown in Table 1. Some fit projections are shown in Fig. 2.

Following Bayesian and frequentist approach for theKπ andKππ0 D-meson decay, respec-
tively, we obtain the following results:rB(B → DK,D → Kπ) = (9.5+5.1

−4.1)%, rB(B → D∗K,D →
Kπ) = (9.6+3.5

−5.1)%, andrB(B → DK,D → Kππ0) = (7.8+3.2
−6.8)%. The extraction ofγ can be per-

formed from these data using combination with other methods.
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Table 1: Results of extraction ofR+ andR− for different decay channels and their statistical and systematic
errors.

Sample R+, 10−3 R−, 10−3

B→ DK, D → Kπ 22±9±3 2±6±2
B→ D∗K,D∗ → Dγ, D → Kπ 9±16±7 19±23±12

B→ D∗K, D∗ → Dπ0, D → Kππ0 5±8±3 37±18±9
B→ DK, D → Kππ0 5+12
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Figure 2: Projections of the 2D likelihood formES with the additional requirementF > 0.5, obtained from
the fit to theB+ (left) andB− (right) data sample for the suppressed mode. The data are well described by
the overall fit result (solid blue line) which is the sum of thesignal, continuum, non-peaking, and peaking
BB backgrounds.

4. Conclusions

The BABAR collaboration remains active and continues to analyze the large dataset obtained
during last decade. The fullBABAR dataset has already been exploited by several analysis attempting
to measureγ. The most probable value of thisCPviolating parameter is measured to be around 70◦

in full accordance to the SM expectations as obtained from the CKM fits.

References

[1] B. Aubertet al. (BABAR Collaboration), Nucl. Instr. MethodsA479, 1 (2002).

[2] M. Gronau, D. Wyler, Phys. Rev. Lett. B253 (1991) 483; M. Gronau, D. London, Phys. Rev. Lett. B
265 (1991) 172.

[3] I. Dunietz, Phys. Rev. Lett. B270 (1991) 75; Phys. Rev. Lett. D52 (1995) 3048; D. Atwood,
I. Dunietz and A. Soni, Phys. Rev. Lett.78, 3257 (1997).

[4] A. Giri, Y. Grossman, A. Soffer and J. Zupan, Phys. Rev. D68 (2003) 054018.

[5] P. del Amo Sanchezet al. (BABAR Collaboration), Phys. Rev. D82, 072004 (2010).

[6] N. Lowrey et al. (CLEO Collaboration), Phys. Rev. D80, 031105(R) (2009).

[7] K. Nakamuraet al. (Particle Data Group), J. Phys. G 37, 075021 (2010).

[8] P. del Amo Sanchezet al. (BABAR Collaboration), Phys. Rev. D82, 072006 (2010).

[9] J. P. Leeset al. (BABAR Collaboration), Phys. Rev. D84, 012002 (2011)

5


