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1. Introduction

The precise measurements of @R violation processes is one of the way to look for the de-
viations from the Standard Model (SM). This goal can be achieved inxperinents aiming to
study theB-meson decays. ThBABAR experiment was constructed at the SLAC National Acceler-
ator Laboratory on the PEP-II accelerator with primary goal to perfoerfitht precision tests of
the Kobayashi-Maskawa theory usi@® asymmetry measurementsBameson decays. The ac-
celerator PEP-II operated at the energy close to the mass4&) resonance, which subsequently
decays to a pair d8 mesons.

The BABAR detector is described in detail elsewhere [1]. During the last decadBABw®
detector was able to collect more than 430 Yflof data before the shutdown in 2008. This dataset
can be interpreted as 470 billionsBB pairs.

The angley = — arg(&jx:z) is defined in terms of the matrix elemeNs of the CKM matrix.

Its measurements provide a good test of the Standard Model (SM) extenagy can be extracted
from the processes well described in the SM with a tree-level diagrams.

Various methods related &" — D*)K *)* decays have been proposed to determine the UT
angley. These methods exploit the fact that e meson can decay eithel® (from ab — cls
transition), or DO (from ab — ucstransition; or vice versa fdy decays). If the final state is chosen
such that bottD® andD° can contribute, the interference between these amplitudes is sensitive to
the phasey, allowing y to be determined with essentially no theoretical assumptions. Choices for
the final state includ®® meson decaying to:

e asingly Cabibbo-suppress€r eigenstate, lik®° — h*h~ (h = m, K) for Gronau-London-
Wyler (GLW) method [2];

¢ a doubly Cabibbo-suppressed flavor eigenstate,Dikes K+ 1~ for Atwood-Dunietz-Soni
(ADS) method [3];

¢ a Cabibbo-allowed self-conjugate 3-body state, ¥ — K"~ for Giri-Grossman-
Soffer-Zupan (GGSZ) method [4].

Generally, the observables of the methods also depend on the amplitudg rat g:‘c‘g and the
relativeCP conserving phaség between the two amplitudes. These parameters depend @& the
decay under investigation.

One of the advantages of studyiBgphysics in anete collider at theY(4S) resonance is
the kinematic constraint provided by the initial state. The energy of each BrmegheY(4S)
frame must be equal tg’s/2, where,/sis the totale"e~ CM energy. This constraint is exploited
by introducing two almost uncorrelated kinematic variables: the energstititbd massngs =
\/(E52/2+ Po- Pe)2/ES — p3 and the energy differenadE = Ej — Ef /2, whereE and p are the
energy and the momentum respectively, the subsdBatsd O refer to the candidaRand to the
ete” system respectively and the asterisk denotegtiee CM frame.

Inthe analyses presented, additional continuum background discrinmima#ohieved through
inclusion into the maximum likelihood fit a variable from the combination (either alifoedisher
discriminant,.#, or a non-linear neural network, NN) of several event-shapetdigsand proper-
time interval between tw8 meson decays. The selection is optimized maximizing the @éo
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whereS and B are the expected number of signal and background events. In cdlse ADS
method, the selection optimization is performed on the suppressed champdt sa
In the following, the most recent results from tBeBAR collaboration are discussed.

2. Recent Resultswith the GLW Method

The Gronau-London-Wyler (GLW) method [2] is based on the recocttru of theB decay
to DK, whereDP® andDP decay toCP-even orCP-odd eigenstates. TH2° modes normally used
are:

o CP+: KTK—, mtm;
o CP—: K10, oK?, nKY, pK?, andwK.

For the normalizatiorBt — D°K*, with D® — K* 71~ is also reconstructed.
The four observables for this method are formed in the following way:

M(B* — DOK*+)+ (B~ — DIK")

)+ ( 2
Rep: = F(B" = DOK') £ (B~ - DOK-) =1+rg+2rgcosycosds, o
Ac (Bt —DYK")—r(B-—DIK™) +2rg sinysinds '
P T r(BY > DIKH)+r(B- - D2K-)  Repr

This set can provide an information endg, andrg with an 8-fold ambiguity for the phases.
In the recentBABAR analysis [5], the partial decay rates are obtained from maximum likelihood
fits to AE, mgs, and.%#. We obtain around 500 signal events in b@Podd andCP-even final
states. An example of the fit is shown in Fig. 1. We meagdie = 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 parametep, is different from zero with a significance of
3.6 standard deviations, constituting evidence for direct CP violation. VdenadsisurdRcp, =
1.18+0.09+0.05 andRcp- = 1.074+0.08+ 0.04.
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Figure 1. mgs projections of the fits to the data: (B) — Dcp. K™, (b) BT — DcpyK™. The curves are
the full PDF (solid, blue), an8 — Dt (dash-dotted, green) stacked on the remaining backgrddiodted,
purple). Only a subrange of the whole fit range is shown inmti@erovide a closer view of the signal peak.
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Following the frequentist approach and combining the statistical and systeenatis, we
obtain 024 < rg < 0.45 and 113° < y < 22.7° or 809° < y < 99.1° or 1573° < y < 1687°,
modulus 1860.

3. Recent Resultswith the ADS M ethod

In the ADS method [3]y is measured from the study 8 — DK decays, wher® mesons
decay into norCP eigenstate final states. The suppressioh ef u transition with respect to the
b — coneis partly overcome by the study of decays ofBlmeson in final states which can proceed
in two ways: either through a favorddd— ¢ B decay followed by a doubly-Cabibbo-suppresBed
decay, or through a suppresded: u B decay followed by a Cabibbo-favor&idecay.

NeglectingD-mixing effects, which in the SM give very small correctionsyt@nd do not
affect therg measurement, the measured rafvsand R~ are related to th& and D mesons’
decay parameters through the following relations:

_TB" = [flpoK") _ 5
R = P67 [Tooks) ~ 1871+ Zrerokocosy 2, (3.1)
_ T(B™ = [f]peK") '
R =65 [f]zoKﬂ =rg +rp+2rarpkp cosy — 3),
with
2 _ r(D%—f)  [dmApcs(m)
P70~ f)  [dmAca(m)’
ot — ] dmAcs(mAcae®™ (3-2)
\/JdpRcs(p) [ dpA2A (D)

The used observables are connected to the “clasgtaall andAaps set by simple relations:
Raps = W%R_ andAaps = g:;&. SinceR" andR~ are two independent observables, witig)s
and Axps are correlated we prefer to extract the physical parameters fROmMR ) rather than
(Raps,Aaps). The values okp anddp measured by the CLEO-c collaboration [6], are used in the
signal yield estimation ang extraction. The ratiop has been measured in different experiments
and we take the average value [7].

The BABAR collaboration has recently published the analysé&'ofs D(x)K* decay channels
with D* — Dy andD* — Dm°. We have reconstructed tile— K77[8] andD — K riri® [9] decay
channels.

The yields are determined from the maximum likelihood fitrigs and Neural Network (for
the D — Krrmode) or Fisher (for th® — Kr® mode). The measured valuesRf andR™ are
shown in Table 1. Some fit projections are shown in Fig. 2.

Following Bayesian and frequentist approach for itve and K 7ri® D-meson decay, respec-
tively, we obtain the following results:g(B — DK,D — K1) = (9.5731)%, rg(B — D*K,D —

Krm) = (9.6733)%, andrg(B — DK,D — Kmr®) = (7.8733)%. The extraction of can be per-
formed from these data using combination with other methods.
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Table 1: Results of extraction dRT andR~ for different decay channels and their statistical andesystic
errors.

Sample Rt, 103 R, 103
B—DK,D—Krm 22+9+4+3 2+6+2
B — D*K,D* - Dy,D — Km 9+16+7 19+23+12
B— D*K,D* - Dm% D—-Km® 5+8+3 37+18+9

B DK, D — Krr® 5H12+2  q1pt12+3
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Figure 2: Projections of the 2D likelihood fangs with the additional requiremen¥ > 0.5, obtained from
the fit to theB™ (left) andB~ (right) data sample for the suppressed mode. The data arelegeiribed by

the overall fit result (solid blue line) which is the sum of @ignal, continuum, non-peaking, and peaking
BB backgrounds.

4. Conclusions

The BABAR collaboration remains active and continues to analyze the large datasieedbta
during last decade. The fuBABAR dataset has already been exploited by several analysis attempting
to measureg.. The most probable value of th@¥ violating parameter is measured to be around 70
in full accordance to the SM expectations as obtained from the CKM fits.
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