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reported in the following. Time reversal symmetry violatim weak decays is measured by the
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BABAR shows a measurement 6P violation in B® meson mixing. The results shown, unless
stated otherwise, are obtained on the full datasets dBifeetories.
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1. Introduction toCP and T violation in the B meson system.

In the Standard Model with three generations of quarks and leptonarfahged inJ (2),
left-handed doublets, and assumi@T invariance [6], the weak interaction can be described
through the unitary % 3 Cabibbo-Kobayashi-Maskaw@K M) matrix [2, 3] connecting the weak
eigenstatesd’, s, b') and the corresponding mass eigenstétes, b):

d’ Vud Vus Vub d d
S| = Ved Ves Ve S| =Vekm | S (1.1)
b’ Vid s in/ \b b

The CKM matrix contains one irreducible complex phase responsible foCBeiolating
asymmetries in the Standard Model.

The unitary relations of th€KM matrix columns can be regarded as triangles in the complex
plane, whose angles and sides are related t& i3, andBy meson decays, and give the magnitude
of theCP violation.
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Figure 1. The normalizedCKM triangle.

The CP violation effects in the phenomenology of tBemesons decays can be observed in
three mechanisms:

e TheCP violation in decay, or diredEP violation, occurs whemA/A| # 1 whereA andA are
respectively the amplitudes oBameson decay to a final stateB — f, and itsCP conjugate
processB — f;

e The mass eigenstatBs andBy are expressed in terms of the flavor eigenstates by

50

BL) = p|B%) +q|B)
o 5 (1.2)

Bu) = p|B") —q[B")

where the normalization condition jg? + |p|2 = 1. A deviation from unity of the quantity

|g/p| would imply CP violation in mixing, or indirectCP violation. If case ofCP violation

in mixing the probability of the transitioB® — B is different from that o8° — BY;

e CP violation can occur in the interference between mixing and decay, which dsesitu
through the time evolution of thB mesons.
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2. TheB-factories.

The B-factories,BABAR [4] and Belle [5], operated at the asymmetgice™ colliders PEP-II
and KEK-B respectively, collecting data mostly at tiglS) resonance. Overall, thB-factories
have collected more thanIbb ! corresponding to more than2lx 10° BB events. The main goals
of the physics program of the two experiments include, but is not limiteB toeson physics and
CP violation, charm physics; physics, and searches for physics beyond the Standard Model.

3. T and CPT violation.

3.1 Measurement of T violation at BABAR.

TheCP symmetry breaking is now well established in all the meson sectors and is igeedy
agreement with the Standard Model mechanism ofGKé&1 matrix irreducible phase being the
sole source ofP violation. TheCPT invariance theorem therefore implies that also time reversal
symmetry breaking must occur. If it were possible to identify a paiff efonjugate processes
that can be experimentally distinguished, then it would be possible to exploit thesynemetry,
Ar=(P(i— f)—P(f —i))/(P(i— f)+P(f =1)).

In the proces¥(4S) — BB, the twoB mesons are produced in an entangled antisymmetric
state (a P-wave system), usually written in terms of flavor eigenstates, s&@kaadﬁo, but can
be expressed in terms of any linear combinatiorB%indB’. One such linear combination are the
B, andB_ states defined as the neutBastates selected to decay to the e@reigenstatd / YK,
and oddCP-eigenstatel / YKs(Ks — 1) respectively. TheB, andB_ states are orthogonal if
there is only one weak phase in the decay (as happeh4/ik® final states) and i€P violation
in theK system is neglected. While tliie andB_ states are selected throughyK, andJ/yKs
states, the flavor eigenstaté, andﬁo, are identified through decays to semileptonic final states
(X and¢~ X (¢ = e, u) respectively.

The selected events have dBédentified as @. or B_ and the otheB identified as a flavor
eigenstate. When the firBtmeson decay occurs at tiie B — f1, the otheB flavor orCP state is
identified by the entanglement and will decay at timt® a final statef,. Time ordered final states,
(f1, f2) will identify the T conjugate processes. For example, if we have identifie,J/yKs),
it means the second decay invohB5— B_. To find theT conjugate proces® — EO, then we
have to look forJ /YK, , ¢~ X). The difference in the rates is an indicatiorifofymmetry breaking.
There are four differentfs, f2) combinations that can be studied. Analogous four combinations
can be defined fdCP transformed states (IikEO — B_ andB® — B_) andCPT transformed states
(like B - B_andB._ — BY%). These independent comparisons will give independent estimates
of T, CP andCPT violation. The four independerii-violating raw asymmetries are shown in
Figure 2.

The mainT-violating parameters are measuredBaBAR asAS; = —1.37+0.14 (stat) +
0.06 (syst) andAS; = 1.17+0.18 (stat) + 0.11 (syst), whereAS; = 0 would indicate nar -
violation. We observe a deviation froih invariance, independent @ andCPT, equivalent to
14 standard deviations [7]. The confidence level contour plot with thealevalues are shown in
Figure 3.
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Figure 2: The four independent raw-violating asymmetries for the reference transitionsE'é)—> B_
(£+X,ctKs), b) B, — BO (cTKs, £X), ¢) B — BY (£+X,J/@KL), d)B_ — B° (J/K_,£+X), in the signal
regions. The points with error bars represent the data,dtesolid and dashed blue curves represent the
projections of the best fit results with and withduviolation, respectively.
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Figure 3: The central values (blue point and red square) and two-diroeal confidence level contours for
the pairs ofT-asymmetry parametefdS;,ACY) (blue dashed curves) atidS;,AC; ) (red solid curves).
Systematic uncertainties are included. Thévariance point is shown asfasign.

3.2 Search for time-dependent CPT violation at Belle.

TheCPT invariance theorem as implied by local Lorentz invariant quantum field ibeizrone
of the most fundamental concepts in modern physics. In the prese@&d ofiolation in the mix-
ing, Equations 1.2 would beconBL) = pv/I—2B% + qv/I+2B%) and|By) = pv/I+2z/B°) —
qm\§0> wherez is a complex parameter such thatzi$ 0 thenCPT is violated. The decay
of B°B° — frec ftag Can be studied, where one of the B mesons decays attiim® a recon-
structed final statdec and the other B decays at tinigg to a final statefisg that distinguishes
betweerB? andB". In this decay, the general time-dependent decay rate @#th violation al-
lowed @ # 0) is studied through the normalized total decay width differehicg/I 4 betweerB®
andB’, for BY — J/KO (K® = Kg, K\ ), B® = D®~h* (h* = r* for D~ andrt*, p* for D*~) and
B® — D*~ /v, (¢ = e u). The measured values with a dataset of 53%° BB events (about 70%
of the Belle final dataset) are [8]:

O(z) = [+1.9+£3.7(stat) £ 3.3(syst)] x 1072,
O(z) = [-5.74+3.3(stat) + 3.3(syst)] x 1073, (3.1)
AMg/Tg=[-17+1.8(tat) + 1.1(syst)] x 102,

all consistent with zero, as expected for@RT violation.
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4. Unitary Triangle angles.

4.1 Measureof sin(2f3) from B — D*D* decays.

TheCP violating parameter sii23) (or sin(2¢y)) defined a3 = arg[—VeaVy,/ —ViaVys), has
been measured by both tiBaBAR and Belle Collaborations with high precision in the— ctCs
processes. Measurement fr@df — D**D*~ decays should lead to the same value of 2#)
provided that the contribution from penguin diagrams can be neglected.

The BABAR experiment has adopted a partial reconstruction method wher®bdie fully
reconstructed iD* — DO, D® — K, K i, K rrrr, K2mrrr modes and the othd™ is only con-
strained using the accompanying slen[9]. Only an angular analysis with fully reconstructed
final states can separate @ eigenstates. In a partial reconstruction analysisClhasymmetry
parameter€ andSare a weighted average of tBE-even andCP-odd wave function components.
If the penguin amplitudes can be neglected thenGRaven andCP-odd symmetry parameters
becomeS, = —S_ andC, = —C_ and the value of th€P-even componentS, andC,, can be
obtained a€ = C,; andS=S; (1— 2R, ) where the factof1— 2R, ) represents the dilution intro-
duced by th&€P-odd componerR; in the signal. We obtai@, = 40.15+0.09(stat) + 0.04(syst)
andS; = —0.49+0.18(gtat) +-0.07(syst) +0.04(R, ), where the last uncertainty is the contribution
from R, previously measured bBABAR [10]. This independent determination of the CP-violating
parameters is in agreement with the previous measurementsBa@nr and Belle with fully re-
constructed events and with the Standard Model expectati®@ ef —sin(2f3) given negligible
contributions to the decay amplitude from penguin diagrams.

The Belle experiment performed a full reconstruction of e+ D**D*~ decay inK ~rrt rrt,
KQrrt, K2 n®, andK K~ mr* final states for charged mesons fronD** — D* 1, andK~ 1",
K-t K-t , K¢t -, andK K~ final states for neutrdd mesons fronD** — DOrr*,
Given that the final states are a mixturedd-even andCP-odd states depending on the relative an-
gular momentum of the twD* mesons also a full angular analysis has been performed. The mea-
surements reported in [11] aRe = 0.138+£0.024(stat.) £0.006(syst.), S= —0.79+£0.13(dtat.) £+
0.03(syst.), and the asymmetm = 0.15+ 0.08(stat.) + 0.04(sy<t.), in agreement with previous
measurements and exhibiti@ violation at 540.

4.2 Measureof a,or @, from B — prt, irt, pp decays.

BABAR reports a preliminary study @° — (7T+rr)ponO that would allow a measurement of
sin(2a) from the interference between mixing and decay. A complete time-depebDddtz plot
analysis is sensitive to the interference between the strong and weak aeplénd allows the
unambiguous extraction of the strong and weak relative phases, anel GPtviolating parameter
a = arg[-\kaV;;,/VudV,,]. The CP-violation parameters are measurgl; = +0.09392 +0.04
andA,;; = —0.12+0.08332. A scan of the values af between 0 and 180 and ax? test with
and without isospin constraints is performed. The scan shows that it isohost enough and
cannot be interpreted in terms of Gaussian statistics.

Belle reports a preliminary measurement of the time-dependent CP violatiametars in
B® — mtm decays [12]. The penguin contribution to this decay can shift the valug ofto
qafff = @ + A@ whereAg, can be measured with an isospin analysis. The CP-violation parame-

ters obtained areAcp(B® — " 1) = +0.33+ 0.06(stat) + 0.03(syst), andScp(B® — mmhm ) =
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—0.64+ 0.08(stat) + 0.03(syst). The region 238° < ¢ < 66.8° is ruled out and the constraint
on the shift ing caused by the penguin contribution|isg| < 44.8° at the Io level including
systematic uncertainties.

Belle also report a preliminary study & — p°p°® and other four pion final states in [13].
The measured branching fractionB¢B° — p°p°) = (1.024 0.30(stat) & 0.22(syst)) x 10-° cor-
responding to an upper limB(B° — p°p%) < 1.5 x 10°° at the 90% confidence level. The mea-
sured longitudinal polarization fraction fg = O.21f8;%§(stat) +0.11(syst). Using the longitudinal
polarization in an isospin analysis, the mixing ang@le= (91.0+ 7.2)° is measured.

4.3 Observation of the mixing angle y with B— D*)K*) decays.

The angley = arg[—VuaV,,/Ved V3| is the only mixing parameter that can be determined purely
from tree-level B mesons decays, but it is affected by large statisticartainties.

There are basically three methods to measufeom B* — DK+ decays: The Giri-
Grossman-Soffer-Zupan (GGSZ) method [14] is based on a Dalitz ptdysie of the three body
decays of thé® meson in thé? — Kt m~ andD® — KsK K~ final states; The Gronau-London-
Wyler (GLW) method [15] uses the CP-even and CP-odd final stateklik¢~ andKsm®; The
Atwood-Dunietz-Soni (ADS) method [16] is based on doubly-Cabiblyupeessed decays like
D% — K+t . The GGSZ method provides the highest statistical power for measyiing the
other two provide tighter constraints on the hadronic parameters for a mioustrdetermination.

BaABAR uses a combination of all three methods (34 observables) in order totextEadernal
inputs for theD meson hadronic parameters are needBdBAR determination isy = (egjg)o
(modulo 180) [17], where the dominant contribution to the error is statistical. The statistical
significance is ®a, indicating the observation of direct CP violation in the measurement of

Belle presents a binned Dalitz plot analysis based on Ref. [14]. The compése entering
the Dalitz plot analysis of th®° — Kt i~ decay brings a large model uncertainty that can
surpass the 10% level. The binned Dalitz plot eliminates the model uncerta&plstcing it with
a statistical error related to the precision of the strong-phase parambtaisenl from the decays
of quantum-correlate®° pairs produced in thes(3770 — DD’ process. The measured value is
@ = (773153 £ 4.1+ 4.3)°, where the first error is statistical, the second is systematic and the
third is related to the systematic uncertainty on CP-violating parameters thaténialiadmation
about the functions C and S averaged over the bin region [18].

5. Search for CP violation in BB’ mixing at BABAR.

According to the Standard Model, the CP violation asymmetry in mixdag is predicted
the O(10~%) level, beyond the experimental sensitivity of the B-factori@$l0—3)). Here new
approach is shown aBABAR, in which a sample oB° — D**X/¢*v decats (charge conjugate
modes implied) with a partial reconstruction method is selected and kaon taggisgddo assess
the flavor of the other B meson in the event [19].

The preliminary measured asymmetryBaBAR is Acp = [N(B°B®) — N(B"B°)] /[N(B°B°) +
N(B°B”)] = (0.060.17:238)9% and the deviation from unity of the/p| parameter ig\cp = 1—
q/p| = 0.29+0.84" 188 10-3. No deviation from the Standard Model expectation is observed.
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6. Conclusions

The BABAR and Belle Collaborations continue to produce high quality results with their full
datasets. The phenomenology of CP, T and CPT symmetries and their lgreakiimues to pro-
vide new ground for more precise measurements of the violating paramegtesg|l as advanced
searches for new physics beyond the Standard Model. A great wéaldwaesults has been pro-
duced in the last year and the ones discussed here are only a fractlmesef Examples are the
time reversal asymmetry from ti2ABAR Collaboration and the first observation of mixing induced
CP violation inB® — D**D*~ at more than & from the Belle Collaboration.
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