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1. Introduction

The study of mixing andCP violation in the charm sector represents a test of the up-type
quark sector for the Standard Model (SM). It therefore brings a éemgntary information with
respect to the other mixing systems, and it also allows to probe and putaiotssin the space of
parameters of theories beyond the SM.

Mixing in the charm sector has been confirmed by several measuremergpiastifew years,
all in agreement with the SM predictions. The first observatioD®f D° mixing with a signifi-
cance of~ 90 was reported in November 2012 [1] by the LHCb Collaboration. Arousck3L0*
of D? — K* 11~ decays and & x 108 of D° — K~ ir* decays were analyzed, and the time-dependent
ratio between the two decay modes was determined to be varying in time, aseekpecase of
mixing. On the other hand, the interpretation of the eviden€# afiolation (CPV) in the difference
of integrated asymmetries betweBA — K~K* andD°® — mmr* decays reported by LHCD [2]
and CDF [3] is still open. The measured asymmetry is marginally compatible withMhar&lic-
tions that are affected by important uncertainties that limit its intrinsic powerdhipg the SM.

No indication ofCPV in charm has been found in other decays.

2. Searchesfor Direct CP Violation

Direct CP violation is the only source dfPV in charged meson decays. It occurs when the
magnitude of the decay amplitude of the prodess f (A;) differs from the amplitude of théP-
conjugate proces — f_(A_a, \Af/A_d # 1. This is possible only if there are two contributions
to the single amplitude with different weak and strong phases. The expeainobservable is the
time-integrated asymmetry defined as:

f T(D—=f)-T(D—f)

Ao = rD—f)+r(D—f)
The CP asymmetry differs from the directly experimentally accessible raw asymmetiy &nd
D yields). The forward-backward asymmetig) in the cc production coupled with the non-
hermiticity of the detector contributes to the raw asymmetry, as well as the deitedt@ed charge-
reconstruction asymmetryA{). The first contribution can be decoupled fréxs exploiting the
fact thatArg has an odd dependence on the polar angle obtirethe center of masg(), while
Acr does not depend on that angle. The measurement is performed in bins@fand then
the raw asymmetries in symmetric bins are combined to exfgct The contribution ofA; can
be removed with data-driven techniques that exploit a high-statistics teatmple free on any
physicalCP violation: the signal events are weighted with appropriate factors estimatexcitire
independent control sample and depending on the momentum of the taggmgdatrack. Finally,
if a KO is present in the final state, the contributionGs% from theK® — K° system needs to be
disentangled from the charm contribution. The Standard Model predist€dhtribution to be
(+(—)0.33240.0006% in case &° (KP) is present in the final state.

(2.1)

2.1 DT — KK, D — KIK* and D¢ — KOmr* decay channels

The method to extract theP asymmetry for these channels is essentially the same used in
the already publishe®* — Ko™ analysis [4]. We reconstruct a total ¢£544 +0.8) x 10°
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signal events in thB* — KIK* [5] channel,(2882+1.1) x 10° signal events in thB$ — KIK*
channel and14.3+0.3) x 10° signal events in th®7 — K2t channel. The detector-induced
charge-reconstruction asymmetry is removed weighting the reconstrueets evith the ratio of
efficiencies evaluated with a high-statistese™ — BB control sample. The correction is applied
in bins of the momentum of the tagging charged tracks. We perform a simultsmeaximum
likelihood (ML) fit to the mass distribution in ten bins of o®sfor each channel and combine
symmetric bins to extract five values &fp. The value of the asymmetry is extracted witly%fit
with a constant to the five values. The valuefgf from the fit can be found in the first row of
Table 1. These values are corrected by small biases related to the eff&ts- K? interference
and the particle identification selectors. We correct also for a small biasl fiouToy MC studies.
The final value ofCPV in charm is obtained removing the contribution fra¢f — K° mixing and

it is reported in the last row of Table 1. The main systematic errors are stdlysticdated. The
largest contribution in th®¢ — K27t channel is related to the binning in d&s while for the
channels with the taggink§, the main systematic is related to the limited statistics of the control
sample used to correct the detector-induced charge-reconstructiomasry.

Table 1: Summary table oA measurements in two-body final states. The first reporteértaioty is
statistical, the second systemati#Bar preliminary).

| \ Dt — KK+ \ DI — KK+ | D{ =K |
| A value fromthefit [ (0.16£036)% |  (0.00£023% | (06+£20% |
Bias Corrections
Toy MC experiments +0.0013% —0.01% —
PID selectors —0.05% —0.05% —0.05%
K9 — K0 interference +0.015% +0.014% —0.008%

| Acp corrected value | (0.13+0.36+0.25)% | (—0.05+0.23+0.24)% | (0.6+2.0+0.3)% |
Acp contribution

from K@ — K° mixing
| Acp value (charm only) (0.46::0.36::0.25)% | (0.28:0.23:0.24% | (0.3+2.0+£0.3)% |

(—0.33240.006)% (—0.332:£0.006% | (+0.332+0.006)%

2.2 Dt — KTK~ " decay channel

With a three-body final state additional sensitivityd®/ can be achieved studying the distri-
bution of the events on the Dalitz plot (DP). Therefore, beside the measut®fAc similar to the
one described in the previous section, alternative methods have bektowssarch for enhanced
CPV effects in certain regions of the DP.

The data sample consists(@280+0.8) x 10° signal events, representing 92% of the selected
events. The detector-induced charge-reconstruction asymmetrydrasdreected usingee™ —
11~ data control sample in bins of the DP and of 86s The DP integrated measurementgf
is performed with the same procedure as the above described analgsist #at in this case data
is divided in 8 bins of co8*. The obtained final value ik = (0.35+4+ 0.30+ 0.15)%, compatible
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with noCPV. Since no effect oEPV has been found integrating over the DP, the ratio of efficiency-
corrected signal yieldsR = % = 1.020+ 0.006 has been then used to correct for the
forward-backward asymmetry in the Dalitz-dependent approacheslossin the following.

The first model-independent search @# in the DP is similar to the previous one: the DP
has been divided in four regions and €Rasymmetry has been evaluated in each of these regions,
fitting the mass distributions @ andD~ decays. The results are reported in Table 2, no evidence

of CPV has been found.

Table 2: Summary table oA measurement in DP regions for tke' K~ rr* final state. The first reported
uncertainty is statistical, the second systemdsixBar preliminary).

| Dalitz Plot Region| N(D*) | &(D")[%] | N(D~) [&D)[ | Acp[%] |
Below K* (892)0 1882+ 70 7.00 1859+ 90 6.97 —0.65+£1.64+1.73
K*(892)° 36770+ 251 7.53 36262+ 257 7.53 —0.284+0.37+0.21
(1020 48856+ 289 8.57 48009+ 289 8.54 —0.26+0.324+0.45
AboveK(892)° 25616+ 244 8.01 24560+ 242 8.00 +1.454+0.454+0.31
and@(1020

Two additional DP model-independent approaches has also beenuseahb of them showed
evidence ofCPV. In the first approach, the DP has been divided in equally-populatsdibith the
distribution of the normalized residuals of efficiency-corrected anddracikd subtracted yields
(n(D¥)),

__ n(d")—n(D7)
~ \/02(D%)+Rea?(D-)’

has been fit with a Gaussian finding the mean compatible with zero and the widgatible with
one within one standard deviation. These results are consistent w@Rhat the 72% level. The
second approach is an analysis of the Legendre moments [6] &fttend D~ Dalitz Plots, and
again no evidence @PV has been found.

Finally, a model-dependent approach based on the isobar model buinglléov different
amplitudes and phases for" andD~ decays into the same resonance has been carried on. The
K*(892)° has been chosen as the reference amplitude and, assun@®y nihe relative fractions
of resonances and a constant non-resonant amplitude have beanigedewith an unbinned ML
fit. Then, the resonances contributing with more than 1% have been alloweal/¢odifferent
magnitudes and phases fbr" and D~ decays and the parameters have been extracted with a
simultaneous fit. AlICPV parameters are consistent with zero.

(2.2)

3. Search for Mixing and Indirect CP Violation

D° — D° mixing has been recently observed with almost 10 standard deviations byt L
Collaboration [1], exploiting the largest sample of charm decays everctedle The two param-
eters that describe the time-evolution of the flavor eigens@fesnd D° are proportional to the
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difference of massesr( o) and widths [12) of the mass eigenstates:

m — My M—-r
= and =
X r Y="7r

(3.1)

where[ is the average widtl = (I'y +T2)/2. If mixing occurs, then the average of tB¢
andD? effective lifetimes when the meson is reconstructe@®even eigenstatest and 7,
respectively) differs with the inverse 6f and the parametsep, defined below, is different from
zero:

111 1
or = o [rﬁﬂ} 1 (3.2)

The difference between thP to theDO effective lifetimes1+ andT™, is sensitive t&P violation.
If the parameteAY, defined below, differs from zero, th€®V occurred,

11 1
o k21 63

Effects of CPV in D° decays may include algP violation in mixing and in the interference
between decays with and without mixing. In this analysis we neglect theteibédirectCPV,
estimated to be one order of magnitude below the experimental sensitivitysérofao mixing,
both parameters are expected to be zero, and in case@\hgp = y andAY = 0.

We analyze 468 fb! of Y(4S) decays reconstructing thg° in three D**-tagged decays
(D*t — DOrrt): D° — mrtmr, DO — KtK—, D® — K¥ i+ and two untagged decayB® — K+tK~
andD® — KT, The tagged and untagged samples are independent.DFiB°) decays to
K-K* andm mr* final states are described with the effective lifetime (), while D® and D°
decays ta&K T rr" are described with the lifetime parametgy;, assumed to be proportional to the
inverse ofl". The three lifetime parameters are extracted with a simultaneous extendedeadhbin
ML fit to the events in the signal region, where the background contribaifos fixed.

The first step of the analysis consists of a fit to the mass distributions of theHfannels in
order to extract the total background yields. The background eventsassified in two categories.
The charm background consists in mis-reconstructed charm decegsdsents a tiny fraction of
the events in the signal regiort (0.7%) but it has a long lifetime and needs to be separated from
the combinatorial background events, a prompt background. The slmapyields of the charm
background are extracted from the simulated events. The combinataxja $h extracted from
the mass sidebands, as a weighted average of the PDFs in the two sidetstelthe yields is
computed using the mass fits results. The startging value of combinatorial fgettie untagged
K~K* channel is estimated from the mass fit but then it is left floating in the final fit.

Before analyzing the results of the fit we evaluate the systematic errorstiolbservables.
The most important systematic error yip is related to the extraction of the combinatorial PDFs
from the mass sidebands. The most important erraf¥ns the impact of the selection criteria
imposed on the proper time error, this is one of the largest errggoalso. The third important
contribution is related to the choice of the signal region width, as conseguarthe observed
correlation between the reconstructed mass and proper time. Othersolisgstematic errors are
the shape and yields of the two background categories. The impact oétixeta misalignment
has been evaluated to be negligible.
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The effective lifetimes extracted from the simultaneous fit@re= (40569+ 1.25) fs, 1" =
(406404 1.25) fs andtk; = (408974 0.24) fs, where the error is statistical only. Combining the
three lifetimes and using the covariance matrix from the fit, we obtain the follovéhges for the
mixing andCPV parameters:

yor = (0.7240.18+0.12)% and  AY = (0.09+0.26-=0.06)%, (3.4)

where the first error is statistical and the second systematic. We find neneei@fCPV. The no
mixing hypothesis is excluded with a significance d83@. The reported measurement\gp is
the most precise single measurement of the parameter, it is compatible with VitrupiBABAR
measurement [7] and it supersedes it.

4. Conclusionsand Acknowledgments

In conclusion, we have reported on the searches for direct and¢h@®Pe in charm decays
with the full BABAR data sample. No evidence ©PV has been found. We also reported.ad
significant measurement of mixing with the lifetime-ratio parameiger
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