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1. ThePhysics

In Standard ModelCP violation arises from Kobayashi-Maskawa phase in Cabikbbayashi-
Maskawa quark mixing matrix [1, 2]. Theoretical attemptptedict the effect o€P violation in
singly Cabibbo suppressed charmed decays have been madepinst [3], obtaining an upper limit
of 0.1% not excluding even 1% effects. The authors of refa¥d8] suggest that this limit can be
lowered by at least one order of magnitude by oscillationgiciv have been recently observed
[4, 5].

CPviolation in charm decays can be exploited by many New PBysiadels [6, 7] both at tree
and one-loop level; among these the latter exped® aiolation asymmetry of the order of 18,
which is now the level of experimental sensitivity [8].

There are many factors which help in the searctCviolation inD decays at th8-factories:

e efe  — T cross section is about 25% of the total at the energy o¥i{l#S).

e TheB— B background can be easily separated fromaheontribution by the request to the
center of mass momentum of tBemeson to be greater than 2.5GeV

e Finally theDP flavor can be obtained from the charge of the slow pion by mégmeaecon-
struction of the decap** — DO rr* [9] (D* tag). This results also in a high purity of the
reconstructed sample.

There is anyway a drawback represented by the electrowaalafd-backward (FB) asymmetry
introduced by the interference between the electromagaeti wealete~ — ¢t production pro-
cesses that makes the rallg/Nz depending upon the quarks production angle inghe™ rest
frame.

2. Experimental Techniques and Related M easurements

Four types of experimental techniques have been used thsieaCP violation in D° decays:

directCP violation;

Dalitz plot analysis;

time dependent analysis;

e T-odd correlations.

2.1 Direct CPviolation

The search for dire@P violation is made by looking for asymmetries in the prodoetof D°
andD® mesons in a given final state. The observable is simply:
Npo — N5
ACP = 2 DO’
NDo + Nﬁo
whereNp is the number of reconstruct&ldecays.
This measurement can be biased by the previously mentioBedsifmmetry. In order to

account for this effect, two solutions have been found:
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e estimate the FB asymmetry itself;

e normalizeNp to the number of events reconstructed using the same pnacéalthe cor-
responding Cabibbo favored decay channel. The Cabibbaoddwiecay channel is indeed
subjected to the same FB asymmetry but should not showCB@agymmetry.

At the B-factories, the first analysis of this kind has been done byeBesing about 2000
DO — K* = m® and 1700D° — K* " 1 decays [10]. These decays are doubly Cabibbo
suppressed and are identified through Bietag and the kaon charge. In order to account for
FB asymmetry effect, the asymmetry 2.1 is computed uBing- Npcs/Ncr, i.e. the ratio of the
doubly Cabibbo suppressed over the Cabibbo favored de@anels.

Acp = M (2.1)
Rpo + Rso
The number of events for each decay channel has been medstegh a two dimensional fit to
D andAm mass spectrum . The results are

KoM — (—1.8+4.4)%
KTt — (—0.6+ 5.3)%,

where the systematic error is not quoted since it is less1P&an

A more complete analysis looked to the two-body singly CabibuppresseB° decay chan-
nels into two hadronsD® — h*h~, h= m, K). Acp can be considered as the sum of direct and
indirectCP violation contributions:

NDO - N|jo

AP = Moo+ Ny

= Acpdir + Acpind;
where Acping Can be evaluated from the corresponding mixing analysishelCasymmetries in
Acpdir are due to FB asymmetry and soft pion reconstruction asyrgmet

The bias toAcp introduced by the soft pion reconstruction is removed by pirapthe asym-
metry in the plane cd@; (polar angle in the lab frame) ws, usingD® — K~ mr* tagged and
untagged data. The plane is divided into nine regions toimlke weighting factors to correct
D% — hth~ yields.

The asymmetry betwedd® andDP is measured in bins of c@ (being 6;; the D production
angle in the center of mass system). Since the FB asymmatmpaent is asymmetric upon the
production angle, the symmetric part is Bl violation observable we need:

 Nool£|cos83]) — Noo (| cosBi )

+ 6* —
a”(costp) Npo (| cos63|) + Ngo(£| cos6 )’
_a'(cosBp) +a (coshy)
ACP— 2 ’
at(cosBy) —a (cos6y
g = 2 (C0585) 2 (costs)

Acp is then measured applyingy& fit over bins of cog;.
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Figure 1:Acp for (a) D° — K* K~ and (b)D® — mrt 7r~. The correspondingeg are shown in (c)
and (d). Plots on the left are froBaBAr (A), plots on the right are from BellgB).

The first measurement has been performe®h§4R [11] using about 5(6.6) x 10° tagged
(untaggedD® — K~ mrt, 1.3x 10° D° — K+ K~ and 64 x 10* D® — " m decays. The results
are

ASE = (0.0 3.4gpar 1.3gys) x 1073,
A(:THPT (—24:l: 5.25tat:l: ZZSys[) X 1073,

where the main contribution to systematic error comes frofnon asymmetry evaluation. The
same analysis performed by Belle [12] with similar statalty significant samples obtained:

AY:KPK = (—43:l: 3.0stat:l: llsys[) X 10_3,
T = (4.34 5. 2151+ 1.25ys) x 1073

The main contribution to the systematic uncertaintiesdasfsoft pion asymmetry evaluation. The
only difference among the two analyses is that the numbeweiits is evaluated using a one
dimensional fit toD® mass spectrum in Belle, whilBABAR performed a two dimensional fit ©°
andAm = mp- — Mpo Mass spectra. The results are compared also in Fig. 1.

2.2 Dalitz plot analysis

A Dalitz plot analysis can be used to measure asymmetridseirdistribution of the events
on the Dalitz plot, in the angular moments, in the amplitu@lesdel dependent) or in integrated
yields.

The latter has been exploited by Belle id& 10° D° — it m 1° decays [13]. Monte Carlo
events have been used to develop a fitting model which takesagtount peaking backgrounds
from otherD® decay modes. The resulting asymmetry is:

Acp = (0.43+ 0.41g1a+ 1.30sy5) %.
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Figure 2: Normalized residuals betweBf andDP evaluated for (ap® — " ~ n° and (b)D°
— K+ K~ .

The main contributions to systematic uncertainties aretdube tracking efficiency corrections
and the fit model.

A complete Dalitz plot analysis of high statistics sampleB®b— " m m° (8.2 x 10* events)
andD® — K+ K~ m° (1.1 x 10* events) has been performed ByBAR [14]. The analysis searched
for asymmetries in the Dalitz plot comparing bin-per-bie B° and D° two-dimensional Dalitz
plot. In order to estimate the amount of the asymmetry a centid level for the "n€P violation"
hypothesis has been evaluated from the normalized resithealveerD® andD°

Nio — R+ Npo
\/ Ok TR OR

whereR is the efficiency correcteNso /Npo ratio. Thex? is defined as

x?/v = (iA?) /v,

beingv the number of Dalitz plot elements. The confidence leveldenmtoCP violation hypothesis

is evaluated from the resulting one-sided gaussian. Thaalared residuals evaluated on the two
Dalitz plots are shown in Fig. 2. The resulting confidencelldor no CP violation hypothesis is
32.8% forD® — m* m n° and 16.6% foD® — K+ K~ i°.

In a similar way a confidence level has been evaluated tolséarasymmetries in the angular
moments. The two-body invariant masses from the three-tftiyecays are weighted by the
Legendre polynomials. The normalized residuals of thesdiffice betweeB® andDP are used to
compute a confidence level for the @B violation hypothesis (see Table 1).

In order to check for asymmetries in the amplitudes a fullit2adlot analysis has been per-
formed separately on thg® and D° samples, A comparison of amplitudes, phases and fractions
for each resonance contributing to the three-body decags gisymmetries consistent with zero.

The integrated asymmetries have been evaluated as a ﬁmmxttumseg(!\" as shown in Fig. 3.

A—
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Table 1. Confidence level of the @P violation hypothesis for the asymmetry in the angular
moments

particles combination -t ® KTK- Kt P
C.L. (noCPV) 28.2% 28.4% 63.1% 23.8%

Theacp average values are:

s
Acp

KK P
P

(1.00:‘: 1.67stat:|: 0.255yst) 0/07

again consistent with zero.

-0.01 .
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Figure 3: Phase space integrated asymmetry bet®8emdDP in bins of co®* evaluated for (a)
DO — mt m m® and (b)D® — KT K~ mP.

2.3 Time Dependent Analysis

The time dependent analysis Bf decays is strictly related to mixing, in fact tB® mixing
affects the decay times as follows:

Toh = Tkrr[1+ Im(ycosgs —xsingr)] 2.2)
T = Tk |14t (yCosgr — xsingy) ] - (2.3)

whereh = K, 1. The definitions of the mixing parametetsy, r, andgr can be found in ref. [15].
Defining
_ Tint T A — Tah — Thn

Thh T —
2 Tin+ T

one can measure
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which is a probe fo€P violation in decay times, since in the Standard Model we ligye= 1, ¢r =
0) <= (A =0,AY =0).

An analysis of this kind has been made by Belle [16] d)*aagged sample of.2 x 10° D°
— K~ ", 1.1x10° D% — K+ K~ and 49 x 10* D® — it i1~ decays. Th®? lifetime has been
measured as= mpol - B/ p% wherel is theD? decay length ang its momentum. The asymmetry
parameter i$\- = —A; and they obtained

ARK = (0.154 0.3555) %,
A = (—0.284 0.5751a) %.

Combining the two results

where the systematic error comes mainly from the backgrgamdmetrization, however it is re-
duced by the fact that many contributions cancel in lifetiauto.

The same analysis performed ByBAR [17] on a sample of events statistically similar to that
one from Belle reports

AYKK = (—0.40+ 0.445151+ 0.12y5) %,
AY™ = (0.054 0.64stat+ 0.32551) %.

Combining the results from the two decay channels
AY = (—0.26+£ 0.36tar £ 0.085ys1) %,
where the main contribution to systematic error is from algnodel.

2.4 T-odd correlations

The most recent search fGP violation at theB-factories has been performed ByBAR using
the technique of th@-odd correlations. The analysis search @ violation in the decayp® —
K* K~ " i using a kinematic triple product correlation of the fo@n = px-+ - (B X P ),
where eaclp; is a momentum vector of one of the particles in the decay.

The product is odd under time-reversal) (@nd, assuming th€PT theorem,T-violation is
a signal forCP-violation. Strong interaction dynamics can produce a pero value of theAr

asymmetry,
i I'(CT > O) — F(CT < 0)

= 2.4
T T T(Cr>0+r(Cr<0)’ (2:4)
whererl is the decay rate for the process, even if the weak phasesiare z
Defining asAt the T-odd asymmetry measured in tBB-conjugate decay process,
— N—-Cr>0)-r(-Cr<o0
Ay = [ (EC1>0)=T(=Cr<0) (2.5)
F(—CT > O) + F(—CT < O)
we can construct: 1
Ar = E(AT — A7), (2.6)
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Figure 4: (@)m(K*TK~m" ) vs Am for the total sample; (bin(K*K~ ") and (c)Am pro-
jections with curves from the fit results. Shaded areas atdithe different contributions. The fit
residuals, represented by the pulls, are also shown underceatribution.

which is a truerT -violating signal [18, 19, 20].

At least four particles are required in the final state so thatthree used to define the triple
product are independent [21] of each otherDAsingly Cabibbo suppressed decay having rela-
tively high branching fractions and four different pargislin the final state, therefore suitable for
this type of analysis i®° — K+ K~ ™ .

The analysis made bBABAR [22] makes use of about 47,00 — K™ K~ ™ mr~ decays
and performs a two dimensional fit to th€K*K~ " m~) vs Amdistribution. The fitis performed
simultaneously on the full data set split in four samplegeteling orD° flavor and the value of
CT.

The results from the fit are shown in Figs. 4, 5 and give

At = (—685E 7.35ta= 5.8ysp) x 1073
A_\T = (—70.5:|: 7.3stat 3'95y5t) X107

from which
At = (1.0 5. Igtar= 4 4sysg) x 1072,

where the systematic error is dominated by the particletifieation and theD® center of mass
momentum cut.
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Figure 5: Fit projections onto the(K*K~ ") for the four differentCr subsamples with a cut
on/Am. The shaded areas indicate the total backgrounds.

3. Conclusion

Charm decays provide a powerful probe for non Standard Moaelesses involvinGP vio-
lation. Fig. 6 summarizes the searches@Brviolation atB-factories inD® decays. At moment no
evidence foICP violation is found with sensitivities which reach 0.5%, irder of magnitude of
the higher Standard Model predictions.
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Figure 6: Summary of the searches @ violation atB-factories inD® decays.
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These results constrain the possible effects of New Phyrsitds observable [6]. Sensitivity
improvements are expected in the next few years at the pedp®speB Factories or at LHCb.
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