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Using the full data sample collected with the Belle deteetbthe KEKB asymmetric-energy
ete collider, we preserEP violation in charm decays. THa° — DO mixing parameteycp and
indirectCP violation parameteAr in D° — h™h~ decays are reported, whenelenotek and
1. The preliminary results angp = (1.114+0.22+ 0.11)% andAr = (—0.03+ 0.20+ 0.08)%.
We also report searches f6P violation in D® — h*h~ andD* — K2K* decays. No evidence
for CP violation in D° — h'h~ is observed withASK = (—0.3240.21+0.09)% and ATE =
(+0.5540.3640.09)%. TheCP asymmetry difference betwe®f — KK~ andD® — "~
decays is measured withAf}, = (—0.87+0.41-+0.06)%. TheCP asymmetry irD* — KK+
decay is measured to ife-0.25+ 0.28+0.14)%. After subtractingCP violation due tok® — K°
mixing, theCP asymmetry inD* — KK+ decay is found to bé+0.08-+ 0.28+ 0.14)%.
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1. Introduction

Violation of the combined Charge-conjugation and Paritynsyetries CP) in the standard
model (SM) is produced by a non-vanishing phase in the Cabifibayashi-Maskawa flavor-
mixing matrix [1] and that in charm decays is expected to bg geall in the SM [2, 3], thus it
provides a unigue probe to search for beyond the SM.

2. ycp and Ar measurements with D® — hth~ and D® — K~ rrt decays

The neutral charmed meson mixing and indit€Btviolation (CPV) parametersycp andAr
are defined as
[(D® — hth™)+ (D% — hth-
yop = O )zr (0" —hh) o @2.1)
r (DO +h—) — F(D° +h—
A — (D” — h*h )ZFF(D — h™h )’ 2.2)

whererl is the average decay width of the two mass eigenstates ofetliteah charmed mesons
andf is the effective decay width dd® — h*h~ that can be described with a single exponential
form [4]. UnderCP conservationycp isy that iSAl" /2" and characterizes the charm mixing where
Al is the decay width difference between the two mass eig@&sstditthe neutral charmed mesons.
Therefore, any large deviation betwegjp andy strongly indicate€PV in charm decays.

The experimental observable fgsps is the lifetime difference betwedd® — hth~ andD® —
K~ mt states, where the former @P-even and the latter is an equal mixtureG#-even andCP-
odd underCP conservation. Th€PV parameterAr can be measured from lifetime difference
between the tw€P conjugate decays. From Eq. (2.1) the lifetiméd8f— h*h~ can be expressed
asT(D® — h*h™) = 7/(1+ycp) and from (2.2) that 0D° — h*h~ andD°® — h™h~ can be de-
scribed witht(D? — h*h™) = 1(1— Ar) and7(D® — hth™) = (14 A1), respectively, where
is the lifetime ofD® — K~ 1. Therefore, the lifetimes dd® — h*h~ andD® — h*h~ can be
parameterized in terms §¢p, Ar, andt as shown in Eq. (2.3).

1(D°—hth™) = 1(1—Ar)/(1+Ycp),
7(D° = h*h™) = T(1+Ar)/(1+Yep). (2.3)

In order to extracycp, Ar, andt, we perform simultaneous fit to the five proper decay timeidist
butions fromD® — K+*K~, D — K*K~, D® — K~ m* +c.c.,D® — " rr, andD® — it 7T

Since the experimental data were taken with two differelitasi vertex detector configura-
tions [5], we treat them separately with the two differerdgar decay time resolution functions.
Figure 1 shows the simultaneous fits to the five proper decag tistributions. To reduce sys-
tematic effects due to the resolution function dependemceos8*, where8* is the polar angle
of the D° momentum at the center-of-mass system (c.m.s.), the sinedus fits are actually per-
formed in bins of co§* to extractycp, Ar andt. Figure 2 shows the results of the simultaneous
fits, yep, Ar, andt as a function of the cd*. The averages of the fit results shown in Fig. 2 are
yep = (1.11+0.22+ 0.11)%, Ar = (—0.03+ 0.20+ 0.08)%, andt = (40856+ 0.54) fs, where
the last is consistent with world average [6].

To conclude, we obserwgp with 4.50 significance and find no indire€@PV in D° — hth~
decays.
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Figure 1. Simultaneous fits to the proper decay time distributions d@ina integrated over the c8%. Top
(bottom) plots are obtained with 3-layer (4-layer) silicogrtex detector. The distributions of signal and
sideband regions are shown as error bars and the hatchedctigsly. The “(+)” and “(-)" denote the
charge of the tagging soft pion.

3. Direct CPV measurementsin D® — h*h~ and DT — KK+ decays

The directCP asymmetry oD — f decays is defined as

bt FD—f)—rD—f)
Acp = rD— f)+r(b—f)’

(3.1)

whererl is the partial decay width. Experimental determination&@g?’f can be done with the
asymmetry in the signal yield

oot Neco' —ergc_’f _ A2 A (3.2)
RNV-E RV |
where N is the number of reconstructed decays @ggers are asymmetries other tha@@;’ f,
production and particle detection asymmetries. The meathliadeloped in Refs. [7] and [8] are
used to correct for charged kaon and soft pion detection amtries, respectively. To correct
for asymmetry caused by neutral kaons, we rely on the methdRef. [9]. Once we correct
for asymmetries due to particle detection, then we exm@gf f using the antisymmetry of the
production asymmetry which is the forward-backward asyinyres Belle.

TheDP® — h™h~ final states are singly Cabibbo-suppressed (SCS) decayisidh Wwoth direct
and indirectCPV are expected in the SM [2, 3], while tiP asymmetry difference between the
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Belle preliminary using 976/fb
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Figure 2: ycp, Ar, andt as a function of the cd*. Top (bottom) three plots are obtained with 3-layer
(4-layer) silicon vertex detector.

two decaysAAT, = AKK — AT reveals approximately dire€PV with the universality of indirect
CPV in charm decays [3]. Figure 3 shows reconstructed signailaliions showing 14.7MD° —
K=", 3.1M D*t taggedD® — K~ ", 282k D** taggedD® — K+K~, and 123kD** tagged
D% — "1, respectively, and the measurédp in bins of |cosBy..|. From the bottom plots
in Fig. 3, we obtainASf = (—0.32+0.21+ 0.09)% and AL = (+0.55-+ 0.36+ 0.09)% where
the former shows the best sensitivity to date. From the twasmements, we obtaiAl, =
(—0.87+0.41+0.06)%.

The D" decaying to the final staté2K* proceeds fronD* — KOK+ decay which is SCS,
where directCPV is predicted to occur [2, 3]. With ug in the final stateD* — ng decay is
also expected to genera@®V due tok® — K mixing, referred to a#\$p. The decayp™ — KoK+
shares the same decay diagrams iith— KK~ by exchanging the spectator quarkiss— u.
Therefore, neglecting the helicity and color suppressedributions inD™ — K°K*+ andD® —
K™K~ decays, the dire€@PV in the two decays is expected to be effectively the same. , Tawa
complementary test of theAM, measuremet the precise measurementAdp in D+ — K°K*
helps to pin down the origin o&AE*}, [12]. Figure 4 shows invariant masses Rf — KgKi
together with the fits that result w277k reconstructed decays and the measiéegdin bins of

|cosB5™*|. From the right plot in Fig. 4, we obtai D;HKSW = (—0.25+0.284+0.14)%. After

INow the tension is rather released [10], but was strong [11].
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Figure 3: Top four plots show reconstructed signal distributionscdbeed in the text and bottom two plots
show preliminary results ofcp as a function of the polar angle Bf* momentum at the c.m.s.

subtracting experiment dependefy [13], theCPV in charm decayAZ, XK', is measured to
be (+0.08- 0.28 0.14)% [14].

4. Summary

In summary, using the full data sample collected with theéeBaktector at the KEKB asymmetric-
energyet e~ collider, we report the charm mixing parameyep and indirectCPV parameteAr
usingD® — h*h~ andD® — K~ decays. The preliminary results are:

yep = (1.1140.2240.11)%,
Ar = (—0.03-0.2040.08)%.
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Figure 4: Left two plots showM (K2K+) andM(KZK ) distributions, respectively, and right plot shows
Acp in the decay as a function of the polar angléddf momentum at the c.m.s.

We also report searches 6P violation inD® — h*h~ andD* — KgKJr decays. The preliminary
results ofAcp in D° — h™h~ decays and the difference between the Awp results are:
£S5 = (—0.3240.2140.09)%,
AZE = (+0.55+0.36+ 0.09)%,
AANY, = (—0.87+0.41+0.06)%,

and the results oficp in D — KgK+ decays are:

DT —KIK*
Acp 7 = (—0.25+0.28+0.14)%,

AR =KK™ _ (10,08 0.28+0.14)%.
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