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36th International Conference on High Energy Physics,
July 4-11, 2012
Melbourne, Australia

*Speaker.
Ton behalf of the Belle Collaboration.

(© Copyright owned by the author(s) under the terms of the Gre&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Direct CP violation in charm at Belle B. R. Ko

Violation of the combined Charge-conjugation and Paritynsyetries CP) in the standard
model (SM) is produced by a non-vanishing phase in the Cabi{dbayashi-Maskawa flavor-
mixing matrix [1], where the violation may be observed as a-neroCP asymmetry defined as

ot _(D—H-T(D~f
Aop = rD— f)+r{D— f)
whererl is the partial decay width) denotes a charmed meson, anid a final state.
In this presentation, we repdZP asymmetries of charmed mesons in the de@ys— K3,
DO — K+tK~, D® — mr* i1~ [2], and theCP asymmetry difference betwe®? — KK~ andD® —
mtm, which is an update of our previous publications [3, 4] udimg full data sample collected
with the Belle detector [5] at the KEKB [6] asymmetric-enegf e~ collider. TheD* — KgnJr
final state is a coherent sum of Cabibbo-favored and doubbjtba-suppressed decays where no
SM CP violation in charm decay is expected, while 0.332+ 0.006)% [7] CP violation due to
K9 — K° mixing (denoted byAkp) is expected with a neutral kaon in the final state. DAe— h*h-
final states wheré denotesKk and 1T are singly Cabibbo-suppressed decays in which both direct
(ag;;,) and indireciCP violations ia,‘{‘g) are expected in the SM, while ti asymmetry difference
between the two decayAAM, = AKK — AT, reveals approximately dire@P violation with the
universality of indirectCP violation in charm decays [8]. The data were recorded atYffre)
resonances(= 1,2, 3,4,5) or near ther(4S) resonance and the integrated luminosity-is ab.
We determine the quantite(g;f defined in Eq. (1) by measuring the asymmetry in the signal
yield

(1)

ot = B Nee
Nre? +Nre<?

where Niec is the number of reconstructed decays. Pag is forward-backward asymmetry in
ete” — cc process and thA£ is final state particle detection asymmetry where the lattgrends
on the final state particles while the former does not. Fopa glion detection asymmetry which
is involved inD® — h*th~ reconstruction vid**, we correct for the asymmetry using the method
described in our previous publication [4]. A fast pion déimT asymmetry which is involved in
D+ — K3t reconstruction is corrected for using the method describeREf. [9]. With assump-
tion the Arp is the same for all charmed mesons, Refs. [4, 9]CBeiolation free large statistics
of resonance data samples to correct forAlée For the final state with a neutral kaon, we have to
take into account additional corrections which are asyrmyrte to different interactions between
K© andK° with detector [10] and experiment dependéf, with K2 decay time dependency on
it [11]. Once we correct foAg, thenAgFTf is obtained in bins of the polar angle of charmed meson
momentum at the center-of-mass system (c.m.s.) usingyamtigtry of Arg in the polar angle of
charmed meson momentum at the c.m.s.

Figure 1 shows invariant massesf — Kgni together with the fits that result inl.74M
reconstructed decays and the measukesl in bins of the polar angle ob™ momentum at the
c.m.s. From the right plot in Fig. 1, we obt D;HKgﬁ = (—0.363+ 0.094+ 0.067)% which
shows 3.2 deviations from zero. This is the first evidence & violation in charm decays from
a single decay mode while the measured asymmetry is comisigtth theAéE,. After subtracting
experiment dependevﬁé; [11], theCP violation due to change in char AS, is measured to be
(—0.024+0.094+40.067)% [9].

= Af;’;f + Arg+ Al (2
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Figure 1: M(K3rr") (left top) andM(K2rr) (left bottom) distributions where the shaded and hatched ar
Dd — KgK+ due to particle misidentification and combinatorial backgrds. Right plotig\cp as a function

of cosg5™* where the thick line is the mean valueA&dp while the hatched band is thldiota interval,
wherediotg is the total uncertainty.
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Figure 2: Left four plots show reconstructed signal distributionsa@ed in the text and right two plots
show preliminary results ofcp as a function of the polar angle Bf " momentum at the c.m.s.

Figure 2 shows reconstructed signal distributions showliag)M D® — K~ 7, 3.1M D**
taggedD?® — K~ rmrt, 282k D** taggedD® — KK, and 123kD** taggedD® — " 71~ on top
of the high signal purities, respectively, and the measu«gdin bins of the polar angle db**
momentum at the c.m.s. From the right plot in Fig. 2, we ob#gi§ = (—0.32+0.21+0.09)%
andA’f = (+0.554 0.3640.09)% where the former shows the best sensitivity to date. Fram th
two measurements, we obtal, = (—0.87+0.41+ 0.06)% which shows 2.& deviations from
zero and supports recent LHCb and CDF measurements [12B¥3Jombining LHCb, CDF, and
Belle results, the average AAY, becomeg —0.74+ 0.15)%.

With a help from Marco Gersabeck from Heavy Flavor AveragBmup (HFAG), Fig. 3
showsAAcp and Ar fit reflecting the new Belle results reported in this presgotiaand results in
Aadl, = (—0.678+0.147)% andalld = (+0.027+ 0.163)% [14].

In summary, we observe evidence foP violation in the decap™ — Kgn+ where the ev-
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Figure 3: AAcp andAr fit from HFAG.

idence is consistent with the expec@® violation due toK® — K° mixing. No evidence foCP
violation inD® — h*h~ is observed and th&Al, is measured to be-0.87+ 0.41+ 0.06)%.
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