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1. Introduction

Direct CP violation or CP violation in decay (DCPV) occursemtthe amplitude for a dec:
and its CP conjugate process have different magnitudessutts from the interference among \
ious terms in the decay amplitude, and requires at leastawast with different weak and stro|
phases. To have large DCPV the two contributing amplituttesilsl be of the same order, as
pected in some charmless B decays with penguin and Cabihbd-spmetimes color-) suppres:
tree amplitudes. It is also interesting to search for DCPYriocesses where it is not expect
because new physics in the loop can modify the expectations.

2. Time-integrated DCVP

To look for time-integrated DCPV one simply measures the difference between a giv:
process and its CP conjugate. It is simple from the expettah@oint of view and is the only tyg
that can appear in charged decays. It can also be measuredtoal self-tagged decays. DCPV |
been searched for in many decays so far [1] but the only psogbich shows a significant deviati
from zero, both in BaBar and Belle, isB K* 7. This is a self-tagged decay{Becays to K 1T
andBP to K~ mt). In BaBar a likelihood fit is used to extract the yields arghsi and backgrour
asymmetries. The measured signal asymmetry(sL33+ 0.030(staf +0.009(sys{ [2], which
corresponds to a 4Reffect. Fig. 1 shows the results of the fit.

Figure 1. (Left) Background-subtracted distributions&f for signalK ™ (blue, solid) andK~ ™ (red,
dashed). (Right) (a) Distribution @fes enhanced irK ™~ (blue, solid) andK*m (red, dashed). (I
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The DCPV expectations for some related decays are diffelgpeénding on the contributit
amplitudes. From naive factorization one would expect #maesasymmetry in Kr® as in KF .
Zero asymmetry is expected in" 7° and possible deviation from zero ¥ due to the pengui
contribution. Measured asymmetries are shown in Tab. 1. ifdfieant deviation from zero
observed so far.

The Standard Model predicts very small asymmetry for modesiving neutral kaons, the:
modes being dominated by penguin amplitudes. In agreemiéimtive expectation, no significa
asymmetry is measured, as shown in Tab. 2 [3].



Mode Nig BR(x1079) Icp

Bt - Ktm® 682+39 120+0.7+0.6 0.06+0.06+0.01
Bt - mn® 379+41 58+0.6+04 —0.01+0.10+0.02
B - m®n® 61+17 117+0.32+0.10 —0.12+0.56+0.06

Table 1. Measured asymmetries it pi~ related decays.

Mode Nsig BR(107°) cp

Bt — KOmr* 74473042 26.0+1.3+10 —0.09+0.05+0.01
B — KOK* 41715+3(350s) 15+05+0.1(<24) 0.154+033+0.03
B® - KOK® 23'84+2(450s)  1191240+0.13

Table 2: Measured asymmetries in neutral kaon decays.

A number of three-body charmless B decays have been obsékmezkample is the final state
et et 1Tt [4], where the B — et et it and BY — p@(770) 7t branching fractions, among others,
are measured by means of a Dalitz-plot analysis. The sumafdmanching fractions and charge

asymmetries is shown in Tab. 3.

Mode BR(107) 90% UL cp
B* — T total 162+1.24+0.9 — —0.7+7.7+25
pO(770) 15, pO(770) — T 8.8+1.0+0.6"01 — ~7.4+120+3479¢
p°(1450 1, p°(1450 — 1.04+0.6+0.2+0.2 <23 +155+621+7.9'9%¢
f0(980) 1™, f(980) — mr 1 1.2+0.64+0.1+0.4 <30 495 +537+4.973]
f2(1270 115 ,1,(1270 — 234+0.6+0.2+0.3 <35  —04+247+28'%%
B* — it T nonresonant 34+09+03+04 <46 +80+412+65+24
Xcoﬂi,XC0—>7T+7T_ — <03 —
fo(1370)ni,f0(137@ — T — <30 —
omt,o— — <41 —

Table 3: Summary of average branching fraction and charge asymmesglts. The first uncertainty is
statistical, the second is systematic, while the third islet@ependent.

3. Time-dependent DCVP

In addition to differences of rates, one can look at the tdapendent asymmetry between
CP-conjugated neutral processes:
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The coefficient in front of the cosine teri@;,, is different from zero if the module ofy,
which includes the ratio of CP-conjugated amplitudes, ffedint from one.Cy_, different fromr
zero will be then an indication of DCPV.

There is no evidence of DCPV on B decaystorr [5]. Fig. 2 shows the number of eve
as a function of time for BandB° tags, and the raw asymmetry. The measured asymmetry |
cients are §- = —0.30+0.17(stay £+ 0.03(sysh and G-~ = —0.09+ 0.15(stap 4 0.04(sysh

Figure 2: Distributions of the decay-time differente for m™ 1~ enhanced events.
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Another interesting measurement is-Bp7. QCD factorization predicts ho DCPV in tl
decay. This is a difficult analysis becayserr is not a CP-eigenstate and there are four fla\
charge configurations to be considered. The approach tak@abar is to use the full Dalit
plot, so that interferences are taken into account, and ¢onas that the three resonange?
pt and p~ are dominant [6]. The fact that the final states are not CErsiates complicat
the interpretation of the fit results. Because of that thedigparameters are transformed
the more intuitive quantitiesz%pﬁ; and .pr’n*, which involve diagrams where the or the T are
emitted by the W boson. The measured valuesa#fs = —0.21+0.11(stap + 0.04(sys} anc
Ay =—0.47+7312 (stap +0.06(sysh. The significance of this observation, including syst
atic errors, is at the 2@ level. Fig. 3 shows the confidence level contours for thectlifeF
asymmetries.

4. Conclusions

Direct CP violation in time-integrated measurements isoled in K"~ decays. No oth
significant signal of DCPV has been observed yet, althoughuticertainties are still large
present and more data is needed to have conclusive resuitste s a 2.9 standard deviat
evidence of DCPV in B decays forr whereas there is not such an evidence in B decays tw-
so far. With more data and improved experimental errors atidog/able soon to test whether
not there is large CP violation in many channels.



Figure 3: Confidence level contours for the DCPV asymmetrigs; versus</,;~. The shaded are

represent &, 20 and 3 contours respectively.
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