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We report measurements of branching fractions and d@€ctiolating asymmetries foB me-
son decays to pseudoscalar-pseudoscalar final states basedlata sample of 772 million
BB pairs collected at th&(4S) resonance with the Belle detector at the KEKB asymmetric-
energyete~ collider. The difference o€P asymmetry between the deca§s — K*° and

B® — K* 7" is measured to bAAx, = 0.1124 0.028 with a significance of .8g, which is
sensitive to new physics in the electro-magnetic penguip,|dhe obtained partial width ra-
tios of B — K, variables that probe new physics also in the electro-magpenguin loop, are
R. = 1.05+ 0.03+ 0.05 andR, = 1.04+0.054+0.06. Furthermore, we see the evidences of
direct CP violation for bothB* — nK* andB* — nmt; the corresponding asymmetries are
Acp(B* — nK*) = —0.38+0.11+0.01 andAcp(B* — nm*) = —0.194 0.06+ 0.01 with sig-
nificances of 3o and 300, respectively. We also observe the deBy— nK?° for the first time
and the the branching fraction is measured to{@° — nK°) = (1.27°9-33+0.08) x 10-® with

a significance of Zlo.
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Charmles®B decays provide a rich ground to understand the mechanidsnnoéson decays
and a good place to search for new physics. Although theateatalculations on the branching
fractions under various approaches suffer from large madumncertainties, new physics or under-
lying mechanism can still be revealed using the dif&tviolating asymmetriesAcp) and ratios
of branching fractions, where many theoretical unceriesntancel out. The observabep is

defined aticp = £o- EEE;:EE EO)L;E:E:E;:EELZ)) andr (B — hh) is the partial decay width. In this
article we report the branching fractions and dir€& violating asymmetries oB decays tchh
(h= K, m,orn) decays using the final Belle dataset. The data sample pomds to (772 11)
x10° BB pairs collected with the Belle detector at the KEI§Be~ asymmetric-energy (3.5 GeV
on 8 GeV) collider [1] operating at thé(4S) resonance. The whole data sample was reprocessed
with a better tracking software and we do have better unaiedstgs of the Belle detector. The
production rates oB*B~ andB°B° pairs are assumed to be equali#S) decay.

The event selection anB candidate reconstruction are similar to those documemtemlif
previous publications [2, 3]. Charged kaons and pions amstified using the Belle particle iden-
tification devices [4]. Candidat® and ° mesons are selected B — " and ® — yy,

respectively. Twap decay channels are useg:— yyandn — mtm n®. CandidateB mesons
are identified by the “beam-energy-constrained” migs = \/ E;2

b2 /€t — Pi2/c?, and the energy
difference, AE = E — E;.,,, WhereE}.,,is the run-dependent beam energy, &gdand p; are
the reconstructed energy and momentum ofBheandidates in the center-of-mass (CM) frame,
respectively. For the decays witi? or nj in the final state, the correlation betwekty. and AE
is relatively large, due to the photon shower leakage in #ieritneter. To reduce th®l,c-AE
correlation for this casevly. is calculated by first shifting the magnitude mff(n) momentum but
retaining its direction such th&E equals to 0. The correlation of the two variables for thedspi
K= mode is reduced from18% to—4%.

The dominant background arises fr@he™ — qq (q = u,d,s,c) continuum events. We use
topological event variables to distinguish sphericallgtidlbutedBB events from the jet-like con-
tinuum background. First we combined a set of modified Foxf\aim moments [5] into a Fisher
discriminant. A signal/background likelihood is formedngsthis discriminant and other uncorre-
lated variables such as the cosine of the polar angle oBtfight direction and the decay flight
length difference 4Z) between the signal and accompanyBg A loose continuum suppression
R> 0.2 is applied, wher® = Lsjg/(Lsig+ L) @ndLsig (Lqg) is the signal (continuum) likelihood.
The variableR is then transformed int&, defined aR = In(§;22) for the signal extraction.

The signal yields are extracted by performing extendedrurdal maximum likelihood fits to
the Mpc, AE, #') distributions of the selected candidate events. Theiliked function for each
mode is defined as

L =e N x[(TN;2) and
P

o, .
P} = S[1-d - Ace|P (Mye, AE', R, @)

wherei denotes the-th event andN; is the number of events for the categgryvhich corresponds
to either signal, continuum, the feed-across duk+m misidentification, or the background from
other charmles8 decays. P;(Mpc, AE,R") is the probability density function (PDF) e, AE
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andR". Hereq is the flavor ofB-meson candidates, which sl for B*(B®) and—1 for B~ (B°).
For theCP eigen modes! in Eq. 1 is simplyP;(M},.,AE',R").

Table 1: Extracted signal yields, product of efficiencies and subagiebranching ratio$%s), calculated
branching fractions, significance@P asymmetries, andP asymmetries for individual modes. The branch-
ing fraction andAcp errors are statistical and systematic, respectively.

Mode Yield  Eff.x %«%) B(10°5) 37 Acp
KEmr 75254127  48.82  200+034+063 4.4 —0.069+0.014+0.007
Tt 2111+ 89 54.79 5.04-0.21+0.18

K*n® 3731492 3830 1262+0.31+£056 1.9 +0.043+£0.024+0.002
i’ 1846+82 40.80 386+0.26+0.38 0.6 —0.025+0.043+0.007

KOK*  134+23 15.64 111+0.194+0.05 0.1 +0.017+0.168+0.002
KOt 3220+71 17.46 2P7+053+£069 0.7 —0.014-+0.021+0.006
KOK®  103+15 10.61 126+0.19+0.06 — -

Ko®  960+46 12.87 %6+0.46+049 — -

nK* 20479224010 3.8 —0.38+0.11+0.01
n(yy) 19267325 13.25 19579284+0.09 2.9 -0.36+0.13+0.01
n3m 802133 4.94 2290934015 24 -042+0.18+001
N 3.97792:+£021 3.0 —0.19+0.06+0.01
n(yy) 46667323 15.34 411532+019 1.8 -0.14+0.08+0.01
n(3m 13867132 5.44 363+049+025 25  -0317313+0.01
nKO 1.327033+007 - -

n(yy) 3981%7 4.15 1237932+006 - -

n@m 162187 1.48 148'533+0.10 - -

Table 1 summarizes the fit results. Significant signals asemed for all the decay modes.
The branching fraction for each mode is calculated by digdhe efficiency-corrected signal yield
by the number oBB pairs. The new measurements are consistent with our pievésults [2, 3]
but are more precise. Besides more data and better reasimtrgoftware, the improvement is
mainly achieved by performinil,c — AE — R’ three-dimensional fits instead &, — AE two-
dimensional fits with severe continuum suppression. ThayB? — nK° is observed for the first
time with a significance of 8o including systematics. Figure 1 shows thE and My, projec-
tions of the fit for theB — K, mrandKK decays. The ratios of branching fractions for tha
and rrrrmodes, shown in Table 2, are computed by properly removiegctimmon systematic
uncertainites. The first two raws of Table 2 are equentiBiandR,, that are consistent with the
Standard Model predictions plus several theoretical apgres [6, 7, 8, 9]. Note that the uncer-
tainties of these two ratios are close to the theory errors.

ClearCPasymmetry is observed only in tB8 — K* 71" decay with the central valu&p(B° —
K*7) = —0.069+ 0.014+0.07, which is 160 away from our previous measurement [10] with
535x 10°BB pairs. The change is mainly due to the statistical fluctuasioce theCP asymmetry
in the latest dataset is closer to 0. The central value of theespondingAcp for Bt — K+ is
positive, though with large error, consistent with the jwas result [10]. We confirm that there is
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Table 2: Partial width ratios oB — K and rmirdecays. The first and second errors are statistical and
systematic, respectively.

Modes Ratios
2r(K+n0)/r(K0n+) 1.05+0.03+0.05
M(KTm)/2r(K°n® 1.04+0.05+0.06
M(KTm )M (K°m")  0.90+0.03+0.03
F(mm)M(KYm)  0.25+0.01+0.01
F(mrm)/2r (mn®)  0.46+0.03+0.03
(rr+
r(m

M m)/r (K°m°)  0.5640.04+0.03
2r (" )M (KOmrt)  0.49+0.0240.03
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Figure 1. My andAE distributions for the eighB — hh (h = K or i) decay modes. Points with error bars
are and the curves represent the various components frofi: thiginal (dot-dashed), continuum (dashed),
charmlessB decays (hatched), background from mis-identificationtétt and sum of all components
(solid). TheMpc andAE projections of the fits are for events in tResignal enhanced region and an@Bl
GeVic? < My (left) and|AE| < 0.06 GeV (right). (A looser requirement,0.14 GeV < AE < 0.06 GeV, is
used for the modes witha’ meson in the final state.)

indeed a largé\cp difference between the neutral and char8etkcays td 7. And the difference

is measured to b&Ax; = +0.112+ 0.028 at 4 significance. In this study we also find evidences
of direct CP asymmetries for th&* — nK* andB* — nm*. Both asymmetries are negative
and large in magnitude, as shown in Fig. 2. These large megasiymmetries agree with some
theortical predictions but disagree with the others [11,112 14]. All our results serve as a good
discriminant for various theoretical approaches.
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Figure 2: AE andMy. projections foB* — nh™ andB~ — nh~ candidates with thg — yyandn — 3m
modes combined. Points with errors represent the data,uthétffunctions and signals are shown by
solid curves, dashed lines show the continuum contribatidotted lines for feed-across background from
misidentification and filled histograms are the contribogidrom charmles8 decays. TheAE and My
projections of the fits are for events that have the other av@bles in their signal regions.

In summary we report measurements of the branching frectma directCP asymmetries
for B — hh decays using the Belle final data sample. Our results of taedbing fractions and
their ratios are the most precise. We confirm thatAbe difference between charged and neutral
B decays tKrris large and see evidence fagp B — nK* andB* — nrrt.
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