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1. Introduction

The main goal of the Belle experiment at KEK is to constrain the unitarity triarayd3f
decays. This allows us to test the Cabibbo-Kobayashi-Maskawa (CKMhamésm for violation
of the combined charge-paritCP) symmetry [1, 2], as well as search for new physics effects
beyond the Standard Model (SM). These proceedings give a sumrhtry experimental status
of measurements of the CKM phas@s and ¢, defined from CKM matrix elements ag =
arg(—ViaVip) / (MudViip) andes = arg(—VuaVyp) / (VedVep)-

First-order weak processes (tree) proceeding by uud quark transitions such &° — 7,
P, pp and af 1T, are directly sensitive tg,. In the quasi-two-body approach, CKM angles can
be determined by measuring the time-dependent asymmetry beBfesmd B decays [3]. For
the decay sequend&4S) — BcpBrag — fcpfrag Where one of thé mesons decays at tintep,
to aCP eigenstatecp, and the other decays at tirhgg, to a flavour specific final statf,g, with
q = +1(—1) for Brag= B°(BY), the decay rate has a time-dependence given by

oIt /Tg0
P(At,q) =

- 1+ q(elcpCOSAMyAL + ScpSinAmyAt) |, (1.1
whereAt = tcp — tragandAmmy is the mass difference between g andB. mass eigenstates. The
parametersgcp and.cp, describe direct and mixing-induc@&@® violation, respectively.

If a single first-order weak amplitude dominates the decay, then we exgpect 0 and.cp =
sin2g. On the other hand, if second-order loop processes (penguinpjesment, then dire@P
violation is possiblegzcp # 0. Additionally, as these loop processes are not directly proportional
to Vb, our measurement afcp does not directly determing, rathercp=4/1— dczpsin(Zqoz —
2A@), whereAg;, is the shift caused by the second order contributions.

A theoretically clean way of accessing is throughB~ — DK~ decays wher® represents
an admixture oD° and DP states. This is possible through an interference ifhéecays to a
common final statéD) = |D%) + rge?|D%), where6 = & + ¢ is the relative phase difference
between the two processes 8 andB~ in which Jg is the relative strong phase differenceBn
decays. The quantitss, is the amplitude ratid\(B~ — D°K~)/A(B~ — DK ), and should be
around the order of colour suppression as the two processes anglaf strength in the Cabibbo
angleA.

2. B —=DK-,D—>K"'m

In the so-called ADS method [4B~ — DK~ with D — K"~ and the charge conjugate
decays are used. Here, the favouBedecay b — c) followed by the doubly CKM-suppress&x
decay interferes with the suppres&edecay b — u) followed by the CKM-favoured decay. The
relative similarity of the combined decay amplitudes enhances the po€$ttalsymmetry.

The ADS variables are defined as,

g = BUCTTIKT) + B(K K
PK= (K K )+ B(KFm KT’
_ A(KImKT) - B(K-mKY)

MoK = KT K ) L A(K KT’ @D
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Figure1: AE(NB> 0.9) andNB (JAE| < 0.03 GeV) distributions for the suppressgd — Dsyg K 17 |K™.
The red curve shows the signal, the magenta curv®tiheomponent, the green curve tBB background
and the blue curve the continuum.

which are related tgs as

Kok =g+ 1§+ 2rgrp cog ds + 3p) COSs,
B 2|’BI’D Sin(55+ %)Sln%
Hpk ’

bk (2.2)
where the amplitude ratiny = A(D® — K*71)/A(D® — K*117), anddp, is the strong phase dif-
ference between the twid amplitudes.

This analysis has been performed with the final Belle data set containingiflizé BB pairs.
The main difficulty is in separating the small signal from the dominant continuackdryound
and is achieved by a fit to the kinematic variallle, and a neural network outpiB, based on
the event shape. First evidence for the suppressed: Dgy /K" ]K~ was found at a 40
significance as shown in Fig. 1. From this measurement, the ADS observedile found to be

ok = [L.637531 (stay 573 (sysf] x 1072,
bk = —0.39'333 (stah 5.3 (sysd. (2.3)

which was the most precise measurement at the time of publication [5].

3. B~ —»DK~,D—KIntm

In the so-called GGSZ method [@, — D*/K~ decays where thB decays to th€P eigen-
stateD — K3rr"1r, are used. One can fit ti2 — Krr™ - Dalitz plot with the matrix element
| Mo (M2, M2 ) |2 = | fp (M2, mP ) + rge(%®+®) fp (M2 2 ) |2, thereby determiningy directly in the
fit. The amplitudefp, which depends on the invariant squared masse& ) is typically
parametrised as the coherent sum of 2-body decays via intermediatamess and also measured
in the fit.

This measurement has been performed previously at Belle using 657 rﬁlﬁpairs [7]. By
combining the results @~ — DK~ andD*K~, whereD* — D7i® andDy, ¢; = (78'15 (stah +
4 (sysh +£9 (mode))° was obtained. Note that the dominant systematic uncertainty arises from
model dependence in the parametrisatiorigpfvhich would eventually dominate the total uncer-
tainty at LHCb and the next generatiBrfactories.
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Figure 2: The left figure shows the optimised binning where the coloepsesent different bins. The right
figure shows the fitte~ — DK™ yields determined in each Dalitz plot bin as the data pointsle the
solid curve shows the expected yield in each bin.

A new method removing the model uncertainty has recently been develdyeli¢® involves
binning the Dalitz plot and working with the measured number of signal eveptcim bin instead.
This can be compared iny fit with the expected number of events in eachibin

NE = hg[Ki + r3K_i + 2¢/KiK_i(X.G +y+S)], (3.1)

wherex, =rgcogds+ @) andy. = rgsin(dg + @) are free parameters in the fit, constraining the
phasegps, andhg is a normalisation constant. Hei§,is the number of events in birdetermined
from a flavour-tagged samplg** — D, while ¢; = (cosAdp); ands = (sinAdp); are related to
average strong phase difference in band are measured by CLEO [9], but can also be measured
at BES-IIl in the future.

Compared to measuriridp|?, a binned analysis reduces the statistical precisiag,dfut this
can be optimised. The advantage of this method is that the optimal binning depetite model,
howeverg; does not. Studies show that the precision depends strongly on the ampétuaigedur
across the bins. Better precision can be achieved when the phaserdiffidretween thB® and
DO amplitudes varies as little as possible. The optimised binning was found usingiieuale
measured by BaBar [10] and is shown in Fig. 2.

This analysis has been performed with the final Belle data set of 772 mBBopairs which
obtained a total signal yield of 114643 events. Following this, the signal yield in the optimised
Dalitz plot bins is determined then compared iy4afit with the expected signal yield given in
Eqg. 3.1. A significan€CP asymmetry can be seen in Fig. 2 which has4&®probability of being a
statistical fluctuation.

The parameters. andy. are determined in the fit, constrainigg, rg anddg,

@ = (77.3"155+4.2+4.3)°,
rg = 0.145+ 0.030+0.011+0.011,
O = (1299+1504+3.94+4.7)°, (3.2)

where the first error is statistical, the second systematic and the third is tisigueonc; and
s from CLEO. This is a promising proof of concept as the precisiorpois comparable to the
previous measurement wir — DK™ only.
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4. B — -, p%p0, armt

These analyses are ongoing at Belle and will be based on the final datenpeovements
have been made to the tracking algorithm and fitting methods to improve the detftit@ncy.
We expect our final results f@° — mrHm andafn:F to be the most precise measurements when
they are released and at least an improved upper limit is expectB8-enp®p® which will have
an impact ong.
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