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Measurements of the Unitarity Triangle parameters allowdarch for New Physics effects
at low energies. Most of such measurements are currentfgrpeed atB factories by BaBar and
Belle experiments. This report is devoted to the recentldpweents of Belle collaboration in
measuring the anglgs. This parameter is the least-well constrained by directsmesments while
the theoretical uncertainties are expected to be smalhesnéw results are of particular interest.

Various methods for preforming @ measurement iB — DK decays have been proposed[1,
2]; the most sensitive technique relies on three-bbDdyecays [3, 4] such asgn*n”. The weak
parts of the amplitudes that contribute to the deBay— DK™ are given bWV, ~ AA3 for
DK™ final state and/,V.s ~ AA3(p +in) for D°K™; the two amplitudes interfere as tB€ and
DO decay into the same final stat@rrt 71~ Assuming ncCP asymmetry irD decay, the amplitude
of the D decay fromB* — DK* as a function of Dalitz variables? = mﬁgw andnm? = mﬁgrr is

M = f(mé,md) +re"®H0f (md mf), (1)

where f(m2,m? ) is the amplitude of th&®° — K3rr" - decay,r is the ratio of the magnitudes
of the two interfering amplitudes, andlis the strong phase difference between them. Dhe-
K3t - decay amplitudd can be determined from a large sample of flavor-tagofed- K2t
decays produced in continuuete™ annihilation. Simultaneous fit @" andB~ data allows to
obtain the values af, ¢; andd. Refer to [3] and [5] for a detailed description of the teciua.

Excited states of neutr®) andK mesons can also be used, although the valuésaoidr can
differ for these decays. The results 8f — DK* andB* — D*K* with D* — D7 using the data
sample of 605 fb! were already reported by Belle [6]. Here we report the resusing the decay
B* — D*K* with D* — Dy and the combinegs measurement with the three modes. The mode
D* — Dy has the same parametersiis— D*K* with D* — D®, except that due to the opposite
parities of theDy andD 7P states, the strong phases differ by 180. This provides an additional
cross-check and allows us to reduce the systematic unugtain the combined measurement.

The selection 0B candidates is based on the CM energy differefiEe= 5 E; — Epeamand
the beam-constraine massMp. = \/Egeam— (3 Pi)?, whereEpeamis the CM beam energy;
andp; are the CM energies and momenta of Bixeandidate decay products. We select events with
Mpe > 5.2 GeVE? and|AE| < 0.15 MeV for the analysis. The requirement on the invariantsids
the neutraD candidate Mg, - —Mpo| < 11 MeV/?. To selecB” — D*K™, D* — D1’ events
we require the mass differené of D* andD to satisfy 140 MeVc? < AM < 144 MeV/c?. In
the case oB" — D*K* with D* — Dy, y is required to have an enerdg, > 100 MeV, and the
mass differencdM < 152 MeV/c?. In the Dalitz plot fit, we use two event shape variables to
better separate signal astle” — qq (q= u,d,s,c) background events: the cosine of the arigjie
between the thrust axis of tiiedaughters and that of the rest of the event, and a Fisheirdiscr
nant [8].% composed of th®& production angle, the angle of tlthrust axis relative to the beam
and nine parameters representing the momentum flow in thre eslative to theB thrust axis.

The background composition f&* — DK* andB* — D*K* with D* — Dri° is obtained
from a two-dimensional unbinned maximum likelihood fit ire thariabledM,c andAE (see [6] for
details). The number of events in the signal bbkd > 5.27 GeVE?, |AE| < 30 MeV, | cosBi| <
0.8,.# > —0.7) for Bf — DK* mode is 756 with the signal purity of 70%. FBt — D*K* mode
with D* — D°, the number of events in the signal box is 149, the signatyigi80%.
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Table 1: Results of the signal fits in parametéxsy). The first error is statistical, the second is experimental

systematic error. Model uncertainty is not included.

Parameter Bt — DKt Bt — D*K*,D* - Dm® | Bt — D*K*, D* — Dy
X +0.105+0.0474+0.011 | +0.024+0.140+0.018 | +0.1444+0.208+ 0.025
y_ 4+0.177+0.0604+0.018 | —0.243+0.137+0.022 | +0.1964+ 0.215+ 0.037
X4 —0.1074+0.043+0.011 | +0.1334+0.083+0.018 | —0.006+0.147+0.025
Vo —0.0674+0.0594+0.018 | +0.1304+0.1204+-0.022 | —0.190+0.1774+0.037
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Figure 1: One standard deviation regions for the parameters cog+¢; + o) andy = rsin(+¢; + ) for
Bt — DK™ (a),andB™ — D*K™* (b) samples, separately fBr andB™ data. For thé* — D*K*, D* — Dy
mode (dashed line in (b)) the. andy.. sign is swapped to account for the relative strong phaserdifice of
180° wrt B* — D*K*, D* — Dr® sample (solid line). Projections of one, two and three siathdeviation

regions for theB* — DK™ (c) andB* — D*K* (d) mode onto thér, ¢3) planes.

X

Due to larger number of background sourcesBor— D*K* sample withD* — Dy, their
fractions are obtained from an unbinned fit of the distrifnutof variablesMl,., AE, cosBy,, and
. The background includes continuum aBE components; the latter is subdivided into events
with combinatorialD (studied using a generic MC sample), and those with Bfainesons (for
which a dedicated MC simulation is performed). The relafiaetions of BB backgrounds with
realDP except forB* — D* ™ andB* — DK™ are fixed given their PDG branching ratios and MC
efficiencies. The number of experimental events in the sigmais 141, the signal purity is 42%.

The fit to a single Dalitz distribution with free parameters=r. co§+¢@; + ) andy, =
rysin(+@;+90) ("+" and "-" correspond tB" andB~ decays, respectively) is performed by the
unbinned maximum likelihood technique, using varialii€s m?, My, AE, costyr and.Z. The
distributions of each of the background components arenaesduo be factorized as products of a
Dalitz plot distribution(m? ,m?), and distributions if{Myc, AE), and(cos6r, .7 ). The results of
the data fits in the variables. andy.. are shown in Fig. 1 (a) and (b) and listed in Table 1.

Confidence intervals in, ¢ andd are obtained from théx.,y. ) values using a frequentist
technique. The procedure is identical to that in our previanalysis [5]. Figures 1 (c) and (d) show
the projections of the three-dimensional confidence reg@mo the(r, @) plane forB* — DK*
andB* — D*K* modes. In the results for tH8* — D*K* mode, we combine botB* — Dm°®
and D* — Dy final states, taking into account the relative strong phdsB36° between them.
The values of the parameters ape= 80.8° 133, £5.0° £8.9°, r = 0.16175330 + 0.0117 5350,

5 = 13744130 + 4.0° £ 22.9° for the B* — DK* mode, andg; = 739°7385 +4.2° + 8.9°,
r=0.196"957340.013"00%3, & = 3417°1188 +3.2° £ 22.9° for theB* — D*K* mode. The first
error is statistical, the second is experimental systematid the third is the model uncertainty.

Experimental systematic errors come from uncertainty enkhowledge of the distributions
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used in the fitie. Dalitz plot distributions of the backgrounds, and {My,c, AE) and(cos6i,, %)
distributions of the backgrounds and signal), fractiondbatkground components, and the effi-
ciency distribution across the phase space. The model aséteD° — Kgnﬁr decay amplitude

is one of the main sources of error in the analysis. The cumamsurement uses the same model
variations as in the previous analysis [6] giviig; = 8.9° as a model uncertainty estimate. The sta-
tistical precision of thep; measurement is already comparable to the estimated mocidtaimty.
However, it is possible to eliminate this uncertainty usihg constraints on thB® — K2t -
decay amplitude obtained by CLEO in the analysigi¢8770 — D°D° decays [9, 10].

The two event sample&" — DK* andB™ — D*K™, are combined in order to improve the
sensitivity togs. The confidence levels for the combination of two modes ataindd using the
frequentist technique based on the parameters PDFs fondividual modes. From the combina-
tion of all modes, we obtain the valyg = 78.4° 7198 (stat)+ 3.6°(syst)+ 8.9°(mode) (the solu-
tion with 0 < @5 < 180°). We also obtain values of the amplitude ratigg = 0.160"0 J39(stat)+
0.011(systy S 9;9(model). andrp-k = 0.196"5953(stat)+ 0.012(syst)y 3955(model). With the sys-
tematic and model errors taken into account, @t violation significance is estimated to be
(1-5x 107%), or 3.5 standard deviations. The results agree with the uneamnts performed
by BaBar collaboration using the same technique [11].

In summary, we report results of a measurement of the utyitaidngle angleps with a method
based on Dalitz plot analysis @° — K2rr" i~ decay in the procesBt — DK™ using a 605
fbo—! of data collected by the Belle detector. Compared to preljoreported measurement, the
precision was improved by adding the sample vilthdecaying toDy state. The significance of
CP violation for the combined measurementis- 5 x 10~4), or 3.5 standard deviations.
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