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Measurement of C P-Violating Asymmetries
in the Neutral B Meson Decaying to the pr State
Using a Time-Dependent Dalitz Plot Analysis
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In the standard model (SM), CP violation arises from an irreducible phase in the Cabibbo-
Kobayashi-Maskawa (CKM) matrix [1, 2]. A Dalitz plot analysis of the decay B® — pr —
7*+m~ 70 offers a unique way to determine the angle ¢» in the CKM unitarity triangle without
discrete ambiguities (for ¢ in the range between 0 and =), which cannot be obtained from
analyses of other modes sensitive to ¢z such as B — 7w or B — pp [3]. The Dalitz plot
analysis uses isospin and takes into account a possible contamiration from b — d penguin
transitions. In addition, using measurements of the related charged decay modes B¥ — p+x?
and Bt — pOn* provides further improvement of the ¢, determination [4, 5].

In this Thesis, we present the result of time-dependent Dalitz plot analysis in B® — n+z—7°
decays and a constraint on ¢, based on the result. We use a 414 fb~! data sample that contains
449 x 10BB pairs collected on the Y(4S) resonance. The data were taken at the KEKB
collider [6] and collected with the Belle detector [7].

In the decay chain T(45) — B°BY — fcp fieg, where one of the B mesons decays at time
tcp to a final state fop = 7t~ 7% and the other decays at time tiag to a final state frag that
distinguishes B® and B°, the time- and Dalitz plot-dependent differential decay rate is
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Here ‘s, is the Lorentz-invariant amplitude of the BO(B®) — 7~ 70 decay, b-flavor charge
Gtag = +1(—1) when fiag is a B® (B?) flavor eigenstate, and At = tcp — trag; and p and g
define the mass eigenstates of neutral B mesons as pB® + ¢B°, with average lifetime 70 and
mass difference Amg. The variables of Dalitz plot, sy, s—. and sg are defined as

s+ = (p+ +p0)’, s-=(p-+m)® and so=(ps+p-)%

where p,, p—, and po are the four-momenta of the 7+, 7, and 7°, respectively, in the decay
of B® — 7t~ 70 The amplitudes ‘A3 have the following Dalitz plot dependences

Asr(sy.s2) = > fe(sy.s-)A*, and
x=(+,—,0)

Phgclspr52) = 3 Fulsy,s)A",

p K=(+,—,0)



where ‘A", A, and ‘“A° are complex amplitudes corresponding to B®(B®) — ptn~, p~nt,

and p°n%, respectively.
By the Dalitz plot analysis, we determine all the relative sizes and phases of the amplitudes
A" and A". The amplitudes are related to ¢» through an isospin relation [4, 5] by

At + A=+ 240
Consequently, the Dalitz plot analysis allows us to constrain ¢, without discrete ambiguities.

Combining our analysis with information on charged B decay modes, we perform a full Dalitz
and isospin analysis for the first time and obtain a constraint on the CKM angle ¢»,

68° <@g < 95° .

as the 68.3% confidence interval consistent with the standard model (SM). A large SM-
disfavored region also remains. This result is combined with the other measurements from
B — 7w and B — pp, and its consistency with the SM expectation is examined; we confirm
they are consistent with each other at a precision of ~ 7°.

The amplitudes A® and A" can also be related to the quasi-two-body CP-violation pa-
rameters of B® — p*7¥ decay processes, As,f , C, AC, S, and AS, which describe the time-
dependent decay rates of the processes as

1+ CP
ZidAlt ~ —2"4”— e~ 12t/g0 [1 — Grag * (C = AC) cos(AmyAt) + grag - (S £ AS) sin(AmdAt)] ,

where the upper (lower) signs are taken for B® — pt#~ (p~ 7). Our analysis yields

ASP = —0.12£0.05+0.04,

4 —0.13+0.09 +0.05

AC = +0.36+0.10%0.05,

S = +0.06+0.13£0.05, and
AS = —0.08+0.13+0.05,

where the first and second errors correspond to statistical and systematic errors, respectively.
We can relate the .Af,,P , C, and AC with the direct CP-violation parameters .Aj,,‘ and AT,

which are defined by o
(B — pTa¥) - T(B® — p*a¥)

AEF = = :
T T(BY — pFat) + [(B® — p*r¥F)
We obtain
AtT = +0.21+0.08+0.04. and
AY = +0.08£0.17+0.11.

Our measurement also includes the information on the quasi-two-body process of B® — pz°,
whose time-dependent decay rate is
dr
A~ €A a0 [1 + Grag * Ayo70 COS(AMAAL) + Giag - Spon0 sin(AmdAt)] :
The CP-violation parameters Aporo and Spono are measured to be
Appe = —049+036+0.28, and
Spoge = +0.17x£0.57+0.35.

where S,0-0 is measured for the first time.
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