RAPID COMMUNICATIONS

Study of time-dependentCP-violating asymmetries in b-»sﬁq decays

PHYSICAL REVIEW D 67, 03110ZR) (2003

K. Abe® T. Abe??|. Adachi® H. Aihara’® K. Akai,2 M. Akatsu??> M. Akemoto? Y. Asano?® T. Aso*’ V. Aulchenko!
T. Aushev? A. M. Bakich* Y. Ban? A. Bay,'8I. Bizjak,'* A. Bondar! A. Bozek?® M. Bradcko,2>*3J. Brodzicka?®
T. E. Browder! B. C. K. Casey, P. Chandg?® Y. Chao?® K.-F. Chen?® B. G. Cheor?® R. Chistov!? S.-K. Choi® Y. Choi*®
Y. K. Choi,*® A. Drutskoy*? S. Eidelmart, V. Eiges'? Y. Enari?? C. Fukunag4® K. Furukawa® N. GabysheV,
A. Garmash;® T. Gershorf B. Golob!®*® A. Gordon?! J. Habd K. Hara® H. Hayashii?® M. Hazumi® T. Higuchi®
T. Hojo° Y. Hoshi** W.-S. Hou?® Y. B. Hsiung?®* H.-C. Huang® T. Igaki?? Y. Igarashi® T. lijima,?? H. Ikeda® K. Inami??
A. Ishikawa?? R. Itoh® H. lwasaki® Y. lwasaki® H. K. Jang®’ J. Kanekd** J. H. Kang®* J. S. Kang'® N. Katayam&,
H. Kawai? H. Kawai*® Y. Kawakami?? T. Kawasak?® H. Kichimi,2 M. Kikuchi,® E. Kikutani® D. W. Kim,%8 H. J. Kim>*
H. O. Kim,®® Hyunwoo Kim2® J. H. Kim*® S. Kobayash?> H. Koiso® S. Korpar?®13P. Krizan®®p. Krokovny!
R. Kulasiri}! Y.-J. Kwon>! J. S. Lang€**G. Leder'! S. H. Lee?” S.-W. LinZ® D. Liventsev}? J. MacNaughtor! F. MandI!
D. Marlow,* T. Matsuishi?? S. Matsumotd, T. Matsumotd® S. Michizono® W. Mitaroff,!* K. Miyabayash?®
Y. Miyabayash?? H. Miyake3® H. Miyata?® J. MuelleP™ T. Nagamine’? Y. Nagasakd, T. Nakadaird® T. T. Nakamurd
E. Nakand® M. Nakao® H. Nakazawd, J. W. Nam®® Z. Natkaniec® S. Nishida'® O. Nitoh*® S. Noguch#®
T. Nozaki® S. Ogawd? Y. Ogawa® Y. Ohnishi® T. Ohshim&? N. Ohuchi® T. Okabe?? S. Okund* S. L. Olsen
W. Ostrowicz?® H. Ozaki® H. Palka?® C. W. Park!® H. Park!’ J.-P. Perroud® L. E. Piilonen?® M. Rozansk&?® K. Rybicki,?®
H. Sagawd,S. Saitolf Y. Sakai® A. Satpathy** O. Schneidet® S. Schrenk J. Schmann?® S. Semeno¥? K. Senyo??
R. Seustef,M. E. Sevior?* H. Shibuya®® T. Shidard® B. Shwartz! V. Sidorov? J. B. Singh®! N. Soni®!
S. Stani®* M. Staric*® A. Sugi?® K. Sumisawd T. Sumiyoshi*® S. Suzukir® S. Y. Suzuk® S. K. Swain’ T. Takahashf®
F. Takasakf K. Tamai® N. Tamura2® J. Tanakd? M. Tanaka® M. Tawada® G. N. Taylor?! Y. Teramotc?® S. Tokuda??
T. Tomura?® T. Tsuboyam@, T. Tsukamotd, S. Uehard, Y. Unno? S. Uno® Y. Ushiroda® S. E. Vahseri® G. Varner’
K. E. Varvell ¥ C. C. Wang® C. H. Wang?* J. G. Wand® Y. Watanabé? E. Won!® B. D. Yabsley!® Y. Yamada®
A. Yamaguchf?? Y. Yamashite’ M. Yamauchi® H. Yanai?® M. Yokoyama’® M. Yoshida® Y. Yuan!® Y. Yusa/?
Z. P. Zhang® and D. Dntart®®®

(Belle Collaboration
1Budker Institute of Nuclear Physics, Novosibirsk

2Chiba University, Chiba
3Chuo University, Tokyo
4University of Cincinnati, Cincinnati, Ohio 45221
SUniversity of Frankfurt, Frankfurt
5Gyeongsang National University, Chinju
7University of Hawaii, Honolulu, Hawaii 96822
8High Energy Accelerator Research Organization (KEK), Tsukuba
®Hiroshima Institute of Technology, Hiroshima
Wnstitute of High Energy Physics, Chinese Academy of Sciences, Beijing
Hnstitute of High Energy Physics, Vienna
Institute for Theoretical and Experimental Physics, Moscow
133, Stefan Institute, Ljubljana
MKanagawa University, Yokohama
5K orea University, Seoul
18Kyoto University, Kyoto
Kyungpook National University, Taegu
Bnstitut de Physique des Hautesitgies, Universitele Lausanne, Lausanne
SUniversity of Ljubljana, Ljubljana
2Oyniversity of Maribor, Maribor
2yniversity of Melbourne, Victoria
22Nagoya University, Nagoya
2Nara Women's University, Nara
24National Lien-Ho Institute of Technology, Miao Li
®National Taiwan University, Taipei
26H. Niewodniczanski Institute of Nuclear Physics, Krakow
2’Nihon Dental College, Niigata
2Niigata University, Niigata
20saka City University, Osaka
300saka University, Osaka
3panjab University, Chandigarh
32peking University, Beijing

0556-2821/2003/68)/0311026)/$20.00 67 031102-1 ©2003 The American Physical Society



RAPID COMMUNICATIONS

ABE et al. PHYSICAL REVIEW D 67, 031102ZR) (2003

33Princeton University, Princeton, New Jersey 08545
34RIKEN BNL Research Center, Upton, New York 11973
353aga University, Saga
3éUniversity of Science and Technology of China, Hefei
37Seoul National University, Seoul
%8sungkyunkwan University, Suwon
3%University of Sydney, Sydney, New South Wales
4%Toho University, Funabashi
“Tohoku Gakuin University, Tagajo
42Tohoku University, Sendai
“University of Tokyo, Tokyo
4Tokyo Institute of Technology, Tokyo
4*Tokyo Metropolitan University, Tokyo
46Tokyo University of Agriculture and Technology, Tokyo
4Toyama National College of Maritime Technology, Toyama
48University of Tsukuba, Tsukuba
“NVirginia Polytechnic Institute and State University, Blacksburg, Virginia 24061
50vokkaichi University, Yokkaichi
5lyonsei University, Seoul
(Received 25 December 2002; published 27 February 2003

We present a measurement@P-violation parameters in tl'b—>saq penguin transitionsq=s,u,d) based
on a 78 fb'! data sample collected at thé(4S) resonance with the Belle detector at the KEKB energy-
asymmetrice" e~ collider. One neutraB meson is reconstructed in theK2, K*K~K2, or »'K2 decay
channel, and the flavor of the accompanyigneson is identified from its decay produc€@P violation
parameters for each of the three modes are obtained from the asymmetries in the distributions of the proper-
time intervals between the twB decays.

DOI: 10.1103/PhysRevD.67.031102 PACS nuni§er11.30.Er, 12.15.Hh, 13.25.Hw

In the standard modéEM), CP violation arises in weak a significant deviation in the time-depend&@® asymmetry
interactions from an irreducible complex phase in thejn these modes from what is observed brsccs decays
Kobayashi-Maskaw&KM) quark-mixing matrix{1]. In par-  would be evidence of & P-violating phase not expected in
ticular, the SM predictsCP-violating asymmetries in the the KM model.
time-dependent rates f&° andB® decays to a commo@ P In the decay chaifY (4S)—BB%— fcpf g, Where one
eigenstatd -p [2]. Recent measurements of tBé-violating  of the B mesons decays at tintgp to a final statef-p and
parameter sin@; by the Belle[3,4] and BaBarf5] Collabo-  the other decays at timig,q to a final statef ,q that distin-
rations establishe@P violation in neutralB meson decays guishes betweeB® andB®, the decay rate has a time depen-
mediated by thé— ccs tree transitior{6] at a level consis- dence given by10]
tent with KM expectations.

Despite this success, many tests remain before one can
conclude that the KM model provides a complete descrip-
tion. For example, the charmless deca§8— ¢KS, B°
—K*K™KY, and B°— K2, which are mediated by the + AcogAmgAt) ]}, 1)

b—sss transition B°— n’Kg also receive—sdd andb

—|At|/7g0
P(At)=——{1+q-[SsinAmgAt)
47'BO

i where 750 is the B lifetime, Amy is the mass difference
—suu penguin contributionsare potentially sensitive t0 petween the tw@°® mass eigenstatedt=tcp—tig, and the

new CP-violating phases from physics beyond the $%.  p-flavor chargeg=+1 (—1) when the taggin@® meson is a
SM contributions from theb—uus tree diagram are ex- B° (§0)_ TheCP-violating parameters and.A are given by

pected to be highly suppressggi9]. Thus, the SM predicts

that CP violation measurements in these charmless modes 2 1m(\) IN2—1
should yield sin 2, to a good approximation. Consequently, = =

:—l - l (2)
IN2+1 IN2+1

*On leave from Fermi National Accelerator Laboratory, Batavia,Where}\ is a complex parameter that depends on both the

llinois 60510. B%-B® mixing and the amplitudes foB® and B® decay to
fOn leave from University of Pittsburgh, Pittsburgh, PA 15260. fce- TO @ good approximation in the SNA| is equal to the
*0On leave from Nova Gorica Polytechnic, Nova Gorica. absolute value of the ratio of tt&°— fp to B’— f-p decay
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amplitudes. The SM predict§= — £sin 2¢;, where &= K"K~ pairs that are consistent with®—K*"K™ or xco
+1 (—1) corresponds t& P-even(-odd) final states; and —K*K~ decay.

A=0 (or equivalently [\|=1) for both b—ccs and b For reconstructe®— f.p candidates, we identifp me-

_.sss transitions. son decays using the energy different&=Eg"—E; 5,

In this paper, we report the first measurementgi®  and cn;[?ez bcen?n;-energy Cmcsor?strained maswlbc.
asymmetries iB°— ¢K2 andK *K ~K2 decays, and an im- = V(Efean”— (P§™)?, Where Egey,is the beam energy in

proved measurement f@°— »'K decay[11] based on a the cms, andg™ andpg™ are the cms energy and momen-

78 fb! data sample, which contains 88.0° ngairs. Data tum of thg reconstructe@ candidate, respectively. The
are collected with the Belle detector at the KEKB energy-M€SOn &gngl region is defined as 5'207 G@#OM be
asymmetricee~ (3.5 on 8 GeV collider [12] operating at < 2-29 GeVt” and |AE[<0.051 (OBeV for B"— ¢Kg or
the Y (4S) resonance. At KEKB, th¥ (4S) is produced with  |AE[<0.040 GeV forB°—K*K~Kg. In order to suppress
a Lorentz boost of3y=0.425 nearly along the electron the background from the"e™—qq (q=u,d,s) andcc con-
beamline ¢). Since theB® and B® mesons are approxi- tinuum, we form signal and bacl_<ground likelihood fun_ctions,
mately at rest in th& (4S) center-of-mass systefoms, At Ls and Lgg, from a set of vangbles that characterize the
can be determined from the displacementzihetween the —€vent topology{9,11]. We determines from Monte Carlo
fcp and fp, decay vertices: At=(zcp—2Zug)/ByC (MC) simulation andLgg from dat.a, gnd impose mode-
=Az/Byc. dependent thresholds on the likelihood ratifs/(Lg
The Belle detectof13] is a large-solid-angle spectrometer + Lgg).- The numbers of reconstructed candidates are 59 and
that includes a three-layer silicon vertex deted®WD), a 230 for B’— ¢K2 andB°—K K"K, respectively.
50-layer central drift chamber, an array of aerogel threshold For B°— 7’K2 decay, we use the same selection criteria
Cherenkov counters, time-of-flight scintillation counters, andas those used in our previously published analysl if
an electromagnetic calorimeter comprised of(TBlcrystals  both of the charged pions in thg’— =7~ % or the 7’
located inside a superconducting solenoid coil that provides- p®y decay have associated SVD hits. We also reconstruct
a 1.5 T magnetic field. An iron flux-return located outside ofevents where only one of the charged pions has associated
the coil is instrumented to deteKtE mesons and to identify SVD hits. In this case, the requirement on the impact param-
muons. eter is relaxed for the track without SVD hits, while a higher
We reconstrucB® decays to¢Kg and ﬂ’Kg final states threshold is imposed on the likelihood ratio. The number of
for &=—1, andB®— K *K ~K2 decays that are a mixture of reconstructe®’— »'Kg candidates is 311.
&=+1 and—1. K"K~ pairs that are consistent with the ~ Charged leptons, kaons, pions, ahdaryons that are not
$—K K~ decay are excluded from thB°—>K+K‘Kg associated with the reconstructigs decay are used to iden-
sample. We find that th&*K K2 state is primarilys;= tify the b flavor of the accompanying meson, which decays
+1; the &=+1 fraction is 1.040.19 (stat}- 0.06(syst) into fy. Based on the meaSL!red properties of these trgcks,
[9]. In the following determination of and A, we fix &= two parametersq andr, are assigned to each everjt. The first,
+1. The intermediate meson states are reconstructed frofh has the discrete value1 (—1) when the tag-sid& me-
the following decay chainsz’—p°(—m )y or '  sonis more likely to be 8° (B%). The parameter is an
—ata (= yy), K%—» mta, andgp—KTK ™. event-by-event MC-determined flavor-taggjng _dilution factor
CandidateK%— 7+ 7~ decays are oppositely charged that ranges front=0 for no flavor discrimination ta =1
track pairs that have an invariant mass within 15f0r an unambiguous flavor assignment. Itis used only to sort
(12) MeV/c? of the nominal Kg mass for theBO—>¢Kg data into six intervals of, according to the estimated flavor

(B°—>K+K‘Kg) mode. The displacement of the" 7~ ver- purity. The wrong-tag probabilities for each of these inter-

tex from the nominal interaction poidiP) in the plane trans- Vals’év'd.(l - 1|6]2 Wh'ﬁh :awe usgd |n|the|;%ngl fit, are deter-
verse to the positron beam axis-§ plane is required to be n?lnt_a | Irectly from t C‘f all;ca. amp eﬁ Iecays to_l_ex;j
greater than 0.1 cm and less than 20 cm. The direction of th& u5|ye y recor]struc.te seli-tagging Oc_%nne.s. are utilized to
combined pion-pair momentum in tieg plane is required OPtain w; using time-dependen”-B” mixing: (Nor

to be within 0.2 rad of the direction defined by the IP and the~ NsB/(Nort Nsg) = (1—2w;)cos@myAt), whereNor and
displaced vertex. We select candidates K"K~ decays re- Ngg are the numbers of opposit8{B°—B°B°) and same
quiring that theK*K ~ invariant mass is within 10 Me¥?  (B9B°— B°BP B®B) flavor events. The event fractions and
of the nominal¢ meson mass, th¢g meson momentum in  wrong tag fractions for each interval are described else-
the cms exceeds 2.0 Ged//and theK "K ™ vertex is consis-  where[4].

tent with the IP. Since thé meson selection is effective in The decay vertices d8° mesons are reconstructed using
reducing background events, we impose only minimal kaontracks that have enough SVD hits: i.e. batandr-¢ hits in
identification requirements. For selection of non-resonangt least one SVD layer and at least one additional layer with
KKK candidates, more stringent kaon-identification re-a z hit, where ther-¢ plane is perpendicular to treaxis.
quirements, which retain 86% ®f* at a 7% fake rate for Each vertex position is required to be consistent with the IP
=, are used. In this case, charged tracks that are positivelyrofile, which is determined run-by-run and smeared in the
identified as electrons or protons are excluded. In addition to-¢ plane by 21um to account for theB meson decay
the rejection of ¢ meson candidates, we reject length. With these requirements, we are able to determine a
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TABLE I. The numbers of reconstructeB’— f.p candidates ground comes from continuum events. In addition, according
used forS and A determination,Ne,, and the estimated signal to MC simulation, there is a non-negligible-8%) contami-

purity in the AE-M . signal region for eaclicp mode. nation from BB background events irBO—>77’Kg ('

Mode & Noy Purity —p%y). The contributions fronBB events are smaller for
other decay modes. The contaminatiorKafK ~K2 events in
BKS -1 53 0.67 505 the K sample(and vice verspis also small and is treated
K*K Kg +1 (100%) 191 050903 as a source of systematic uncertainty. Finally, backgrounds
7Kg -1 299 0.49-0.05 from B%— f,(980)K2 decay, which has the opposi@&P ei-

genvalue topK?, are found to be negligible.

We determineS and A for each mode by performing an
vertex even with a single track. The vertex position for theynbinned maximum-likelihood fit to the observad distri-
fcp decay is reconstructed using charged kaons B8r  pution. The probability density functioPDF) expected for
— ¢K2 and B~ K"K~ K2 decays and charged pions from the signal distribution is given by E¢L) with q replaced by
p° or 7’ decays forB°— 7'K2. The algorithm for thefi,g  q(1—2w)) to account for the effect of incorrect flavor as-
vertex reconstruction is chosen to minimize the effect ofsignment. The distribution is convolved with the proper-time
long-lived particles, secondary vertices from charmed hadinterval resolution functiorRg(At), which takes into ac-
rons, and a small fraction of poorly reconstructed trddiks. count the finite vertex resolution. It is formed by convolving
From all the charged tracks with associated SVD hits excepfour components: the detector resolutions fge and z,,,
those used fofcp, we select tracks with a position error in the shift in thez,q vertex position due to secondary tracks
the z direction of less than 50@m, and with an impact originating from charmed particle decays, and the kinematic
parameter with respect to thé-p vertex of less than approximation that th® mesons are at rest in the cifrisf].
500 um. Track pairs with opposite charges are removed ifA small component of broad outliers in thez distribution,
they form aKg candidate with an invariant mass within caused by mis-reconstruction, is represented by a Gaussian
+15 MeV/c? of the nominaIKg mass. If the reduceq? function P,(At). We determine 12 resolution parameters
associated with thé,,, vertex exceeds 20, the track making and the neutral- and charg&d-lifetimes simultaneously
the largesty? contribution is removed and the vertex is re- from a fit to theAt distributions of hadroni® decays and
fitted. This procedure is repeated until an acceptable reducetbtain an averagét resolution of~1.43 ps(rms). We de-

x? is obtained. termine the following likelihood value for each event:
After flavor tagging and vertex reconstruction, we obtain .

the numbers oB%—fep candidatesNey, listed in Table I. Pi(At; ;S,A):(l—fm)f [FoigPag AL, 0, W) Reg( A,
Figure 1 shows th# . distributions for the reconstructed —o

B candidates that hav&E values within the signal region. , ,
To assign an event-by-event signal probability for use in ~AU) (1= fsig) Pog AL") R (Al

the maX|mL_1m—I|keI|hooq flt_ of _thé: P—V|o_lat|ng_ parameters, —At)]d(At) + f P (AL, (3)

we determine event distribution functions in tAeE-M

plane for both signal and background. The signal distributiorwhere f,, is the outlier fraction and g is the signal prob-

is modeled with a single two-dimensional Gaussian, wherebility calculated as a function &E andMp.. Pyg(At) is

the widths are allowed to float in the fit to data. For thea PDF for background events, which dilutes the significance

continuum background, we use a linear functionAdt and  of CP violation in Eq.(1). It is modeled as a sum of expo-

the ARGUS parameterizatidri5] for M,.. We use events nential and prompt components, and is convolved with a sum

outside the signal region as well as a large MC sample tof two GaussiansRy,g, Which represents a resolution func-

study the background components. The dominant backtion for the background. All parameters®y(At) andRyq

Y 16¢ o o T0F B¢ _’ang |
~. 14} ~— 40} ~
P > > 60
% 12} & )
o 10f o 30F
g g
S 8¢ S 5
2 51 2
5 4 : L
g g wfl i
) Iy a |
O 5525 531 526 528 5.3 O 5527 521 526 525 5.3 525 55T 526 525 5.3
M,, (GeV/&) M, (GeV/c) M,, (GeV/c)

FIG. 1. The beam-energy constrained mass distributionBtes qng (left), BOHK*K’Kg (centey, andB°— n’Kg (right) within the
AE signal region. Solid curves show the fit to signal plus background distributions, and dotted curves show the background contributions.

The background foB®— n’K(S’ decay includes an MC-estimat&B background component.
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TABLE Il. Results of the fits to the\t distributions. The first

errors are statistical and the second errors are systematic. The thi

error for theK"K~K2 mode arises from the uncertainty in the
fraction of theCP-odd component.

Mode —&:S(=sin 2¢, in the SM) A(=0 in the SM)
K —0.73+0.64+0.22 —0.56+0.41+0.16
KK KS  +0.49+0.43+0.11°3%  —0.40+0.33+0.10' 5%
7' K2 +0.71x0.37°302 +0.26+0.22+0.03

are determined by the fit to thét distribution of a
background-enhanced control sampl®]; i.e. events away
from the AE-M . signal region. We fixrgo andAmy at their
world-average valuegl7]. The only free parameters in the
final fit areS and A, which are determined by maximizing
the likelihood function

L=]] Pi(At;;S.A), (4)

RAPID COMMUNICATIONS
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where Nag—+1(-1) is the number of observed candidates

Yéhth gé;=+1 (—1). The curves are obtained from an
unbinned-maximum likelihood fit to thét distributions.
These are the first measurements of @t violation param-
eters forB®— ¢K2 andB®— K "K K decays. The result for
7' K2 supersedes the previous reqult]. We obtain values
consistent with the present world average of sip=2
+0.734+0.054 [19] in B°~K"K K2 and »'K2 decays,
while a 2.1 deviation is observed iB°— ¢K2 decay.

Fits to the same samples with the diréeP violation
parameterA fixed at zero yield— ¢S=—0.83+0.72 (sta)
for B°—¢K2, —¢S=+0.59+0.47 (stay for B°
—K*K"KY, and —¢S=+0.77-0.38 (stap for B°
— n’Kg. As a consistency check for the term, we select
the chargedB meson decay8" — ¢K* andB* — 7' K™
and apply the same fit procedure. We obtas +0.05
+0.32 (stah, A=+0.29+0.24 (stap for B* — K" decay
and S=—0.03+0.20 (stay, A= +0.05+0.13 (stap for B*
—n'K™ decay. Both results on thé term are consistent
with no CP asymmetry, as expected.

The largest source of systematic error for B%— ¢Kg

where the product is over all events. Table Il summarizes th&ode is the uncertainty in the signal fraction and the back-

results of the fit. The table shows the values.fand of
—&:S, which, in the SM, is equal to sinf. The first errors

ground At shape (-0.17 for S and £0.14 for A in total)
determined from the events in the sideband regions in the

are statistical and the second errors are systematic. The thiffE-Mpc plane. Other significant contributions come from
error for theK*K “K2 mode arises from the uncertainty in uncertainties in the vertex reconstruction, the resolution

the fraction of theC P-odd componenf9].
Figure 2 shows the observesit distribution for gqé;=
—1 (upper figurg andqé; = + 1 (lower figure event samples

function parameters, wrong tag fractiongp, andAmy. We
add each contribution in quadrature to obtain the total sys-
tematic uncertainty. Systematic uncertainties from these

for eachfcp mode. We test the goodness-of-fit using Fig. osources are also examined for the other modes. We find that

from a x2 comparison of the results of the unbinned fit andthe largest uncerta

the At projections forB°— ¢K2, B®—-K*K K2, andB°
—7'K2 candidateq18]; we obtain 22.1, 15.8, and 16.5,

respectively, where the number of bins for each decay mod

is 16.
Figure 3 shows the raw asymmetry in edchbin without
background subtraction, which is defined by

inties arise from the vertex reconstruction
(+0.09 for S and +0.08 for A) for the B°—>K 'K K2
mode, and from the resolution function parametérg for

§) and the signal fraction €£0.02 for A) for the B°

— 7'K2 mode.

In summary, we have performed the first measurement of
CP violation parameters in thB°— K2 andK *K ~K de-
cays. We also provide an improved measurementnfd{g
decay. These modes are dominated bylthesss transition
and are sensitive to possible n&P-violating phases. Our

A=N +N ©
ag=-1" Na¢=+1 results for B°— 5'K2 and K"K K2 are consistent with
16 100
b 50 | B° — K*K"K§ gé=-1 ol B" —n'K§ gé=—1
1 40
60
) 8 F [95] 30 5]
A, L 2 50 a, 40
o~ 4F ™ Q)
o 10 N 20
g 0 w 0 3 0 =
B 1ot é 5 E 80 =+
= 3 40 g
<5 st [€5) 30 = 60
A 20 40
8 —6-4-20 2 4 6 8 -8 -6-4-20 2 4 6 8 0—8—6—4—20 2 4 6 8

At (ps)

At (ps)

At (ps)

FIG. 2. TheAt distributions forB°— ¢K2 (left), B~ K"K ~K$ (centey, andB°— 'K (right) decays. The upper and lower plots are
for gé;=—1 andqé;=+1 candidates, respectively. The solid curves show the results of the global fits, and dashed curves show the

background distributions.
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5 ! B’ — ¢K} o 1 B — K*K-K} . 1t B - /K}

B = =2

[«] [} [«]

X x ++ X

E o E o 5 o

@ + ] &

g 05 E 05 z 05

~ -1 ~ -1 A -1

-8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8
At (ps) At (ps) At (ps)

FIG. 3. TheAt asymmetryA, in each bin forB°— ¢K2 (left), B~ K"K~ K2 (centej, andB°— 'K (right), respectively. The curves,
which originate from time-dependent asymmetries given-liyS sin(AmyAt) — &:.4 cosAmyAt), show the results of the unbinned-maximum
likelihood fit.

those obtained foB°—>J/¢/;Kg and other decays governed by under contract No. 10175071; the Department of Science and
the b—ccs transition. A 2.1 deviation is observed foB?  Technology of India; the BK21 program of the Ministry of
— pK2. Education of Korea and the CHEP SRC program of the Ko-

We wish to thank the KEKB accelerator group for the réa Science and Engineering Foundation; the Polish State
excellent operation of the KEKB accelerator. We acknowl-Committee for Scientific Research under contract No. 2P03B
edge support from the Ministry of Education, Culture, 17017; the Ministry of Science and Technology of the Rus-
Sports, Science, and Technology of Japan and the Japan S¥ian Federation; the Ministry of Education, Science and
ciety for the Promotion of Science; the Australian ResearctBport of the Republic of Slovenia; the National Science
Council and the Australian Department of Industry, ScienceCouncil and the Ministry of Education of Taiwan; and the
and Resources; the National Science Foundation of Chind.S. Department of Energy.

[1] M. Kobayashi and T. Maskawa, Prog. Theor. P48, 652 [9] Belle Collaboration, K. Abeet al, hep-ex/0208030, Report

(1973. No. BELLE-CONF-0225, contributed paper for the 31st Inter-
[2] A.B. Carter and A.l. Sanda, Phys. Rev.2B, 1567(1981); L.I. national Conference on High Energy Physics, 2002.
Bigi and A.l. Sanda, Nucl. Phy®8193 85 (1981). [10] A general review of the formalism is given in I. I. Bigi, V. A.
[3] Belle Collaboration, K. Abet al., Phys. Rev. Lett87, 091802 Khoze, N. G. Uraltsev, and A. |. Sanda, @P Violation ed-
(2001); Belle Collaboration, K. Abeet al, Phys. Rev. D66, ited by C. JarlskogWorld Scientific, Singapore, 198%. 175.
032007(2002. [11] Belle Collaboration, K.-F. Chest al, Phys. Lett. B546, 196
[4] Belle Collaboration, K. Abeet al, Phys. Rev. D66, 071102 (2002.
(2002. [12] M. Arinagaet al., KEK Report No. 2001-157, 2001.
[5] BaBar Collaboration, B. Auberét al, Phys. Rev. Lett87, [13] Belle Collaboration, A. Abashiast al, Nucl. Instrum. Meth-
091801(2001); BaBar Collaboration, B. Auberét al, Phys. ods Phys. Res. 479, 117 (2002.
Rev. D 66, 032003(2002: BaBar Collaboration, B. Aubert [14] Belle Collaboration, K. Abet al, Phys. Rev. Lett88, 171801
et al, Phys. Rev. Lett89, 201802(2002. (2002.
[6] Throughout this paper, the inclusion of the charge conjugatd15] ARGUS Collaboration, H. Albrechet al, Phys. Lett. B241,
mode decay is implied unless otherwise stated. 278(1990.
[7] Y. Grossman and M.P. Worah, Phys. Lett3B5, 241(1997; [16] Parameters ifPyg(At) and Ry for BB background events in
T. Moroi, ibid. 493 366 (2000; M. Raidal, Phys. Rev. Lett. Boﬂn’Kg decay are determined from MC simulation.
89, 231803(2002; M. Ciuchini and L. Silvestrini,ibid. 89, [17] Particle Data Group, K. Hagiwarat al, Phys. Rev. D66,
231802 (2002; D. Chang, A. Masiero, and H. Murayama, 010001(2002.
hep-ph/0205111. [18] We use EQq(28.9 in Particle Data Group, D.E. Grooet al.,
[8] D. London and A. Soni, Phys. Lett. BO7, 61 (1997; Y. Eur. Phys. J. 5, 1 (2000, p. 196.
Grossman, G. lIsidori, and M.P. Worah, Phys. Rev.58 [19] Y. Nir, hep-ph/0208080, to appear in the Proceedings of the
057504(1998. 31st International Conference on High Energy Physics, 2002.

031102-6



