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Study of B meson decays to three-body charmless hadronic final states
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We report results of a study of charmlégsneson decays to three-bolyr 7, KK 7 andKKK final states.
Measurements of branching fractions fBr decays toK*@z* 7=, KTK*K~, K°KTK~, K*K2K2 and
K2K 2K 2 final states are presented. The deddys> K°K "K~, B™ - K"K K2 andB®— K2k 2K 2 are observed
for the first time. We also report evidence f@&" —K*K «* decay. For the three-body final states
KoK 7™, K&K 27", KK 7~ andK~#" 7", 90% confidence level upper limits are reported. Finally, we
discuss the possibility of using the three-bdafy— K%K+K‘ decay forCP violation studies. The results are
obtained with a 78 fb* data sample collected at th&(4S) resonance by the Belle detector operating at the
KEKB asymmetric energgte™ collider.

DOI: 10.1103/PhysRevD.69.012001 PACS nuntder13.25.Hw, 14.40.Nd

[. INTRODUCTION physics. The SM prediction for the branching fraction of the
decayB* —K "K' 7 is of order 10 '* and even smaller for
Studies of three-body charmless hadronic final states arethe K™ 7 * 7™ final state[2]. However, there are extensions
natural extension of studies of two-body final states. Some o#f the SM where these branching fractions can be enhanced
the final states considered so far as two-béidy example up to 1077 [2,3]. Upper limits on branching fractions for
pm, K*, etc) are, in fact, quasi-two-body since they pro- these final states can be used to constrain parameters in some
duce a wide resonance state that immediately decays, in ttxtensions of the SNH].
simplest case, into two particles producing a three-body final B meson decays tK* @77~ and K*K*K™ final
state. Multiple resonances occurring nearby in phase spa&éates have already been observed by the Belle, BaBar and
will interfere and a full amplitude analysis is required to CLEO experiment$5-7]. For the other three-body charm-
extract correct branching fractions for the intermediate quasiless hadronic final states considered in this paper only upper
two-body statesB meson decays to three-body charmlesslimits have been reported so fi8]. In this paper, we present
hadronic final states may also provide new possibilities fotipdated results on a study Bfmeson decays to three-body
CP violation searches. For example, a new method to extradf 77, KK andKKK final states. We also describe an isos-
the weak angleb, from isospin analysis and measurement ofPin analysis of the decays & mesons to three-kaon final
time dependent asymmetry in the de@%/_) Kgﬂ+77_ has states and discuss the use of Bi&— KgK+K_ three-body
been recently suggested in REf]. Charmless decays &  decay forCP violation measurements.
mesons are also important in current searches for physics The analysis is based on a 787fb data sample, which
beyond the standard mod@M). Among three-body charm- contains 85.0 milliorBB pairs, collected with the Belle de-
less final states, tlB" —K*K* 7~ andB™ =K 7" 7" de-  tector operating at the KEKB asymmetric-energjye col-
cays, which proceed vib—ssd and b—dds transitions, lider [9] with a center-of-maséc.m) energy at theY (4S)
respectively, provide a good opportunity to search for newesonance. The beam energies are 3.5 GeV for pgsitrons and
8.0 GeV for electrons. For the study of teée™ —qq con-
tinuum background we use 8.3 T of data taken 60 MeV
*On leave from Nova Gorica Polytechnic, Nova Gorica. below theY (4S) resonance. The results presented here in-
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clude the previous data and supersede the results on thregent of thew 7~ vertex from the IP in the-¢ plane is

body charmless hadronic final states reported in F&f. required to be greater than 0.1 cm and less than 20 cm. The
direction of the combined pion pair momentum in the
Il. THE BELLE DETECTOR plane must be within 0.2 rad of the direction from the IP to

The Belle detectof10] is a large-solid-angle magnetic the displaced vertex. .
spectrometer based on a 1.5 T superconducting solenoid e reconstrucB mesons in three-bod{mm, KK and
magnet. Charged particle tracking is provided by a threeKKK final states, wheréK stands for a charged or neutral
layer silicon vertex detector and a 50-layer central driftkaon, andm for a charged pion. The inclusion of the charge
chamber (CDC) that surround the interaction point. The conjugate mode is implied throughout this paper. The candi-
charged particle acceptance covers the laboratory polar angiiate events are identified by their c.m. energy difference,
betweend=17° and 150°, corresponding to about 92% of AE=(2E;) — Epeam and the beam constrained ma,

the full solid angle in the c.m. frame. The momentum reso- \/2—» .
lution is determ?ned from cosmic rays aede —u*u” Epeani (2iPi)?, WhereEpea= /s/2 is the beam energy

events to beo, /p,=(0.3050.19,)%, where p, is the in the c.m. frame, an@; andE; are the c.m. three-momenta
t . .
and energies of the candidaBmeson decay products. We

Charged hadron identification is provided #§/dx mea-  SSIECt events withMyc>5.20 GeVE? and —0.30<AE
surements in the CDC, an array of 1188 aerogete@kov < 0-50 GeV. For subsequent analys;s, we also defilé,a
counterstACC), and a barrel-like array of 128 time-of-flight Signalregion of[Mp.—Mg|<9 MeV/c*. o
scintillation counter§TOF); information from the three sub- ~ To determine the signal yield, we use events wiith; in
detectors is combined to form a single likelihood ratio, the signal region and fit th&E distribution with the sum of
which is then used in kaon and pion selection. At large mo-a signal and a background function. TAE& signal is param-
menta 2.5 GeVt) only the ACC and CDC are used to etrized by the sum of two Gaussian functions with the same
separate charged pions and kaons since here the TOF prmean. The widths and the relative fractions of the two Gaus-
vides no additional discrimination. Electromagnetic showersians are determined from the MC simulation. We find that
ing particles are detected in an array of 8736(Tlcrystals  the signal MC events have a 10% narrowdE width than
that covers the same solid angle as the charged particle trackeen in the data. To correct for this effect, we introduce a
ing system. The energy resolution for electromagnetic showscale factor that is determined from the comparison of the
ers iS‘TE/_E:(_1_'3@_0-07_/5@0'8’_51/4)%’ whereE is in GeV.  AE widths forB*—D%#" events in MC and experimental
Electron identification in Belle is based on a combination of 5o TheAE shape of the8B produced background is de-

dE/dx measurements in the CDC, the response of.the ACcfermined from MC simulation, as described below. The back-
and the position, shape and total energy depositica, .o —
E/p) of the shower detected in the calorimeter. The electrordround frome’e”— qq (q=u, d, s and ¢ quarks con-

identification efficiency is greater than 92% for tracks with inuum events is represented by a linear function.
piap>1.0 GeVE and the hadron misidentification probability

is below 0.3%. The magnetic field is returned via an iron

yoke that is instrumented to detect muons #fdmesons. IV. BACKGROUND SUPPRESSION

We use aGEANT-based Monte Carlo(MC) simulation

to model the response of the detector and determine accep:
tance[11].

transverse momentum in Ga\//

An important issue for this analysis is the suppression of
e large combinatorial background, which is dominated by

gqq continuum events. We suppress this background using

variables that characterize the event topology. A more de-

tailed description of the background suppression technique
Charged tracks are selected with a set of track qualitican be found in Refl5].

requirements based on the average hit residual and on the Since the twoB mesons produced from ai(4S) decay

distances of closest approach to the interaction @&MitWe  are nearly at rest in the c.m. frame, their decay products are

also require that the track momenta transverse to the beam p@correlated and events tend to be spherical. In contrast, had-

greater than 0.1 GeW/to reduce the low momentum com- . ¢ . continuumgq events tend to exhibit a two-jet

pmatonal back_ground. For charggd kgon |.d.ent!f|cat|or_1, Westructure. We us@,, which is the angle between the thrust
impose a requirement on the particle identification variable

which has 86% efficiency and a 7% fake rate from misiden—a.xIS .Of .theB candidate and that of the rest of t.he_eve_,-nt, to
iscriminate between the two cases. The distribution of

tified pions. Charged tracks that are positively identified a : . .
electrons or protons are excluded. Since the muon identific cosfn|, shown in Fig. 1a), 1 strongly peaked near
tion efficiency and fake rate vary significantly with the track |CoS%n| = 1.0 forgq events and is nearly flat f@B events.

momentum, we do not veto muons to avoid additional sysWe requirefcosf,|<0.80 for all three-body final states; this
tematic errors. eliminates about 83% of the continuum background and re-

Neutral kaons are reconstructed via the deedyK?) ~ [@ins 79% of the signal events. R
—a* 7. The invariant mass of the two pions is required to  After imposing the co&, requirement, the remainingq
be within 12 MeV£? of the nominalk® mass. The displace- and BB events still have some differences in topology that

Ill. EVENT SELECTION
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FIG. 1. Distribution of(a) |cosy,| and(b) Fisher discriminant for th8*—K* 7" 7~ signal MC eventshistogram, B* —D°x* events
in data(open circley andqq background in below-resonance défiled circles.

are exploited for further continuum suppression. A Fisher V. B*O KO gt g~
discriminant{12] is formed from 11 variables: nine variables
that characterize the angular distribution of the momenturqin
flow in the event with respect to tH& candidate thrust axis
[13], the angle of theB candidate thrust axis with respect to
the beam axis, and the angle between Bheandidate mo-
mentum and the beam axis. The discrimindtjs the linear
combination of the input variables that maximizes the sepa
ration between signal and background. The coefficients arg

determined using below-resonance data and a large set : . . .
B*—K*mtm signal MC events. We use the same set of Inal state, we also exclude candidates if the invariant mass

coefficients for all three-body final states. Figur@®)lcom- of any pair of oppositely_charged tracks from feandidate
pares theF distributions for theB* —K* 77~ signal MC IS consistent with theD®—K* 7~ hypothesis within 15
MeV/c? (~2.50), independently of the particle identifica-

events, B*—D%r* events in data andqa background " ; ion. Mod ith d/ 29)1in the final
events in below-resonance data. The separation between {fign n ormation. Modes W.'t "b[ v .).] |n_t € fina stat(_e
contribute due to muon-pion misidentification; the contribu-

mean values of the discriminant for the signal and back- b .
ground is approximately 1.3 times the signal width. For alltion from theJ/y{(2S)]—e"e" submode is found to be

K77 and KK final states we impose a requiremefit negligible (less than 0.5%after the electron veto require-
>0.8 on the Fisher discriminant variable that rejects aboufl®nt. We  exclude J/y{ ‘11(252)] 5'9”""'3+ by requiring
90% of the remaining continuum background and retainsM (N"h™) —My,[>0.07 GeVE® and[M(h™h™) =M o)
54% of the signal. The continuum background in the three=>0.05 GeV£?, whereh™ andh™ are pion candidatelsl5].
kaon final states is much smaller and a looser requiremerftinally, we also reject candidates if the* s~ invariant
F>0 is imposed to retain the efficiency. This requirementmass is within 50 Me\4? of the world averagg ., masg8].
rejects 53% of the remainingq background and retains |N€ most significant background from charmi@sdecays is
89% of the signal. found to originate from theB*(©— 2'K*©) followed by

We also consider backgrounds that come from otBer #'— v decays. Another contribution comes from the
decays. We subdivide this background into two types. Thé —p’7 " final state, where one of the final state pions is
first type is the background from decays that are dominantlynisidentified as a kaon. There is also a background from
b—c tree transition. The description of these decays is takefVo-body charmles8—K decays. Although this back-
from an updated version of the CLEO group event generatoground is shifted by about 0.2 GeV from tieE signal re-
[14]. The other potential source of background is charmles§ion, it is important to take it into account to estimate cor-
B decays that proceed via—s(d) penguins ob—u tree  rectly the background fromyqg continuum events.
transitions. We studied a large set of potentially serious back- The AE distributions for selected®™ (9 —K O z* 7~
grounds from two-, three-, and four-body final states. Sinceandidates that pass all the selection requirements are shown
the background from otheB decays is substantially mode in Fig. 2. A significant enhancement in tBesignal region is
dependent, we give a detailed description of this type obbserved for both final states. Results of the fits are shown as
background for each final state in the following sections. open histograms in Fig. 2 and hatched histograms represent

We find that the dominant background to #&(© 7" 7~
al states from otheB decays is due to th8—D, D
—Ka decays and due t®"—J/y[4(2S)]K" decays,
where J/y] p(2S)]—u*n~. To exclude the B—Dm
events, we apply the requirement on e invariant mass
[M(K7)—Mp|>0.10 GeVE?, whereMy, is the world aver-
ge value for mass of tHe°(") meson[8]. To suppress the
ckground due tar/K misidentification in theK* 7+ 7~
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FIG. 2. AE distributions for(a) B*—K " 7+ 7~ and(b) B°- K%+ 7. Points with error bars represent data, the open histogram is the

result of the fit, and the hatched histogram shows the total background level. The straight line indicatgsctminuum background
contribution.

the background. While fitting the data we fix the shape of thedentification. The shape of this background is well described

BB background and allow its normalization to float. For by MC simulation. The signal yields from fits are given in
background from charmled® decays we fix the normaliza- Table I.

tion as well. Both the normalization and the slope of ¢
background are floated during the fit. There is a large in-

crease in the level of thBB related background in thAE The dominant background from oth& decays to the
<-0.15 GeV region that is mainly due t8B—D, D three-kaon final states is froB—Dh decays, whereh
—Karar decays. This decay mode produces the same finatands for a charged pion or kaon. To suppress this back-
state as the studied process plus one extra pion that is ngtound, we reject events where the two-particle invariant
included in the energy difference calculation. The deBay mass is consistent within 15 Med (~2.50) with
—Dm, D—Kuv, also contributes due to muon-pion misi- D°—K*K~ for the K"K*K™~ final state and withD*

VI. B—=KKK

TABLE |. Summary of results foB meson decays to three-body charmless hadronic final states. The table lists the three-body decay
modes, the correspondinE resolution for the cored;) and the tail ¢,) Gaussian functions, the fraction of the signal in the core
Gaussian, three-body reconstruction efficiency, the signal yield extracted frofvBtig and branching fractions. The branching fractions
and 90% confidence levéC.L.) upper limits(UL) are quoted in units of ICf. For the modes with neutral kaons the quoted reconstruction
efficiencies include the intermediate branching fractions. Two values foBthd® = efficiency and signal yield correspond %©>0.8
(>0) requirement on the Fisher discriminant.

Three-body AE resolutionoy /o5 Fraction Efficiency(%) Signal Yield B or90% C.L. UL
mode (MeV) (events (1079
Ktmta™ 17.3/35.0 0.85 2150.48 845+ 46 53.6-3.1+5.1
KOt a™ 15.2/40.0 0.85 5.850.11 209 21 45.4-5.2+59
KTKTK™ 14.5/40.0 0.85 2350.50 565~ 30 32.8-1.8+2.8
KOK *K ™ 14.0/40.0 0.85 7.280.17 14915 28.3+3.3+4.0
KKK 14.3/40.0 0.85 6.780.19 66.5-9.3 13.4-1.9x15
KK 2K 2 14.7/40.0 0.85 3.980.17 12.2°33 4.2°15+0.8
KYK ™ 7" 15.5/40.0 0.85 13:80.31 94+ 23 (<130) 9.3-2.3+1.1 (<13)
KOK * 7~ 14.7/40.0 0.85 4.580.16 27+ 17 (<55) <18

KK 27t 15.0/40.0 0.85 5.310.15 —1.8+7.7 (<11) <32

K- mta® 17.0/40.0 0.85 17:60.37 21+ 18 (<51) <45

KYK* 7™ 15.5/40.0 0.85 1420.30 6.5-9.6 (<22.3) <2.4

DOt 14.5/30.0 0.80 17:80.43 (28.8-0.57) 247G 51 (4000Q- 66)

D m" 14.9/40.0 0.80 5.180.11 (8.24-0.14) 300r 16 (451+ 25)
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FIG. 3. AE distributions forB— KKK three-body final states. Points with error bars are data; the open histogram is the fit result; the
hatched histogram is the background. The straight line showgdhsontinuum background contribution.

K" for the K°K K~ final state. To suppress the back- significance of thd%— K 2K K¢ signal, in terms of the num-
ground due torr/K misidentification in theK "K*K ™~ final ber of standard deviations is 43 It is calculated as
state, we also exclude candidates if the invariant mass of ang/— 2In(Loy/ Linay, WhereL,,,, and L, denote the maximum
pair of oppositely charged tracks from tl& candidate is likelihood with the nominal signal yield and with the signal
consistent withD®—K ™~ 7" within 15 MeV/c? (~2.50), yield fixed at zero, respectively. The significance of the sig-
independently of the particle identification information. For nal in all other three-kaon final states exceeds.10

the K°K*K ™~ final state we exclude candidates if tK@h™

invariant mass is consistent with " —K%r" within 15

MeV/c2. We also reject events withka™ K~ invariang mass VIl BYO—K*OK 7%, KKen*, K*K* 7~ AND K™ a*a*
that is consistent withy.o— KK~ within 50 MeV/c?. We ; ; +(O)e =+ 01,0+

do not find any cha:)(n?loesB decay modes that produce a The signals in thek 'K - and KsKsm™ channels
significant background to the three-kaon final states. Th
feed-across betwee "V 7" 7~ and KT OK*K~ final
states is also found to be negligible.

The AE distributions for all three-kaon final states are
shown in Fig. 3, where datépoints with error baljs_are K'K*7 andB*—K " decays, the SM predicts
shown along ﬂ'th the expected backgroudiched histo- exceedingly small branching fractions for these dedas
gramg. The BB background inKKK final states is much mentioned above
smaller than that in th&* (7" 7~ final states and has N0 The background from othe8 meson decays to these final
prominent structures. The results of fits to th& distribu- states is main'y due tB—Dh decaysy wheré represents a
tions are summarized in Table I. While fl’[tlng the data for allcharged pion or kaon. We suppress this background by re-
three-kaon final states we fix not only the shape but also thRscting events where the two-particle invariant mass is con-
normalization of theBB related background. The statistical sistent within 15 MeW¢? (~2.50) with D°—K*K~, D°

are, in general, expected to be much smaller since the domi-
fant contributions to these final states are expected to come
from theb—u tree ando— dg penguin transitions, while the
B*O_K*Oz"7~ and B—KKK decay channels are
dominantly b—sg penguin transitions. As for theé8™*
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—K 7", D" =K% or D* =K°K™*. Because of the small To selectB— D events, we require that th€s invari-
expected signal to background ratio for these final states, ant mass be consistent withine3with the D meson nominal
different technique for signal yield extraction is used. Wemass[8]. The AE distributions for the reference processes
subdivide theAE region into 20 MeV bins and determine the B* .p%;*, D°~K*#~ and B -D #*, D™ —K%r
signal yield in each bin from the fit to the correspondMg.  are shown in Fig. 5. The results of the fits are given in Table
spectrum. TheM,, signal shape is parametrized by a Gaussq, Since, in the analysis oK 77 (KK#) and KKK final

ian function. The width of thél . signal is primarily due to  states, different requirements on the Fisher discriminant are

the c.m. energy spread and is expected to be the same fgpjieq we determine thB— D signal yields for these
each decay channel; in the fit we fix it at the ;4 cases.

= 2 ; + +
V;aolue Tw,, = 3.0 MeVie™ determined from thé —Do7", The results of the three-body branching fraction measure-
D°—K"#7~ events in the same data sample. The backments are presented in Table I. To determine the reconstruc-
ground shape is parametrized with the empirical functionjon efficiencies folk *K*K~ andK°K *K ~ final states, we
f(Mpo cx\1—x%exd —&1—x2)], wherex=M./Epeamand  use a simple moddl5] that takes into account the nonuni-
¢ is a parameterl6]. We fix theé value from a study of data form distribution of signal events over the Dalitz plot. The
taken below thé (4S) resonance. The signal yield from the three-body signal in this model is parametrized bypK
My fit as a function ofAE is used in the subsequent analy- intermediate state andfaK state, wheréy is a hypothetical

sis. Since theqabackground does not peak in th,, dis-  Wide scalar state. Another model is used for ke 7t 7
tribution, this technique allows an effective subtraction of thefinal states to account for the nonuniform distribution of sig-
qa background. In contrast tHBB background can easily nal events over the Dalitz plot and determine the reconstruc-
LT . i - TO) gt 7 gj i
produce a signal-like distribution in thiel,. variable. The tion eff|C|eQC|es[5]. Th_e three-bodyK T signal n
_ . — . this model is parametrized by the following set of quasi-two-
same procedure is applied to tB8 MC events to determine

H H .0 *
the background shape and level. The resulting continuu pody intermediate  states:p’K, fo(980)K, K*(892)m,

- % -t
background-subtractefNE distributions are fit with the sig- mKQ(loﬂ'Soo)ﬂ 0 %nci fo(1370). . For the K-m
nal yield as the only free parameter. Figure 4 shows th KsKs, KsKsKsand allkK final states, the reconstruc-

results of the fit, along with the expected contributions fromtO" efficiency is .determllned D S|my|a_ted events that
L= . .. are generated with a uniforfphase spagealistribution over
genericBB decays and the feed-down due to particle misi-

dentification f h q q q the Dalitz plot. For theB™ —K*K~ 7" decay the statistical
entification from thé8— Kz andB— KKK decay modes.  q;qnificance of the signal barely exceeds-Znd as a final
For theK™ 7" 7™ final state, shown in Fig. (&), the only

= result we set a 90% confidence level upper limit on its
background from charmlesd decays is due tB°—~K~ 7" pranching fraction, though the central value is also given in
two-body decay. For th& "K ™ =" final state, shown in Fig. Table I. Since we do not observe a statistically significant
4(c), we observe an excess of events in the signal region witBignal in any of theK 77", K*K*#~, K°%K* 7~ and
statistical significance of ¢. For all other final states pre- K%K%qf’ final states, we place 90% confidence level upper
sented in Fig. 4, the experimental points are consistent Withimijts on their branching fraction§17]. These limits are

the background expectations. given in Table I. To take into account the systematic uncer-
tainty, we reduce the reconstruction efficiency by one stan-
VIIl. BRANCHING FRACTION CALCULATION dard dewauqn of the overall systematic error. . .
The dominant sources of systematic error are listed in
To determine branching fractions, we normalize our re-Table 1l. For the BT O—K™Oz" 7~ and B

sults to the observe®™ —D%#", D°K*#~ and B° —KTOK*K™ final states, we estimate the systematic uncer-
—D «", D"—K% " signals. This reduces the systematic tainty due to variations of reconstruction efficiency over the
errors associated with the charged track reconstruction effPalitz plot by varying the relative phases of quasi-two-body
ciency, particle identification efficiency, the event shape varistates in the range from 0 tor2and their amplitudes within
ables and uncertainty due to the possible nonuniform data20%. For all other final states we make a conservative
taking conditions during the experiment. We calculate theestimate of this type of systematic uncertainty. For
branching fraction forB meson decay to a particular final €ach three-body final state the Dalitz plot is subdivided in 2
statef via the relation GeV?/c* wide slices inM?(hh) [for exampleM?(K ™~ 7*)
for the K"Kzt final statd, and the reconstruction effi-
N. & ciency is determined in each bin. The same procedure is then
B(B—f)= —fﬂXB(B—)DW)B(DHKﬂ), (1)  applied for the second Dalitz plot projectigiM(K*K™)
Nor &f for theB* —K*K~#* decay. The maximal variation in the
reconstruction efficiency for all bins is taken as the system-
where N and Np,, are the number of reconstructed signal atic error. The uncertainty due to the particle identification is
events for the final staté and that for theD 7 reference estimated using high purity samples of kaons and pions from
process, and; ande,, are the corresponding reconstruction the D°—K ™7 decays, where thB® flavor is tagged using
efficiencies determined from MC. Th8—Da and D D**—D% " decays. The systematic error due to uncer-
— K branching fractions are the world average values frontainty in the Kg reconstruction efficiency is estimated from
the PDG[8]. the comparison of the relative yields of inclusi#&'s in
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FIG. 4. Results of the fifopen histogramto the M, distributions inAE bins. The datdpoints with error bansare compared with the
BB MC expectationhatched histogramThe feed-down fronKKK andK 77 final states is shown by filled histograms.

off-resonance data argiq MC with variation of thek se-  overall systematic uncertainty for the three-body branching
lection criteria. We estimate the uncertainty due to the signalractions varies from 9% to 18%, as given in Table II.

AE shape parametrization by allowing the width of the main
Gaussian function to float and varying other parameters of
rthe fitting function within their errors. The uncertainty in the
background parametrization is estimated by varying the rela- An important check of the standard model would be pro-
tive fractions of the background components and parametefgded by measurements of the sa@@-violating parameter

of the qq background shape function within their errors. Thein different weak interaction processes. A good example is

IX. IMPLICATION FOR CP VIOLATION STUDY
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FIG. 5. AE distributions forB*—D%r*, D°>—-K* 7~ (left) and B>~D «*, D~ —K%z~ (right) events. Points with error bars
represent data wittF >0, the open histogram is the fit result and the hatched histogram is the background. The straight line shows the
continuum background contribution.

the comparison of the measurement of the coefficient of the~s(d)g one-loop penguin diagrams. Although electroweak
CP-violating sinAmyt) term in the time dependent analysis penguinsp—u W-exchange, and annihilation diagrams can
of neutralB meson decays. IB°— (cc)K® decayswhere  @lso contribute to these final states, they are expected to be
much smaller and we neglect them in the following discus-
sion. B meson decays to final states with odd numbers of
anns 6-quarks are expected to proceed dominantly via the
—sg penguin transition since, for these states, theu
tge contribution has an additional CKM suppression. In con-
trast,B decays to three-body final states with two kaons pro-
&eed via theb—u tree andb—dg penguin transitions with
no b—sg penguin contribution. This allows us to make a
rough estimate of thé—u tree contribution to final states
with three kaons via the analysis KK 7 final states. This is
illustrated for theB* —K*K*K™ decay in Fig. 6, where the

(cc) denotes a charmonium stathis coefficient is sing; .
Precise measurements of si2(also referred to as sif®}
have recently been reported by the Belle and BaBar exper
ments[18]. The best known candidates fbr—s penguin-
dominated processes, where this quantity can be measur
independently, ar&°— ¢K° and B°— 'K° decays. How-
ever, the branching fractions for these decay modes are
order 10 —10° (including secondary branching fractions
and very large numbers & mesons are required to perform
these measurements. This is especially true foritké final
state. The large signal observed in the three-b
—KIKTK™ decgay mgde, where theK 2 two-body interﬁg dominantb—s penguin graph is shown in Fig(@. The b
diate state gives a relatively small contributi@ld], would Y ree graphiFig. 8b)] has an additional Cabibbo sup-
significantly increase the available statistics if these eventBression from théV"—su vertex. The corresponding dia-
could be used. Two complications are involved: the b gram without Cabibbo suppressiow{ —du) shown in Fig.
—u tree contributions may introduce an additional weak6(d) is expected to be the dominant contributor to the
phase in theBO—>KgK+K’ amplitude and complicate the K*K~ =" final state. Assuming factorization, a quantitative
interpretation of any observe@P violation. Theb—u con-  estimate of the fraction of thb—u tree amplitude is then
tribution in B’— ¢K 2 is expected to be negligiblsince¢ is  Provided by the ratio
almost a puress statg, which is not necessarily the case for
theOthree—bod)ngK*K*_ final statg.(ii) In contrast to the _ |AKKK1Z BB KK~ 7 )
¢Kg state, which has fixe@ P-parity, theC P-parity of the F= ~
three—bodyK%K*K* final state is not priori known. If the
fractions of CP-even andCP-odd components are compa-
rable, the use of th& 2K *K~ decay mode in £P analysis  where AKX is the total amplitude for th8 " —K*K K~
will be complicated. Although in this case an analysis of thedecay and4 K" is its b—u tree contribution. Thef( /f )2
proper time distribution would not be useful fiP violation  factor, wheref _ =131 MeV andf,=160 MeV are the pion
measurement, the analysis of the time evolution of the Dalitznd kaon decay constants, respectively, takes into account
plot may still provide useful information 08P violation in  corrections for S(B) breaking effects in the factorization
the KK "K ~ final state. In what follows we discuss the pos- approximation. 6 is the Cabibbo angle (s#a=0.2205
sibility of using the three-bodB’—K2K "K~ decay mode +0.0018) [8]. Using the results foB*—K*K~ 7" and
for CP violation measuremen{0,21]. B*—=K*K*K™ branching fractions from Table I, we obtain
The decays oB mesons to three-bodhh final states F~0.022+0.005. Similarly, forB° decays toK°K *K~ and
can be described byp—u tree-level spectator andd KOK* 7~ final states we findF~0.023+0.013 (<0.037),

2

X Xtarfoc, (2)

K
fr

|ASS]2 BB —KTKK™)
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TABLE II. List of systematic errorgin percent for the three-body branching fractions.

Kozrtm™  KYK'K™ KKK~ K'KKE  KXKKE KK 7"t KXKTm KKt Kowtat KiKYmo

Ktata™

Source

“
©

11.7 6.3 11.7 6.3 11.7 6.3 11.7 6.3 6.3

6.3

B—Dm, D—Km«
Branching fractions

2.2 3.6 5.9 7.2 53 5.7 6.1 6.8 53

3.5

4.3

Eff. nonuniformity

over the Dalitz plot

6.8

7.6

4.8

5.6

2.1

3.6

4.9

Signal yield extraction

2.0

2.0

2.0

2.0

2.0

4.0

4.0

PID

3.5

7.0

3.5

K2 reconstruction

3.7 33 3.2

4.1

3.3

4.6

3.4

2.9

2.9 2.9

3.3

MC statistics

131 8.6 14.3 11.2 17.9 11.4 13.8 10.1 9.8 9.1

9.6

Total
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where the value in brackets is obtained using the upper limit
for the B°—K°K "7~ branching fraction. Thus, the contri-
bution of theb—u tree transition is expected to be at the
level of a few percent in branching fraction or at the level of
10-15% in amplitude. In contrast to two-body decays,
where the magnitude of the interference term depends only
on the relative phase between two amplitudes, in three-body
decay, for the interference term to be maximal not only must
the relative phase between the two amplitudes b@&D)
degrees at any point of the phase space, but these two am-
plitudes should also have identical behavior over the phase
space. It seems unlikely that all these conditions will be sat-
isfied sinceb—s penguin andb—u tree amplitudes are
quite different in nature. We conclude that the above value is
a rather conservative estimate of the>u contribution.

Let us now consider th€ P content of theK 2K "K ~ state
in neutral B decays. TheCP-parity of the K%K*K‘ three-

body system is { 1)", wherel’ is the orbital angular mo-
mentum of theK " K~ pair relative to the remaining neutral
kaon. Since the total angular momentum of & K~
system is zero]' is equal to the relative orbital angular
momentum,l, of the two charged kaons. Thus, the relative
fraction of C P-even andC P-odd states in th&2K "K ~ final
state is determined by a fraction of states with even and odd
orbital angular momenta in thé " K~ system. This fraction
could be determined by amplitude analysis of tB8
—>K(S’K+K‘ Dalitz plot. Such an analysis requires high sta-
tistics and cannot be performed with the available data. In-
stead, we use isospin relations between the different three-
kaon final states to determine the relative fraction of
CP-even andCP-odd states. Noting that the dominalnt
—S(g penguin transition is an isospin conserving process,
and neglecting the isospin violating—u tree andb—dg
penguin contributions, we can write the following relations:

— RO
B(B°—KOK K™ )=B(B* —K*KUK)x——:  (3)
T+

I 7RO
B(B*—KOKOK®)=B(BT K K K )x—, (4
TR+

where the factorrg+ /7g0=1.091+0.023+0.014[22] takes
into account the difference in total widths of charged and
neutralB mesons. Being a mirror reflection of each other in
isospin spaceB°—K°K*K~ and B"—K"K°K® decays
should have not only equal partial widtfi&g. (3)], but also

the same decay dynamics; specifically, the fraction of a cer-
tain angular momentum state in the€"K~ system in the
KK *K ™ final state should be the same as that forKii&°
system in thek * KK final state. TheB™ — K *K°K® decay
produces three different observable states:
KTK2KE, KTKPK? andK TK2K? . The relative fractions of
these states depend on the relative fractions of even and odd
orbital angular momentum states in tK8K® system. Bose
statistics requires that th€°K® wave function be symmetric
(and, thereforeC P-ever), independently of the relative or-
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(d) a (e) u (£) u

FIG. 6. Diagrams foB™ —K*K*K~ decay:(a) b—s penguin;(b) and(c) b—u trees, and foB™ —K*K~ 7" decay:(d) and(e) b
—u trees;(f) b—d penguin.

bital angular momentunt, in the system of neutral kaons. =1.04+0.19+0.06. The fact that the;,,,, value is close to
As a result, aK°K® system withl-even can only decay to unity provides evidence for the dominance of i@-even

K22 or KPK? final states(with equal fractions while a  component in the three-bod¢2K *K = final state when the
K°K® system withl-odd can only decay to th&2K? final  ¢Ks intermediate state is excluded.

state (with an accuracy up taCP violation effects in the From this analysis we conclude that the three-baédy
system of neutral kaons —K2K K~ decay can be useful for the measuremert &f

In this analysis we reconstruct only the" K2KS compo-  violation in b—sg penguin dominated decays. Measure-
nent of the KTK°K® final state. Measuring theB° ments of the time-depende@P asymmetry in theb—sg

—KO%K*K™ andB* —K*K2K branching fractions and us- pen%ui:l _dominated BO— ”'KO; B~ ¢Ks and B
ing the isospin relatiori3) we can determine the parameter —KsK K™ decays are reported in R¢23].

2
a,

B(B+HK+KgKg) _ X. CONCLUSION

2
a’= X ; : :
B(B°— KOK *K~ In conclusion, we have measured branching fractions for
(B™= ) T8t charmlessB meson decays to thé " 7" 7, K°7* 7~ and
Ny + 00 three-kaorK "K K™, KoK K™, K*KEK and K2K 2K fi-
s"s EKOK+K~ _ TBO . : >
= X 2 X i (5) nal states. We also observe &vidence for the signal in the
Nkd+k-  ek+k&? 7o+ K*K~ 7™ final state that is expected to be dominated by the

b—u tree transition. We do not see any signal B
Here,a? characterizes the fraction of states with even orbital—>K;Tro+7f, B'—K'K'm", B°~KK'7" and B'
angular momenta in th&°K® system in the three-body —KsKs7" decays and present 90% C.L. upper limit for
their branching fractions. All the results on three-body

K*KPKO final state. Due to isospin symmetry it also gives : : s
the fraction of states with even angular momenta in thebranchmg fractions are summarized in Table I. The results

i O 41— . presented in this work are in good agreement with our pre-
K. K .SYFStglm Ifor thdgtSK ZK_ ofg](;_l gtigei' SN (;? thﬁ results vious measuremen{$] and with those reported by the Ba-
glvenhln avle ,yve? ?'.m" s ¢ . | - I,dW ere v;e Bar [6] and CLEQ[7] experiments. This paper does not up-
use the EXpression tar' n tgrms of signal yie sN) an date the results for quasi-two-body states obtained using the
reconstruction efficiencies] instead of branching fractions

. o9 ._simplified technique in our previous analy$ because of
to reduce the systematic error due to uncertainty in branchmghe large model error of this technique. The extraction of
fractions of the calibration modes. Note that tKgK ™K~

) k 0 R branching fractions for exclusive quasi-two-body intermedi-
final state includes the)Kg state which isCP-odd. We re-  ate states in the observed three-body signals requires a full
move B°— ¢K events by requiring]lM(K*K™)=Myl  amplitude analysis of the corresponding Dalitz plots and is
>15 MeV/c?; the number of remaining%K*K* events is  currently in progress.

123+ 14. The «? value for the remaining events 'tsﬁom5 An isospin analysis of the charmleBsmeson decays to
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