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We use data collected by the CLEO Il detector at the Cornell Electron Storage Ring (CESR) to
search forB* — h*h~h™ (nonresonant) decays, wheté can be eitherr=, K=, or p(p). We see no
evidence for signals and set upper limits on the branching fractions in the (a8ge8.9) X 1075, If
observed, these decays may dispGH violating asymmetries. [S0031-9007(96)01781-4]

PACS numbers: 13.25.Hw, 14.40.Nd

The modeB™ — (h"h™)h™*, whereh™ can be either 87% of true protons pass this requirement, whereas about
7*,K*, or p(p), may displayCP violating asymme- (30—-70)% ofz’s andK’s pass this cut (depending upon
tries when(h*h™) pairs have masses near thg or y.o  the /K momenta). These results indicate thH/dx
resonances [1]. This is because the large decay widtheeasurements provide some discrimination between pions,
of the 5. and y.o resonances (10—15 MeV) provide a kaons, and protons. Additional separation is provided by
large strong phase difference (expected to7&) be-  energy constraints (discussed below).
tween the two contributions to the decay amplitude; one The main background in this analysis is due to the
due to the decay proceeding via the— ccd transition continuum under theY(4S). Such backgrounds are
producingn.(x.o)7= and the other due to the — wud  suppressed using event shape cuts. We require that
transition producing nonresonant states liké7w 7= or  events haveR, = H,/H, < 0.3, where H, and H, are
KTK~m=. These two contributions also have differentthe Fox-Wolfram moments [5]. Th&, distribution for
weak phases, thus leading t€® asymmetry. Asymme- BB events produced at th¥ (4S) peaks toward zero,
tries of the order of 10% are expected in some of thesahile for jetlike continuum events it peaks toward one.
modes. In addition, we require|cog0r)| = 0.7, wherefr is

The branching ratio forB* — 7#*#*#~ (nonreso- the angle between the thrust axis of the three tracks
nant) is predicted to be in the rangé.5-8.4) X 107>  making up the candidat® and the thrust axis of all other
[2]. The authors of Ref. [2] point out that the interferencetracks and electromagnetic showers in the event. This
between the nonresonant amplitude [witl{z="7~) =~  distribution is flat forBB events and peaked at1 for
3.4 GeV] andB* — y.om* followed by y.o — 7 7~ continuum events. These two cuts remox€9.7% of
could lead to a measurablEP asymmetry of about the continuum, while retaining about 40% of the signal
(0.40-0.48) siny, wherey = argV,;) [3]. Thisisanex- events.
ample of a process in which one may be able to cleanly To further reduce continuum backgrounds, we make a
measurey at ane e~ facility operating at theY (45). cut based on the kinematics of a nonresonant three-body

This paper describes a search foB*™ —  decay [6]. In the rest frame of the, the angle between
mt7tm~ (nonresonant), as well as the otherthe fastest and the second fastest track has a mean value of

nonresonant states B"—wtan K", 7w TK~, aboutl50°. On the other hand, continuum events which
7tK K',K"K*K~,ppwm*, and ppK*, and their fake aB have the topology of two high momentum tracks
charge conjugates. traveling almost back to back combined with a third low

The data used in this analysis were recorded by themomentum track. Thus we require that the cosine of the
CLEO Il detector operating at the Cornell Electron Stor-angle between the highest momentum and the second high-
age Ring (CESR). The dataset consists of approximatelgst momentum candidate track be larger thahg, i.e.,
3.17 fb ! of eTe collisions on theY (4S) and 1.14 fb!  the angle iss143°. This criterion, after applying the cuts
in the continuum [60 MeV below th¥ (4S)]. The CLEO in the previous paragraph, keeps about 25% of the signal
Il detector is described elsewhere [4]. and only 4% of the remaining continuum background, con-

Pions, kaons, and protons are identified using specifisiderably improving the signal-to-noise ratio. In addition,
ionization information collected by the central tracking this requirement removes essentially all contributions due
chambers. For pions and kaons, we require tatdx  to resonant decays lik8™ — p077+,?*°77+, etc. Since
measurements be withih5o of the expected hypothesis. the vector particle is produced polarized it emits one track
For tracks above 1 Gel¢, approximately 98% of true almost back to back with the additional pion, thereby imi-
pions and kaons pass this cut. For the same momentutating a continuum-like distribution. This cut also removes
range, the probability for a kaon to fake a pion (and vicemost ofB™ — D7 *,D° — K~ o /w7~ /K"K~ ; the
versa) is about 87%, and the probability for a proton to fakeefficiency for theD 7 final state to pass all the above cuts
a pion or a kaon is about 75%. For protons, we calculates about% that of the three-body signal.
the ratio of the probability of the track to be a proton and The above mentioned criteria are very efficient at
the sum of the probabilities of the track to bera K or  retainingB decays to charmonium final states, eRy;, —

a proton, and require this ratio to be greater than 0.254k y — h*h~. Since backgrounds from thgk final
For tracks with momentum above 1 Gg/approximately  state are large and tend to populate the signal region for

4504



VOLUME 77, NUMBER 22

PHYSICAL REVIEW LETTERS

25 NVEMBER 1996

the nonresonant final states, we choose to explicitly vetd@his constraint greatly improves the mass resolution of
the three-track combination. In addition, we defing =

that none of the three tracks be identified as a leptonE; + E; + E3 — Epeam), WhereE; is the energy of each
of the three candidate tracks. We thus define the signal
region to be within=25 MeV (=1¢) in AE and within
Therefore we explicitly remove three-body combinationsé MeV (=2.5¢) of the nominalB mass (5.28 GeXc?).
where any two oppositely charged tracks (analyzed a$he tight cut on theAE region reduces the possibility
of cross-feed backgrounds, e...— KK feeding into

them. To remove instances @f — ["]~, we require

Additional contamination fromB — K occurs when
both leptons are unidentified or whén— pp, 7w, KK.

mt7~, K*K~, and pp) fall within 60 MeV of the
mass &30). Similarly, to remove any remaining™ —
D7 decays, we combine opposite sign tracks £as,

40 MeV of theD? mass €30).

In three of the decay modes

under

Kam or KKK.

We do not explicitly account for any cross-feed back-
KK, K7, wK), and veto the combination if it falls within grounds when determining upper limits, e.g., we do not
account for trueB — Kwm decays which may be

studymisidentified asB — w7 7. Since we do not observe

(m"7m K", m*7#*K ,K*K*K~), there is the pos- signalsinany mode, this is not an important consideration.
The amount of feed across depends on the decay mode
under consideration. For instance, the efficiency for
Only the y.1 K™ final state has been measured [7]. TheB — @ is about 4.5%, whereas the feed across from
theoretical predictions for the other charmonium stateX 77 is roughly (0.3—0.6)% depending on whether it
[8] imply that we could have about one to two eventsis from K~ 7" 7 or from K*7~#". In the decays
coming from these sources in our data sample. Sinc8 — 7*7*K~ and #*# K™*, however, the overlap
vetoing all combinations where two oppositely chargeds of the order of 70%—-100%, sinc®E provides little

sibility of feed-through fromB* — X..K~, where X,
can benC7XCO?XC19hC1 or Xc2s andXCC — a7 or KK.

tracks have masses falling in the(n., h.) mass window
would drastically reduce the detection efficiency (the

separation.
In Fig. 1, we show the mass distributions for the

selection criteria discussed above preferentially seledhree track combinations which pass the above mentioned
events in this region of phase space), we choose to malgelection criteria (except the cut on the mass) [10]. In
no vetoes on the threg., n., andh, states and accept each plot, the signal region is between the arrows. There
any feedthrough as nonresonant signal candidates. Thige no discernible signals. In Table I, we present the
procedure makes the upper limits for these nonresonambserved number of events in the signal region. We
have also studied the Dalitz plots for all the decay
The efficiency for each of the three-body decay modesnodes and observe no evidence of any feedthrough from
is estimated using aeANT [9] based simulation package. charmonium states, e.@,” — y.K*.
The efficiencies for the various decay modes range To estimate backgrounds in the signal region we use a
between3.6% and7.1%, as shown in Table I. The error sideband technique. The sideband is defined thbe =
on the efficiency includes our estimate of systematicMz = 5.29 GeV/c¢? and |[AE| = 200 MeV but outside
the signal region. The expected background in the signal
All the cuts used in this analysis are studied using onlyregion is obtained by scaling the number of events in
Monte Carlo (MC) samples. We use a MC model of sig-the combined on-resonance and off-resonance sideband
nal events to get the number of events surviving variousegions; this is also shown in Table I. The scale factors
cuts and MC samples of geneB® and continuum events are obtained using generic continuum a@®&iMonte Carlo
to determine backgrounds in the signal region [10]. Wesamples and are obtained by dividing the number of events
appearing in the signal region by the number of events in
the sideband region. Comparing the data yields with the
estimated backgrounds shows that we have no evidence for
the B meson energy to be the same as the beam energgny significant excess.

final states somewhat conservative.

errors (discussed below).

choose those cuts which maximigé/B.
Since theY (4S) decays to only twa mesons which
are produced almost at regtf/Mp =~ 0.06), we constrain

TABLE I. Data yields and results.

B Decay Signal Est. Eff. 90% CL upper limit

mode yields bkgd. (%) Events BR(107%)
mtata” 2 1.2 £1.2 4.5 = 0.66 5.3 4.1
mtotK” 5 39 £ 1.8 4.5 = 0.66 7.2 5.6
mtm K" 8 13.0 = 4.0 7.1 £ 1.10 5.6 2.8
mtK K" 14 8.8 £ 3.0 6.7 = 0.98 14.3 7.5
K"K*K~ 2 39 £20 3.6 = 0.54 3.9 3.8

ppmrt 8 8.6 * 2.4 4.8 +0.70 7.2 5.3

pPK* 9 43+ 15 4.5 + 0.66 11.4 8.9
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I diate vicinity of the signal region and can be thought of

ol 1 as a “pseudosignal” region. The ratios of yields in side-
1| ” |J] Y ] bands one and two agree between data and Monte Carlo;
L1 1] |_;| .|-||-|I ; ﬂ: | ﬂ — the average values of the ratio of yields in data and MC

L (b) wtatK” are2.6 = 0.2 and2.5 = 0.2, respectively. This gives us

2 h 1 = confidence that the ratio of yields between the signal and
:[| |J!'| nn.rnn nnn 3 the total sideband regions will also agree.
T e o | To account for the uncertainty in the background

[ (e)7'm K ] estimates, we reduce the background estimate by its error

- - before calculating the upper limit on the signal yield.

B IJ—|_|'| IJ-‘ . This error is mainly due to the low statistics involved in

I N A Y A 1 determining the scale factors. Similarly we reduce the

i |].|:;) 71.+K'—K+ . efficiency by its error before calculating the upper limit

Ny on the branching fraction. The error on the efficiency
l_lj ] is mainly due to systematic errors. These errors are
N : 1l ﬂ!_l |-|.| f |_| ; determined from data wherever possible. Some of the

Events / (IMeV / ¢?)

B T - y largest contributions to the systematic error are due to
M (e) KK K ] particle identification (9%), continuum suppression cuts
L [J_LI (6%), error on the tracking efficiency (2% per track),
1 N | and the tightAE cut (4%). We estimate that the total
(1) pp ' L] systematic error is about 14% for each mode.
2l | In Table I, we present the 90% confidence level upper
: ﬂ'll I l—”-r”-l ’-ljl-nﬂ7 |_|Hﬂ Il Iimit's, which have peen calculated using the proceqlure
0 =l outlined in the Particle Data Group [7]. The branching
4l (g9)ppK' 7 fraction upper limits are determined by dividing the up-
[ -I‘ ] per limits on the yield by the detection efficiency (reduced
2r ’Jl” 'J'I [ by 10) and the number of produceki* and B~ mesons.
o LI 1 minr L, 0 The present dataset correspondg333 + 0.07) X 10°
524 525 526 527 528 5.29 producedB™ andB~ mesons. We assume equal produc-
Mg (GeV/c?) tion of charged and neutral B mesons. A comparison of
these upper limits and existing ones is shown in Table Il
FIG. 1. Mass distributions for (@) B* - 7w o7 7™, [2,11-13].
(b) w7 K™, () m"7 K", (d) 7'K K", () K"K'K", " |5 conclusion, we have studiel™ — h*h*h™ (non-
() ppm*, and (g) ppK* candidates. The signal region is ’ . . . 3
between the arrows. resonant) decays, where- can be eitherm=,K~, or
p(P), and present upper limits on their branching frac-
tions. These limits represent a significant improvement

The important issue in this method of estimating ) o
backgrounds is that the ratio of events in the signal re®Ver Previous limits, and for three of the seven modes

gion and in the sideband agree between data and Monfdudied these are the first _publishe(_:i limits. Our limit
Carlo. Since we cannot use the signal region in the dat8" B" — 7 7" @~ branching fraction(4.1 X 10 °)
sample, we divide the sideband into two regions:rU|eS out morgsthan half the range predicted by theory,
(@) sideband one,5.26 = My =< 5.29 GeV/c¢?> and (1.5-8.4) X 107 [2].

|AE| =125 MeV but outside the signal region, and (b)

sideband two, the total sideband region as defined above

but outside sideband one. Sideband one is in the imme- *Permanent address: BINP, RU-630090 Novosibirsk,

Russia.
TABLE Il. Comparison of branching fractions with previous *Zirg?:em address: BINP, RU-630090 Novosibirsk,
results and theoretical predictions. TPermanent address: University of Texas, Austin, Texas.
B* decay This limit Previous best Theoretical [1] G. Eilamet al.,Phys. Rev. Lett74, 4984 (1995).

Mode (1073) limit (107%)  prediction(107) [2] N.G. Deshpandet al., Phys. Rev. D52, 5354 (1995).
P — [3] Unitarity of the CKM matrix givesV,, Vi, + Ve Ve +
Z*:*Z* gé 50 Fll] 1'5“?'4 [2] ViV, = 0, which describes a triangle in the complex

K 28 19 [12] plane; The angles of the triangle are given. by=
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