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We present a study of thr&® decay modes useful for time-depend€ asymmetry measurements. From
a sample of 9.x10° BB meson pairs collected with the CLEO detector, we have reconstrugfed
—JIyK2, BO— K2, andB%— J/ ¢ w° decays. The latter two decay modes have been observed for the first
time. We describe Kgﬂ 7079 detection technique and its application to the reconstruction of the d&tay
—J/yK2. Combining the results obtained usitd— =" 7~ and K- n°#° decays, we determing(B°
—J/yK®) =(9.5+0.8+0.6)x 10~ 4, where the first uncertainty is statistical and the second one is systematic.
We also obtainB3(B°— x.;K°) =(3.9" }3+0.4)x 10 * and B(B®— J/ %) = (2.5 +:3+0.2)x 10" °.

PACS numbds): 13.25.Hw

CP violation arises naturally in the standard model with calorimeter, and the muon chambers. In CLEO II the mo-
three quark generatiori4]; however, it still remains one of menta of charged particles are measured in a tracking system
the least experimentally constrained sectors of the standabnsisting of a 6-layer straw tube chamber, a 10-layer preci-
model. Measurements of time-dependent rate asymmetries 8ion drift chamber, and a 51-layer main drift chamber, all
the decays of neutrd mesons will provide an important test operating inside a 1.5 T solenoidal magnet. The main drift
of the standard model mechanism foP violation [2]. chamber also provides a measurement of the specific ioniza-

In this Rapid Communication, we present a studyB8f  tion, dE/dx, used for particle identification. For CLEO I1.V,

— YK, BO— x1KS, andB®— J/y=° decays. The latter the straw tube chamber was replaced with a 3-layer silicon
two decay modes have been observed for the first time. Weertex detector, and the gas in the main drift chamber was
describe &2— 7°7° detection technique and its application changed from an argon-ethane to a helium-propane mixture.
to the reconstruction of the dec;B?—nJ/sz(S’. The muon chambers consist of proportional counters placed

The measurement of th€P asymmetry in B°(§°) at increasing depth in the steel absorber.

. 3/yK2 decays probes the relative weak phase between the We use 9.2 fb™ of e"e” data taken at th& (4S) reso-
BY-B® mixing amplitude and thé&—ccs decay amplitude "N2nce and 4.6 f' taken 60 MeV below ther (4S) reso-
[3]. In the standard model this measurement determine ance. Two thirds of the data were collected with the CLEO

) - * " .V detector. The simulated event samples used in this
s!n2,8, Whereoﬁj()arg(— VCgVCb/V‘dV‘_b)' A measu_rement of analysis were generated withGEANT-based[9] simulation
sin2B with B*(B") — xc1Ks decays is as theoretically clean of the CLEO detector response and were processed in a simi-
as one withB°(B®) — J/yK 2. lar manner as the data.

For the purposes oE P violation measurements, tHg® We reconstruct botld/y—ete” andJ/y—pu* u~ de-
—J/y7° decay is similar toB>—D "D : both decays are cays and use identicdl ¢ selection criteria for all measure-
governed by theb—ccd quark transition, and both final mMents described in this Rapid Communication. Electron can-
states areCP eigenstates Of the santeP Sign. A recent didates are |dent|f|ed based on the I‘atiO Of the traCk

search for theB°—~D*D~ decay at CLEO established an Momentum to the associated shower energy in the Csl calo-
upper limit on B(B°—D*D~) [4]. If the penguin fimeter and on thelE/dx measurement. The internal brems-

(b—dcc) amplitude is negligible compared to the tree strahlung n thed/y—e"e deqay as well as the brer'ns'-
— : strahlung in the detector material produces a long radiative
(b—ccd) amplitude, then the measurement of @B asym- i) in the e* e~ invariant mass distribution and impedes ef-
metry inB°(B®)— J/4° decays allows a theoretically clean ficient J/y—~e*e~ detection. We recover some of the
extraction of sin@. The asymmetries measured withyK2 bremsstrahlung photons by selecting the photon shower with
andJ/y° final states should have exactly the same absolutéhe smallest opening angle with respect to the direction of
values but opposite signs, thus providing a useful check fothe e* track evaluated at the interaction point, and then re-
charge-correlated systematic biasBrflavor tagging. If the  quiring this opening angle to be smaller than 5°. We there-
ratio of penguin to tree amplitudes is not too snjéll, then  fore refer to thee™(y)e () invariant mass when we de-
comparison of the measured asymmetriesJird;Kg and  scribe thel/y—e*e™ reconstruction. For théd/y—u* u™
J/ym® modes may allow a resolution of one of the two dis- reconstruction, one of the muon candidates is required to
crete ambiguities 8g— B+ ) remaining after a sin2 mea-  penetrate the steel absorber to a depth greater than 3 nuclear
suremen{6]. interaction lengths. We relax the absorber penetration re-
The data were collected at the Cornell Electron Storageuirement for the second muon candidate if it is not expected
Ring (CESR with two configurations of the CLEO detector to reach a muon chamber either because its energy is too low
called CLEO II[7] and CLEO I1.V[8]. The components of or because it does not point to a region of the detector cov-
the CLEO detector most relevant to this analysis are thered by the muon chambers. For these muon candidates we
charged particle tracking system, the Csl electromagneticequire the ionization signature in the Csl calorimeter to be
consistent with that of a muon.
Track fitting is performed using a Kalman filtering tech-
*Permanent address: University of Cincinnati, Cincinnati, OHnique, first applied to track fitting by Billoif10]. The track

45221. fit sequentially adds the measuremeftiiss) provided by the
"Permanent address: Massachusetts Institute of Technology, Cartracking system to correctly take into account multiple scat-
bridge, MA 02139. tering and energy loss of a particle in the detector material.
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e 004 The K— 7" 7~ candidates are selected from pairs of
1200 15000 J/3p—p* i~ (b)4 tracks forming well-measured displaced vertices. We refit the
91000} 1250 . daughter pion tracks taking into account the position of the
2 800 1000 . displaced vertex and constrain them to originate from the
5 6001 750 i measured vertex. The resolgtion in thé =~ invariant mass
B ol 500 1 is 4 MeV/c?. We select th&K2— 7" 7~ candidates with the
S normalizedk 2— 7" 7~ mass between- 4 and+4 and per-
203._‘wiwwmmrw“ — 252 i f“."’."’i‘.‘"’."‘:"T"ﬁ-T‘*’."ﬁ:; form a fit constraining the mass of eaK@ candidate to the
30 -20 10 0 10 20 -30 -20 -10 0 10 20 world average valugl2].
Me*t)e™())-M, 1/o(M) M) =M, 1/ (M) In order to increase ouB®— J/yK2 sample, we also re-

constructk 32— 7%7° decays. The average flight distance for
FIG. 1. Normalized invariant mass of tg) J/y—e'e” and  {4e K2 from B°—J/yK2 decay is 9 cm. We find the
g : . :
(Ctgn‘éfc‘fng i éLre CS?:éd?;ese'Teggt;aﬁh; gg@ﬁgﬁl (;fhwlﬁl decay vertex using only the calorimeter information and the
d gty known position of thee*e™ interaction point. TheK(S’ flight

above the maximall/¢y momentum inB—J/¢7 decays. The . o . . he
shaded histogram represents the luminosity-scaled data taken &trection is calculated as the line passing throughethe

MeV below theY (4S) showing the level of background from non- interaction point and the center of energy of the four photon
showers in the calorimeter. TH¢2 decay vertex is found

using a maximum likelihood fit. Tth decay vertex is de-

The fitter uses hit resolution parametrizations extracted fronfined as the point along thi€g flight direction for which the
data and calculates covariance matrices for the track pararRroduct f{M(y1y2)IXf[M(y3y4)] is maximal. In the
eters determined in the fit. As in other recent measuremeng@Pove expressiorM (y1y,) andM(ysy,) are the diphoton
[11], we extensively use normalized variables, taking advaninvariant masses recalculated assuming a partié(datecay
tage of well-understood track and photon-shower four{oint, andf(M) is the 7 mass lineshape obtained from the
momentum covariance matrices to calculate the expectesimulation where we use the knovi® decay vertex. This
resolution for each combination. The use of normalized vari-r° lineshape is asymmetric, with its low-side tail arising
ables allows uniform candidate selection criteria to be apfrom the energy leakage in the calorimeter. For simulated
plied to the data collected with the CLEO Il and CLEO IL.V events, thek2 flight distance is found without bias with a
detector configurations. For example, the normalidé¢  resolution of 5 cm. The uncertainty in th€2 decay vertex
—p"p” mass is defined apM(u”u")=Myyl/o(M),  position arising from th& direction approximation is much
whereM,,, is the world average value of thiéyy masg12],  smaller than the resolution of the flight distance. We select
ando(M) is the calculated mass resolution for that particu-the K candidates by requiring the reconstructéll decay

lar " p” .combinatiogl. The average'l ™ invariant mass length to be in the range from 10 to + 60 cm. After thek2
resolution is 12 MeVE&“. The normalized mass distributions decay vertex is found, we select tl’(é—m-roq-ro candidates

o . o2
for_ th?r‘l]/lflfﬁl II' czndldate;s at:e ?homﬂ) '? '1% 2‘ V:/he re- by requiring —15<M(y7y)—M 0<10 MeV/c? for both
quire the normalized mass 1o be lrom.o 10 or the photon pairs. Then we perform a kinematic fit simulta-

J/ly—ete” and from—4 to + 3 for thed/y—u* ™ can- .,
_ . ) . neously constrainingM (y,y,) and M(vy3vy,) to the world
didates. For each/y candidate, we perform a fit constrain- average value of ther® mass[12]. The resultingKg mass

ing its mass to the world average value. o 2 0 0.0 .
. lution is 12 MeVé“. We select theKs— 7 7° candi-

Photon candidates fo J/ and 7° decays '€°° . . S
X1 JI1hy A y ~dates with the normalizeg— 7°7° mass betweer 3 and

are required to have an energy of at least 30 MeV in th ¢ o
barrel region [co9,|<0.71) and at least 50 MeV in the end- * 3 and perform a fit constraining the mass of e#éhcan-

cap region (0.74|cos9,|<0.95), whered,, is the angle be- didate to the world average val{i2]. The K(s)ﬁ 7070 de-

tween the beam axis and the candidate photon. To select tfigction efficiency is determined from simulation. The sys-

° candidates foB®— J/7° reconstruction, we require the tematic uncertainty associated with this determination can be

normalizedn®— yy mass to be betweer 5 and+4. The  reliably estimated by comparing thikg—#°7° and K

averagey invariant mass resolution for thes€ candidates — "~ yields for inclusiveKg candidates in data and in

is 7 MeV/c?. We perform a fit constraining the mass of eachsimulated events.

7% candidate to the world average vallie]. The B° candidates are selected by means of two observ-
We reconstruc; in the y.;—J/¢y decay mode. Most ables. The first observable is the difference between the en-

of the photons inY (4S)— BB events come fromr® decays. €rgy of theB® candidate and the beam enerdyz=E(B°)

We therefore do not use a photon if it can be paired with~ Ebeam The averagé\E resolution for each decay mode is

another photon to produce candidate with the normal- listed in Table |I. We use the normalizexE for cang|date

ized 70— yy mass betweer 4 and+3. The resolution in Selection and requirAE|/o(AE)<3 for B J/yKg and

the J/ ¢y invariant mass is 8 Me\t?. We select they,, ~ B°—xc1K$ candidates witlKg— a7~ To account for a

candidates with the normalizeg.;—J/¢y mass between low-sideAE tail arising from the energy leakage in the calo-

—4 and+3 and perform a fit constraining the mass of eachrimeter, we require—5<AE/c(AE)<3 for BO—J/yK2

X1 candidate to the world average valie®). with K2— 7%7° and —4<AE/a(AE)<3 for B®—J/ym°

BB events.
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TABLE I. Number of signal candidates, estimated background, avek&eesolution, product of sec-
ondary branching fractiong3), detection efficiency, and measured branching fraction. Row 1 contains the
combined value oB(B°— J/4K®), rows 2 and 3 contain the individual results for the Mﬂ)decay modes.

Decay Signal Total o(AE) Bs Efficiency Branching
mode candidates background(MeV) (%) (%) fraction (< 10™ %)
BO— J/yK° 9.5+0.8=0.6
K —mtm 142 0.3-0.2 11 4.040.06 37.00:2.3  9.8:0.8+0.7
K2 7070 22 1.1x0.3 28 1.85-0.03 13.9-1.1° 8.4'23+0.7
B%— y1K° 9 0.9+0.3 10  1.16:0.07 19.2-1.3 3.9'13+0.4
BO— J/ym® 10 1.0-0.5 28 11.8+0.2 31422 0.25535+0.02

&The AE distribution has a low-side tail due to the energy leakage in the calorimeter.
®Includes the loss of efficiency due teP—e* ey decays.

candidates. The second observable is the beam-constBinedackground using high-statistics samples of simulated
massM (B)= \Efeari~ P*(B), wherep(B) is the magnitude Y (4S)—BB and nonBB continuum events together with

0 ; N - _
of the B” candidate momentum. The resolutionM(B) i q gata collected below thBB production threshold. The
dominated by the beam energy spread for all the decaVotal estimated backgrounds are listed in Table I. Below we

mode_s under study and varies from 2.7 to 3.0 MeVde- describe the background estimation for each decay channel
pending on the mode. We use the normalix&(B) for can- under study

didate selection and requité1(B)—Mg|/o(M)<3, where Background for B—J/yK2 with Kl 7. Only

Mg is the nominaB® meson mass. Th&E vs M (B) distri- ) ) . .
butions together with the projections on th&(B) axis are combinatorial background contributes, with the total back-

shown in Fig. 2. The number d° candidates selected in 9round estimated to be 0t3).02 events. o o
each decay mode is listed in Table I. Background for B—>J/¢KS with Kg— 7~ 7r°. The com-
Backgrounds can be divided into two categories. The firsPinatorial background is estimated to be 862 events. The
category is the background from those exclusB/elecays other background source iB—J/yK* [13], with K*
that tend to produce a peak in the signal region ofM@) —K=°® or K* =K%z with K2—7°#° The background
distribution. We identify these exclusivi@ decays and esti- from these decays is estimated to beZ062 events.
mate their contributions to background using simulated Background for QHXﬂKg. The combinatorial back-
events with the normalizations determined from the knownground is estimated to be G:.3 events. We estimate the
branching fractions or from our data. The second category iackground fromB decays to thel/yK 2r final state from
the combinatorial background froBB and continuum non- the samples of simulated events, with the normalizations ob-
BB events. To estimate the combinatorial background, we fitained from the fits to theM(K) distributions for B*
the M (B) distribution in the region from 5.1 to 5.3 Gedd.  —J/yKm" and B—J/¢yK 7" candidates in data. The
As a consistency check, we also estimate the combinatoriddackground from B—>J/¢ng is estimated to be 0.41

0.2 1 0' LI IO T 0.4 T T ?03330?-00'5
(a).B0—J/yK] (b) BO==J/yK]
= 0.1 o atg~ 1 0.2 3 70701
)] ° .
S ol . W { Of A FIG. 2. TheAE vs M(B) distribu-
i ° < tion for (@) BO—J/yK2 with K2
N o o oo S S
-0.1 1-0.2} 00 @ % 1 +, - 0 0\ 0
o © iy %" —a 7, (b B°=JyKg with Kg
Yool o TE | oal it eV —7%7°, () B%— x;KE, and (d) B°
g3 s0f T T T - el L —J/y=° candidates. The signal candi-
SE JILH dates, selected using normalizedE
o O Y PR T and M(B) variables, are shown by
(¢) BT X¢4Kg (d) B'—~Jiym filled circles. Below eachAE vs M (B)
s 01} . 1 02t . - I
> o o . plot, we show the projection on the
e 0 s e ° caa” 1 o} . RN M(B) axis with the AE requirement
2 : G °. AR applied. The shaded parts of the histo-
L O A 170:2fee To e e D ] grams represent the candidates that
N(\J_o_z L ° |° 121 %0 -0.4 oy £ . 9% Bﬁ‘hq °.:|° s pass the|M(B)_MB|/U(M)<3 re-
r o r r T 7 z =1 T T & 1 7 X i
23 2 ’_l-"‘ 1 of '-| ] quirement.
S| =
© L7] oL oo, 0 il 0 11 1 | T e
N 520 5.24 5.28 5.20 5.24 5.28
Beam - Constrained B mass (GeV/cz)
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*0.07 events, and is dominated By-J/K* decays with  B(B°—J/4K°) is consistent with and improves upon the
K* K27, We find no evidence foB— x.,K production  previous CLEO measuremeftt6]; it is also consistent with
and estimate the background frOB'?H)(Cng to be 0.01 the world average valugl2]. The measurements @(B°
+0.01 events. —J/yK®), B(B%— x1K?), and B(B— J/yx°) reported in
Background for B—J/y=°. The combinatorial back- this Rapid Communication supersede the previous CLEO re-
ground is estimated to be (.33 events. TheAE resolution ~ Sults[16,17. o . .
is good enough to render negligible the background from any The systemqﬂcl uncertainties in tfhe brﬁnchlng fraction
of the Cabibbo-allowed— J/yK7%(X) decays, where at easurements include contributions from the uncertainty in

least a kaon mass is missing from the energy sum. The backl® number oBB pairs (2%), tracking gfficiencLegl% per
ground from BOHJhng decays WitthH w070 is esti- gh?rgtgd tr?fc_:k_ phot;; deteictlct)n eéf(;c:|en£:rf[2._5f_/o),d_leptofr_1
mated to be 0.380.05 events. We estimate the background? ¢ c¢1on eo |C|enocy 5 poer _ep_om s-m Om g €

from B decays to tha/ - ° final state from the samples of [CIENCY (2%), Kg— " finding efficiency (5%), back-

simulated events, with the normalizations obtained from th@round subtraction (0.015.5%, see Table)] statistics of
fits to theM () distributions forB* — /" 7° and B the simulated event samples (6.6.0%), and the uncertain-

ties on the branching fractions of secondary decésee
Table ).

In summary, we have studied thrB8 decay modes use-
ful for the measurement of sifg2 We report the first obser-
vation and measure branching fractions of 82— y,K°
andB®— J/yx° decays. We describek— 7°7° detection

0. 0 0.0 050 technique and its application to the reconstruction of the de-
—J/YKs with Kg—a o). We assuma5(Y (45)—~B'B ) cay B~ J/yK2. We measure the branching fraction for

=B(Y(4S)—B*B™) for all branching fractions in this _, 0 0 .
Rapid Communication. We use the following branching frac-B f“]/‘/’K decays withKs mesons reconstructed in both

- 0.0
tions for the secondary decay#i(J/y—I+1")=(5.894 7 ™ andm a" decay modes.

* 0-886)%’ 18], B(xc1—J/y)=(27.3= 1-6%% gl%]! We gratefully acknowledge the effort of the CESR staff in
B(Ks— " m~)=(68.61+0.28)%[12], and B(Ks—7"7")  providing us with excellent luminosity and running condi-
=(31.39£0.28)% [12]. The reconstruction efficiencies are tions. This work was supported by the National Science
determined from simulation. The resulting branching frac-Foundation, the U.S. Department of Energy, the Research
tions are listed in Table I. Combining the results for the twoCorporation, the Natural Sciences and Engineering Research
K2 modes used iB°— J/ /K reconstruction and taking into  Council of Canada, the A.P. Sloan Foundation, the Swiss
account correlated systematic uncertainties, we ol#4BP  National Science Foundation, the Texas Advanced Research
—JIyK% =(9.5-0.8+0.6)x 10" This measurement of Program, and the Alexander von Humboldt Stiftung.

—J/y7°#° candidates in data. The background frdn
—J/ 7% is estimated to be 0:20.2 events, and is domi-
nated byB* —J/yp* decays.

We use the Feldman-Cousins appro@th to assign the
68% C.L. intervals for the signal mean for the three low-
statistics decay modeB{— x.;K2, B°—J/y#°, and B°
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