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Abstract. Rare decays of beauty particles were studied in b u
several charmless modes using the data collected with the w fK @IH<
DELPHI detector at LEP from 1991 to 1994. These decays .

are mediated by both tree levkl— u and one-loop pen-
guin b — s, d transitions. Evidence for charmlegsdecays
was obtained in two body hadronic modes. The branch-

a
ing ratios of By to "z~ or K*r~ and B, to p%r" y
or K*%~ were found to be (8"%% + 0.2) x 10~° and i‘:ﬁf’< M
. d,s b d,s
W
C
b

(L.7"%% + 0.2) x 107“ respectively. The fraction of these ©°
decays with a charged kaon in the final state that is not from
the spectatos quark, was measured to bes8+ 0.18. Up-

per limits were set at 90% confidence level on the branch-
ing ratios for three and four body charmless hadronic de-
cays in the range of (& 3) x 1074, for inclusive radia-

tive b — sy decays at 3 x 1074, for the exclusive ra-

diative decaysB? — K*(892fy and B? — ¢(1020)y at

2.1x10~* and 70x 10~“ respectively, and for dineutrino de- W
cays,b — svu, in the exclusive channeBS — K*(892fvy

and BY — ¢(1020yv at 1.0 x 1073 and 5.4x 1073 re- e

SpeCt'Vely- The limits on dineutrino decays constrain theor'eszig. 1. Feynman diagrams of the main processes contributing to therare

with a newU (1) gauge boson coupling predominantly to the decays studied in the present paper: hadronic charrbleessays through
third family of fermions. tree level diagramg¢a andb) and penguin diagram&), and radiative(d)
and dineutring(e) decays also through penguin diagrams

penguin diagrams (Fig. 1d and 1e). The total branching ratio
1 Introduction into charmless final states is expected [1] to be a few percent
in the Standard Model, with most of the individual modes

This paper presents a study of three classes of rare charmleggntrib“ting a few times 10* or less. The determination

b decays using the data collected in 1991-94 by the DELPH[! their rates is a test of the loop structure of the Standard
experiment at LEP. The three classes oecays studied are Model and can be used to constrain extensions involving new
the charmless decays in hadronic, radiative and dineutrindarticles that can contribute to the internal lines in Fig. la—e.
modes. These modes probe different decay processes con- With the data taken up to 1994 inclusive giving an in-
tributing to the total charmless decay rate. tegrated statistics of almost 3 million hadron#® decays

Charmless decays of thequark in the Standard Model Per experiment, corresponding to about 1.3 milliloquark

are due both to leveb — u diagrams (see Fig. la and decays, experiments at LEP have reached a sensitivity at the
1b) and to one-loop penguin diagrams inducing- d and level of the expected decay rates for several of these chan-
b — s transitions (F|g 10) Non_spectator processes, Sucmels. The use of h|gh resolution vertex detectors allows the
as exchange and annihilation diagrams, are expected to givgecondary vertex topology of the decay of the long-flying
only relatively minor contributions. Different decay modes B hadron to be reconstructed, thus improving the signal to
can originate either from only one of these two classes opackground ratio. In addition, the efficient hadron identifica-
processes or from a combination of them. For examp|e, Semiﬂon SpeCifiC to the DELPHI detector is a pOWGrfUl instrument
leptonic charmless decays are péire> u transitions while ~ for classifying the candidate events.

decays involvingh — s transitions are due to penguin loop The paper is organised as follows. The components of
diagrams, flavour changing neutral current processes beinthe DELPHI detector most important for this study and the
forbidden at tree level in the Standard Model. Charmlessevent samples used are first summarised briefly in Sect. 2.
hadronic decays oB particles receive contributions from Section 3 describes the analysis of exclusive hadronic charm-
both tree levelb — wu processes and penguin processesless decays. These are important because the role of tree
Charmless radiative and dineutrino decays come purely fronkevel and penguin contributions can be studied from the rates
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observed in different decay channels. The understanding ofhe energy resolution was measured to be 6% at 45 GeV
the penguin contribution to decays such As— 77 will using Bhabha events.
be an essential ingredient in the studies and interpretation Electromagnetic clusters not associated to a charged par-
of CP asymmetries it? decays at dedicate® experiments ticle track were used to reconstruct photons and neutral
[2]. Sections 4 and 5 describe the reconstruction techniquepions. Single photons were distinguished from those from
and the results obtained in the searchestfors sy and  7° decays using different methods according to the energy.
B — K*vv decays. The conclusions are summarised inLow energy neutral pions were reconstructed by observ-
Sect. 6. ing two clearly separated showers giving an invariant mass
m~~ compatible with this hypothesis. At energies above 5
GeV, the two showers are usually merged, and the three-
2 The detector and generalities of the data analysis dimensional reconstruction of showers in the fine grained
HPC electromagnetic calorimeter was then used to sepa-
The DELPHI detector and its performance have been derate photons from neutral pions. This was achieved by con-
scribed elsewhere [3, 4]. Of particular importance for this strained fits to the shower shape using the profiles expected
study are the identification of charged particles and photongor the photon ana® hypotheses. For showers reconstructed
and the precise track extrapolation to the neighbourhood oin the HPC with energy larger than 5 GeV, and with the se-
the Z° decay point, allowing the selection & — bb de-  lection criteria used in this analysis, the efficiency for iden-
cays and the reconstruction of their secondary vertices.  tifying photons correctly was estimated to be 0.6, approxi-
mately independent of the energy, and the rejection against
neutral pions varied between 3.5 and 2.0.
2.1 Charged particle identification

Charged particle identification over a wide momentum range2.3 Track extrapolations to the interaction region
is an important feature of the DELPHI detector. Hadrons are
identified by the combined use of the information derivedA three |ayer silicon vertex detector (VD) in the DEL-

from the specific ionisation in the Time Projection ChamberpH;| tracking system ensures precise track reconstruction
(TPC) and from the detection and measurement of rings ofear the interaction region. In 1994 this detector was up-
Cherenkov photons in the Ring Imaging Cherenkov detectograded by replacing its innermost and outermost layers with
(RICH). The absence of Cherenkov light in the RICH is alsodouble sided microstrip detector modules providing recon-
used (“veto mode”). struction of track points in space [6]. The innermost layer
The TPC provides up to 192 sampling points alongcovers polar angles between°28nd 155. The accuracy
the track giving a measurement of the rate of energy 10ssef extrapolating tracks to the vertex was measured to be

dE/dz, to a precision of about7% in hadronic events. This -3/ .
corresponds to separating kaons from pions by 1.5 standartf ((65/(p sin=0))? + 2(%) um in the transverse plang()

deviations §) for particles with momenta above®GeV/c. ~ Wherep is the particle momentum in GeV/c ardts polar
The RICH gas radiator separates light particleser) angle. The precise track reconstruction obtained by the use
from heavy ones K, p) above 35 GeV/c and separates of the vertex detector allows_the use of secondary vertex
kaons from protons from 9 to about 20 G&V[4, 5]. With reconstruction fpr t_he separation Bf decay produ_cts from
the loose selection criteria used in this analysis, the efficiencyprimary hadronization particles. The reconstruction of these
for tagging a particle in this kinematic region is about 0.80 in Vertices is described below. In order to preserve an accurate
the polar angle acceptance of the Barrel RICH, frorh #0  track extrapolation to the vertex region, only tracks with
140°, and is almost independent of the particle momentumat least one associated VD hit were used in the reconstruc-
For particles tagged as kaons, the rejection factor agaington of secondary vertices. This requirement was not applied
misidentified pions is close to 5 using td&/dz informa-  for the reconstruction o) — 7*7~ decaying outside the
tion and from 8 to 5, decreasing with increasing particle mo-beam-pipe.
mentum, using the RICH detector. Identified charged parti-
cles were attributed their corresponding masses, unidentified
ones were assumed to be pions. 2.4 Generalities of the data analysis

Hadronic events were selected by the standard hadronic tag
2.2 Photon identification criteria [7]. This gave a total of 2.844 10° Z° hadronic
decay candidates from the 1991-1994 data set. The efficiency
Photons were detected by the barrel electromagnetic calorief the selection was determined to be 0.9500.005 on
meter, called the High-density Projection Chamber (HPC)simulated data.
located at a radius from the beam axis of between 208 and A b-tagging algorithm based on the significandgg,
260 cm and covering polar angles betweeh ddd 139. Its  whered is the impact parameter andts error, of the impact
design provides full three-dimensional charge information ofparameters of all the tracks in an event was applied to re-
the electromagnetic showers. The spatial resolution is abounove decays of th&® into light quarks [8]. For each event,
20 mrad for the azimuthal angle while for the coordinate this algorithm gives the probability corresponding to the hy-
along the beam axisz) it is much more precise, varying pothesis that all the tracks originated at tH& production
between 1.3 mm and 3.1 mm depending on the polar anglgooint. ThusZ® — uu, dd or ss decays give a flat probability
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distribution while Z° — bb decays give a pronounced spike rations in the different years were used in proportions close
near zero. Hadronic events were required to have a probae those of the real data set.

bility from the b-tagging algorithm smaller than 0.03. This To extract the results, the numbers of candidate events
cut gives a selection efficiency of 0.85 f@° — bb events  selected in the real data were compared with the numbers
and a purity of 0.67. expected from the simulation of the background. In each

Further enrichment ihb events was obtained by the spe- case, the probability for the background level to fluctuate to a
cific requirements on vertex topology and kinematics in thenumber of events equal to or larger than that observed in the
different analyses, as described in the corresponding sedeal data was computed taking into account the uncertainty
tions below. For the inclusivé — s+ analysis, only loose inthe background estimate. Only decay modes for which this
requirements on the secondary vertex were applied. For thigrobability was less than 18 were considered for deriving
reason the cut on thietagging probability was set at 0.01, branching ratios.
corresponding to an efficiency of 0.75 and a purity of 0.80.  In all other cases, only upper limits at 90 % confidence

For each selected® — bb candidate, the primary vertex level are quoted. These upper limits were obtained from the

was fitted using a procedure that iteratively linked tracks tolUmber of events observed in the data taking into account
the beam-spot. Tracks not compatible with the beam-spot’€ €stimated background. If the number of background-
position were then removed. Secondary vertices were fitteguPtracted events in the data was negative, though compati-
using candidate secondary particles selected using kinematfd€ With zero, the upper limit was conservatively computed

and topological variables as described below for the differ-2SSuming it to be zero. The effects of the systematic un-
ent decay modes. A very loos@-probability cut at 10° certainties on the signal efficiency and on the background

was applied to reject combinations of tracks completely in-€stimate were included in the computation of the branching

compatible with the the hypothesis of originating from a "atio upper limits. o _
common secondary vertex. The wrong association of frag- Since theB mass resolution in several exclusive decay

mentation particles to the secondary vertex was strongly rechannels receiving contributions from both the and the

duced by the requirements described later on the momentd3* mesons was not high enough to separate the/fwue-
impact parameters and hadron identification of the track$On Species, results for these channels were computed for
tested at this vertex. The invariant masses of the particlefle sum of theBg and the BY decays, i.e. from the total

at the reconstructed vertices were determined with the trackumber of candidate events and the total numbeBbaind
parameters recomputed at the fitted secondary vertex. BY mesons. Suppressed decay modes were not taken into

In reconstructing exclusive decay modes, further cuts oriccount.
the vertex topology were applied to remove events with ad-
ditional secondary tracks not used in the vertex reconstruc- ic charml
tion. A combination was rejected if at least one track, above> Hadronic charmless decays
3 GeV/c and not used in the secondary vertex reconstruc: . .
tion, either missed the primary vertex by more thaa 2r In the Standard Model, hadronic charmle8siecays orig-

fitted the secondary vertex withind, where+o is the 68% |(r|1:<'i:\te 120tbh) Zggnfrg;ethlg\genle_slgg(:ta?r: Jn urct)::aelssltilgr:;hich
confidence level range after the convolution of the track ex'thegb. dec’:a ’sto as quark via a Ioop Fi)nclgdin pa virtual —
trapolation and the vertex reconstruction errors. ys 10 aB g i P 9

) ) boson and a virtual quark (Fig. 1c) and at least one gluon
~ Charmlessh decays were considered to proceed via anjg emitted, giving theh — sg, sgg andb — sqq processes
intermediate resonance if the reconstructed mass of the rel

vant particles was within 2 of the resonance mass, where -Final states with a kaon are due eitherite— s tran-
is the _68% c_onfidence level range after convoluting the nats;iions or to Cabibbo suppresséd- u + su decays where
ural width with the mass resolution. Fer— KK decays,  he i meson originates from thé” boson. Those with only
generally only one of the two kaons had to be |dent|f|ed,|oiOns are due mainly t6 — « tree level diagrams. For ex-
since the narrow mass cut around #ienass already effi-  5hje exclusive channels such B8 — 7*7~ are mostly
ciently removed most of the combinatorial background. ;. decays with a possible contribution from suppressed
The reconstruction and selection efficiencies of the dif-5 — ¢ loop transitions. The decap® — K*r~ is due to
ferent analyses were_estimated using dedicated samples gfmixture ofb — s andb — u + su decays. Finally decays
fU”y simulatedZ° — bb events, where one of tHehadrons  \ith a neutral kaon, such a8 — K*OTr*, do not receive
was forced to decay into the final states of interest. Using theree level contributions and are pure penguin processes.
decay distance and impact parameters reconstructed in space Signals for hadronic charmlegsjuark decays were first
increased these efficiencies by between 15 % and 25 % ifeported by CLEO [9] in the sum of thB — =7 and Kn
the 1994 data set Compared with the data taken earlier Wheﬂecay modes. At LEP, ana|yses have been performed by all
the VD was equipped with only¢ read-out. four collaborations [10, 11, 12, 13]. The analysis of the data
The backgrounds for the different decay modes werecollected by DELPHI from 1991 to 1993 provided an excess
evaluated using 5.2 millionZ® — ¢¢ and 1.6 million  of events in two-body hadronic channels not compatible with
7% — bb generated events processed with the full deteccharmed decay modes. This was interpreted as evidence for
tor simulation. These simulation statistics are equivalent tocharmless decays d8 mesons [11]. Adding the 1994 data
about four times the real data set. The configuration of thesample has almost doubled the statistics available compared
DELPHI detector changed over the years, in particular forwith the previous study. Furthermore, the upgraded DEL-
the VD. Simulation samples corresponding to the configu-PHI microvertex detector (VD) has improved the efficiency
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for taggingbb events, reconstructingg decay vertices, and - B — K*(892f7r—, K*(892f — K—=*

separating particles from th8 decays from those due to - Bcoi,s — K"K~

fragmentation. — B, — ¢(1020)K~,  ¢(1020)— K*K~
The particle identification capabilities of the DELPHI _ Three-body decays:

Ring Imaging Cherenkov detector allow the separation of - By —»nwtn

channels with charged kaons from multi-pion final states. - B, - K n'n~

The determination of the fraction of candidate charmless _ B~ . K-K*K~

events containing a kaon in the final state probes the relative— Four body decays:

contributions of the tree level and penguin loop processesto  _ Bg ottt

the rate of rare hadronic charmless modes. In addition, rare  _ g0, g+ -+ -

decays of the/lg beauty baryon can be tagged due to the s

presence of an identified proton in the final state. In two-body decay channels involving a vector and a

pseudo-scalar meson, suchias— K*r andpm, the vector

meson is fully polarized. The distribution of the decay he-
3.1 Event reconstruction licity angle 6* in the vector meson rest frame is proportional

to cog 6* while the background is more isotropic. Therefore
Events fulfilling the hadronic anbHtagging criteria were di- in these channelcosf*| was required to be larger than 0.5.
vided into two hemispheres. For each hemisphere the leading In multi-prong final statesp decays into fully recon-
charged particle was used to start the secondary vertex restructed intermediate states containing hidden or open charm
construction. Other charged particles were iteratively testedvere removed by requiring that no pair of particles had an
to form a commom-prong detached vertex with this leading invariant mass close to either th&'y) or the 1/(2S) mass
particle. if given electron or muon masses, or close to if as-

Kinematic cuts were applied to exploit the hdrdrag- signed either{w or 7w masses. The widths of the invariant
mentation. The total energy of thB candidateEp was  mass intervals around the charm states corresponded 4o a 3
required to be above 20 GeV and below the beam energycut, using the measured mass. For four-prong vertices which
For two (greater than two) prong topologies, the momen-had masses consistent withdecay (see below), all combi-
tum of the leading particle had to be larger than 10 (8)nations of three particles had to be incompatible both with
GeV/lc and that of the other secondary particles larger tharthe D~ mass when assignei*r— 7~ or n*7~ 7~ masses
1.0 (0.8) GeV&. and with theD, when assigned{* K ~7~ masses.

The combinatorial background was suppressed by re- The mass resolutions were found to be 85 Meéy/c
quiring the candidate secondary vertex to be separated b§0 MeV/ and 45 MeV/€ for two, three and four prong
more than 25 o from the reconstructed primary vertex and decays respectively. Th&,, (B;) candidates were ac-
the decay distance to be smaller than 2.0 cm. Partially reeepted in the invariant mass region defined by the in-
constructedB decays give a background that falls steeply tervals 515 — 5.55 GeV/c? (5.25 — 5.65 GeV/c?) and
in the invariant mass distribution up to abou055eV/c>  5.20—5.50 GeV/c? (5.30—5.60 GeV/c?) for two and more
for B mesons. Above this value, a rather flat tail extendsthan two prongs respectivelyl? candidates were accepted
to higher masses. While partially reconstructed decays ofn the region between 5.45 GeWand 5.9 GeV/&. Since
beauty baryons also contribute below tiemass value, this  the main source of background is partially reconstruded
tail is due mainly to tracks from the primary vertex being decays, the background is higher for masses belowBthe
incorrectly assigned to the secondary vertex. This was supmeson mass. For this reason the signal mass regions were

pressed by requiring every track used in the secondary verteghosen to be asymmetric around the mass values of the dif-
reconstruction to have an impact parameter with respect tgerentb species.

the primary vertex larger than 1.5 times its associated error.

In the 1994 data both th&¢ and thez projections of the

impact parameters were tested and at least one of the twg.2 Results

was required to fulfil this cut. For earlier data only tRe

projection, where the track extrapolation accuracy was deThe characteristics of the candidal hadron decays into

termined by the VD, was used. In two prong topologies thistwo, three and four bodies are given in Tables 1, 2 and 3.

cut was not applied to the leading particle because simula-  In two-body modes, eight candidates to be charmless de-

tion showed that, in low multiplicity3 decays, the leading cays of B mesons were reconstructed in the full 1991 - 1994

particle is aB decay product in more than 98 % of the cases.statistics: two in ther*7— channel, three if*7—, one in
The following decay modes and their corresponding %7~ and two inK*%7~ (see Fig. 2). One of the two candi-

charge conjugates were investigated: dates classified asB — 77~ decay is ambiguous with the

K*r~ hypothesis, since the lower momentum hadron has no

— Two-body decays: particle identification information. Changing from the to

+ —_
- BS_—> T - . the K7 mass assignment moves its total mass from 5.18
- Bg - p(7+70f7r ' p(770f — m*7 GeV/c to 5.32 GeV/é, which is also inside the signal mass
- Bd,s — K'm region. No candidates for charmleds decays were found.
— A) = pK~ The background was estimated by studying the rejection
- B — K~ p(770¥, p(770P — 7tn— factors on simulatedq events for independent sets of the

- Bgys — K*a1(1270), a1(1270) — n w*n~ cuts applied in the analysis. The secondary vertex selection
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Table 1. Characteristics of the candidate events in two-body decay modes. «_ 14

o
The invariant mass, energ§z, decay distance in units of significance = [
d/og4, and proper decay timep For the K*m and pm candidates, the 8 L
value of [cosf*|, where#* is the helicity angle between the direction of <42 L DEL PHI
R o
the K or 7 from the resonance decay and tBedirection in the resonance N
rest frame, and the distance of the measured resonance mass from its centra_fﬁ B

B° - 1, K'mt, K'K

value ino units are also given. The firstr event is ambiguous with the E 10 } Om- *0ms -0
K hypothesis B - p T[,K T[,K p
Channel Mass Ep d/og T |cosf*| Distance ino BO — K+al-

[GeV/c?] [GeV] [ps] from resonant mass 8 -

s 518+0.11 230 64 3.1 - -
s 524+007 212 64 26 - -
Km 519+008 275 32 03 - - 6
Km 520+008 393 3.0 03 - -
Km 547+010 437 85 15 - -
pm 534+009 420 704 34 0.68 +0.45 4

K*m  521+0.06 400 176 1.2 0.59 +0.78
K*m  538+£0.07 39.0 446 23 0.63 +1.60

Table 2. Characteristics of the candidate events in three-body decay modes

Channel Mass Ep d/oqg 7B 0 ‘4‘6‘ ‘4‘8 : - sz S
[GeV/c?]  [GeV] [ps] ) ) ‘ ) o ’
- 526+005 346 272 21 Invariant Mass (GeV/c’)

Krm 5.23+0.05 40.8 51 2.4
Knn 5.394+ 0.04 20.3 17.6 3.0
Knn 5.274+0.06 40.2 11.6 1.0
Krnnm 5.324+0.04 21.6 11.8 1.2

Fig. 2. Invariant mass distribution for two body charmless hadroBic
decay channels. The points with error bars represent the real data and the
histograms the mass distributions expected in the absence of charmless
hadronicB decays, as obtained from simulation. The curve represents the
shape expected for the signal events normalised to the number of candidates
selected in real data in the signal mass region

criteria were relaxed for the two-prong sample. The effects

of the intermediate mass and helicity angle constraints werg 5 o .

also studied in the multi-prong sample. In addition the back-"" IScussion

ground suppression coming from kaon or proton |dent|f|ca-.|.he increased statistics allow the extraction of quantitative

tion was measur.ed for all the channels. The rejectio.n faCtor?esults for the rates observed in two body charmless decay
ok;ia!neg ;‘rom s||nd1u:ateddefvent§ tvvebre compe:re? V_I\_”;h thto(sfchannels, in particular the branching ratios for channels with
obtained for reaf data and found to be consistent. This study, significant excess of events in the data, and the extraction

gave 068+ 0.15 backgrgund events. . of the fraction of events with a kaon in the final state that
The background estimate was checked with the numbeges not originate from a spectatoquark.

of simulated events fulfilling all the selection cuts in the
mass interval from 5.1 GeVldo 6.0 GeV/é, normalised to

the signal region and to the equivalent data statistics. Thg 3.1 Branching ratios.In thex*7— and K*7— modes, five
result was 075+ 0.25 events, in agreement with the value events were observed with an estimated background of 0.15
estimated using the rejection factors. + 0.05 events. These numbers correspond to a probability of
Thus in two body hadronic modes, eight charmless de-originating from a background fluctuation of5610~°. The
cay candidates were selected in real data with an estimateefficiency for reconstructing eitheB® — 7*7— or B® —
background of 0.68t 0.15 events. The probability that all K*7r— decays without distinguishing between the two final
the events seen are due to a fluctuation of this background istates was evaluated to be 029.01 using simulated data.
10-°. This result confirms with higher significance the evi- The uncertainty on the reconstruction efficiency was taken
dence for charmless decays Bfmesons in two-body final into account as a systematic error. Interpreting all the five
states already reported by DELPHI based on the 1991-1998bserved events as signal, the corresponding branching ratio
data [11]. is:
In three and four-body decay modes, five and three can 0 b by +15
didate decays were found respectively. These numbers ar%R(Bd’s -, Kim) = (287 pp(stat) £ 0.2(syst)
consistent with the respective estimated backgrounds of 3.5 x107°
+ 1.0 and 5.3+ 1.2 events from other processes.

This result agrees with the measurement reported by the
CLEO Collaboration of (2.4 0.8) x 107° [9].
Table 3. Characteristics of the candidate events in four-body decay modes ,The exclusiveK™r channel has thr,ee events with an
estimated background of 0.66 0.03. This corresponds to
Channel Mass Ep  dfoq 78 a probability of the events being a fluctuation of the back-
[Gev/cT] — [GeV] [ps] ground of 10°4. The three events give a branching ratio for

rrmw 543+005 396 132 1.4 thi lusive ch L of
monn 5214005 414 168 0.9 IS exclusive channel or.

Krrm 5234011 445 460 03 BR(B], — K*7~) = (24*}/(stat) £ 0.2(syst)) x 10°°
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Table 4. Summary of the results for two-body decays giving the number of candidates in each channel, the estimated
background, the reconstruction efficiency, and the corresponding result for the decay branching ratio and its comparison with
theoretical predictions. All upper limits are computed at 90 % confidence level

Channel Evts Bkg € Signal Theory DELPHI
[%] Evts BRx10° BRx1CP

BY — ntp— 2 0.09 230 <52 1.1-1.8 [14, 16] <45

B§ L — K'n~ 3 0.06 18.0 3 1.1-1.8 [14, 15, 16] 24 +02
BY, - wtr, Kt~ 5 0.15 25.0 5 - 285 +£02
BY  — K*K~ 0 001 80 <23 - <4.6

A — pK— 0 0.01 5.5 <23 - <36

By — p’n~ 1 0.09 5.5 <38 0.4-1.4 [14, 16] <16

By — K*0n~ 2 0.06 45 <5.3 0.6-0.9 [14, 15] <39

By — p%n—, K*0n— 3 0.15 6.0 3 - 172+ 2
By — K—p° 0 0.17 45 <23 0.01-0.06 [14, 15] <12

By — K~ ¢ 0 0.01 4.0 <23 0.6-1.4 [14, 15,17] <28

BY, — K'ay 0 0.18 35 <23 - <23

Table 5. Summary of the 90 % confidence level upper limits for three-body the fitl

The efficiency for a signal event to be accepted
decays

in the fit is 0.26+ 0.01. The fractionf'[ K, (K7) g«7)] =
Channel Evts Bkg. ¢  Signal Theory DELPHI N[KT, (Kﬂ)K*ﬂ-]/{N[ﬂ-ﬂ-, (ﬂﬂ-)pﬂ-] + N[Km, (K?T)K*TF]}
B 1 1 [05/"]3 E"e';tSJL ngllf BRxlgos was left free in the fit. The result was68*3%2 .

worr SEDOEIG (8 < Decays of B, 4 mesons may produce a charged kaon
By — K~ r*n 4 16 43 <64 - <33 ; . : =
B o K*K-K- 0 003 26 <23 - <20 from either theb — s or the Cabibbo suppresséd— usu

“ ' ' ’ decay. In the case of the strange beauty meBdn the
charged kaon can originate from the spectatquark also

0 ' - ) ! ; - .
Table 6. Summary of the 90 % confidence level limits for four-body decays in the Cabibbo allowed tree levél — udi decay. This

Channel Evts Bkg. ¢  Signal  Theory DELPHI contribution was taken into account in a second fit made to
0 a4 _ _ [%] Event UL BRx1( BRx1(P estimate the fraction of — K decays for which a charged
By —w'rtr 2 29 38 <35 10 [18] <23 kaon in the final state is not due to a spectatquark. The

d _ _ 1 ‘
By, — K'r'rz7n™ 1 24 23 <29 - <23 fraction of events containing a kaon and the fraction3f

candidates were fitted at the same time.
The result of the fit was that the fraction of candidate
For the decay into three-prong final states, the combinacharmless hadroni@ decays for which a charged kaon in
tion of the pr and K*m channels gave three events in real the final state is not due to a spectatoquark is:
data with an expected background of 0.4£50.04 events. _
This excess is also significant, while for either of the indi- F(b— K)=058+018
vidual channels the probability of a background fluctuationThe fit gave 1_311-53 for the number of BY candidates
is above 10°3. Again considering the three candidates asin the sample, to be compared with 1.5 expected assum-
signal events, the value for the combined branching ratio ising the B, /B, production ratio f,/f; = 0.30. Restrict-
ing the analysis to the five candidates in the two prong
BR(B, — pm, K*r)=(1.7"%3(stat) + 0.2(syst)) x 10~* modes B® — 7*r— and K*x~, the corresponding frac-
tion F(BS — K*'r~) = N(BY — K'n7)/[N(B° —
In three and four-body modes, where no excess of eventg*r—)+ N(B° — K*r~)] is determined to be 0.52 0.21.
was observed, the upper limits set by this analysis are withimrhese numbers are consistent with those expected if the pen-
a factor two of the expectations for these channels. The requin 4 — s and tree levelb — w transitions contribute
sults are summarised in Tables 4, 5 and 6 for two, three an@qually to the hadronic charmlessiecays.
four-body decays respectively.

4 Radiative charmless decays

3.3.2 Kaon fraction. The fraction of candidates in two body

modes containing a kaon in the final state was also measure : . )
As can be seen by comparing Figs. 1a and 1b with Fig. 1Cmuch interest from both theory and experiments. This decay

this fraction is sensitive to the relative importance of the tree(s'e(.a Fig. 1d) proceeds throqgh a one-loop pepguin process,
level and penguin contributions to the decay similar to the one contributing to the hadronic modes, in
An unbinned maximum likelihood fit wés erformed which a photon is radiated from either thié— or the quark
using the reconstructed invariant masssz, the paverage line. The rate for this decay has been computed in the Stan-
Cherenkov angle‘)_c and the specific ionizationE/dz as dard Model. Including part of the next-to-leading order QCD

. . _ —4
inputs. All the events with at least one of theor K’ mass corrections gives3 fi( b — s7) = (1.9 0.5) x 107 [19].

_assig_nments, in(_jependently of t_he hadro_n tagging, giving an 1 No events other than the eight candidates were accepted with this looser
invariant mass in theB mass signal region were used in requirement

E_he radiative decay — sv has recently been the focus of
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Additional contributions can come from new particles in the of 15 GeV, of which at least 5 GeV came from hadronic par-
loop, such as charged Higgs bosons or supersymmetric paticles, were accepted. A study of simulated- sy events
ticles. These contributions can either increase or decreasshowed that on average 70 % of the selected particles were
the b — sv decay rate compared with the Standard ModelgenuineB decay products.
expectation [20, 21]. Candidate events were selected by further requiring the
Evidence forh — sy decays has been reported by CLEO total invariant mass to be between 3.25 GéV/and
both in the exclusive channd? — K*(892)~ [22] and in 6.0 GeV/@ and the mass of the selected hadronic system
the inclusive mode [23]. The inclusive rate observed corre+to be below 1.6 GeV/c The dominant background is due to
sponds to aBR(b — sv) of (2.324+0.67) x 1074, in good b — ¢ decays with a misidentified® or an energetic pho-
agreement with the Standard Model expectation. Searche®n. The cut on the mass of the hadronic system removes a
for radiative charmless decays have already been performedrge fraction of this background, while it retains most of the
at LEP on limited statistics by the DELPHI [24] and L3 [25] signal, since the predicted invariant mass distribution of the

experiments. hadronic system ih — sy decays peaks below 1.5 Ge¥/c
[26].
The energy of theB hadron was estimated by scaling
4.1 Event reconstruction the sum of the energies of the selected particles and of the

photon by the ratio of the total visible mass to tBeme-

Radiative charmless decays have been searched for in bofon mass. This procedure resulted in an energy resolution
the inclusiveb — sy and the exclusiveBS — K*%y chan-  of abou 7 % for the selected signal events. Events with a
nels. Theb — sy analysis uses an inclusive algorithm to scaled energy above 20 GeV were retained and the recon-
reconstruct the hadronic system accompanying the photostructed photon was boosted into therest frame. Signal

in the decay of theB hadron. This method minimizes the b — sv events give an almost mono-energetic photon in this
dependence of the result on the size of the contribution fronrest frame with energye* close to the kinematic limit of

the individual exclusive decay channels. (m2 —m?2)/(2 mp) = 2.4 GeV. The accuracy of the de-

In the search for fully reconstructed exclusive decays,termination of the photon energ¥*, in the B rest frame
two different procedures were followed and the results werewas studied using simulatéd— s events. The resolution
combined. In the first one, the events reconstructed usindunction was extracted from the difference between the re-
the inclusive algorithm were tested against the hypothesis ofonstructed and generatétt values after all the selection
being fully reconstructed decays. The second analysis usecuts. This resolution function is well described by the sum
a dedicated exclusive reconstruction procedure similar to thef two Gaussian distributions having widths of 40 MeV
one used for the study of the charmless hadronic decays. and 110 MeV with the narrower of the two distributions

containing 40 % of the decays.

The detailed shape of the photon spectrum was obtained
4.1.1 Inclusive searchHadronic events were selected that from a fully inclusive spectator model that usesBame-
satisfied the-tagging criteria and had a neutral electromag-son wave function model and includes gluon bremstrahlung
netic shower reconstructed in the HPC calorimeter with en-and higher order radiative effects [26, 27]. The input pa-
ergy larger than 6 GeV and an energy component transversameter values chosen werep = 5.279 GeV/é, my,, =
to the jet axisk; above 0.7 GeV. Neutral pions were re- 180 GeV/@ andpr = 0.27 GeV/c, wherey is the Fermi
jected by discarding all photons giving an invariant massmotion of theb quark in the hadron, while the spectator
smaller than 0.25 GeVovhen paired with another photon, quark massn, was set to zero. In the simulation of the sig-
or by the shape of the electromagnetic showers as describggh| events, the branching ratios for the differdtit states
in Sect. 2. The accompanying hadronic system was reconyere taken from the same model [28] except for Kig892)
structed using an inclusive procedure. Candidate secondasyr which the central value of the CLEO measurement [23]
particles were selected among those contained in a cone @f BR(B — K*(892)y)/BR(B — sv) = 0.19 was used.
0.7 rad around the photon direction and with momentumin addition, 27% of the radiative decays were allowed to
larger than 1 GeV/c. Pairs of charged particle tracks, sortegyroduce multi-body final states for which the JETSET frag-
in decreasing order of significance of their impact paramementation scheme was used [29]. Using this simulation, the
ters with respect to the primary vertex, were iteratively testecefficiency for the above reconstruction procedure was found
for forming a common detached vertex. Vertices having lowtg be 0.043+ 0.002. For comparison, using this efficiency,
probability or a flight distance smaller than 0.5 times the as+the central value measured by the CLEO collaboration for
sociated error were discarded. When a vertex was accepteggR(» — sv) corresponds to about 11 signal events recon-
other charged particle tracks and reconstructed neutral piongryucted in the DELPHI data.
and K9, sorted in decreasing order of rapidity, were tested
for inclusion. Charged particles compatible with the ver-
fex position.and neutrals .With .rapidity larger than 1.5.were4_l_2 Exclusive searchExclusive radiativeb decays were
added, provided the total invariant mass of the hadronic SYSzearched for in the channels:
tem and the photon did not exceed 6 GéVAMdo more than '
one neutral pion and one neutral kaon were associated to a- Bg — K*(892f~, K*(892f — K=",
vertex. Events with at least two secondary particles selected_ po _, #(1020),  ¢(1020)— K*K—.
in addition to the photon, a minimum mass of the hadronic s
system larger than th&°® mass and a minimum total energy Two reconstruction algorithms were used.
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In the first one, further selections were made from the
events reconstructed in the inclusive- s analysis by tak-
ing those for which the hadronic system was consistent with
K*(892f — K—n* (¢ — K*K~) and theKny (KK~)
mass corresponded to thie meson mass. Candidate events
were selected in the mass region 4.9 GWcM(K7y) <
5.7 GeV/é and 5.0 GeV/e< M(K K~v) < 5.8 GeV/é.

The second algorithm looked for displaced secondary

1GeV
F

(ol
a
T

DELPHI

Events/ 0
3
I

10 F

Kr (K K) vertices associated with an energetic photon. This 0 =355 5 s 2 0 25 275 35 325 35
procedure profited from the clear signature of a charged kaon E, (GeV)
tagged by either the RICH detector or the dE/dx of the TPC S 25 ¢

emitted in a cone of 0.7 rad around the photon direction. The g 2 2 b S
candidate kaon was tested to form a displaced secondary verg s - - y

tex with each of the other tracks having momentum above @ , = ‘

1.0 GeV/c. Pairs having an invariant mass compatible with g ; - +J i L be

that of the K*(892) or ¢ meson were associated with the o £ . - o

photon and the total mass of the correspondikig~ or g

K K~ system was computed. The selection criteria were sim-

ilar to those of theb — sy analysis for the photon andto B0 0000

those of the hadronic charmless decays for the charged parti- 12 s s 2 225 25 275 S 325 39

cles. The photon was required to have more than 6 GeV, the v

momentum of the tagged kaon had to _be above 3.5 GeV/%ig. 3. Energy spectrum of the photons selected in the inclusive sy

and the sum of the photon arfd* energies had to exceed analysis in the rest frame of th@ meson. Real data and background from

25 GeV. simulation are shown in the upper plot. The data points after background
The B mass resolution obtained from simulated signal subtraction are shown in the lower plot, where the dashed curve corresponds

events was 0.25 GeVldor both selection algorithms. The to the 90 % confidence level upper limit obtained from the fit

efficiency was computed with fully simulateg® — K* (¢)

~ events. Taking into account the fraction of signal events

tagged by both procedures, the total efficiency is 0.876 upper limit of 4.6x 10~4. The cut on the minimum energy

0.008 (0.075+ 0.010). Using this efficiency, the central of the photon candidates was moved to 5 GeV and 8 GeV,

value of the CLEO measurement BfR(B — K*v) = (4.5 this did not change the result of the fit.

+ 1.7) x 107° [22] corresponds to 2 fully reconstructed In the region 2.25< E* < 2.60 GeV, where the signal

decays in the DELPHI data sample. to background ratio is more favourable, the background is
due mainly toB — D*7°X decays andgy events.

-5 F
10 B

4.2 Results

— The branching ratios for the two-body — D*7° de-
4.2.1 Inclusive searchThe fraction of inclusiveb — s cays were tuned in the simulation in order to agree with
candidates selected in real data by these cuts was extracted the present world averages [30]. Their uncertainty was
by a fit to the shape of the spectrum of the boosted photon  included in the systematic errors. The inclusiveback-
energy. The signal was described by the predicted photon ground was checked by repeating the analysis selecting
spectrum described above smeared with the resolution func- 7~ candidates instead of photons. The shape offitie
tion obtained using simulated signal events. The background distribution for real data was found to be reproduced by
was modelled using fully simulated hadronic events not con-  Simulation. In the region 2.25¢ E* < 2.60 GeV there
taining b — sy decays and fulfiling the same cuts as the ~ Were 101+ 10 events in real data compared with 106

real data. + 5 expected from simulation.

No excess of events in real data was observed and the- The ratio of the number afqy events in real data to that
fit gave 1+ 12 signal events or BR(— sv) = (0.2 + 2.5) in the simulation was estimated by a fit to the distribution
x 1074 (Fig. 3). This corresponds to an upper limit of 20 of E,/E for the selected photons . Thg~y events are
events at 90 % confidence level BrR( b — sv ) of 4.4 x characterised by a broad distribution Bf/E extending
10~*. The ratio of events selected in real and simulated data to large values while other processes, including sv,
in the full spectrum ofE* was 1.03+ 0.06. In the signal are peaked aE,/E below 0.35. An excess of events at
enriched region, defined by 2.25 E* < 3.00 GeV, 84+ E,/FE above 0.45 was present in real data. From the result
9 events were found in real data with 314 expected from of a fit leaving the fraction ofjgy events free, the ratio
simulation. of ¢gy events in the data to that in the simulation was

The stability of this result with respect to changing the  found to be compatible with 1.0 with an error of 0.25.
selection criteria was studied. In particular, relaxing the Changing this ratio from 1.00 to 1.25 would giver+
tagging cut to 0.03, as for the other analyses, gavé 5 14 signal events, compatible with zero and thus with the
13 signal events or BR(— sy) = (1.0 +£ 2.5) x 1074 present result. Lowering this ratio to 0.75 gives:514
corresponding to an upper limit of 5.2 10~*. Making the signal events corresponding to an upper limit of &7

b-tagging requirement tighter by cutting at 0.001 gave an 10~*.
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Table 7. Summary of the 90 % confidence level upper limits for radiative
decays

Channel Evts Bkg. e Signal Theory DELPHI

[%] Event UL BRx10° BRx10°
DELPHI b— sy 84 91 0.842 <23 195 [19] <54

. B§—>K*°7 2 0.67 0076 <47 1.0-11.0 [19,28 <21
Bo , K Oy U ¢y 1 0350075 <23 1.0-11.0 [19, 28, 32] <70

o
T

I
]

Events/ 0.2 GeV/c2

6 3.5 GeV/@ to 6.5 GeV/é, excluding the signal region, was
i found to be 1.13+ 0.30.

This result was cross-checked by performing a fit to
the spectrum of the photon energy in therest frame as
was done for the inclusivé — sy analysis. The fit gave
BR(BY — K*(892f +) = (7.8 + 6.8) x 10~°, correspond-
ing to an upper limit at 90 % confidence level comparable
with the one obtained above.

AN After including the effect of the systematic uncertainties
on the background estimate and the reconstruction efficiency,

~

T NV ‘ the final result was:
5.5 6 6.5

K*y Mass (GeV/c?) BR(BY — K*(892f 4) <21x10°%

Fig. 4. The mass distribution for theK(*~) ;.0 System. Points with For the B — ¢y mode, one candidate was selected
error bars represent the real data and the histograms the expected maadth an estimated background of 0.350.13 events. Thus

distributions in the absence of charmless radiati¥elecays, as obtained no excess of events was seen and the upper limit for the
from simulation. The dashed curve represents the expdgfed- K*0y decay branching ratio was found to be:

signal corresponding to the 90 % upper limit quoted
BR(B? — ¢ 7)< 7.0x10-4

The sensitivity of the upper limit to the predicted shape at 90 % confidence level and including systematic uncertain-
of the E* distribution forb — sy events was also studied. ties (Table 7).
This was done by varying the value pf from 0.27 GeV/c,
obtained from an analysis of the semi-leptonic decay [31],
to 0.45 GeV/c, which gives the best fit [27] to the photon 5 Dineutrino charmless decays
spectrum obtained by CLEO. The change in the valugrof _
increases the smearing of the photon spectrum. The upperike the radiativeb — sy decays,b — sll decays with
limit derived with the new value fopr increased to ® x [ = e, u, v have also received considerable theoretical atten-
1074 tion [20, 33, 34]. In the Standard Model, dineutrino decays
To take the systematic errors into account, the levels ob — svv (Fig. 1e) are simpler to treat than other classes
the D™ 70 and ggy backgrounds and the value pf were  of rare decays involving dileptons, such &s— su*u~,
varied as above and the resolution function, the absolute nomand therefore the rates predicted are subject to smaller un-
malisation of real to simulated data, and the reconstructiorcertainties. The estimated rate for— svv is in the range
efficiency were all changed by their uncertainties. The con<{0.4 — 1.0) x 10~ for m,,,, = 180 GeV/&, with about 30 %
volution of the changes in the fitted number of signal eventsof the inclusive rate going through — K* vv [34, 35].
was propagated to obtain the upper limit in the presence oAnalogously tob — s+ decays, the rate for this decay can
systematic errors. The final result was: be modified by the contribution of new particles in the loop.
4 In addition it has recently been pointed out [36] that a
BR(b — 57) <54 x 107" new U(1) gauge bosotX, coupling predominantly to third
This limit is compatible with the Standard Model expecta- family fermions, could give a large increase of the rate
tions for BRp — s7) and the results reported by the CLEO sv, v, produced by tree leveX boson exchange in addition
Collaboration. to Z exchange. For specific combinations of theboson
massMx, its couplinggx and theZ — X mixing angle, this
rate can become as large as theemi-leptonic decay rate.
4.2.2 Exclusive searcheszor theBY — K*%y mode (Fig. 4), At LEP this process can be searched for in exclusive
there are two events in the signal mass region with ardecays consisting of a secondary strange particle accompa-
expected background of 0.66 0.17 events. This corre- nied by large missing energy due to the presence of the two
sponds to a probability for a background fluctuation of neutrinos. At LEP energies, the decay products of the two
0.14. Therefore no significant excess of events was obb quarks are contained in opposite hemispheres. This is es-
served and the upper limit on the number of signal eventsential for tagging the presence of a beauty hadron decaying
of 4.7 was derived at 90 % confidence level correspondingnto sy using the missing energy. To suppress the large
to BR(BY — K*(892f 7) < 1.8 x 104 The ratio of  backgrounds from partially reconstructedc andb decays,
events in real and simulated data in the mass region fronthe analysis was performed using the exclusive final states
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K*vv and¢vv. The cuts on the invariant mass of the strange  §
mesons and the secondary vertex reconstruction reduce théﬂm
combinatorial and other backgrounds. T

0.8

5.1 Event reconstruction 066

Hadronic events satisfying thietagging criteria were se-
lected as in the two previous analysis. Thes svv decays 0.2F
were searched for in the exclusive channels:

AN ST TR I | | | | | |
0 u 0 Y : L . PRI R . P R . .
10 10 1

— BY — K*(892fvr, K*(892f — K*n~
- B% — ¢(1020yv, $(1020)— K*K~.

The reconstruction started with an identified chargetav- 10
ing momentum larger than 3.5 GeV/c. Oppositely charged
particles belonging to the same jet and having momentum SR B e | e
above 1 GeV/c were tested for forming a common vertex o Eo./ (Ey+ En)
with the charged kaon. Vertices with a low fit probability or
a decay distance with respect to the primary vertex normal¥ig. 5. Distributions for theE., ;s / Epem (Upper left) andEx . / (Echa +
ized to its error below 2.5 were rejected. gfldpc) (Iowedr ;ihght) varieilbltgs used in thehiea_lr_cr:]h for dirlleutrin%&r:rdmless
P — ecays an elr correlation (upper ri . e angular vari e

The CharaCtenStlcs (_)f thés — K~ ((b) vy §|gnfals to selec¥ the signal enriched reg(iorr)1pis sh%w% in the Iog\l/ver left plot. The cut
were studied on fully simulated events. For this simula-, = o9 is also shown (upper right and lower left). Real data are shown
tion the JETSET event generator was used and events Wek§ the closed circles, the background from simulation by the light grey
reweighted in order to reproduce the predicted mass dishistograms, and the distributions expected for sighat K *%vis events
tribution of the v system [34]. Signab — svv events by the dark grey histograms
can b.e separated from most .Of the bac_kground Sourc.e‘Fable 8. Summary of the 90 % confidence level upper limits for dineutrino
by using the energy detected in the hemisphere. The ViSgecays
ible energyFE,;s in the hemisphere containing the strange
meson candidate was determined as the sum of the enShannel Evts Bkg-[oj] Efei?]?ﬂl_ BTRhff(r)sy B‘?{EXLlF(’;”

. : . ) b

ergy in charge_d particle®’.;, in eIectromagnetl_c show- BO . K5 70 76 000 <32 1030 [34, 35 <100
ers measured in the HPC calorimetBf; -, and in neu- Bﬁ_}(t)m; 97 94 007 <30 ] <540
tral hadrons detected by the hadron calorimei&fcar. ?
The missing energy was defined BS,;ss = Enemn — Fuis-
The total energy in the hemisphefg,.,,, was determined 5.2 Results
imposing four-momentum conservation and it is given by
Ehem = Epeam — (M2, — M32,))/(4Eveqrn) Where By, i To separate possible signal candidates from the bulk of the
the beam energy andi/,;, M, the invariant mass of the background, the variable describing the position of each
same and of the opposite hemisphere with respect to theelected entry in th& - /(E.pa+Erpc), Evis/Enem plane
strange particle candidate. The resolution on the missing enwas defined (Fig. 5). For the events in the signal enriched
ergy can be parametrised by a Gaussian distribution with aegion corresponding ta below 0.9, a binned likelihood fit
resolutions of 5 GeV and a wider component extending to to the K'r ( K K ) invariant mass distribution was performed

larger values of missing energy. to extract the number of events containing’a or ¢ strange
Signal events are characterized by a large missing enmeson resonance.
ergy corresponding to a low value d,;s/Frc,, and a In real data 7Gt 18 (97+ 16) events with & (¢) were

large fraction of the energy in charged hadrons and phoseen with an expected background &f (¢) from other
tons taken by the strange meson candidate. Semi-leptonigrocesses of 76 7 (94 + 6) (Fig. 6). This corresponds
decays of eitheb or ¢ quarks can also give large missing to 90 % confidence level upper limits for the number of
energy due to the emission of a neutrino and therefore repsignal events of 32 and 30. A study of the simulated signal
resent a potential source of background. These events wesample showed that @+ 0.7)% of K*vv signal events
removed by rejecting alk*r— and K* K~ pairs having a and (74 1)% of ¢vv satisfy these selection criteria. The
tagged lepton in the same hemisphere. Events for which théllowing upper limits were obtained from these numbers:
missing momentum vector points outside the barrel regionBR(B; — K*vv) < 9.5 x 107* and BR(B; — ¢vv) <
were rejected since the missing energy is likely to be due tat.9 x 1073,

neutrals outside the acceptance of the calorimeters. Events The agreement between the data and the Monte Carlo
were also rejected if the invariant mass of the hemispherén describing the background was verified. The ratios of the
containing the strange meson was above 10 Ge¥ilscce  events in real data and simulation in the regiomoéibove
signalb — svv events are characterised by a low jet mass0.9 is 1.02+ 0.03 (0.95+ 0.05), showing that the rejection
due to the missing neutrinos. factors of the selection cuts for real data are well reproduced
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The branching ratio foB) | — (r*n~ + K*r~) was esti-
mated to be (2.813 (stat.)+ 0.2 (syst.))x 10~° from five
events and that foB,, — (pm + K*m) was estimated to be
(1.7 *52 (stat.)+ 0.2 (syst.))x 10~ from three events. The
exclusive decayB) , — K"~ was observed with a rate of

(2.4 *17 (stat) + 0.2 (syst.))x 10°° from three events.
In each case, the probability of the observed signal having
arisen from a background fluctuation was below 1.0

The fraction of these hadronic charmldsdecays with
a kaon in the final state not due to a spectatguark was
also measured. It was found to be 0.480.18. This value
agrees with the expectation if the— s and theb — u
decay processes contribute almost equally. The same fit gave
1.3*13 for the number ofB? candidates in the sample, to be
compared with 1.5 expected assuming B¢ B,; production
ratio fs/fs = 0.30.

Improved upper limits were set for other two-body
hadronic charmles® meson decays and for the charmless

o
o
I

Events/ 0.015 GeV/c?
3
I

Events/ 0.007 GeV/c2

60 —

L 40
60 —

20

oL 1 o ‘ ‘ ‘ ‘
075 08 085 09 095 095 1 105 11 LIS decay of the beauty baryat, — pK~ (see Table 4), and

+ 2 +K- 2
KT Mass (Gevice) KT K™ Mass (Gevics) also for three body (Table 5) and four body (Table /)
Fig. 6. The invariant mass distribution fdx* 7~ (left) and K* K~ (right) meson decays; . . .
pairs for events in the signal — svi region ofa below 0.9. The points Usmg an inclusive algor'lthm for recon_StrUCtmg the
with error bars show the distribution for real data and the histogram the onéhadronic system accompanying an energetic photon, can-
for simulation. The curves show the fits to the distributions used to extractdidate b — sy events were separated from the dominant
the numbers o™ and ¢ mesons b — ¢ background. No excess of events was found in the

signal region. An upper limit for BR(— sv) of 5.4 x 104

. . . . at 90 % confidence level was obtained.
by the simulation. Also the number &f* and¢ candidates The exclusive decay8% — K*(892fy and BY — ¢y

obtaln_ed fro_m the fit to the mass_dlstnbutlons in real OIatawere excluded at 90 % confidence level for branching ratios
and simulation were found to be in agreement. Before ap-p .5 1. 104 and 7.0x 10-% respectively

plying the cut on the angular variabtg the ratios of these Finall PRTYY - -
; y the first limits for the exclusive charmless dineu-
nmuens](t))r(?gsn\;vser::cﬁ\./oeit Olr?CYIu?j?rgj Othgeaztgﬁggcfglrgro?sngf(bthestrmo decaysB3 — K*vi and B, — ¢vv were found to
b Y. g e less than 1.0< 1072 and 5.4x 102 at 90 % confi-

mparison ntribution h matic uncertain o .
comparisons as contributions to the systematic uncerta tdence level. These limits have implications on models with

the final values of the upper limits are (Table 8): an additional/ (1) gauge boson coupling predominantly to
BR(By — K*vv) < 1.0x 1073 the third family.
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