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W e present results from a search for the avor-changing neutralcurrent decaysB ! K ‘' ' and
B! K Y ,where ¥ ' iseitherane’e or * pair. The data sam ple com prises 22:7  10°

4s)! BB decays collected w ith the BABAR detector at the PEP-II B Factory. W e cbtain the
90% CL.upper imitsB@® ! K Y ' )< 050 10 *andB®B ! K Y ' )< 29 10 °, cose
to Standard M odel predictions for these branching fractions. W e have also obtained lim its on the
lepton—-fam ily+violating decaysB ! K e andB ! K e

PACS numbers: 1325Hw, 1320He
The avorchanging neutral current decays B ! w ith branching fractions predicted to be of order 10 ’

KYY andB ! K (892)" ' , where ' is a charged 10 © , E]. The dom inant contributions arise at the
lepton, are highly suppressed in the Standard M odel, oneloop level and are known as electroweak penguins.



Besides probing Standard M odel loop e ects, these rare
decays are In portant because their rates and kinem atic
distrbbutions are sensitive to new , heavy particles| such
as those predicted by supersym m etric m odels| that can
appear virtually in the loop , E].

The Standard M odel predictions for B !
include three m ain contributions: the electrom agnetic
(EM ) penguin, the Z penguin, and theW *W  box dia—
gram . Evidence for the EM penguin am plitude has been
obtained from the cbservation ofB ! K and inclu—
sive B ! X5 , where X is any hadronic system w ith
strangeness E, E].

Calculations of decay rates for B ! based
on the Standard M odelhave signi cant uncertainties due
to strong interactions. Forexam ple, A liet al ﬂ] predict

K()\+\

K()\+\

BB ! KY )= (05777, 10 ® orbothe' e and
¥ nalstates, BB ! K e'e )= 23"%0) 10 ¢,
andB® ! K * )= 19"%2) 10 °. The contri

bution ofthe EM penguin amplitudetoB ! K Y ' is
particularly strong at low valuesofm « . , giving a larger

rateforB ! K e'e thanforB ! K *

W e search for the ©llow ing decays: B* | K * Y
B! KJ¥Y,B" I K "Y' ,andB?! K 9,
wherek °! k* ,x *! kJ *,kJ! * ,and‘

iseitheran eor .W e also search for the lepton—-fam ily—
violating decaysB ! K (e . Throughout this pa—
per, charge-conjugate m odes are In plied.

The data used In the analysis were collected w ith the
BABAR detector at the PEP -II storage ring at the Stan—
ford Linear A ccelerator Center during 1999-2000. W e
analyzed a 20.7 ! data sam plk taken on the (4S)
resonance consisting of 22:7 0:4) 10° @4S)! BB
events.

This search relies prim arily on the charged-particle
tracking and particle-identi cation capabilities of the
BABAR detector E]. C harged particlk tracking isprovided
by a vedayer silicon vertex tracker (SVT) and a 40-
layerdrift chamber O CH).TheD IRC, a C herenkov ring—
In aging particle-identi cation system , isused for charged
hadron identi cation. FE lectrons are identi ed using
the electrom agnetic calorin eter EM C ), which com prises
6580 thallim -doped CsI crystals. These system s are
mounted nsidea 1.5 T solenoidal superconducting m ag—
net. M uons are identi ed in the instrum ented ux retum
(IFR ), In which resistive plate cham bers are interleaved
w ith the iron plates of the m agnet ux retum.

We %tract tth signal usihg the kjlg,empatjc variables
mgs = E % ( ,p;)?and E = , mi+p,?
E_,whereE  isthebeam energy in the ete rest cm .
fram e, p; isthecm .m om entum ofdaughter particle i in
the B m eson candidate, and m ; is them ass of particle i.
Forsignalevents,m g5 peaksattheB mesonm assw ih a
resolution ofabout 2.5M eV=¢ and E peaks near zero,
indicating that the candidate system ofparticleshastotal
energy consistent w ith thebeam energy in thecm . fram e.

To prevent bias in the analysis, we optin ized the event-
selection criteria using M onte C arlo sam ples: we did not
ook at the data in the signal region or In the sidebands
that were used to m easure the background until these
criteria were xed. Signal e ciencies were determ ined
using the A liet al. m odel ].

W e select events that have at least four charged tracks,
the ratio R, ofthe second and zeroth Fox-W olfram m o—
m ents @] less than 0.5, and two oppositely charged lep—
tonswih momentum p> 05 (10) GeV=c fore ( ) can-
didates. E lectron-positron pairs consistent w ith photon
conversions in the detector m aterial are vetoed. W e re—
quire charged kaon candidates to be identi ed as kaons
and the chargedpion n K ! K nottobe identi ed as
akaon.ForB ! K Y ' ,werequirethem assoftheK
candidate to be within 75 M &/=¢® ofthemean K (892)
mass. K g candidates are reconstructed from two oppo—
sitely charged tracks that form a good vertex displaced
from the prin ary vertex by at least I mm .

The decays B! J= (0 Yy ) and
B! @s)(! YY)K ') have identical topologies
to signal events. T hese backgrounds are suppressed by
applying a veto In the E vs.m « . plane CFig.EI).
T his veto rem oves cham onium events not only w ith re—
constructed m « «  values near the nom inal cham onium
m asses, but also events that lie further away in m « «
due to photon radiation (m ore pronounced in electron
channels) or track m ism easurem ent. Removing all of
these events sin pli es the description of the background
shape. Cham onium events can, however, pass this
veto if one of the leptons (typically a muon) and the
kaon are m isidenti ed as each other. If reassignm ent
of particle types results n a dikpton m ass consistent
wih the J= or 2S) mass, the candidate is vetoed.
There is also signi cant feedup from B ! J= K and
B ! @S)K mtoB ! K Y ', sihce energy lost due
to bram sstrahluing n B ! J= K can be com pensated
for by including a random pion. Ifthe K ¥ ' system
naB ! K Y candidate is kinem atically consistent
withB ! J= (! Y ' )K,assuming that the photon
(which is not directly observed) was radiated along the
direction of either lepton, then the candidate is vetoed.
Apart from the cham onium vetoes, we analyze the full
m .« . range.

C ontinuum background from non—resonante' e ! g
production is suppressed using a F isher discrim inant ﬁ],
a linear com bination of the input variables w ith opti-
m ized coe clents. The variables are R ,; cos 5, the
cosine of the angl between the B candidate and the
beam axis in the cm . fram e; cos 7, the cosine of the
angle betw een the thrust axis of the candidate B m eson
daughter particles and that of the rest of the particles
in the cm . fram e; and m ¢ , the invariant m ass of the
K —lepton system , where the lepton is selected according
to its charge relative to the strangeness ofthe K ¢ ). The
variablem g + helpsdiscrin inate against background from
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FIG.1l: Chamonium vetoin the E vs.m .« . plane for (@)
B! K‘'%e andp)B ! K * . H atched regions are
vetoed. T he dots correspond to a M onte C arlo sin ulation of
B! Jg= (! ¥Y'Y)K andB ! 2S)(! Y Y )K .M ost sig-
naleventswould lie in the E region between the horizontal
lines.

sem feptonic D decays, orwhichmg < mp .

Combinatorial background from B B events is sup—
pressed using a signaltoB B lkelhood ratio that com —
bines candidate B and dilpton vertex probabilities; the
signi cance of the dilpton separation along the beam
direction; cos g ; and the m issing energy, E, iss, Of the
event in the cm . fram e. The variabk E |, ;s provides the
strongest discrin nation against B B background, since
events w ith sem ileptonic decays usually have signi cant
unobserved energy due to neutrinos. Foreach nalstate,
we select at m ost one com bination of particles per event
as a B signal candidate. If multiple candidates occur,
we select the candidate w ith the greatest num ber of drift
cham ber and SVT hits on the charged tracks.

W e use the known cham onium decaysB ! J= K ¢
and B ! 2S)K ¢ )to check the e ciency ofour analy-
sis cuts. Figureﬁ com pares the E distributions (ab-
solutely nomm alized) of these cham onium samples in
M onte Carlo with data. W e nd good agreem ent in both
the nom alization and the shape.

W e extract the signal and background yields In
each channel usihg a two-din ensional extended un-
binned m axinum lkellhood t in the region de ned by
Mgs > 52GeV/c? and JE j< 025Ge&V. The signal
shapes, including the e ects of radiation on the E dis-
tribution and the correlation between mgg and E , are
obtained by param etrizing the GEANT3 M onte C arlo ]
sim ulation ofthe signal. T he background is described by
a function E] w ith two param eters that are detem ined
in our tsto the data. Backgrounds from B B that peak
in the signalregion are suppressed to less than 02 events
In each m ode. A though we allow the signalyield to be
negative, we have In posed a Iower cut-o such that the
total t function is positive. The t results are shown
n Fjg.ﬁ and summ arized in Tabl ﬂ W e observe no
signi cant signals.

To detem ine 90% C L. upper lin its on the signal

yields, we generate and t a series of toy M onte Carlo
sam ples in which the background probability density
function is taken from our t to the data, but themean
num ber of signalevents is varied. W e generate ten thou—
sand sam ples for each m ean value, increasing the m ean
until 90% ofthe tsto a set ofsam plesgive a signalyield
greater than that obtained by tting the data. To give a
m easure ofthe sensitivity ofthe analysiswe list in Tab]eﬁ
an e ective background yield. T his quantity isde ned as
the square of the error on the signalyield from a t to
a toy M onte Carlo sam ple drawn from the background
probability finction, w ith no signal contriboution.

Table E lists the system atic uncertainties from the t,
(B=B) ¢, expressed according to theire ect on the lin —
its. The sensitivity of the lim is to the valies used for
signalshape param eters is detem ined by perform ing al-
temative ts ushg parameters from the B ! J= K ()
controlsam ples. Form odesw ith electrons, w e also varied
the fraction ofsignalevents in the tailofthe E distrbu-
tion. To detem Ine whether a m ore generalbackground
shapewould lead to di erent resuls, we Introduced addi-
tional param eters and allowed for a correlation between
mgs and E . This procedure shifted the upper lin -
its by 2% to 5% , depending on the m ode. M ost of the
uncertainty associated w ith the background shape is in—
corporated In the statistical error on the yield because
the background shape is determ ined from the t.
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FIG .2: Comparison ofevent yieldsand E shapesbetween
data and M onte Carlo for the cham onium control sam ples.
T he points w ith error bars show the data, and the solid his—
togram s show the prediction ofthe cham onium M onte C arlo.
A 1l of the analysis selection criteria have been applied except
for the cham onium veto, which is reversed. The large tails
in the e" e m odes are due to photon radiation. Sm all shifts
between data and M onte C arlo are taken into account as sys—
tem atic uncertainties on the signal yields.



TABLE I: Resuls from the tstoB ! K ' 'Y ' andB !

K (e

m odes. The colum ns from left to right are tted signal

yield @]; upper I i on the signal yield; the contribution of the background to the error on the signal yield, expressed as an

e ective background yield (see text); the signale ciency,
the system atic error on the selection e ciency, ( B=B)

(not including the branching fractions for K
; the system atic error from the t, ( B=B)

,K %, and K decays);
+; the branching fraction

centralvalue (B); and the upper lin it on the branching fraction, including system atic errors.

M ode Signal 90% C L. E ective (B=B) (B=B) . B=10 ° B=10 °
yield yield background () (&) &) 2% C L.
BT ! K e'e 02" . 31 0.7 175 76 40 00707 08
B" 1 k' * 03" i 2.6 06 105 75 40 049 12
B! K %e 38" 5% 8.3 14 102 8:8 119 2523 6:6
B! K °° 03" 17 35 0.7 8:0 108 30 021 32
B! K'e 11727 42 02 1547 8:8 95 09" 5% 39
B! K° 0:0" 52 25 01 9:6 88 30 007;% 37
B*" ! K “e'e 04"} 3.8 1.6 85 110 50 08,0 9%
B" ! K *° 12727 45 03 58 130 76 39730 173
B! K'e 04" .3 29 1.3 1638 517 40 04707 08
B! K % 14732 53 2.7 119 74 104 06" ;5 33
B! x'e 1a* 2% 41 05 14:6 73 112 097} 41
B" I K "e 04" 5% 35 11 93 9% 30 0850 8:0
AL @ K'e'e I () k*p*p‘ ‘ ‘ ‘ ] pression cut ( 2:0% ), theB B suppression cut ( 30% ),
r T 1 KJ selection ( 40%), Monte Carb signal statistics
[ i ( 30% to 5:0% ), the theoreticalm odel dependence of
. ] thee ciency ( 40% to 7:0% , depending on them ode),
L1 and the number of BB events ( 1:%% ). The uncertain—
N, — ties on the e ciencies due to m odeldependence of form
% 1 factors are taken to be the full range of variation ocb-
= 1  taied from di erent theoretical models f]]. I setting
% | an upper lim it, the system atic uncertainties from the ef-
% 2;_ (e)ksoe*e T oroum ] chency, (B=B) ,and ft.om. tbe. t, (B=B) «, ére added
g n quadrature, and the lm it is Increased by this factor.
: Tabk[} also includes the results for the lepton-fm ily—
1; 1 nn : BRI I 1 violating decaysB ! K ( ' , where the signale cien—
E ‘ ‘ : cies were determm ined from phase-space M onte C arlo sin -
4 @K ete 1 () k”u*u" ] ulations. W e cbserve no evidence for these decays.
_ W e determ ne the branching fractionsB B8 ! K Y ' )
oL _ 1 ] and BB ! K Y ') averaged over both B meson
!J-I-I q charge and lepton type €'e and * ) by performm -
l_! 1 I ﬂ ‘ ; ﬂ /‘H Ing a simulaneous m aximum lkelihood t to the four

I 1 I T
2 522 524 526 52852 522 524 526 528
2 2
mgs (GeVic?) mes (GeVlic ?)

FIG .3: Propctions from individualm axin um lkelhood ts
ontom gs orthe E signalregions: 0:11< E < 005Ge&V
(electrons) and 007 < E < 005GeV (muons). The dot—
ted lines show the background com ponent, and the solid lines
show the sum ofbackground and signal com ponents.

The systematic uncertainties on the e ciency,
(B=B) ; are listed in Tabk [} and arise from charged-
particle tracking ( 12% /lpton, 2:0% forthepion from
K ! K ,and 1:3% /track forother charged hadrons),
particle identi cation ( 14% /electron, 1:0% /muon,

2:0% /track for kaons and pions), the continuum sup-—

contrbuting channels in each case. In combining the
B ! K Y modes, the ratio of branching fractions
BB ! K ee)BB ! K * ) = 12 from the
modelofAliet al ﬂ] is used to weight the yield in the
muon channel relative to that in the electron channel.
T he extracted yield corresponds to the electron m ode.
The combined tsgive

B® !
BB ! K YY) =

K YY) = (00672 003 10 %
1:3 6
09755 0d) 10 °;
where the rst error is statistical and the second is sys—
tem atic. W e evaluate the upper lin its on these com bined
m odes and obtain
BB ! KY ') < 050
BB ! K Y') < 29

10 ®at90% CciL:
10 ®at90% Cc i



T hese lin its represent an iIm provem ent over previously
published results from CDF [l and CLEO [id1. The
Belle E] experin ent has also recently obtained results
on these modes. W e see no evidence for a signal, and
our lim its are close to m any of the predictions based on
the Standard M odel. W ith the rapidly increasing size of
our data sam ple, we expect to have signi cantly better
sensitivity to these m odes In the future.
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