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(Received 1 October 2001; published 7 June 2002

We present a search for the flavor-changing neutral current dBgayu™ ™ ¢ in pp collisions aty/s
=1.8 TeV, using 91 pb' of data collected at the Collider Detector at Fermil@DF). We find two candidate
events for this decay, which are consistent with the background estimate of one event, and set an upper limit
on the branching fraction dB(Bs— " 1~ ¢)<6.7X 1075 at a 95% confidence level. This is the first limit on
the branching fraction of this decay.

DOI: 10.1103/PhysRevD.6511101 PACS numbés): 13.20.He, 14.40.Nd

In the standard model of electroweak interactions, the def»|<1.1. The CTC contains 84 layers of sense wires,
cayBs— u" u” ¢ [1] is forbidden for tree level processes. It grouped into nine alternating axial and stereo superlayers.
can however proceed at low rate through higher order flavor- The central muon system, consisting of three components,
changing neutral current processE€NC), such as penguin is capable of detecting muons wifi=1.4 GeVk in the
and box diagrams. Within the standard model, the branchingseudorapidity interval»|<1.0. The CMU system covers
fraction is predicted to be (1.3#70.31)x 10 ° [2]. The ma-  the region| 7| <0.6 and consists of four layers of planar drift
jor source of uncertainty of the prediction is due to the had-chambers outside the hadron calorimeter allowing the recon-
ronic form factors, for which only two calculations have struction of track segments for charged particles penetrating
been published3,4]. Observing a higher branching fraction the five absorption lengths of material. Outside the CMU,
would indicate contributions from processes beyond the starfour layers of drift chambers are placed behind an additional
dard model, such as, for exampEmediated FCNC or pro- three absorption lengths of steel. Finally, the CMX system,
cesses from supersymmetf$USY) or multi-Higgs doublet extending the coverage up to pseudorapidigy<1.0, con-
models. To date, no search for this decay has been reportesists of eight layers of rectangular drift tubes. Each layer is
We have searched for this decay in a data sample collecteshlf-cell staggered with respect to the previous one to elimi-
during the 1992-1993%run 1A) and 1994-1995run 1B nate ambiguities, such that a particle typically traverses four
running periods, corresponding to a total integrated luminosto six tubes. Depending on the incident angle, particles have
ity of 91 pb 1. to penetrate six to nine absorption lengths of material to be

This search is complementary to the searches for the deletected in the CMX. For the run 1A selection, the CMX was
caysB"—u"u K* andB%— u* u~K*C, which occur in  not used.
the standard model through the same loop processes. CDF has a three-level trigger system. The level 1 triggers
CDF has searched for these decays and set the 90%levant for this analysis require two track segments in the
C.L. upper limits B(B*—u"u K")<5.2x10 ® and muon chambers. At level 2, tracks found in the CTC by the
B(B°— ut u K*9%)<4.0x10 © [5]. Belle has recently an- central fast track process¢€FT) [10] are associated with
nounced the observation of the dec#/s> u™ K [6]. track segments in the muon chambers. Two differppt

The Collider Detector at FermilabtCDF) detector con- thresholds are used in the trigger, depending on whether one
figuration for run 1 has been described in detail elsewherer both muon track segments are required to be matched to a
[7]. The detector subsystems most relevant to this measur&FT track. When only one of the two muon track segments
ment are the tracking system and the muon chambers. The associated with a CFT track, the trigger efficiency rises
tracking system, which is immersed in a 1.4 T solenoidalfrom 50% for tracks withpr=2.6 GeVk to 96% for tracks
magnetic field, consists of three detector systems. The innewith pr=3.1 GeVk. When both muon track segments are
most tracking device is a silicon micro-strip vertex detectormatched to CFT tracks, the trigger efficiency rises from 50%
(SVX) [8] which provides spatial measurements in the for tracks withp;=1.95 GeVEt to 96% for tracks withp
— ¢ plane[9]. =2.3 GeVk. Triggers requiring two CFT track matches

The SVX consists of two identical cylindrical barrels and were not implemented during the run 1A running period. At
has an active region of 51 cm iy each barrel is composed level 3, both muon track segments are required to be
of four layers of single-sided silicon strip detectors, locatedmatched to fully reconstructed CTC tracks.
at radii between 3.0 and 7.9 cm from the beam line. The In this search, the branching fraction of the dedy
impact parameter resolution of tracks measured in the SVX-u* 1™ ¢ is measured relative to the branching fraction of
is op(pt) = (13+40/p1) um, wherep+ is the transverse mo- the decayB,— J/ i ¢. With the ¢ reconstructed in the decay
mentum of the track in Ge\/ The track impact parameter ¢— K"K~ and thel/y in the decayd/y— u* ™, the same
D is defined as the distance of closest approach, measuredfinal state will be observed for both decays. This similarity
the plane perpendicular to the beam, of the track helix to thdetween the two decays allows the cancellation of most of
beam axis. The SVX is followed by a set of time projectionthe reconstruction and selection efficiencies, as well as of the
chambergVTX) which measure the position of the proton- B production cross section and integrated luminosity of the
antiproton interactior(the primary vertex along the beam data sample. In turn, the uncertainties on these factors will
line. Surrounding the VTX is the Central Tracking Chamberno longer affect the result. Differences in acceptance and
(CTC), a 3.2 m long cylindrical drift chamber, ranging from trigger efficiencies nevertheless persist, and are corrected
0.3 to 1.3 m in radius, covering the pseudorapidity intervalwith a Monte Carlo calculation.
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Candidates are reconstructed by combining two muons df-quark. A large fraction of the momentum of the tracks
opposite charge, selected by the dimuon trigger describedbserved in a cone around tBemeson is thus expected to be
above, with two further tracks of opposite charge. As CDFcarried by the daughter tracks of tBemeson. The isolation
does not possess a particle identification system suitable f&f the Bs candidate, defined ds= pr(Bg)/[ pr(Bs) +Zp+], is
this measurement, all measured tracks have to be considerégfuired to be greater than 0.75. The sum is the scalar sum of
as possible kaon candidates, which adds a substantial corfle transverse momenta of all the tracks, except the four
binatorial background. tracks composing th®g candidate, within a cone AR

To determine whether thB, candidate underwent a reso- =\(A7)*+(A¢)?<1 around the momentum vector of the
nant or a non-resonant decay, the invariant mass of the mud#s candidate. Along the direction, these tracks must ex-
pair, derived from a vertex-constrained fit of the two muonsfrapolate to within 5 cm of th&, candidate vertex so as to
is used. For the resonaBt— J/ ¢ ¢ candidates, the invariant €xclude tracks from otherp collisions that can occur during
mass of the muon pair is required to be within 80 Me%/ the same bunch crossing.
of the world-averagel/¢s mass, and for the non-resonant The proper decay length and isolation requirements are
B—u'u” ¢ candidates, the invariant mass of the muonchosen to minimize the average upper limit that would be
pair is required to be in the rangeM(u"u") attained with the expected background and no true signal
<4.4 GeVk?, with the J/¢ and ¥(2S) resonances ex- [11,13. The number of background events expected in the
cluded in the ranges 2OM(u*n~)<3.3 GeVk? and search region is the number of events observed in the side-
3.6<M(u"pn")<3.8 GeVk2 The resolution of the in- bands scaled by the relative sizes of these two regions, as-
variant mass of the muon pair is 17.2 Me¥/for the decay suming a flat distribution. The sidebands around BQeare
J/y—p*u”, and scales with the invariant mass. chosen as the two invariant mass regions between 5.170 and

The four tracks are fitted to a common decay vertex, asd-320 GeVt? and between 5.420 and 5.570 Ge¥/The

signing a kaon mass to the two additional tracks and requiréfficiency to detect the signal is calculated using the number
ing the momentum vector of tHB; meson to be parallel to 0f Bs—J/# ¢ candidates, which is obtained from an un-
its flight path in the transverse { ¢) plane. In addition, for binned maximum log-likelihood fit to a Gaussian distribution
Bs—J/i ¢ candidates, the two muons are constrained tqPove a linear background. o
have an invariant mass equal to the world-averiigemass The signal region is chosen as a 100 Me¥ide in-
[11]. The confidence level of the global fit is required to beVvariant mass region, centered on the world-average mass of
greater than 0.01six degrees of freedom fd — u* u™ ¢ the Bs meson[11]. This is the four-track invariant mass re-
candidates and seven fB,—J/ ¢ ¢ candidates gion betvyeen 5.320 and 5.420 Ge¥/ The dlstrlbutlon of
The p; of each of the kaon tracks is required to be abovethfj‘ invariant mass of_ the_ four tracks after all selection re-
0.4 GeVkt and the minimump; of each muon is chosen duirements is shown in Fig. deft) for the Bi—J/y ¢ can-
according to the trigger. For triggers requiring two CFT trackdidates and in Fig. Tright) for theBs—u" 1™ ¢ candidates.
matches, thep; of both muons is required to be above While 'Fhe peak observed in the resonant §elect|on can clearly
2 GeVlc, whereas for triggers requiring only one match, theP€ attributed to th&,—J/y ¢ decay, no signal can be seen

pr of one muon is required to be above 2.8 Gehd the N the non-resonant selection. For the resonant selection,
pr of the other muon above 1.8 Ge//For data collected 11.0+3.5Bs—J/¢ ¢ candidates are found, while in the non-
during run 1A, both muons are required to hape resonant selection, two candidates are counted in the search

~2 GeVie. region[14], with an expected background, extrapolated from

The invariant mass of the two kaons is required to b€ Sidebands, of one event. o
within 10 MeV/c? of the world-average mass of thg Finding no evidence for a signal, an upper limit on the
meson[11], and thep; of the ¢ candidate is required to be branching fraction is set. The low number of candidate and

above 2 GeWe. Thepr of the Bg candidate is required to be packground events does not warrant a background s.ubtrac-
above 6 GeVi. tion, and the observed candidates in the search region are
assumed to be signal events. This results in Poisson upper
imits of 5.32 and 6.30 events at a 90% and 95% confidence
Igvel respectively.

The upper limit on the branching fraction is given by

Two further requirements are imposed to reduce the bac
ground. The long lifetime oBg mesons allows the use of the
proper decay length as a strong rejection criterion against th
mostly short-lived background. This requires a precise mea-
surement of the position of thB, meson decaythe decay
vertex and the distance thB meson traveled before decay- Lo Lo
ing (the decay length For this reason, both muons and at BBs—pu ) <Nimit(Bs—p" 1" )
least one of the two kaons are required to be reconstructed in B(B— Iy, p—pu*u)
the SVX, with hits in at least three of the four layers. The N(Boo /0 ) o €mat €o5
proper decay lengthy =L, mg_/pr(Bs), is required to be s eut” “mass =SD
above 100um. L,y is the transverse decay length, which is

the distance between thep interaction vertex and th8g The factor e, contains the ratio of the acceptance and

decay vertex measured in the- ¢ plane. efficiencies of the two decays that do not cancel. It is calcu-
Because of the hard fragmentation lofquarks[12], B lated using a Monte Carlo simulation of both decays. The

mesons carry most of the transverse momentum of thdecayB.— u™ u~ ¢ is modeled according to the prediction
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FIG. 1. Invariant mass distributions &,—J/¢ ¢ (left) and Bs—u™ ™ ¢ (right) candidates after all selection requirements. The
cross-hatched areas show Bgsignal region and the hatched areas the sideband regions.

of the decay matrix elemenfd5] using the Wilson coeffi- and the statistical uncertainty on the number of resonant can-
cients presented in Ref16] and the hadronic form factors didates observe(B81.8%). The uncertainty on the product of
presented in Ref.3]. The factoreysscontains the extrapo- the three correction factors ;- €mass €sp) is small(6.5%.
lation of the result from the non-resonant to the full invariant ~ With these results, the following 90% and 95% C.L. upper
mass range and the factegy the compensation of the con- limits of the branching fraction are measured:

tribution of long-distance processes in the non-resonant mass

range. These two correction factors are obtained by perform- B(Be—p ™ ¢)<4.7xX10°° (90% C.L)
ing numerical integrations of the analytical expression of the
differential decay width. The product of these factors is B(Bs—u"u~ ¢)<6.7x10° (95% C.L).

found to bee. i €mass €sp=(0.912+0.059). The uncertainty

is due to variations in the trigger efficiency parametrizations |n conclusion, we have searched for the FCNC deBay
and on the choice of a particular decay model. The latter IS, 4t u"¢ in pa collisions at ys=1.8 TeV using

estimated by replacing the hadronic form factors used by 4 pb ! of data. We have observed no significant signal,

those presented in R.dj4]. These_ two sets of form factors_ and set the first limit on the branching fraction of this decay.
are the only two published for this decay so far. A compari-

son of the form factors aj?=M2(u" 1~ )=0 shows that We thank the Fermilab staff and the technical staffs of the
the two calculations agree within the estimated accuracy oparticipating institutions for their vital contributions. This
the modelg15%) [3]. work was supported by the U.S. Department of Energy and

The total systematic uncertainty on the measurement dflational Science Foundation; the Italian Istituto Nazionale di
the branching fraction is 48.0%. It is included in the upperFisica Nucleare; the Ministry of Education, Science and Cul-
limit of candidates with the prescription described in Ref.ture of Japan; the Natural Sciences and Engineering Re-
[17]. The dominant contributions are the uncertainties on theearch Council of Canada; the National Science Council of
branching fraction of the reference decayB(Bs the Republic of China; the A. P. Sloan Foundation; and the
=y dIp—pupn)=(55+1.9)x10 % 35.5%[11,18]  Swiss National Science Foundation.
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