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We report on a search for bottom squar?lls) fproduced ian collisions aty/s=1.8 TeV using the DO
detector at Fermilab. Bottom squarks are assumed to be produced in pairs and to decay to the lightest super-
symmetric particleLSP) and ab quark with a branching fraction of 100%. The LSP is assumed to be the

lightest neutralino and stable. We set limits on the production cross section as a fundbionass and LSP
mass.[S0556-282(99)50313-]

PACS numbsgps): 14.80.Ly, 13.85.Rm

Supersymmetry(SUSY) is a hypothetical fundamental particle. The scalar quarksquark$ q, andqg are the part-
space-time symmetry relating bosons and fermidis Su-  ners of the left-handed and right-handed quarks, respectively.
persymmetric extensions to the standard m@8#&f) feature  These are weak eigenstates, and can mix to form the mass

as yet undiscovered supersymmetric partners for every SMeigenstates, witly; = q, cosé+qgsin @ for the lighter squark,
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(@) TABLE I. Total efficiencies for differening and m _gp values
for the four channels, and 95% C.L. limits on the production cross
o mz=70 GeV/c? section obtained by combining all channels.
5 O me=50 GeV/c? — s -
g =30 GeV/c? mg, mzLSp Totgl efficiency (>.<10 ) o limit
Z (GeVic?) E++  dimuon single muon (pb)
< jets lowp;  highpr
720 160 70 30 18 013 2.2 0.3 32
70 50 4 0.02 0.6 0.1 245
(b) 85 40 29 0.20 3.9 0.6 18.8
4 ) 85 60 11 0.04 1.0 0.1 84
£ ms=100 GeV/c 100 20 43 0.50 9.5 1.9 9.3
> S [ myse=50 GeV/c? 100 40 34 0.27 7.0 1.3 12.6
s 2 Me=20 GeV/c? 100 50 30 0.30 5.8 1.0 14.7
5, 115 40 51 0.54 10.9 2.0 8.0
<C
0 = P
0 40 80 120 160
£y (GeV)
FIG. 1. The expected distributions B, for my values of 7qa) ~ t€ms: an inner detector for tracking charged particles, a
and 100(b) GeVi/c?, for the indicated values afy sp [7]. uranium-liquid argon calorimeter for measuring electromag-

netic and hadronic energies, and a muon spectrometer con-
sisting of a magnetized iron toroid and three layers of drift
~ tubes. The detector measures jets with an energy resolution
and the orthogonal combination for the heavier squgtkn  of approximatelyo/E=0.8//E (E in GeV) and muons with
most SUSY models, the masses of the squarks are approx momentum resolution of o/p={[0.18(p— 2)/p]?
mately degenerate, but in some models, the lighter top and (0.003)2}*? (p in GeV/c). E; is determined by sum-
bottom squarks could have a lower mass than the othating the calorimeter and muon transverse energies, and is
squarks because of the high mass values of the top and bateasured with a resolution of ¢=1.08 GeV
tom quarks. In particular, lighter bottom squarks could arise+ 0.019¢ |E+|) [4].
for large values of tag, the ratio of the vacuum expectation ~ Four channels are combined to set limits on the produc-
values of the two Higgs fields in the minimal supersymmet-tion of bottom squarks. The first requiredfa and jets to-
ric standard model. pology. This channel was previously used to set limits on the
We report the results of a mixing-independent search fop555 of the top squark, which was assumed to ddcay
bottom squarks produced p collisions atJs=1.8 TeV. —X%+c [5]. The other three channels, in addition, required
Squarks are produced in pairs by QCD processes with thg a4t |east one jet has an associated muon, thereby tagging
production cross section depending on the mass of thg a1k decay, and were used to set limits on a charge 1/3
squark, but not on the mixing angle We search foi events ihirg generation leptoquark for the decay)— v.+b [6].
where both squarks decay to the lightest neutraifovia  We use identical data samples and event selections for the
b—Y%+b and assume that the is the lightest supersym- bottom squark limits presented in this paper. For all chan-
metric particle(LSP) and stable. This should be the domi- nels, the presence of significagt is used to identify the
nant decay channel provided that the mass of the squarkon-interacting LSPs. Figure 1 shows the expededlis-
(mp) is larger than the combined masses of bhguark and  tribution for two values ofmg and differentm, gp [7]. Our
LSP (m, sp); therefore we assume its branching fraction isrequirement tha+>35-40 GeV reduces the acceptance
100%. This yields a final state consisting of tvquarks and for small values of the mass differenos;—m gp. Back-
two unobserved stable particles resulting in missing transgrounds arise from events where neutrinos produce signifi-
verse energy 1) in the detector. In this paper, we give cantEr; for example, inW+ jets events, whertV—|v.
limits on the squark pair production cross section for differ- Events for theE;+jets channel were collected using a
ent values ofmg andm, gp. Limits on the cross section are trigger that requiredEr>35 GeV. The offline analysis re-
used to exclude a region in then(sp,mg) plane. Limits[2]  quired two jets EX™>30 GeV), E;>40 GeV, and no iso-
from the CERNe" e~ collider (LEP) experiments depend on lated electrons or muons. Events had to have only one pri-
the Z/ y-to-squark coupling, which is a function of the mix- mary vertex to assure an unambiguous calculatioi;af To
ing angle. For maximal coupling, the LEP exclusion regioneliminate QCD backgrounds, additional cuts were made on
can extend to the kinematic maximum; for example, to abouthe angles between the two jets, and between jets and the
85 GeVik? at \/s=183 GeV. direction of theE;. Data with an integrated luminosity of
The data used for our analysis were collected during’.4 pb !, satisfying the above selection criteria, yielded
1992-1996 by the D@etecto 3] at the Fermilab Tevatron three candidate events. Background was estimated to be 3.5
Collider. The DOdetector is composed of three major sys-*1.2 events, with 3.80.9 events fromV boson decays and
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Combining the four channels yields five events, with a
total estimated background of 6:(0.3 events. We set limits
on the cross section by combining the detection efficiencies
and integrated luminosities for the different channels. We
calculate the detection efficiency using Monte CaiiéC)
generated acceptancgg, multiplied by trigger and recon-
struction efficiencies obtained from ddt,6]. The total ef-
ficiencies for different squark and neutralino masses are sum-
marized in Table I. Using a muon to tdy quark decays
reduces the efficiency for those channels, but their higher
integrated luminosities yield a sensitivity comparable to that
of the E++jets channel. Including systematic errors and sta-
tistics for the MC, the total uncertainty on the combined
efficiency varies between 8.6% and 29%, depending on the
assumed masses. The jet energy scale dominates the system-
atic error formp=70 GeVk?, while uncertainties on the
muon trigger and reconstruction efficiency dominate at
m; (GeV/c?) higher squark masses. The 95% confidence 16@dl.) up-
per limits on the pair production cross section are determined
FIG. 2. The 95% C.L. exclusion contour in then(sp,m;) using Bayesian methods, and include the systematic uncer-
plane. Also shown are the results from the ALEPH experiment atainty on the efficiency and a 5.3% uncertainty in the inte-
LEP for minimal (¢=68°) and maximal §=0°) coupling[2]. grated luminosity. The resulting upper limits are given in
Table | for different values ofng andm, gp.
We use the programrROSPINO[8] to calculate the bottom
squark pair production cross section as a functiormgf
0.5+0.3 events fronZ boson decay§s]. The cross section is evaluated assuming a renormalization
The trigger for the muon channels required either twoscale u=mg. The program includes next-to-leading order
low-pt muons @4>3.0 GeVk), or a single lowp; muon  diagrams, and usesrEQ4m parton distribution functionpo].
and a jet with Et>10 GeV, or a highpr muon (@f For any givennmy, we determine the value oh, sp where
>15 GeVk) and a jet withE+>15 GeV. Integrated lumi- our 95% C.L. limit intersects the theoretical cross section.
nosities of 60.1 pb!, 19.5 pb!, and 92.4 pb?', respec- The excluded region in ther( sp,m;) plane is shown in Fig.
tively, were collected using the three muon triggers. The2. We exclude values af; below 115 GeVé? for m sp
offline analysis used muons in the pseudorapidity range<20 GeVic?. For mp=85 GeVk?, we exclude the region
|7,/<1.0 andpf>3.5 GeVk, while jets were required to with m_gp<47 GeVk?. Also shown are limits[2] from
haveEr>10 GeV. For events with two muons, each muonALEPH for \/s=181-184 GeV. For most allowable values
had to be associate(_j with its own jet._ In sing_le muon eventsef m, ¢p, they exclude the region witny<83 GeVk?, as-
the muon was required to be associated with a jet, and agyming maximal couplingd=0°) [10].
additional jet withEr>25 GeV was also required. To re- | conclusion, we observe five candidate events consistent
move QCD backgrqunds, events were sel_ected Vi with the final statebb-+ E;. We estimate that 6:01.3
>35 GeV and an azimuthal angular separation between the — )
E and the nearest jet 0f 0.7 radians. For the single muon €vents are expected froth andW andZ boson production,
Channe|5, backgrounds fro¥ boson decays were reduced and find no excess of events that can be attributed to bottom
by cuts on muon-jet correlations, while background from topsquark production. We interpret our result as an excluded
quark production was minimized by cuts on the scalar suniegion in the (n sp,m) plane. This result is independent of
of jet Ey. After imposition of all selection criteria, two the mixing betweerb, andb, .
events remained in the data.
We considered background contributions to the muon

channels fromtt a}ndW andZ boson decay6] Top quark We thank the Fermilab and collaborating institution staffs for
events hale multiple qugrks gncET, and we estimated that contributions to this work and acknowledge support from the
1.4+0.5 tt events remained in our sampl&.andZ events  pepartment of Energy and National Science Foundation
haveE from W—|v or Z— vv. They can also have muons (USA), Commissariat & 'Energie Atomique(France, Min-

near jets that can mimic quark decays when a prompt muon istry for Science and Technology and Ministry for Atomic
overlaps a jet, or a jet fragments into a muon viagquark or  Energy(Russia, CAPES and CNP(Brazil), Departments of

a m/K decay. We estimated there were £@4 W boson  Atomic Energy and Science and Educatidmdia), Colcien-
events and 0:20.1 Z boson events in the sample. The total cias (Colombig, CONACyYT (Mexico), Ministry of Educa-
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