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Abstract. We report the result of a search for the pair production of the light top squark decaying
to two bottom quarks, an electron, a muon, and two sneutrinos in 3.1±0.19 fb−1 of data from the
DØ detector at the Tevatron, Fermilab’s

√
s = 1.96 TeVpp̄ collider. No significant excess of events

above the standard model prediction was detected and new exclusion limits at the 95% confidence
level have been set for a portion of the stop mass-sneutrino mass plane.
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INTRODUCTION

In the Minimal Supersymmetric Standard Model (MSSM) [1], the mixing between the
chiral states of the scalar partner particles of the standard model fermions is greatest for
the top quark due to its large mass. Thus, it is possible that the light stop is the lightest
squark and has the largest production cross section at the Tevatron. If the two body
decays̃t → bχ̃+ andt̃ → t χ̃0 are kinematically forbidden, then the likely decay modes
are the two bodỹt → cχ̃0, the three bodỹt → bν̃0l̄+, and the four bodỹt → bχ̃0 f f̄ .
We search for the three body decays of top squark pairs in thebb̄ e±µ∓ν̃ν final state
with the following assumptions: top squarks decay via the three body decay mode with
a 100% branching fraction; R parity is conserved; and the sneutrino is the lightest
supersymmetric particle or decays invisibly.

DATA AND MONTE CARLO SAMPLES

This analysis studies 3.1±0.19 fb−1 of the data collected by the DØ collaboration
from June 2006 through December 2008. The DØ detector has been described in detail
elsewhere [2]. Events for the stop search (the “search data”) were required to have an
electron and a muon of opposite charge. The electron and muon were required to have
pT greater than 15 GeV and 8 GeV respectively.
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Monte Carlo events were produced to represent evenly spacedpoints on the stop mass-
sneutrino mass plane. For each point, the MSSM particle massand decay parameters
were calculated with Suspect version 2.3 [3]. Madgraph/Madevent version 4.4.13 [4]
was used to generate the four vectors for the signal events with Pythia version 6.409
[5] to provide the showering and hadronization. The next-to-leading order (NLO) cross
section for light top squark pair production was calculatedby Prospino2.0 [6] with the
CTEQ6.1M parton distribution function (PDF). The calculations were performed with
the factorization and renormalization scales set to one, one half, and two times the stop
mass in order to determine the nominal value and the negativeand positive uncertainties.
These theoretical uncertainties are combined quadratically with the PDF uncertainties
[7][8] to give the positive and negative uncertainties for the signal cross section.

All the backgrounds in this analysis except for Quantum Chromodynamics
multijet processes (QCD) are modeled using Monte Carlo events generated with
Alpgen+Pythia[9] or Pythia. In order to simulate detector noise and multiple interaction
effects, each Monte Carlo event is overlayed with a minimum bias data event from a
randompp̄ crossing.

The QCD background sample is a selection of data events orthogonal to the search
data. These events are required to have same sign charged leptons, muons which fail
the calorimeter or tracking system isolation requirements, and electrons which have a
shower shape more similar to hadronic than electromagneticshowers.

EVENT SELECTION

The mass difference between the stop and the sneutrino determines the kinematics of the
final state. A larger difference will lead on average to higher jet energy, higher lepton pt,
and more missing energy. For optimization of this analysis,two benchmark points were
chosen: (stop mass, sneutrino mass)=(150,50) and (110,80)(in GeV/c2), which will be
referred to as the “hard” and “soft” benchmarks respectively.

The largest background at the preselection level comes fromZ bosons decaying to
tau pairs. The taus fromZ → ττ̄ usually have a significant boost from the initial Z
boson decay. When the boosted taus decay into an electron andmuon plus neutrinos,
the electron and the muon are usually back-to-back. The measuredE/T is also usually
back-to-back with one of the leptons. To reduce theZ → ττ̄ contribution, events were
required to have∆φ(e,E/T ) > 0.4 radians ,∆φ(µ,E/T ) > 0.4 radians, and∆φ(e,E/T ) +
∆φ(µ,E/T ) > 2.9 radians. To reduce the QCD background and to further reducethe
Z → ττ background, events were required to haveE/T > 18 GeV .

After these two analysis cuts, the signal Monte Carlo events, the background Monte
Carlo and QCD events, and the data events were sorted into 12 bins in theHT (the scalar
sum of the pT of the jets) andST (the scalar sum of theE/T , the electron pT , and the muon
pT ) plane. The bins were chosen to try to isolate the WW andtt̄ background into a few
bins so that the signal to background ratio in the other bins would be maximized. The
HT bin edges were set to {0,15,70,170,1960} GeV. The bin edge at15 GeV separates
events which have a jet from those which do not. Most WW eventshaveHT < 15.0 GeV.
Many signal events will fall in the range [15,70] GeV which separates them from thett̄
events which fall primarily in the range [70,170] GeV. The bin range [170,1960] GeV
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does not have many events but may be of value for signals with asmall cross section but
a large difference between the stop mass and the sneutrino mass.

TheST bins were set to {0, 80, 220, 1960} GeV in order to isolate WW which is the
primary background for the softer signal points after the first two analysis cuts. Most
WW events haveST between 80 and 220 GeV. Soft signal events will haveST between
0 and 80 GeV, while the hardest ones will haveST > 220 GeV. The distributions ofHT
andST after the selection cuts are shown in Figure 1.
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FIGURE 1. The HT bins for ST < 80 GeV (left), 80 GeV< ST < 220 GeV (middle) and ST > 220 GeV
(right). Data is represented as points; the Monte Carlo backgrounds as filled areas; the QCD as shaded
area; and the soft and hard signal benchmarks as lines. Note that the WW events are concentrated in the
first bin of the second plot. Thett̄ events are concentrated in the third bin of the second plot. TheZ → ττ̄
events remaining after the selection cuts are in the first andsecond bins of the left plot. In the figures, the
signal histograms are not stacked on top of the background histograms.

RESULTS AND CONCLUSIONS

Limits were calculated using the CLs Method[10]. The calculations include uncertainties
of approximately 20% on the signal cross sections and 6.1% onthe integrated luminosity.
A trigger efficiency uncertainty of 17% is applied to Monte Carlo events in which
the electron has a pT of less than 25 GeV/c, as determined from a data/Monte Carlo
comparison forZ → ττ̄ events with lowpT electrons. For Monte Carlo events with pT
larger than 25 GeV/c, a trigger efficiency uncertainty of 6% is applied, as determined
from Z → eē events.

No significant excess above the standard model prediction was found. We have set
95% confidence level exclusion limits for light top squark pair production assuming a
100% branching fraction tobb̄l±l∓ν̃ ¯̃ν. We use these to set limits in the sneutrino mass
versus stop mass plane as shown in Figure 2 and have excluded stop pair production for
mt̃1 < 200 GeV whenmν̃ < 110 GeV and the differencemt̃1 −mν̃ > 30 GeV.
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FIGURE 2: The DØ 3.1 fb−1

preliminary observed (ex-
pected) 95% confidence level
exclusion region includes all
mass points below the solid
(dashed) blue line. The shaded
blue region is kinematically
forbidden. The shaded or-
ange and green areas were
excluded by LEP I and LEP II
respectively [11], [12]. Also
shown is the DØ 1.1 fb−1

combined result from theeµ
and ee channels [13]. The
grey band around the observed
limit shows the effects of the
top squark production cross
section uncertainty.
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