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1. Introduction

Supersymmetry (SUSY) [1] is one of the most popular extensions of the standard model (SM).
SUSY can solve the hierarchy problem which the SM suffers from and allows the unification of
the gauge couplings. Each SM particle has a corresponding SUSY particle (sparticles) that con-
tributes to the Higgs mass squared with opposite sign relative to the contributions of SM particles.
This protects the weak mass scale, My, from divergences. SUSY is a broken symmetry since the
sparticles do not have the same mass as their SM partners. If R, parity is conserved, the lightest
SUSY particle (LSP) is stable and provides a candidate for cosmological dark matter. We use as
a reference the minimal super gravity (mSUGRA) model of SUSY breaking [2]. The mSUGRA
scenario is described by five independent parameters: the unified scalar and gaugino masses mg
and m; /, the ratio of the vacuum expectation values of the two Higgs doublets, tan 3, the unified
trilinear coupling Ao, and the sign of the Higgs mass parameter (. These parameters determine all
the properties of the model, e.g. masses and cross sections.

q X1
(a) Trilepton Channel (b) Lepton, Jets, and £7 Channel

Figure 1: Feynman diagrams for the decay channels discussed in this paper.

2. Chargino-neutralino in trilepton final states

The ‘classical’ signature for SUSY is the trilepton channel, Figure 1(a). The advantage of this
channel is that the expected contributions from SM processes are very low for final states with three
isolated leptons and large missing transverse energy (£7). The disadvantage is the SUSY processes
leading to a trilepton signature has a low cross section times branching ratio. Furthermore, the
leptons have relatively low transverse momentum (p7) so reconstructing them is more difficult.

2.1 Analysis strategy at the CDF experiment

In the CDF analysis [3,4], we select events and separate them, based on lepton type, into exclu-
sive samples based on expected purity. This channel independence allows easy statistical combina-
tion of the results. For each event, we select tracks, (‘tight’ and ‘loose’) muons (i), and electrons
of some quality. Each of these objects, except the tracks, have tight and loose categories. We then
assign each event to an exclusive channel composed of combinations of these objects. While all
the channels are kept exclusive, this effectively gives two larger categories of events; those with
three identified leptons (trileptons) and those with two leptons and a track (dilepton+track). We
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Figure 2: Data comparisons for the CDF and D@ trilepton analysis.

create two types of control samples to test our background estimations against data. The first type
is a dilepton selection, which consists of the first two objects of the trilepton selection, Figure 2(a).
The second type adds a third lepton. These trilepton events are chosen in a kinematic region where
we do not expect any signal. Good agreement is found between data and SM predictions in all the
control regions. We then apply SUSY specific cuts optimized for mgp = 60 GeV, m;, =190 GeV,
tanfB= 3, Ag = 0 and u > 0, and look at signal region data to compare against background. This
analysis is performed with data collected until 1 July, 2008, totaling 3.2 fb~!.

2.2 Analysis strategy at the D@ experiment

In the D@ analysis [5], we define four different channels distinguished by the lepton content
of the final state. For the dielectron plus lepton channel (eel) we require two identified electrons
and a track. In the dimuon plus lepton channel (ttul), we require one tight and one loose muon and
a track. The selection in the electron, muon plus lepton channel (eut/) requires one electron and
one tight muon and a track. Finally, we select events with a tight muon, a hadronically decaying
tau, and either a track (1 7/) or another hadronically decaying tau (1 77). For each of the eel, tul
and ept/ channels, one "low-p7" and one "high-pr" selection is designed to exploit the different
kinematic properties for different mass ranges. Primarily these selections tune the py cuts of the
leading leptons to maximize the expected sensitivity. The 7/ and 77 channels use only one set
of cuts similar to the low-p7 selection. The analysis is optimized using mSUGRA as a reference
model. Two sets of mSUGRA parameters (mg = 150 GeV and m, /2=250(170) GeV, with tan f=3,
Ag =0 and u > 0) are used as a reference for a high-py (low-pr ) signal, labeled SUSY1 (SUSY?2),
Figure 2(b). This analysis is performed with data collected until June, 2007, totaling 2.3 fb~!. The
analysis using hadronic 7 decays is based on 1.0 fb~!.

2.3 Results for the trilepton analysis

Neither CDF nor D@ analyses see an excess of events relative to the SM predictions, Table 1.
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’ ‘ Channel SM Expectation ‘ data ‘
CDF trilepton 1.5£0.2 1
dilepton-+track 94+14 6
D@ Low pr 54+0.6 9
High pr 33+04 4

Table 1: Standard Model expectation and data for the CDF and D@ trilepton analysis.
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Figure 3: Limits in the mSUGRA model from the trilepton analysis. (tan3 = 3, Ag =0, and u > 0)

However, we can turn these null results into exclusions on the mSUGRA model. Assuming a
parameter space (mg = 60 GeV, tanf3 = 3, Ag = 0, and u > 0) we exclude the chargino ()(li) of a
mass less than 155 GeV/c? at D@ and less than 164 GeV/c? at CDF. The results are interpreted in
the mSUGRA scenario, and translated into limits on mq vs my j,, Figure 3.

3. Chargino-neutralino in leptons, jets, and E7 final states

The aim of this analysis [6] is very similar to the trilepton analysis but designed to explore
a different mSUGRA parameter space. The trilepton analysis includes decays through virtual Z°
and W*, and thus can cover a lower mass region. The parameter space in the trilepton analysis
also allows gauginos to decay through sleptons resulting in trilepton final state almost 100% of
the time. Here we explore a higher mass range where the )(Ii )(gcan decay via real Z° and W+
bosons, Figure 1(b). By requiring Z decaying to ee and W decaying to two jets, we exploit these
resonances to reduce our backgrounds. We also require large missing energy coming from the LSP.
The analysis optimizes the E7 selection to obtain the best the expected limit. Figure 4(a) shows
the data and SM background prediction. A test signal (mo = 1000 GeV and m; , = 275 GeV, with
tan B= 10, Ap = 0 and u > 0) is overlaid. This analysis is performed with data collected until
February, 2008, totaling 2.68 fb~'. Like the trilepton analysis there is no excess of events, Table 3

so we try to set a limit on the xlimass. (In this parameter space m

2~ mxg). Figure 4(b) shows we

are not able to exclude any masses in the mSUGRA model.
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’ Cut SM Expectation ‘ data ‘
E7r>40 GeV 6.4+£09 7
E7r>50 GeV 3.8+0.6 2
E7r> 60 GeV 2.0+£03 1

Table 2: Standard Model expectation and data for the CDF Leptons+Jets+ETanalysis.
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Figure 4: Limits from the CDF Lepton, Jets, and E T analysis.

4. Conclusions

The Tevatron is collecting high quality data at an unprecedented rate and both the CDF and
D@ experiments are doing their best to probe new models. Within the mSUGRA model we are
able to exclude large areas of the parameter space using trilepton searches.
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