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R-parity violation in supersymmetry gives rise to many unique experimental signatures. We de-

scribe searches with the ATLAS detector for supersymmetry with R-parity violating decays. Ex-

amples include searches for resonant sneutrino decays to anelectron and a muon, and displaced

vertices arising from the late decays of heavy objects with amuon in the final state. The most

recent results on these channels are presented based on datarecorded with the ATLAS detector in

7 TeV ppcollisions at the CERN Large Hadron Collider in 2010 and 2011.
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1. Introduction

An essential aspect of all supersymmetric (SUSY) models is the R-parity quantum number
Rp = (−1)3B+L+2S, whereB denotes the baryon number,L the lepton number andS the spin of
a particle. In the most general formulations of supersymmetric theoryR-parity is not conserved,
allowing couplings between two ordinary fermions and a squark ( ˜q) or slepton (̃ℓ). The conserva-
tion of R-parity forbids strong baryon and lepton number violation simultaneously and leaves the
lightest particle as a natural dark matter candidate. R-parity violating (RPV) couplings are allowed
in scenarios which forbid either the baryon or lepton number violating terms. Here, the dark matter
candidate is unstable due to new channels being opened.

This note reports on two searches performed by the ATLAS collaboration [1] which can be
interpreted in terms of constraints on RPV SUSY [2]. We search for a resonant structure decaying,
into oppositely charged electron and muon pairs. A separate analysis searches for displaced ver-
tices, potentially arising from the decay of heavy particles with lifetimes betweenpicoseconds and
nanoseconds.

(a) ν̃τ → eµ decay (b) χ̃0 decaying into a muon and two jets, via a
virtual µ̃ , with RPV couplingλ ′

2i j .

Figure 1: Feyman diagrams for the two RPV processes under consideration.

2. e-µ resonance

By fixing all RPV couplings exceptλ ′

311 (ν̃τ → dd̄) andλ312 (ν̃τ → eµ) to zero, and assum-
ing thatν̃τ is the lightest supersymmetric particle, the contributions to theeµ final state originate
from theν̃τ only [3]. To selecteµ candidates, the electron is required to have transverse momen-
tum (pT) > 25 GeV, to have pseudorapidity|η | < 1.37 or 1.52 < |η | < 2.47 and satisfy
shower shape, track quality and matching criteria. The muon candidate must be reconstructed in
both the inner detector and muon spectrometer, havepT > 25 GeV and|η | < 2.4, the inner
detector track must be isolated from other tracks. The electron and muon must be separated by
√

(∆η2 +∆φ2) > 0.2. Theeµ candidates must be composed of exactly one electron and one
muon of opposite charges.

Standard Model backgrounds to the search can arise from two categories: those with a real final
stateeµ pair (Z/γ∗ → ττ, tt̄, single top,WW, ZZ andWZ), and processes which give fake back-
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grounds (W/Z + γ, W/Z+jets and multijet events with photons or jets reconstructed as leptons).
All processes listed in the first category, along with photon related backgrounds, are estimated from
MC simulation (described elsewhere [4]). The remaining fake backgounds are described using a
4×4 matrix method described in [3]. The lepton definitions are loosened to allow events to be
classified based on whether they pass or fail the loose and standard requirements. These can then
be used to quantify the overall lepton efficiencies and jet fake backgrounds.

Analysing 1.07±0.04 fb−1 of data collected in 2011 using single lepton triggers (measured to
be 100% efficient), a total of 4053eµ candidates are observed, while 4150±250 are expected from
Standard Model processes. The distribution of the invariant massmeµ is presented in Figure 2(a).

Since no evidence for signal is observed the number of events in each search region, as a
function of increasingmeµ , are used to set an upper limit onσ(pp→ ν̃τ) × BR(ν̃τ → eµ) using a
Bayesian method with a uniform prior for the signal cross section. Figure 2(b) shows the 95% C.L
upper limits on theλ ′

311 coupling as a function ofmν̃τ for three values ofλ312. The regions above
the curves are excluded in each case. Please refer to [3] for the full limitsand exclusion curves on
the ν̃τ production cross section.

(a) Observed and predictedeµ invariant mass distributions
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(b) 95% C.L. upper limits on theλ ′

311 coupling as a func-
tion of mν̃τ .

Figure 2: Distribution of events and constraints on the RPV couplingsfor theeµ resonance search.

3. Displaced vertices

We report on results of a search for a heavy particle decaying into multiple charged particles
at a distance of order millimeters to tens of centimeters from thepp interaction point in events
containing a muon identified with highpT [5]. In the SUGRA scenario, such a signature may be
manifested via the decay of the lightest supersymmetric particle due to non-zero λ ′

2i j couplings via
a diagram such as is shown in Figure 1(b). Current limits on RPV couplings [6] allow for the decay
vertex to be displaced and within range of the ATLAS inner tracking detectors.

Events are selected from a data sample of 36 pb−1 collected in 2010 and must pass the
pT > 40 GeV single-muon trigger requirement. A primary vertex (PV), originating from thepp
collision is required and must contain a minimum of five tracks and az position within 200 mm.
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Where multiple primary vertices are recorded the one with the highest scalar sum of thepT of its
tracks is used.

We reconstruct a displaced vertex by selecting only tracks withpT > 1 GeV. A large impact
parameter (> 2 mm), with respect to the transverse position of the PV is required, rejecting 98% of
all tracks orginiating from the primarypp interaction. A description of the displaced vertex finding
algorithm can be found elsewhere [5].

We use the mass of the reconstructed vertex (mDV) and the number of reconstructed charged
tracks (Ntrk

DV) as discriminating variables for the search. Figure 3 shows the distribution of mDV

vs. Ntrk
DV for the selected vertices in the data sample, including vertices that fail the requirements

on mDV andNtrk
DV this is overlaid with a distribution from signal MC. We observe no vertices that

satisfy all the selection criteria.

Figure 3: Vertex mass (mDV) vs. vertex track multiplicity (Ntrk
DV) for displaced vertices that pass the event

selection requirements except themDV andNtrk
DV requirements. Shaded bins show the distribution for signal

MC, and data are shown as filled ellipses, with the area of the ellipse proportional to the number of events in
the corresponding bin. The figure contains 487 data events, of which 251 are in the bin corresponding toK0

s

decays.

Based on this null observation, we set upper limits on the supersymmetry production cross-
section times the branching fraction of the simulated signal decays for different combinations of
squark and neutralino masses, and for different values of the product of the speed of light (c) and
the neutralino lifetime (τ). These constraints can be seen in Figure 4.

4. Summary

The ATLAS collaboration has begun mining the data collected during the first two years of
7 TeV operations at the CERN Large Hadron Collider. Novel analyses have already reached ma-
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Figure 4: Upper limits at 95% CL on the production cross-section timesbranching fraction vs. the neu-
tralino lifetime times the speed of light for different combinations of squark and neutralino masses, based
on the observation of zero events in a 33 pb−1 data sample. The horizontal lines show the cross-sections
calculated from PROSPINO [7] for squark masses of 700 GeV and150 GeV.

turity, and searches for SUSY with R-parity violation with two different approaches have been
presented herein. At time of writing no deviations from the Standard Model have been observed
in these channels. However, these early analyses will form the foundation of further searches to be
performed in the near future.
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