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Abstract

We present a generic search for new phenomena in events with at lesestcttarged
leptons using 1.02 fit of pp collision data recorded by the ATLAS detector 6 = 7
TeV. Events are selected with at least three isolated, charged leptoves 2bdseV with
the leading lepton above 25 GeV and no identified—» ¢*¢~ decays. After selection,
25.9+ 3.8(stat)+ 4.3(syst) events are expected in the signal region from Standard Model
backgrounds, and 31 events are observed. In a second sigioal tiegt uses a tighter lepton
pr cut at 30 GeV, 4.9 1.6(stat)+ 0.9(syst) are expected from Standard Model sources,
and 6 events are observed. The obseqedlues for consistency with the Standard Model
expectation are 27% and 33% in the two signal regions. Fiducial limits arectedran
models predicting excesses of multi-lepton events using pair productiorubfydoharged
Higgs bosons as a benchmark model. The observed fiducial crassadéuits are 38 fb
and 14 fb in the two signal regions. Cross-section upper limits at the 95%edenne level
are also set at 41 (34) pb for 200 (300) GeV excited electron neutaimgpduction.



1 Introduction

A common signature of physics beyond the Standard Model (SM) is ptioduaf events with multiple
charged leptons in the final state. Such events can be produced in magélain pair production of
doubly-charged Higgs bosong, [2], supersymmetryd, 4], extra gauge boson$\( or Z’) [5], seesaw
mediators §, 7], leptoquarks 8, 9], technicolor particles]0], heavy charged leptond ] and excited
neutrinos 12]. In this note, we present a generic search for events with three oriswated charged
leptons. Unless otherwise noted, leptons in this note refer to electrons osmNomrequirements are
made on the number of jets nor on the missing transverse momeﬁfpi*ﬁ)@n the event. The only
event-level kinematic selection criterion for the signal region is the rejecfiememts with any opposite-
sign (OS) same-flavor (SF) pair falling within 10 GeV of thenass. These lepton decays are used
as a control sample to estimate the expected background from continudify@rend mismeasured
boson events that also contain a third object misidentified as a lepfakgkepton). A second control
sample consisting adu events with a third lepton candidate that fails the isolation requirement, is used
to estimate thet background. A third control sample of events with one isolated lepton andhdwe
isolated leptons is used to estimate the background from events with two fakadef@he remaining
backgrounds from dibosons and frénproduced in association with an ex¥haor Z boson, are estimated
using Monte Carlo (MC) simulation. The SM expectation for the signal regitesied independently of
any new physics (NP) model. Upper limits on the cross section for NP ptiodwuaf events with three or
more charged leptons are set within a fiducial region using selection aodsteuction &iciencies for
simulated pair production of doubly-charged Higgs bosons.

This analysis is complementary to but not independent of another sear@viflence of NP in
events with four or more charged leptori3l We also set limits on pair production of left-(right)-
handed doubly-charged Higgs bosons. This analysis is complementaettiated ATLAS doubly-
charged Higgs search using same-sign dimutdks ywhich rules out left-(right-)handed doubly-charged
Higgs bosons at 95% confidence with masses less than 268(210) Galdition, we set limits on pair
production of excited electron neutrinos using a model with no electromagmeiding (f = f, where
f is the form factor associated with the SU(2) gauge group,famglthe form factor associated with the
U(1) gauge group). The H1 collaboration has ruled out single producfieuch objects with a mass
less than 196 GeV1p|. More general pair production searches were made at LEP, andutiexcited
neutrinos forf = f” with masses less than 101 GeMg[ 17]. CMS has also searched for evidence of NP
in events with three or more charged leptons in 2.1fb-1 of deh [Their results are mostly consistent
with Standard Model expectations.

2 Detector, data and Monte Carlo ssmulation

The ATLAS detector 19] is a multi-purpose high-energy physics experiment obserpipgollisions
at the LHC. The inner detector (ID) system of the ATLAS detector is immeirsedsuperconducting
solenoid providing a 2 T magnetic field, and provides precision trackindafged particles. The ID
consists of a silicon pixel detector and silicon strip detector covering psapdlity || < 2.5, and a
straw-tube tracker covering| < 2, wheren = — Intan(g) andé is the polar angle with respect to the
LHC beamline. Outside of the solenoid are electromagetic and hadronic catersnaevering the range
7l < 4.9. The outermost part of the ATLAS detector is a muon spectrometer (MS)anttitoidal
magnetic field, providing separate trigger and precision tracking charfdversions with|p| < 2.4 and
Il < 2.7, respectively.

A multi-level trigger system selects events fdilioe analysis. The events in this analysis were
selected using single-lepton triggers with thresholds of 20 GeV of traseswarergy Et) for electrons
and 18 GeV of transverse momentupy) for muons. The ficiencies of the single-lepton triggers have



been determined as a function of leptpn or Er using large samples af — ¢¢ events. The trigger
efficiency for events with three or more charged leptons is very close to 100%.

The analysis in this note uses a data sample of proton-proton collisiog’s at 7 TeV recorded
between March and June 2011. Data periods flagged with data qualitem®lare removed. After
data quality cuts, the total integrated luminosity used in the analysis is 1-824th an uncertainty of
3.7% [20].

Several samples of Monte Carlo events are used to estimate backgrawhdsderstand control
regions. Detector response is simulat@d] [with a program based oaeant4 [22]. arpcen [23] and
pyTHIA [24] are used to study-#ets backgrounds, which are normalized to next-to-next-to-leading-orde
(NNLO) predictions. Samples af and single-top production are generated usin@xco [25] and are
normalized to NNLO predictions. Diboson samples are generated msings [26], with cross sections
normalized to next-to-leading-order (NLO) predictions. Productiott giairs with additional vector
bosons is generated usingpcraru [27], with showering and hadronization performeddyynia. The
doubly-charged Higgs boson signal is also generated wsingrapun andpeytaia. The doubly-charged
Higgs bosons are allowed to decay democratically with equal branchiogofnreto any combination
of same-sign charged leptons, includingeptons. The cross section depends on whether the doubly-
charged Higgs is produced in a right-handed or left-handed model, andhiglized to NLO predictions.
The excited electron neutrino signal is generated waitlener [28, 29] andpythia. The excited electron
neutrinos can decay to either a neutrino ardll@oson or an electron andvél boson. All Monte Carlo
simulations are reweighted to reproduce the distribution of the number of ticefgs collisions per
bunch-crossing observed in the data.

3 Event sdlection

Signal events must contain at least three higtisolated electrons or muons. To ensure that they origi-
nate from the primary vertex, each lepton candidate is required to havegituldinal impact parameter
(distance of closest approach) with respect to the primary vertex otHass10 mm and a transverse
impact parameter significance (transverse impact parameter divided byoisad less than 10.

Muons are identified by matching tracks reconstructed in the MS to trac&astuacted in the ID.
Only muons withpt > 20 GeV andn| < 2.5 are considered. In order to reject non-isolated muons from
sources such as the decay of heavy-flavor quarks, pions and,kherscalar sum of transverse momenta
(Zpr) of all other tracks inside a cone R = +/(An)? + (A¢)? = 0.2 around the muon must be less
than 10% of the muompy. Tracks entering the sum are required to have at least four hits in thensilico
detectors anghr > 1 GeV.

Electrons are reconstructed from a cluster in the electromagnetic calormmegtdred to a track in the
ID. Candidates are required to have a transverse energy as meaghedalorimeter of at least 20 GeV,
and a pseudorapidity| < 2.47. Electrons in the barrel-endcap transition regionaf & || < 1.52 are
rejected. The standard ATLAS “tight” electron selection is us2. [Electrons are also required to be
isolated from other activity: the transverse energy measured in the caleriimside a cone oAiR = 0.2
around the electron but excluding the electEanis required to be less than 10% of the electign The
energy in this cone is corrected for pile-ufeets due to additiongd pinteractions in the bunch crossing.

Electron candidates withitR = 0.1 of any selected muon are rejected, and if two electron candidates
are withinAR = 0.1 of each other, the one with the lowgr is rejected. In order to remove non-collision
backgrounds, events are required to contain at least one vertexd@moneat least three good trackl|
with pr > 0.5 GeV. The vertex with the largest sum of tp% computed with the associated tracks is
selected as the primary vertex.

Scale factors are applied to the simulation to correct fefiedktnces in lepton reconstruction and
identification between simulation and data. These scale factors have vadiesity from unity by



1-3% for both muons32] and electrons30] depending on ther (for muons) orEr (for electrons).

The E?‘Ssin the event is calculated as the negative vector sum of the transversememtpof energy
deposits in the calorimeters withiij} < 4.5. For events containing muons, any calorimeter energy deposit
from a muon is ignored and the muon energy measured in the MS is used instead

Events are required to have at least three leptons selected as alibve,lave passed the single-
muon or single-electron triggers mentioned earlier. To ensure a well-neebisigger iciency, at least
one of these muons (electrons) must hpyéer) > 25 GeV. We reject events with any OS-SF pair with
a dilepton mass less than 20 GeV. Events with a candiglateson are also rejected: if there is an OS-SF
pair with a dilepton mass within 10 GeV of ttemass, the event is rejected from the signal region,
and is instead used in a control region to estimate fakes. The above setifiitas the nominal signal
region. A second, tighter signal region requiring fia€Et) of all three leptons to be above 30 GeV is
also defined. This second signal region has a significantly reducedemwhbvents with fake leptons,
yet still maintains high ficiency for many NP models.

4 Background estimation

The only significant SM sources of events with at least three real isdigteahs are diboson production
(pp — WZor ZZ), and the production dtf pairs in association with extra vector bosons. Aside from
these events, which are estimated from Monte Carlo simulation, the signah riegidhis search is
dominated by events with one or two real isolated leptons from either dilépt@ny*, or W bosons,
plus one or more leptons not from\& or Z decay (a fake). In this note, sources of fakes include
true leptons from heavy-flavor jets, photon conversions, and muonsifr-flight decays of kaons and
pions. As described below, the fake background is estimated using teelrdgsigned to make maximal
use of the data itself while having minimal reliance on Monte Carlo simulation. Wendieke the
fake backgrounds frortt, Z+jets andW+jets separately. The rationale behind this is that fakes from
tt are dominantly from thé-jets in top dilepton events, while fakes from tié¢Z+jets backgrounds
are a mix of heavy-flavor and glugight-flavor jets; additionally, these three sources can be checked
independently in dferent control regions. Trilepton events fraiy* production are estimated to be
negligible. Small additional backgrounds that are estimated from simulatiord®£lu- r7+jets and
single top production. Dalitz decays of tdeboson with an internal photon in the matrix element that
decays to a dilepton pair represent another potential sourgebafsons in the signal region. Monte
Carlo simulation shows that this process should be negligible. Severdlssleation criteria reduce this
background, including the minimumr(Et) requirements, isolation requirements, and the requirement
that there be no OS-SF pair with dilepton mass below 20 GeV.

4.1 QCD multijet templates

The fake lepton background estimates in the following sections rely on kgdhérisolation distribution

of fake leptons. These distributions are obtained from QCD multijet datarpvieg the isolation
requirement on lepton candidates and then vetoing events consistent withgcfsom processes that
produce real leptons. Events with a single lepton are required to havesadrae mass (computed from
the charged lepton and tIEéTT“S% less than 40 GeV, and events with two leptons must not have an OS-SF
pair within £25 GeV around th& mass. The small remaining real lepton contamination on the order of
a few percent is subtracted using MC simulation. The data are then binnednartber of jets and fake
lepton pr. To study systematic uncertainties on these distributions arising from vagatidghe heavy-
flavor fraction, electron fakes are also obtained from categoriesheatriand reduced in heavy-flavor by
dividing into two categories depending on whether electrons pass ordfatilan the amount of transition
radiation detected in the straw-tube tracker.



4.2 Z+jetsestimation

The background in the signal region frafa-jets with an additional fake lepton is estimated using data
events. First, a control sample of trilepton events consistent with the giodwt Z bosons is selected
by requiring OS-SF leptons with a dilepton mass within 10 GeV ofdhmass. All selection criteria
described in Section 3 except for tdemass veto are applied. This control sample is expected to be
dominated by diboson events wittZaboson WZ/ZZ). Monte Carlo studies indicate thatjets events
with an additional fake lepton contribute approximately 10% of the sample.

Two additional criteria are then added to enhance the fraction of eventsavigke lepton. The
first is a very loose requirement Ef}“ss< 50 GeV (an antErT“iSScut). This reduces th@/Z contribution
by almost a factor of two while removing only a few percent of #gets fakes. Thus, it does not
significantly alter the heavy-flavor fraction of the fake leptons. In as@gequirement, the relative
isolation cut is relaxed from 0.1 to 0.5. This significantly increases the nuofilfasjets events, allowing
for a higher statistics extrapolation into the signal region.

To calculate the background in the signal sample,Zremntrol sample must be corrected for the
predicted number of events from sources other tBajets. This gives the number &+jets events
with the looser isolation and arﬁ%”‘SS cut. Monte Carlo simulation is then used to scale from the
number ofZ+jets trilepton events with the loose aff{"'>* selection criteria to the number with f&g"*®
requirement. Finally, the isolation distribution for fake leptons obtained frortijetudata is used to
scale the number of events found in data that pass the loose isolation critdasignal region defined
by the tight isolation criteria. This scaling is summarized in Equation

SR _ p CR-Z CR-Z
NZEst = Riso- RmeT-Rmy - (NObs,Data - Ngcmc
SR
R B N2 e
MET = NSRMET
ZMC
SR
Ry = N2 vc
. SRmy,
N2 mc

(1)

whereN3E, is the estimate@+jets yield in the signal regior\NGi % . is the observed data in the

Z control region with the antEQniss cut and loosened isolation, a g‘,vzlc is the expected number of
events in that control region, not includiag-fake events.NZS,fjIC is the signal region estimated yield

from simulation;NS 2¥=T is the expecte@-+fake yield, from simulation, in the signal region with an

anti—ErTniSS cut, andNi,\Fjrg' is the expected+fake yield with an OS-SF mass within 10 GeV of the
mass, given by Monte Carlo simulation. The thRR&rms scale the yields from the control region to
the signal region. Th&yer and Ry, terms come from Monte Carlo simulation, and scale from the
dileptonZ mass region with an anIEE-'Tniss cut to the signal region. As mentioned above, the EﬁﬂF—S
cut has almost noffect, so thaRy et is nearly 1.0. ThdRso term comes from QCD multijet data, and
is an dficiency for fake leptons to pass the nominal isolation cut, given that they pressed the loose
isolation selection criteria. These three terms are derived separatelefusaevith a fake electron and
events with a fake muon. The expected and observed events countsrarauszed in Tabld. The

pr of the third lepton in events inside tfZecontrol region after the anf.E—Q“iss requirement and the less
restrictive isolation requirement are shown in Figdre The Monte Carlo simulation reproduces the
overall fake rate within the large statistical uncertainty, although the aggragf fakes in data may be
lower than in the simulation. With the tighter lepton selection, the method is statistically linyitdeeb
data and predicts 137 events in the signal region.

4



Table 1: Table of the yields and expectations in agets control and signal regions for the nominal
signal region. The quoted uncertainty is the statistical uncertainty on the data

Z+fake electron| Z+fake muon
NSR_ 5.8 1.9
CR-Z
NEE jic 27.7 32.2
N%b S [\/I|3€Ira 43 59
NS 3 5.8 1.9
NS S 8.4 5.5
Riso 0.53 0.24
SR
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Figure 1: NonZ electronEr (a) and muorpr (b) after the antErT‘"iSS requirement and the loosening of
the isolation. The shape and magnitude ofZhgets background is taken directly from simulation, and
is not scaled to the data-driven estimate.

4.3 tt estimation

The contribution frontt to the signal sample is estimated using a control sample enrich&ewents
and an additional fake lepton. Events containing one electron and onepaasimg all lepton selection
criteria, plus an additional third lepton that fails only the isolation requiremeahthas apr > 15 GeV
(instead of the nominal 20 GeV requirement), are selected. To retlhoson contamination, events are
required to haveE’Tniss in excess of 20 GeV. The expected non-top contributions to this sampleSkdm
sources are expected to be small and are estimated from Monte Carlo simulation

Thett estimate is determined using the following expression:

SR _ CR CR
Ntf,Est - F"’(T,MC ’ (NObs,Data_ NBG,MC)
NSR )
. tt,MC
with Remc = Jer
tt,MC

where Nt?gst is the estimatedt yield in the signal regionNéng) is the expected event yield in the

signal (control) region as measurediiMC simulation and\lglffS Data(BG.MC) is the observed (expected

from simulation) yield of (nortt background) events in the control region. Scale factors that actmunt
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Table 2: Table of the yields and expectation in thgignal and control regions. Systematic uncertainties

are shown for MC yields and statistical uncertainties are shown for ddta.fiftal estimate has both
statistical and systematic uncertainties.

Nominal signal selection Tighter selection
Variable Electrons Muons Electrons Muons
i 23:03 38203 0.7:0.1 0.7+0.1
e 4.0+05 54.8+ 3.2 4.0+05 54.8+ 3.2
SES,Data 8 76 8 76
NSE e 1.2+0.3 74+13 1.2+0.3 74+13
N°E. | 3.9+ 1.6(stat)y+ 0.5(syst) | 4.8+ 0.6(stat)+ 0.2(syst) | 1.1+ 0.5(stat)+ 0.2(syst) | 0.9+ 0.1(stat} 0.1(syst)

data-MC diferences in the isolatiorfieciency are estimated using heavy-flavor-enriched QCD multijet
data. This procedure is performed separately for the two sets of sigleatien criteria and two lepton
flavors.

Table 2 shows the measured values in Equatbas well as thet background estimate for both
signal samples. There are significantly more muons than electrons in theleegton. This is because
the tight electron identification includes other shower shape and calorifveeted cuts that reject fakes,
whereas muons rely predominantly on isolation to reject fakes. FRjshews kinematics distributions
for events that pass thiecontrol region selection criteria. TI1?(-'£PiSS cut is dfective at removin@ boson
contamination, after which it can be seen that the MC simulation slightly underéssitha heavy-flavor
fake rate.

4.4 Doublefakes

The background in the signal region from events with two fakes is me&sudata by scaling the yield in

a control region dominated by two fakes. This control region is definex/bgts with exactly one lepton
that passes all of the lepton selection criteria and exactly two leptons tisslbdsose requirements but
fail the isolation requirement. A small contamination fr@rbosons plus one fake is removed by vetoing
events with an OS-SF lepton pair within 10 GeV of thenass. The scaling factor to the isolated signal
region is then given by=, wheree is the dficiency for QCD multijet events to pass the isolation cut
given that they passed all other lepton selection criteria. Thigency is determined from QCD multijet
data templates, and is binned in lepi@nand the number of jets. The predicted double fake background
in the nominal signal region is 54 1.1(stat)*}/7(syst), and 0.2 0.2(stat)+ 0.0(syst) in the tighter
signal region. The double fakes are dominated by events with leptonicallyugW bosons plus two
fakes from jets, but include other types of events.

5 Systematic uncertainties

A wide range of potential systematic uncertainties are evaluated for aljlbmakd estimates and event
yields predicted by NP models. The dominant source of systematic uncenaitttg estimates for both

tt andZ+jets backgrounds is the ability to scale from one lepton isolation range to ansting QCD
multijet events. These isolatiorfieiencies vary with fake leptopr and the number of jets. The
andZ+jets fake measurements are repeated using isolafimieacies from dterent leptonpr ranges
and jet multiplicities, leading to uncertainties of 23-25%. In addition ttleadZ+jets measurements
scale from control regions to one of the two signal regions, which re@adcurate Monte Carlo simula-
tion in the signal region. Th&+fake measurements are partially limited by MC statistics, leading to a
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Figure 2: Kinematic distributions in thié control region. TheE$1iss is shown on the top, and tHer
(pr) of the non-isolated electron (muon) is shown on the bottom after requjig > 20 GeV. Plots
are made without any scaling of Monte Carlo expectation to the data-basmdtes. Plots on the left
(right) have non-isolated electrons (muons) as the third lepton. Uncertaomtigata are given by Poisson
statistics.

14.6% (25.0%) systematic uncertainty on #hefake electron (muon) measurement. The uncertainties
due to limited MC statistics for thi fake estimates are 7.6 (4.8)% in the electron (muon) channels. The
25-33% systematic uncertainty on the double fake measurement is dominateddotainties obtained
when varying the heavy-flavor fraction of the fake templates. A variettlodér smaller systematics are
also evaluated for all background estimates, including luminosity uncertaiot@s-section uncertain-
ties and uncertainties on lepton identification and trigger scale factors.



6 Resaults

Table 3 summarizes the estimated backgrounds for each source in both signalstegidotal of 25.9
+ 3.8(stat)+ 4.3(syst) events are predicted from SM sources in the nominal sigriahrep the full
dataset, 31 events are observed. In the second, restrictive sigital,ré.9+ 1.6(stat)= 0.9(syst) are
expected from SM sources, and 6 events are observed. Figare4 show distributions of kinematic
variables for the data in the nominal signal region. No significant exsesgeseen at high values of
EMSS or leptonpr.

L L e e
J—L:I.Osz'l V=7 Tev
~e- Data 88 Syst. Error

W tt Fakes I Single Top
BN t+w/z I Double Fakes

LS e o e
L=1.02fb" (5=7 TeV
—e— Data

Standard Model

Events / 10 GeV
=
N
Events / 10 GeV
N
o

12 M Diboson MMl Z+Jets Fakes - 18? — H"" (200GeV) 77;
r B Ztt + Jets B 16E Excited v (300GeV) 3
10 ATLAS Preliminary 14E ATLAS Preliminary | 3
8- = 12 E
B ] 10f- =
o E 8- E
4= - 6 E
g ] at 3
..... i : oF IM E

100 120 140 160 180 200 9720 60 80 100 120 140 160 180 200
Leading Lepton p, or ES [GeV] Leading Lepton p, or E; [GeV]

@) (b)

> L L e B L B B BN I > 25F T T T T T T T T T T
8 L=10215" {s=7Tev ] 3 [ L=1.02fb" V5=7 TeV ]
o ~e- Data 8% Syst. Error ] o C e— Data ]
N I (T Fakes Ml Single Top - - L -
2 20 -tf+v?//§S M Double Fakes - ; 20, Sflgdard Model ]
S I Diboson [l Z+Jets Fakes ] e r — H7"(200Gev) b
o W Zt1 + Jets ] o C Excited v (300GeV) ]
o 15 - w 15 ]
10 - 10F -
5 ATLAS Preliminary { 5} ATLAS Preliminary {
TR SN SV B | L . — L J

90 40 60 80 100 120 140 ]1160 180 200 30 40 60 80 100 120 140 le60 180 200
Sub-Leading Lepton p; or [GeV] Sub-Leading Lepton p or Ee [GeV]

(©) (d)

Figure 3. Leading leptoizt(pr) (a-b) and subleading leptdar(pr) (c-d) in trilepton events with SM
expectations stacked (a,c) and with models of NP overlaid (b,d) for botti@e@and muons. Standard
Model refers to the sum of all expectations from Standard Model geass including those with fake
leptons. The last bin in all plots is an overflow bin.

7 Limits

The mcLivit [33, 34] software package is used to calculate an expected and obsengdivan the
observed event yield, the predicted signal event yield, the predictédfmaund yield and the systematic
uncertainties (including correlations between signal and backgrodind) profile likelihood technique
is used to incorporate systematic uncertainties. The obsgrwedues for consistency with the SM
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Figure 4: Sub-sub-leading leptds (pr) (a-b) for both electrons and muons alﬁﬁiss (c-d) in trilepton
events with SM stacked (a,c) and with models of NP overlaid (b,d). Standad#Mefers to the sum
of all expectations from Standard Model processes, including thosdatigheptons. The last bin in all
plots is an overflow bin.

expectations are 27% and 33% in the two signal regions. In the abserg&ehce for NP, the yields
are interpreted as an exclusion on a number of NP scenarios. Using ani@tson of pair-produced
doubly-charged Higgs bosons as a generic model, an upper limit is exti@cthe maximum expected
yield of events from NP in the data sample. The doubly-charged Higgsibasodel decays with equal
branching fraction to all lepton flavors and thus is more generic than thel etéetron neutrino model.
To make limits on NP models generic, we define fiducial regions at the parteln Fer the nominal
signal selection, the fiducial region contains events with three or morgesthéeptonsé or u) each with
pr > 20 GeV andn| < 2.5 with no opposite-sign same-flavor pair whose invariant nragsfalls into
the window [81,101] GeV. With the tighter signal region, the fiducial regias thepr threshold raised
to 30 GeV. Within these regions, the trilepton selectidicency is calculated for several NP models.
Table 4 shows, for these models, the fraction of events falling in or out of the iitluegion and the
selection éiciency for each region. The LH and RH doubly charged Higgs modelshessame MC
samples, and étier only in the production cross sections. Using the lowest doubly-ctiddggys boson
selection éiciency for each fiducial region, fiducial limits are extracted for modeldiptiag excesses
of multi-lepton events. As shown in Tabliethe observed 95% confidence level upper limits on fiducial



Table 3: The estimated Standard Model background and NP yields in the alcanich tighter signal
regions, together with the observed event counts in data. Where twdainties are given, the first is

from data statistics, and the second is from systematic uncertainties.

Process Yield (nominal signal selection) Yield (tighter signal selection

Z+jets 79+3.2+24 1.0+15

tt + e Fake 3.9+1.6£05 1.1+0.5+0.2

tt + u Fake 48+0.6£0.2 0.9+0.1+ 0.1
Z— 1T+jets 0+0.6 0+0.6

Double Fakes 5.1+ 1.1 0.2+ 0.2+ 0.0
Diboson 3.6+04 15+0.2
Single Top 0.1+0.1 0.0+ 0.0
tt+W/Z 0.5+ 0.0 0.3+ 0.0

] Total Background | 25.9+ 3.8+ 4.3 49+ 1.6+0.9
H**/== (LH my=200 GeV) 45+0.2 42+0.2

Data 31 6

Table 4: Fiducial fraction and selectioffieiency for two NP models. Events can either fall inside or
outside of the fiducial region; the fraction of events falling into each cayeigoshown. For the two
regions, events can pass or fail the full selection criteria. Th&sgemcies are also shown. As expected,
the dficiency to pass full selection criteria is close to zero for events outside 6fltinsal region.

Outside fiducial region Inside fiducial region
Source Fraction\ Selection éiciency Fraction\ Selection éiciency

Nominal signal region

H**/== (100 GeV) 0.57 0.02 0.43 0.57

H*+/~— (150 GeV) | 0.46 0.03 0.54 0.61

H**/== (200 GeV) 0.39 0.03 0.61 0.63

H**/== (300 GeV) 0.33 0.03 0.67 0.65

Excitedv (200 GeV)| 0.51 0.02 0.49 0.47

Excitedy (300 GeV)| 0.48 0.03 0.52 0.52
Tighter signal region

H**/== (100 GeV) 0.68 0.02 0.32 0.57

H**/~~ (150 GeV) | 0.53 0.02 0.47 0.61

H**/== (200 GeV) 0.44 0.03 0.56 0.63

H**/~~ (300 GeV) 0.36 0.03 0.64 0.66

Excitedv (200 GeV)| 0.61 0.02 0.39 0.49

Excitedv (300 GeV)| 0.55 0.02 0.45 0.52

cross sections are 38 fb and 14 fb in the two signal regions, with expliésiof 28 fb and 11 fb. As

no isolation requirement is made at the parton level, these limits may be slightly vooms@dels with
significant additional jet activity. Figur® shows the expected and observed cross-section upper limits
(at 95% confidence level) ad**H~~ production as a function of the mass of the doubly-charged Higgs
boson. Cross-section upper limits at a 95% confidence level are alab4ie{34) fb for 200 (300) GeV
excited electron neutrino pair production, improving on the limits set at LEP.
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Table 5: Expected and observed fiducial cross-section limits.

Expected fiducial limits (fb) Observed

fiducial limits (fb

Nominal signal region
Tighter signal region

28
11

38
14

lli(l) signature (I=e, W)

L=1.02 ™ Vs=7 TeV

—o— Expected limit at 95% CL —e— Observed limit

- Expected limit + 10

Right-Handed Theory

ATLAS preliminary

Expected limit+ 2 o

Left-Handed Theory

@)

T \,?’\HH‘
4 ’

10

‘ — ‘ — ‘
I(l) signature (I=e, 1) IL =1.02f" f5=7 Tev

—o— Expected limit at 95% CL —e— Observed limit

- Expected limit + 10

Right-Handed Theory

ATLAS preliminary

Expected limit £ 2 o

Left-Handed Theory

100

Ll Ll
150 200

(b)

ST B
250

300
M, [GeV]

Figure 5: Expected and observed cross-section limits oklitHéd—~ model as a function of the doubly-
charged Higgs mass. The expected limit is shown in red with uncertainty fang& o (green) and
+2 o (yellow). The limits are shown for the nominal signal region (a) and the tiglidggal region (b).

8 Conclusions

A generic search for an excess of events with three or more chargeddepconsistent witlZ boson
production was made. No requirements on observed jet activity or missimgyéi@se energy were in-

cluded. Using 1.02 fb of data, 31 events with three leptons were observed with a SM expectation of

11



25.9+ 3.8(stat} 4.3(syst). Using a tighter leptgmy selection, 4.9 1.6(statk 0.9(syst) were expected,
and 6 events were observed. No significant excesses were sagh adlues 01’E$1iSS or leptonpr. The
observedp-values for consistency with the SM expectations are 27% and 33% in theegians. The
observed fiducial cross-section limits are 38 fb and 14 fb in the two reglénuss-section upper limits at
a 95% confidence level are also set at 41 (34) pb for 200 (300) @eitéd electron neutrino production,
improving on the limits set at LEP on excited neutrino pair production.
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