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1. Introduction

Supersymmetry (SUSY) is one of the most popular candidatehgsics beyond the Standard
Model (SM). It predicts the a supersymmetric partner forhe&d/ particle that differs in spin
by 1/2 from its SM counterpart. Supersymmetry provides temig for some Standard Model
(SM) problems as the hierarchy problem, unification of gacméplings. In case of R-parityR(=
(—1)%(B-L+25) conservation SUSY particles are produced in pairs and &lwesderacting lightest
supersymmetric particle (LSP) is stable and is a candidatéhe Dark Matter (DM). The two
produced LSP in each SUSY event escape detection, thusagiegean imbalance in transverse
momentum PSS and its magnitud&"'s9) which is the most characteristic signature for SUSY.

First, a summary of inclusive searches for gluiigp,afid first two generations of squarks,
g, production are presented in this note. Analyses with wiiffe final states with large missing
transverse momentum, different jet and lepton multipésitare discussed.

A study of the expected SUSY particle spectrum derived fraturalness considerations sug-
gests that the supersymmetric partners of the third geaer&M quarks are the lightest coloured
supersymmetric particles. This may lead to the lightesbinosquark (sbottonﬁl) and top squark
(stop,f1) mass eigenstates being significantly lighter than therathearks and the gluinos. As a
consequencd), andf; could be produced with relatively large cross sections e tirge Hadron
Collider (LHC). The recent results with two jets originagifrom the hadronisation of the b-quarks
and IargeE$“iss as well as one isolated electron or muon, jets, and missamgverse momentum
are summarized.

If the masses of the gluinos and squarks are large, the giredtiction of charginos, neutrali-
nos, and sleptons may dominate the production of SUSY festat the Large Hadron Collider.
Searches for final states with two oppositely-charged teptthree leptons (electrons or muons)
or at least four isolated (electrons, muons and leptonidémays) ancE?“ss, final states with two
hadronically decaying taus are described.

The analysis results are interpreted in the context of se8&5Y models, such as simplified
supersymmetric models, GMSB and mSUGRA/CMSSM models ysioign-proton collision data
at a centre of mass energy of 8 TeV recorded with the ATLASaletg1] at the LHC. The theory
references can be found in the corresponding ATLAS papdrs. |dtest results from all analyses
can be found on the ATLAS SUSY public results web page [2].

2. Inclusive searches for gluino and first two generations adquarks

Final states containing only jets and large missing transwse momentum. Five inclusive
analysis channels characterised by increasing jet migltipfrom two to six are defined for this
analysis [3]. In all cases isolated electrons or muons a@ede Each channel is used to construct
between one and three signal regions (SRs) with "loose"diun@&’, or "tight" selections distin-

Niep Njet i
guished by requirements placedBSYmes andmeg(incl.), wheremes = z i+ z . + Emiss
and the sum runs over all jets wiflt > 30 GeV in the event. The domlnant background sources
are: W+jets, Z+jets, top quark pairs, single top quarks, ranttiple jets. The production of semi-
leptonically decaying dibosons is a small componetit3%) of the total background and is esti-
mated with MC simulated data normalised to theoreticalgesction predictions.
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Good agreement was seen between the numbers of eventsaibsetive data and the numbers
of events expected from SM processes. In the MSUGRA/CMSSMetspvalues ofny , <340
GeV are excluded at the 95% confidence levelrfgr<6 TeV andm,, <800 GeV for lowm.
Equal mass squarks and gluinos are excluded below 1800 G#¥siscenario (see Figure 1 left
plot, violet line).

Final states with large jet multiplicities and missing transverse momentum. The event
selection requires missing transverse momentum, no éblalectrons or muons, and from 7 to
>10 jets. The sensitivity of the search is enhanced by cornisgléhe number of b-tagged jets and
the scalar sum of masses of large-radiRs(L.0) jets in an event [4].

Nineteen signal regions are defined. Within the multi-jetavdur stream the seven signal
regions defined with higher jggtr thresholdp™" = 50 GeV are mutually disjoint. The same is true
for the six signal regions defined with the threshold of 80 GEé multi-jet +M$ (M3 is the sum
of the masses*=1? of the composite jets) stream has six inclusive signal regitor example an
event which has at least té= 0.4 jets withpr > 50 GeV,M? > 420 GeV ancE!"sS//Hr > 4
GeVY2 (Hy is scalar sum of ther of the lepton(s) and jets) will be found in all six muIti-jeﬂ\)‘hz
regions. The dominant backgrounds are multi-jet prodactiocluding purely strong interaction
processes and fully hadronic decaydtofand hadronic decays of W and Z bosons in association
with jets; semi- and fully-leptonic decays @f and leptonically decaying W or Z bosons produced
in association with jets. Non-fully-hadronit, and events with leptonic decays of W and Z bosons
are collectively referred to as leptonic backgrounds.

In the absence of significant discrepancies, exclusiortdiati 95% CL are set in the context
of several simplified supersymmetric models and a mSUGRASSM model. Figure 1 left (blue
lines) shows the exclusion limits in this model, where, fmge universal scalar masg, gluino
masses smaller than 1.1 TeV are excluded at 95% CL. The righop Figure 1 (blue line) shows
in the framework of a simplified model that gluino masses fndhan 1.1 TeV for neutralino
masses below 350 GeV are excluded.

Final states with isolated leptons, jets and missing tran®rse momentum. Search for
final states containing at least one isolated lepton (&leabr muon), jets, with or without b-jet
requirements, and large missing transverse momentum wser@erformed. The kinematic reach
of the analysis is extended to soft leptons to increase th&tsaty to supersymmetric spectra with
small mass splitting [5].

The soft single-lepton signal regions require one or twetb:-j A further subdvision is made
by varying the requirement on tH&"sSand, in the soft single-lepton two b-jet case,ragr and
Ht2 (Wherem@; (U1, U2) = [Er(U1) + Er(U2)]? — [pt(v1) — PF(U2)]? [12] and Hr is the scalar
sum of thepr of all signal jets excluding the two leading jets). A veto laged on the presence of
a second lepton (in the single-lepton channels) or of a thptbn (in the soft dimuon case). In the
hard single-lepton channels, two sets of requirements @imized for each jet multiplicity: one
inclusive signal region optimized for the discovery readhichi can also be used to place model-
independent limits, and one signal region which is binneahdg(incl.) or E?“‘Ssin order to exploit
the expected signal shape when placing model-dependdtd.lifine latter signal regions are made
orthogonal in jet multiplicity from one another to allow thstatistical combination and have more
fine-grainedEMss, mr andmeg(incl.) requirements than in a single overall signal regidhe main
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sources of SM background in the signal regionstiead W-+jets events, in which there is at least
one genuine lepton originating from a W decay.

Observations are in general in good agreement with the Stdridodel background expecta-
tions, although a non-significant excess (aidd.% seen in the soft dimuon channel. The limits in
themp - M/, MSUGRA/CMSSM plane obtained from the hard-lepton signgiaes are shown in
Figure 1 left plot (red lines). At large values o , this analysis is able to exclude a gluino mass
of upto 1.2 TeV.
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Figure 1: Left plot shows the exclusion limits at 95% CL for 8 TeV anagsn the (o, m/,) plane for
the MSUGRA/CMSSM model with the remaining parameters s&n3) = 30, Ay = -2my, i > 0. Part of
the model plane accommodates a lightest neutral scalashHiggon mass of 125 GeV. Right plot shows the
exclusion limits at 95% CL for 8 TeV analyses in thag( m)?g)) plane for the Gtt simplified model where a
pair of gluinos decays promptly via off-shell stop to foup tguarks and two lightest neutralinos (LSP).

3. Search for direct third generation squark pair production

Final states with missing transverse momentum and two b-jet The lightest bottom and
top squarksif, andf; respectively) are searched for in a final state with largesimistransverse
momentum and two jets identified as originating from a b-gUir.

Two signal regions are defined within current analysis basgtiemct variable. Signal region
A (SRA) requires two b-tagged leading jets, events are tejeit any further central|(| <2.8)
jets are found withpr >50 GeV. Signal region B (SRB) selects final state events wihtigla-pr jet
produced as initial state radiation recoiling against tingask pair system. High thresholds on the
leading jet and on the missing transverse momentum, wheheguired to be almost back-to-back
in @, are imposed. The leading jet is required to be not b-taggddveo additional jets are required
to be b-tagged. The dominant SM background processes irighal segions are the production
of W or Z boson in association with heavy flavour jets (W+hf &dhf) and the production of top
quarks.

The results are in agreement with SM predictions for baakggs. For stop pair production

decaying only intd))?f, stop masses up to 580 GeV (440 GeV) are excludedifoe Mg —Myo =
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5 GeV (20 GeV) and fomﬁ) =100 GeV. FohAm=5 GeV (20 GeV), neutralino masses up to 250
GeV (220 GeV) are excluded for, = 450 GeV (see Figure 2).

Final states with one isolated lepton, jets, and missing tr@sverse momentumDirect stop
quark pair production is searched for in final states with iso&ated electron or muon, jets, and
missing transverse momentum in proton-proton collisidres@ntre-of-mass energy of 8 TeV [7].

Six signal regions (SRs) are defined in order to optimize #msisivity for different stop and
LSP masses, as well as the two considered stop decay scenahiee signal regions have been
optimized for thef; — b+ Xli decay scenario, and three signal regions optimized fdj thet + X2
decay scenario. The dominant background in all signal regésises from dileptonitt events in
which one of the leptons is not identified, is outside the ceteacceptance, or is a hadronically
decayingr lepton.

No significant excess of events above the rate predicteddgtandard Model is observed.
Figure 2 shows that in thg — t +)”(§’ decay scenario, top squark masses between 200 and 610
GeV are excluded at 95% confidence level for massless LSHg, toh squark masses around 500
GeV are excluded for LSP masses up to 250 GeV. Irfthe b+)~(li decay scenario, top squark
masses up to 410 GeV are excluded for massless LSPs in thefeaskargino with a mass of 150
GeV.

T, production,t, — b, X~ WP Status: LHCP 2013 i, production, f;— t i /&~ Wb i Status: LHCP 2013
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Figure 2: Summary of the dedicated ATLAS searches for top squark gtap production based on 20
fb~1 of pp collision data taken ay/s = 8 TeV and 4.7 fb® of pp collision data taken ay/s = 7 TeV.
Exclusion limits at 95% CL are shown in th§ e)"(f) mass plane. The dashed and solid lines show the
expected and observed limits, respectively, includingualtertainties except the theoretical signal cross
section uncertainty (PDF and scale). The dotted lines sepitethe results obtained when reducing the
nominal signal cross section by Tof its theoretical uncertainty.

4. Searches for the electroweak production of pairs of slepns or charginos

Final states with two opposite-sign leptons, missing tran&erse momentum and no jets.
The searches summarized in this section target the folepfaiar scenarios that produce final states
with two oppositely-charged leptons (electrons or muons)@issing transverse momentum [8].
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Five signal regions (SRs) are defined in this analysis. Tlsetfiro are designed to provide
sensitivity to sleptons either through direct productiennochargino decays. The other three are
designed to provide sensitivity to chargino and neutrafino production followed by on-shell W
decays. SM background is dominated by events with two lepadip-decaying W bosons coming
from WW diboson and top production. Another significant seuof background, in the same-
flavour channel, is ZV production (where V = Z or W).

No significant excesses over the Standard Model prediciomsbserved. The best sensitivity
for direct chargino pair production with charginos decayinto W bosons is obtained for the
(m)?li, mﬁ)) = (100,0) GeV mass point, where a signal with a cross-sedtiger than 1.8 times the
SUSY cross section is excluded at 95% CL.

Final states with three leptons and missing transverse monmeéum. This section presents a
search with the ATLAS detector for the direct production lodugginos and neutralinos decaying to
a final state with three leptons (electrons or muons) andimgigeansverse momentum, the latter
originating from the two undetected LSPs and the neutri@ps [

"Loose", "medium" and "tight" signal regions are defined tloe six Z-depleted and Z-rich
regions: three "Z-depleted" regions, with no same-flavqapasite-sign (SFOS) pairs having an
invariant mass within 10 GeV of the Z-boson mass; and threeriZched" regions. The SM
background is dominated by events from thesingle top quark, V+jets, di, tribosons attetV
production processes.

No significant excess of events is found in data above SM ¢apeas. For the simplified
SUSY models with intermediate slepton decays, degenﬁ;ﬁmd xg masses up to 600 GeV are
excluded for large mass differences with ﬂﬂe For the simplified SUSY models with gauge boson
decays, degenerath and¥? masses up to 315 GeV are excluded for large mass differerities w
the 2.

Final states with at least two hadronically decaying taus ad missing transverse momen-
tum. Final states containing at least two hadronically decay@ug are considered in this search.
At least one tau pair is required to have opposite sign (O [Events with additional light lep-
tons (electrons or muons) are vetoed to allow for a statisiombination with similar searches
using light leptons.

Two signal regions are defined: SR @8 (a jet veto is appliedEMsS> 40 GeV andnr, >
90 GeV, wherany, = n(]in[max(mT(p'Tl,qT), mr(p'Z, pIss—qr))] [13, 14]) and SR OSnrz-nobjet

(b-jet veto is appliedEMSS> 40 GeV andmr, > 100 GeV). The main SM background processes
contributing to the selected final states are multi-jet potiddn and W bosons produced in associ-
ation with jets.

Good agreement between data and SM expectations is obsenaddsignal regions. For
Simplified Models, chargino masses up to 350 GeV are excltmteal massless lightest neutralino
in the scenario of direct production of wino-like chargirairs decaying into the lightest neutralino
via an intermediate on-shell tau slepton. In the case ofgattuction of degenerate charginos and
next-to-lightest neutralinos, masses up to 330 (300) Geéxrluded for lightest neutralino masses
below 50 (100) GeV.

Final states with four or more leptons. A search for new physics was performed based on
events with four or more isolated leptons [11]. The term tbep refers to electrons, muons and
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taus, and the term "light lepton" here refers to electrorgs mnions only, including those from
leptonic tau decays. Here, four lepton combinations witkadt three light leptons are considered.

Two signal regions are defined for each allowed tau muliigticone vetoing Z candidates
and one requiring Z candidates. The distinction is basecherselection of events with pairs,
triplets or quadruplets of light leptons with an invariaraigs inside the [81.2, 101.2] GeV interval.
The dominant SM process passing this selection is the ZZugtamh, where both Z-bosons decay
leptonically.

No significant excess of events is found in the data. Obse®%86l CL limits on the visible
cross-sections are placed at 0.23 fb and 0.18 fb (0.50 flineiiZ tveto (Z request: 41 > 0t signal
regions, and at 0.36 fb (0.31 fb) in the Z veto (Z requestdl > 171 signal regions used in this
analysis.

5. Conclusion

The most recent analysis based on more than 20dbproton-proton collision data recorded
by the ATLAS detector at the LHC af's = 8 TeV. No significant excess of events is found in the
data. Observed 95% CL limits on the visible cross-sectiongHe various signal regions are set.
The null result is interpreted in a range of simplified mogdalsd in constrained models such as
MSUGRA/MSSM, GMSB. Limits on masses of sparticles such amgs, squarks, neutrolinos,
charginos, slepton and squarks of the third generation lai@ned within the considered SUSY
models.
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