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Despite the absence of experimental evidence, supersymmetry remains one of the best motivated
and studied Standard Model extensions. These proceedings summarise recent results from the
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states containing jets and one or more leptons, and were performed with pp collisions at a centre-
of-mass energy of 13 TeV.
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1. Introduction

Supersymmetry (SUSY) is one of the most studied theoretical frameworks to extend the Stan-
dard Model (SM) beyond the electroweak scale; a general review can be found in Ref. [1]. It
predicts a new bosonic (fermionic) partner for each fundamental SM fermion (boson), as well as
two Higgs doublets. The SUSY partners of the Higgs and electroweak gauge bosons mix to form
the mass eigenstates known as charginos ()Zli, [ = 1,2, ordered by increasing mass) and neutralinos
%, m=1,...,4, ordered by increasing mass). In SUSY models, leptons can appear in decay
chains involving W/Z bosons or sleptons, and in the decay of neutralinos (such as Z? — (T~ Vv)in
some R-parity violating models. Leptonic final states provide robust experimental handles, which
are particularly useful to discriminate a SUSY signal from the background: leptonically decaying
Z bosons, kinematic edges in the dilepton invariant mass (which could also be used to measure
SUSY particle masses), production of same-sign dilepton pairs (in gluino production or long de-
cay chains), etc. These proceedings present recent searches for squarks (§) and gluinos (g) using
pp collision data at /s = 13 TeV collected by the ATLAS experiment [2] at the LHC in single-
lepton [3], opposite-sign (OS) dilepton [4], and same-sign dilepton or trilepton final states [5].

2. Search in single lepton final states

The first analysis [3] targets SUSY models involving W/Z bosons, appearing in either short or
long decay chains. They are probed with signal regions (SRs) with exactly one lepton, large missing
transverse momentum (EIT“iSS), and either >2 jets, >4 jets, >6 jets or >9 jets. The sensitivity of
the SRs is enhanced relying on additional variables such as the effective mass mgr (scalar sum of
the pr of the leptons and jets plus the E%“iss) or the number of b-jets in the event. Control regions
(CRs) are used to estimate the main backgrounds, requiring at least one b-jet for the estimation of
the top-quark backgrounds, and a b-jet veto for the estimation of the W+jets background.

As shown in Fig. 1, no significant excess is observed in the SRs, with the largest excess being
in the 2-jet b-veto SRs. The results are used to derive exclusion limits, as illustrated in Fig. 2, which
exclude gluino (squark) masses of 2.1 (1.2) TeV for the case of a simplified model [6] featuring
82 (G§) production with g — qu}Z? G — qW}Z?). Limits are also computed for varying mass
hierarchies of the particles included in the model.

3. Search in opposite-sign dilepton final states

The second analysis [4] contains two different searches which rely on the OS+jets+E%rliss topol-
ogy: leptonically decaying on-shell Z bosons (Z — ¢¢) produced in the decay chain of squarks and
gluinos (leading to an excess of events at myy ~ myz), and cascade decays like )Zg — 00— M}Z?
(leading to an excess with triangular “edge” shape in the my, distribution). The on-shell Z search
showed a 30 excess in Run-1 [7], and its SR has therefore been unchanged since then. The edge
search uses SRs for low/medium/high Hr (scalar sum of the pr of all jets in the event), divided in
24 overlapping mg, windows. In both cases, the flavor symmetric background (t7, WW) is estimated
from ey data, and the Z+jets background is estimated from y+jets data.
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Figure 1: Comparison of the observed and expected event yields in the single-lepton signal regions [3],
which are named in the form “SR NJ [X-x] [b-T] [M]”, where N indicates the number of jets required, X
indicates whether the region targets large/low value of the ratio of mass differences between )Z]i—f(? and
qlg- )Z?, T indicates whether b-jets or a b-veto is required, and M indicates the m.g requirements employed.

2000 &7 qaqaWWZ Z,, x = (MEZ) - m(z,) ) / (@) - m(z,) ) = 1/2 G — qaWWi 3, m(z) = 60 GeV
= o I R A — _ e e B e e !
3 F ATLAS ATLAS 13TV 2007 &% 14 FATLAS e Obsorved limit(+10525Y)  ATLAS 8 TeV, 203107 —]
= 1800 — - [l observed - C " observed !
ing E Vs=13TeV, 36.1 10" 3 ‘o [ fs=13TeV, 36.1fb" --- expected ]
& 1600 F 7 ~~ expected 3 E 4oL =~ - Expected limit (x10,,) -
£ 1efu+jets + E™ o = T2 emrjets +ET =
F w+jets +E o P ATLAS 8 TeV, 20.3 fb E < F n+jets + E; Allimits  95% CL 1
1400 - neory) observed - e 4L q @d3e) B
£ === Expected limit (10,,,) expected 3 E £ .~ -
1200 = v E ]
[ Alllimits at 95% CL = € o081 —
1000 - 4 7 [ ]
£ B x F E
800 — - 0.6 — -
600 3 04 3
400 |— = r ]
[ | 0.2 = —
200 — L 1
E - 3 o & w s o A B

500 1000 1500 2000 2500 600 700 800 900 1000 1100 1200 1300 1400

mg[GeV] rnq[GeV]

Figure 2: Exclusion contours in simplified models featuring gluino pair production and § — ggW )Z? decay
as a function of the gluino and neutralino masses (left), and featuring squark pair production and § — gW )Z?
decay as a function of the squark mass and the differences in mass between the ratio of the mass differences

between ¥i"-%" and g-%! [3].

The results of these searches are shown in Fig. 3, with no significant excess observed and the
largest deviation from the SM prediction corresponding to a 1.70 local significance from the edge
search in the SR at high Ht and 12 < mys < 101 GeV.

Some of the interpretations in terms of exclusion limits are shown in Fig. 4, excluding gluino
masses up to 1.3 TeV in simplified models featuring )Zg —Z )Z? decays. Interpretations in simplified
models with § — qqfcg, )Zg — 0 — M}Z? exclude gluino masses up to 1.8 TeV and neutralino
masses of up to 900 GeV.
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Figure 3: Results from the opposite-sign dilepton analysis [4]: dilepton invariant mass distribution for the
on-shell Z signal region (left) and comparison of the observed and expected event yields in the edge signal
regions (right).
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Figure 4: Exclusion contours in simplified models featuring gluino pair production and § — qqfcg decays,
with either %3 — Z7? (left) or %3 — €0 — 079 (right) [4].

4. Search in same-sign dilepton and trilepton final states

Finally, the third analysis [5] relies on final states containing same-sign (SS) dileptons or
trilepton plus jets. This signature has broad sensitivity to many SUSY models involving gluinos or
W/Z/7, both in R-parity conserving and R-parity violating SUSY scenarios. This analysis features
looser lepton and jet kinematic requirements than other searches due to the background rejection
from the SS requirement leading to better sensitivity to compressed scenarios. This is the only
search exploring sbottom production with b — ¢ )Zli and R-parity violating right-handed d-squark
(dg) production. Furthermore, this analysis exploits for the first time the signature of three leptons
with the same electric charge (/*¢*¢%).

Different signal regions are defined depending on the requirements applied on the number of
jets and b-jets, as well as on E%“iss, an the results are shown in Fig. 5. No significant excess is
observed, and some of the resulting exclusion limits are shown in Fig. 6. In R-parity conserving
simplified models, limits exclude sbottom masses up to 700 GeV and gluino masses up to 1.6-
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Figure 5: Comparison of the observed and expected event yields in the dilepton same-sign/trilepton signal
regions [5], which are named in the form SNLMbX, where S indicates if the region is targeting an R-parity
conserving or violating model, N indicates the number of leptons required, M the number of b-jets required,
and X indicates the severity of the E%‘iss or megr requirements (Soft, Medium or Hard).
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Figure 6: Exclusion contours in simplified models featuring sbottom pair production and b — t)”(li decays
(left), and guino pair production with either § — t7 Z? decays (centre) or § — 77 plus 7 — d§ R-parity violating
decays (right) [5].

1.8 TeV, with a very good improvement also for compressed scenarios, excluding neutralino masses
of up to ~900 GeV. In the considered R-parity violating simplified models, gluino masses of 1.4-1.8
TeV are excluded, with also very good coverage for compressed topologies, and exclusion limits
of around 500 GeV are obtained in models with dg pair production.

5. Summary

Signatures with leptons provide a powerful and versatile tool to search for squarks and gluinos
at the LHC. These proceedings summarise recent searches in ATLAS using signatures with one to
three leptons. With no excess observed, the current exclusion limits reach gluino masses of up to
2 TeV with improved sensitivity at high neutralino masses and in compressed topologies compared
to previous searches.
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