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Supersymmetry

• Symmetry that relates fermions and bosons

• Provides a solution to the hierarchy problem

• Dark matter candidate (if R-parity is
conserved)

Phenomenology

• SUSY has to be a broken symmetry

• More than 100 parameters!

• Unknown mass hierarchy determines decay
chain and lifetimes

• R-parity conservation:

◦ SUSY particles come in pairs
◦ The lightest supersymmetric particle (LSP) is

stable → missing energy

Standard Model

SUSY

u c t g

d s b γ

νe νµ ντ Z

e µ τ W H
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Production of sparticles at the LHC
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Strong Production of
gluinos and squarks

(first two generations)

Strong Production of
top and bottom squarks

Electroweak Produc-
tion of electroweaki-

nos and sleptons.

• A lot of searches! Impossible to cover everything in a talk.
• Try to cover most recent results.
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Search Strategy

• Signal Regions (SR) → using the kinematic features of the signal model

• Estimate SM backgrounds in the SR:
- Data-driven

→ Important fake backgrounds are
estimated using data.

- Semi data-driven:

→ Normalized Monte Carlo prediction
using a designed Control Region (CR)

- Monte Carlo Simulation

→ only for minor backgrounds observable 1
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• The predictions are validated using validation regions (VR)

• Finally, look at the observed data in the SRs.

• Combined fit using the profile likelihood ratio of SR/CR with systematic
uncertainties as nuisance parameters

◦ Compatibility with SM → Exclusion limits on signal models using CLs at
95% CL.

◦ Excess → Discovery significance
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Squarks and Gluino Production

• High Emiss
T (LSP and possibly neutrinos), several high-pT jets and large HT .

They are further classified according to the presence of leptons and b-jets.

• Inclusive Searches Summary [arXiv:1507.05525] including a long list of
interpretations with complete and simplified models.

0/1 lepton Combination

• Combination of both final states with jets, Emiss
T and zero or one isolated

lepton (e/µ)
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Squarks and Gluino Production

Z + MET Excess [arXiv:1503.03290]

• Final state with Z(→ ``), ≥ 2 jets and large
Emiss

T and HT .

• Data driven estimates for all major
backgrounds

• Observed 3σ/1.7σ excess in the ee/µµ channels.
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3rd Generation Squarks Production

• Various decay topologies, depending on stop mass.

• Stops excluded up to 700-800 GeV (under
assumptions).

• Various holes in the phase-space still unexplored.

• Results Summary [arXiv:1506.08616]
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The analyses that have already been published are only briefly reviewed, while those presented for the83

first time in this paper are discussed in detail. Appendix C provides further details of a combination of84

analyses which is performed for the first time in this paper. Finally, Appendix D provides details about85

the generation and simulation of the signal Monte Carlo samples used to derive the limits presented.86

2. Third-generation squark phenomenology87

The cross section for direct stop pair production in proton–proton collisions at
p

s = 8 TeV as a function88

of the stop mass as calculated with PROSPINO [43, 44] is shown in Figure 1a. It is calculated to next-to-89

leading order accuracy in the strong coupling constant, adding the resummation of soft gluon emission at90

next-to-leading-logarithmic accuracy (NLO+NLL) [45–47]. In this paper, the nominal cross section and91

its uncertainty are taken from an envelope of cross-section predictions using di↵erent parton distribution92

function (PDF) sets and factorisation and renormalisation scales described in Ref. [44]. The di↵erence in93

cross section between the sbottom and stop pair production is known to be small [46], hence the values94

of Figure 1a are used for both.95
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Figure 1: (a) Direct stop pair production cross section at
p

s = 8 TeV as a function of the stop mass. The band
around the cross section curve illustrates the uncertainty (which is everywhere about 15–20%) on the cross section
due to scale and PDF variations. (b) Illustration of stop decay modes in the plane spanned by the masses of the
stop (t̃1) and the lightest neutralino (�̃0

1), where the latter is assumed to be the lightest supersymmetric particle and
the only one present among the decay products. The dashed blue lines indicate thresholds separating regions where
di↵erent processes dominate.

Searches for direct production of stops and sbottoms by the ATLAS collaboration have covered several96

possible final-state topologies. The experimental signatures used to identify these processes depend on97

the masses of the stop or sbottom, on the masses of the other supersymmetric particles they can decay98

into, and on other parameters of the model, such as the stop and sbottom left-right mixing and the mixing99

between the gaugino and higgsino states in the chargino–neutralino sector.100

Assuming that the lightest supersymmetric particle is a stable neutralino (�̃0
1), and that no other super-101

symmetric particle plays a significant role in the sbottom decay, the decay chain of the sbottom is simply102

b̃1 ! b�̃0
1 (Figure 2a).103
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3rd Generation Squarks Production

t̃1 → tχ̃
0
1 with BR x

t̃1 → bχ̃
±
1 with 1− x.

• Statistical combination of 0L and
1L analyses
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t̃2 → ht̃1
t̃2 → Zt̃1

• 1`+ ≥ 6 jets (≥ 2b) + Emiss
T
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Electroweak production

• Lower cross-section, but light Higgsinos favored by naturalness arguments.

• Many possible channels explored.

• Higgsino LSP compressed mass spectrum not accessible yet. A challenge for
the LHC.
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Searches with photons [arXiv:1507.05493]

• In the context of GGM models with General Neutralino NLSP and
gravitino LSP.

• Different final states explored for different regions in the parameter space:
diphoton, γ+jets, γ+b-jets and γ + ` (all + Emiss

T ).

10/16

http://arxiv.org/abs/1507.05493


R-Parity Violating Searches

• What about if SUSY particles can decay into SM particles (R-parity
violating)? → final state without SUSY particles (no stable LSP).

• Multijet Searches without Emiss
T [arXiv:1502.05686]
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Long Lived Searches

• SUSY particles with long lifetimes (e.g. g̃ or χ̃
0
1)

• Analyses depend on where in the detector the decay occurs
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Run 1 Summary
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Direct χ̃
+
1
χ̃−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns 1310.3675270 GeVχ̃±

1

Direct χ̃
+
1
χ̃−
1 prod., long-lived χ̃

±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )<15 ns 1506.05332482 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584832 GeVg̃

Stable g̃ R-hadron trk - - 19.1 1411.67951.27 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795537 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 2<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542435 GeVχ̃0

1

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.051621.0 TeVχ̃0

1

GGM g̃g̃, χ̃
0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃

0
1)< 480 mm, m(g̃)=1.1 TeV 1504.051621.0 TeVχ̃0

1

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 20.3 λ′
311

=0.11, λ132/133/233=0.07 1503.044301.7 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.35 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ121,0 1405.5086750 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133,0 1405.5086450 GeVχ̃±

1

g̃g̃, g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% 1502.05686917 GeVg̃

g̃g̃, g̃→qχ̃
0
1, χ̃

0
1 → qqq 0 6-7 jets - 20.3 m(χ̃

0
1)=600 GeV 1502.05686870 GeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.250850 GeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 20.3 ATLAS-CONF-2015-026100-308 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-0150.4-1.0 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325490 GeVc̃

Mass scale [TeV]10−1 1

√
s = 7 TeV

√
s = 8 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: July 2015

ATLAS Preliminary√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.

[https://twiki.cern.ch/.../AtlasPublic/SupersymmetryPublicResults]
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Run 2 Prospects

• 13 TeV collisions already started.

• Significant preparation for Run 2.

• Reach for strongly produced SUSY is expected to increase significantly in
Run 2.
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Preparation Plots for Run 2

Search for new phenomena in final
states with large jet multiplicities and

missing transverse momentum
[ATL-PHYS-PUB-2015-030]
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Search for squarks and gluinos in events
with missing transverse energy, jets,

and an isolated electron or muon
[ATL-PHYS-PUB-2015-029]
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Conclusions

• Many analyses with 8 TeV data.

• ATLAS has squeezed a significant amount of phase space.

• No evidence for SUSY in Run 1 ...

• Excess of 3σ in Z + jets + Emiss
T → need to be followed with new data.

• We’ve learnt a lot and we are getting ready for Run 2 data.

13 TeV data taking has started!
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