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Introduction

Supersymmetry
Extends the Standard Model

Each SM particle has
at least one superpartner

Superpartners have the same
properties as their SM
counterparts except for the spin
that differs by 1/2

SUSY is broken since
superpartners have higher masses

New quantum number: R-parity

The hypothetical world of
SUSY particles

The known world of
Standard Model particles
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quarks squarks
® leptons ® sieptons

@ force carriers ® SusY force carriers

m Provides solution
for hierarchy problem

m If R-parity is conserved,
provides a dark matter candidate

m If R-parity conserved, LSP is stable
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Introduction

Introduction
m SUSY has a very diverse
phenomenology
o PROSPINO — ®m ATLAS search strategy is to cover
o [pb) pp— SUSY | a broad range of SUSY m_odels to
1 enhance discovery potential
1B VS=8TevV _|
E Strong E X . . .
T !:1r¢2’ductionk 7 m Increasing luminosity gives
10 amdguno 3 sensitivity to low cross section
F ] processes
,27 1
10 =
1 m This talk will show a selection
e § of few recent Run 1 results
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m [GeV]

average

m For other Run 2 results see
Da Xu's talk
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Introduction

SUSY Search Strategy

m Signal region (SR) targets a specific
SUSY production/decay mode

[}
m Background estimation °
m lIrreducible background estimated using "CE
data in control region (CR) and 3
extrapolated from CR to SR with %D
m Reducible background (fake/non isolated
leptons, charge flip) estimated using data
m Minor backgrounds estimated with pure
Monte Carlo
m The predictions are validated in validation observable 1

regions (VR)
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SUSY Strong Production

Strong Production

m May be the dominant SUSY production process at the LHC due to high
cross sections if squarks/gluinos are not too heavy

m Large yield even in small datasets
m Strong SUSY particle production: gluino, gluino-squark and squark pairs
m Typical signature: high-momentum jets, 0-1-2 leptons, large ER* from LSP

New Run 2 SUSY strong production searches in ATLAS

0 leptons + 2-6 jets + Eiss ATLAS-CONF-2015-062
0 leptons + 7-10 jets 4+ Emis ATLAS-CONF-2015-077
0 leptons + b-jets + boosted ¢ ATLAS-CONF-2015-067
1 lepton + jets + Emiss ATLAS-CONF-2015-076
2 leptons + Z boson + Emiss ATLAS-CONF-2015-082 } see Da Xu's talk
2 SS or 3 leptons + jets + EAise ATLAS-CONF-2015-078
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U@ PR SET LI  ATLAS-CONF-2015-062

Inclusive Strong Production

New Run 2 results - simplified model interpretation

0 leptons

2-6 jets

Er’Ir‘dss

New limits exceed Run 1 results

Gluino mass up to 1520 GeV
and squark mass up to 980 GeV
excluded for massless neutralino
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VS @SNl ISl ATLAS-CONF-2015-077

Inclusive Strong Production

New Run 2 results - simplified model interpretation
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m The increase of the centre of mass energy provided
increased sensitivity to higher mass sparticles

m Gluino mass up to 1400 GeV excluded
for neutralino mass below 240 GeV
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Inclusive Strong Production
New Run 2 results - Gbb and Gtt models interpretation
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SUSY 379 Generation Production

3'd generation squark direct production

m Natural (i.e. not fine-tuned) SUSY requires light stop and sbottom, gluino
relatively light. 15¢ and 29 generation squarks are allowed to be very heavy.

m 34 generation squark production: stop, shottom

m Typical signature: jets (usually including heavy-flavor, b- or c-jets),
0-1-2 leptons, large ERiss from LSP

m Effort concentrated on simplified models with 100% branching ratios
to chosen final state

New Run 2 SUSY 3™ generation squark direct production searches in ATLAS

0 leptons + 2 b-jets + Emiss : ATLAS-CONF-2015-066
2 SS or 3 leptons + jets + Eiss ATLAS-CONF-2015-078 } see Da Xu's talk

y

Run 1 SUSY 3'¢ generation squark direct production searches in ATLAS

374 generation squark summary paper  Eur. Phys. J. C (2015) 75:510
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3'd generation squark direct production

New Run 2 results - simplified model interpretation
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m Sbottom mass up to 840 GeV excluded
for neutralino mass below 100 GeV
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SUSY 3 Generation Production

3'd generation squark direct production

Run 1 results - simplified model interpretation
T, production, §, - b0 /T- ¢ X0/~ Wb X/ 1)
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m Statistical combination
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SUSY Electroweak Production

Electroweak production

m May be the dominant SUSY production process at the LHC
if squarks/gluinos are heavy and neutralinos/charginos are light

m Electroweak SUSY particle production: neutralinos, charginos, sleptons

m Typical signature: one or more leptons in the final state arising from the
decay of sleptons or neutralinos/charginos decaying through intermediate
sleptons, sneutrinos or gauge/Higgs bosons. Large ERiss from LSP,
often low hadronic activity.

Run 1 SUSY electroweak production searches in ATLAS J

Electroweak production summary paper  arXiv:1509.07152

Pawel Klimek (Stockholm University) SUSY Searches with the ATLAS Experiment January 7, 2016 12 /19



Electroweak production

Run 1 results - simplified model interpretation

SUSY Electroweak Production BEIZGAEINraLYS
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m New sensitivity for compressed scenarios
for chargino masses below 220 GeV
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SUSY Electroweak Production RERGAEIENyaLyS

Electroweak production

. - . . ~+ -+ 5 -
Run 1 results - simplified model interpretation X1 X1 production via VBF
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neutralino is a Majorana particle
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JHEP 10 (2019) 134
pMSSM Interpretation

m Phenomenological MSSM (pMSSM)

® no additional source of CP violation

m quark and lepton flavour conservation in the
SUSY sector

® no additional source of flavour changing
neutral currents

m degenerate 1st and 2nd generation sfermions

m Interpretation of all ATLAS SUSY searches

m 22 Run 1 SUSY searches reinterpreted
in pMSSM - 200 SR

m 500 milion pMSSM models randomly sampled

m 300 thousand models survive theory and
non-LHC constraints (precision EW
measurements, LEP, Tevatron Higgs, DM)

m Most comprehensive SUSY results from ATLAS
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Other Electroweak
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pMSSM Interpretation

Strong production

ATLAS pMSSM: ¥ LSP
.

§ b Vs=8 Te‘V‘ 20.3m"‘ g
éﬁwoo § - qaX [1405.7875] 08 g
€ %
0638
500 oag
8
02"
500 1000 1500 2000 0
m(g) [GeV]
m Good agreement
with simplified models
m Diagonal excluded
by mono-jet analysis
m Intermediate sparticles

reduce exclusion
for heavy gluino
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Electroweak production
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pMSSM Interpretation

m Highest sensitivity to strong processes
m Some differences observed between simplified models and pMSSM
interpreation
m Good complementarity between different searches and with direct detection
experiments
ATLAS Vs=8TeV, 20.3 "

Fraction of Models Excluded

500

Sparticle o
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SUSY Searches Summary

Not including yet Run 2 results
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: July 2015 V5=7,8TeV
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Conclusions & summary

Conclusions & summary

m ATLAS SUSY searches cover broad range of signatures.
Effort to cover maximum area of the SUSY parameter space.

m The 8 TeV LHC data have been investigated extensively.

m First results have been obtained using the entire dataset collected
in 2015 at 13 TeV.

m No sign of SUSY in the LHC data yet. Therefore, exclusion limits are set.

m High energy running and higher luminosity will significantly increase
the sensitivity to many SUSY scenarios in Run 2.
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