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Why SUSY?

● SUSY has the potential to

– provide a dark matter candidate;

– unify the forces at high energy;

– solve the fine-tuning problem of                                  
the Higgs mass.

● Only problem with SUSY is that                                       
we have not found it yet.

● Still many places for SUSY to hide.

 → Our job to keep searching.

● Broad search program to ensure                                       
that we get the most out of the                                         
LHC data.

● And we are getting a lot of data!

● Most results presented today with                                    
the 36 fb-1 of 2015-2016 data.

● Some results use the 80 fb-1                                             
of 2015-2017 data.

delivered
luminosity
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SUSY search program at the LHC

● Huge set of scenarios and            
final states covered.

– Strong production.

– Electroweak production.

– R-parity conserved and violated.

● Driven by simplified models.

– Masses of non-relevant SUSY 
particles put very high.

– 100% BR to single final state.

● Simplified models for model-
dependent exclusion limits.

● Check coverage in large pMSSM 
scans.

● Model-independent upper limits,   
HEP data, ...

10 events in 80 fb-1
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Selection

● Strategy: General overview, then new results.

● Disclaimer: Personal and biased selection of results.

● Please see links below for more complete picture.

● ATLAS Public SUSY Results:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

● CMS Public SUSY Results:

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/

● LHCb Public Exotica Results:

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Sum
mary_QEE.html

● Many detailed SUSY talks in parallel sessions (see next slide).

● Also many great SUSY posters.

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/
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Parallel Session Talks

● Searches for strongly-produced SUSY at CMS (Ana Ovcharova) [Link]
● Searches for squarks and gluinos in final states involving dark matter 

candidates with ATLAS (Hernan Wahlberg) [Link]
● Searches for direct pair production of stops and sbottoms with the ATLAS 

detector (Giacomo Polesello) [Link]
● Searches for SUSY with boosted objects at CMS (Rishi Gautam Patel) [Link]
● Searches for electroweak production of supersymmetric particles involving the 

Higgs boson and the higgsino with ATLAS (Anyes Taffard) [Link]
● Searches for sleptons with the ATLAS detector (Margherita Primavera) [Link]
● Searches for electroweakly produced supersymmetry with CMS (Valentina 

Dutta) [Link]
● Searches for electroweak production of supersymmetric gauginos and sleptons 

at LHC (Zinonas Zinonos) [Link]
● Searches for long-lived particles and other non-conventional signatures at CMS 

(Alberto Escalante Del Valle) [Link]
● Search for New Physics through the Reconstruction of Challenging Signatures 

with the ATLAS detector (Marianna Testa) [Link]
● Reconstruction techniques in supersymmetry searches in the ATLAS 

experiment (Mark Hodgkinson) [Link]
● Searches for Long Lived Particles at LHCb (Carlos Vazquez Sierra)[Link]

https://indico.cern.ch/event/686555/contributions/2969863/attachments/1681090/2700819/18-07-05_ana_strongly_produced_SUSY.pdf
https://indico.cern.ch/event/686555/contributions/2969879/attachments/1680229/2700788/Wahlberg_ICHEP2018.pdf
https://indico.cern.ch/event/686555/contributions/2969881/attachments/1681115/2700866/polesello_seoul.pdf
https://indico.cern.ch/event/686555/contributions/2969862/attachments/1680550/2700778/BoostedObjectsCMS.pdf
https://indico.cern.ch/event/686555/contributions/2969882/attachments/1681166/2700974/ICHEP2018_Taffard.pdf
https://indico.cern.ch/event/686555/contributions/2987246/attachments/1681201/2702441/primavera_ichep2018.pdf
https://indico.cern.ch/event/686555/contributions/2966603/attachments/1681105/2700848/ewk_susy_ichep18_vdutta.pdf
https://indico.cern.ch/event/686555/contributions/3059827/attachments/1683013/2704681/Searches_for_electroweak_production_of_supersymmetric_gauginos_and_sleptons_with_the_ATLAS_detector_-_ICHEP2018_2.pdf
https://indico.cern.ch/event/686555/contributions/2969867/attachments/1680800/2700286/ICHEP2018_LLP_Escalante.pdf
https://indico.cern.ch/event/686555/contributions/2969878/attachments/1681120/2700972/testa_Atlas_v2.pdf
https://indico.cern.ch/event/686555/contributions/2969899/attachments/1681086/2700814/mhodgkin_ICHEP_2018.pdf
https://indico.cern.ch/event/686555/contributions/2969919/attachments/1680707/2700107/CVS_LHCb_LLP.pdf
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Searches for squarks and gluinos

● Strongly produced  largest cross sections.→
Jet

Missing transverse momentum
|p

T
       | = p

T
        = E

T

→

Jet

missmiss miss
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Searches for squarks and gluinos

● Strongly produced  largest cross sections.→

● E
T
       , (b) jets, (leptons). miss
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Searches for squarks and gluinos

● Strongly produced  largest cross sections.→

● Limits reach 2 TeV (gluinos) 1.5 TeV (squarks) in most favourable models. 

● E
T
       , (b) jets, (leptons). miss
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Gluino pair production

● Special focus on heavy neutralino scenarios and more complex decay chains. 

neutralino NLSP
light gravitino LSP

neutralino LSP

smaller cross section

sm
al

le
r 

E
Tm

is
s

EX
CL

UD
ED
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● Target scenarios with neutralino NLSP and gravitino LSP.

● Final states with a photon, an electron or muon and large p
T   

  .

● Bin data in p
T
, p

T
     and H

T
.

● Excludes gluinos (squarks) with                                                        
masses of up to 1700 (1400) GeV.

Photon, lepton and p
T

CMS-PAS-SUS-17-012

miss

miss

miss

http://cds.cern.ch/record/2628543
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● Same-flavour opposite-sign 
dilepton pairs and E

T       
                      

(Z mass or edge).

● Reach compressed scenarios 
using low-p

T
 (> 7 GeV) leptons.

● Excess in Run 1 not confirmed. 

Leptons and E
T

  

1805.11381

SUSY-2016-030

● One or two hadronically    
decaying tau leptons.

● Target scenarios with neutralino 
LSP as well as neutralino NLSP 
and gravitino LSP.

● Limits on gluino mass reach 2 TeV 
for light neutralino LSP.

1805.11381

miss

miss

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Searches for sbottom and stop

● Light stops needed for natural SUSY.

● Large mixing (heavy top) favours light stop. 

b jet

b jet

E
T
miss
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Searches for sbottom and stop

● Light stops needed for natural SUSY.

● Large mixing (heavy top) favours light stop.

● 0/1/2 leptons, (b) jets and E
T
       . 

E
T

b jet

b jet

jets/leptons

jets/leptons

miss

miss
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Searches for sbottom and stop

● Light stops needed for natural SUSY.

● Large mixing (heavy top) favours light stop.

● 0/1/2 leptons, (b) jets and E
T
       . 

● Limits on sbottom 
and stop masses 
reach beyond 1 TeV 
in most favourable 
scenarios.

miss



15

S
U

S
Y
 –

 a
 r

ev
ie

w
 o

f 
th

e 
re

su
lt
s 

fr
o
m

 t
h
e 

LH
C

 e
xp

e
ri
m

en
ts

● Weaker limits for                                                                                     
larger neutralino                                                                            
masses.

● Special focus on compressed (4-body)                                                         
final states.

● Weaker limits e.g. in                                                                     
Bino/Higgsino LSP models                                                                       
with compressed mass                                                                       
spectra.

Sbottom and stop production
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● Target compressed scenarios with                                                  
4-body or chargino-mediated stop decays.

● Require hard (p
T
 > 100 GeV) ISR jet to                                      

boost system and recover some E
T
miss.

● Soft leptons (p
T
 > 3.5 GeV and p

T
 > 5 GeV).

Stop in compressed scenarios

CMS-SUS-17-005

Sequential selection

BDT

μ e

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-17-005/index.html
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Searches for EW processes

Chargino/neutralino production Slepton production

● Low cross sections  → particularly relevant if squarks and gluinos are heavy.
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{

Chargino/neutralino production

● Higgsinos expected to be light in natural                                            
SUSY since mass controlled by μ.

● If LSP is purely Higgsino, mass splitting                                               
can be as small as O(100 MeV).

● Probing territory beyond LEP.

soft leptons

disappearing tracks

soft leptons

soft pion →
disappearing
chargino track

1712.08119

1712.02118

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-25/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-06/
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Chargino/neutralino production

● Search for chargino and neutralino production                           
in final states with two or three charged leptons.

● 3.0 σ excess in 3 lepton ISR selection (compressed scenarios).

1806.02293

ISR selection
High-
massLow-mass

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino in h decays

● Search for Zh production with exotic Higgs decays.

● One and two photon final state.

● Background mainly reduced with                                                               
E

T
     cut and variables exploiting                                                             

the balance of the Z and  +E
T       

.

80 fb-1

ATLAS-CONF-2018-19

0 < m
NLSP

 < m
h
/2

miss

miss

● Upper limits at

– 11% for massless LSP.

– 18% for massive LSP and NLSP.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-019/
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● Combination of leptonic and hadronic searches for direct stau production 
and indirect production via decays of charginos and neutralinos.

● Require two tau leptons.

● Stau is expected to be lightest slepton (large mixing).

● Light stau and small Δm can yield right DM relic                               
density via stau-neutralino coannihilation.

● Strongest limits achieved when lightest stau is partner of left-handed tau, 
approaching sensitivity to SUSY models.

Stau production

1.26×σ
NLO+NLL

1807.02048

https://arxiv.org/abs/1807.02048
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Searches for RPV SUSY and LLPs 

Image from J. Antonelli, ICHEP2016● RPC stronger than requirement     
from proton decay (B-L).

● Many viable RPV scenarios.

● LSP decays  no large E→
T       

.

● Can also yield long lifetimes.

● Long-lived particles can also arise in 
RPC SUSY e.g. from decays via very 
virtual particles (split SUSY) or very 
compressed mass spectra.

RPV coupling lifetime
strong        intermediate           weak

prompt        metastable      long-lived

miss
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LLP/RPV reinterpretation
● Reinterpret RPC and RPV searches in

ATLAS-CONF-2018-003

gluino pair production stop pair production

(a) RPC SUSY models with
variable R-hadron lifetimes 

● Analyses cover wide range of couplings and lifetimes.

● Potential improvements in transition regions.

(b) RPV SUSY models with
variable RPV-coupling strength 

g q
q~
-

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/
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Second generation sleptons

CMS-PAS-SUS-17-008
● Search for resonant production of second generation                            

sleptons via RPV coupling.

● Final state with two same-sign muons                                                
and at least two jets.

M(μ,μ,jets) = 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-008/index.html
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● Search for a scalar resonance decay to 
a pair of muons.

● Light scalars can appear e.g. in  
NMSSM scenarios.

● Target difficult region around        
(5.5-15 GeV).

● Limits comparable to CMS, but   
extend closer to the    mass.

Dimuon resonance in the    region

1805.09820

● More LHCb:

LLPs decaying semileptonically (1612.00945) and to jets (1705.07332)

Indirect (1703.05747, 1703.02508, 1609.02032, 1712.08606, 1611.07704)

http://arxiv.org/pdf/1805.09820
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-047.html
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-065.html
https://arxiv.org/abs/1703.05747
https://arxiv.org/abs/1703.02508
https://arxiv.org/abs/1609.02032
https://arxiv.org/abs/1712.08606
https://arxiv.org/abs/1611.07704
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Summary and outlook

● New results at 13 TeV are being produced at a steady pace.

● Completing the program with 36 fb-1 (2015+2016) dataset.

● Start to see first results with 80 fb-1 dataset (2015+2016+2017).

● Vast and versatile search program for SUSY.

● No evidence for SUSY yet  → strong message from the LHC.

● In most favourable / challenging scenarios we exclude

– gluinos up to O(2) / O(1) TeV.

– squarks up to O(1.5) / O(0.5) TeV.

– stops and sbottoms up to O(1) / O(0.7) TeV.

– EW produced sparticles up to O(0.5-1) / O(0.1) TeV.

● Regions of parameter space still not well covered.

● Next step is to complete the program with the full                                  
Run 2 dataset (150 fb-1 expected).

● Ensure we cover all signatures within our reach.
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Backup
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Summary ATLAS
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Summary CMS
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ATLAS summary gluino production
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ATLAS summary squark production
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ATLAS summary RPV-squark prod.
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ATLAS summary stop production
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ATLAS summary EW production
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ATLAS summary EW production
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ATLAS summary EW production
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CMS summary gluino production
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CMS summary gluino production
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CMS summary gluino production
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CMS summary gluino production



42

S
U

S
Y
 –

 a
 r

ev
ie

w
 o

f 
th

e 
re

su
lt
s 

fr
o
m

 t
h
e 

LH
C

 e
xp

e
ri
m

en
ts

CMS summary squark production
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CMS summary sbottom production
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CMS summary stop prod. 2-body
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CMS summary stop prod. 3-body
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CMS summary stop prod. 4-body/cN
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CMS summary stop prod. 2/3/4-body
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CMS summary EW
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CMS summary EWino comb.
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CMS summary EWino prod.
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CMS summary slepton production
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CMS summary EWino prod. (WH)



53

S
U

S
Y
 –

 a
 r

ev
ie

w
 o

f 
th

e 
re

su
lt
s 

fr
o
m

 t
h
e 

LH
C

 e
xp

e
ri
m

en
ts

Gluino pair production

1712.02332 1704.07781

https://arxiv.org/abs/1712.02332
https://arxiv.org/abs/1704.07781
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Photon, lepton and p
T
miss

CMS-PAS-SUS-17-012

● Also exclude NLSP 
masses below 900 
GeV in simplified 
model with direct 
EW production of a 
neutralino and 
chargino.

http://cds.cern.ch/record/2628543
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● Excludes gluinos (squarks) with masses of up to 1700 (1400) GeV.

Photon, lepton and p
T
miss

CMS-PAS-SUS-17-012

http://cds.cern.ch/record/2628543
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Lepton pairs and E
T

miss 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss – slepton limits 

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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Lepton pairs and E
T

miss – Z(*) limits

1805.11381

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
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● One or two hadronically decaying tau leptons.
● Target scenarios with neutralino LSP

as well as neutralino NLSP and gravitino LSP.
● Limits on gluino mass reach 2 TeV                                             

with neutralino LSP.

Tau leptons  

SUSY-2016-030

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/
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● One or two hadronically decaying tau leptons.
● Target scenarios with neutralino LSP

as well as neutralino NLSP and gravitino LSP.
● Limits on gluino mass reach 2 TeV                                             

with neutralino LSP.

Tau leptons  

SUSY-2016-030

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/
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CMS stop compressed 4-body  
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Chargino/neutralino production

● Search for chargino and neutralino production                           
in final states with two or three charged leptons.

● Use recursive jigsaw reconstruction techniques.
● 3.0 σ excess in 3 lepton ISR selection (compressed scenarios).

2.0 σ

3.0 σ2.1 σ

1806.02293

1.4 σ ISR selection

High-
massLow-mass

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Chargino/neutralino production

1806.02293

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
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Second generation sleptons

CMS-PAS-SUS-17-008

● Upper limit on cross section translated to                                  
upper limit on λ′

211
 coupling strength in                                    

cMSSM with λ′
211

 as additional coupling.

● Search for resonant production of second generation                            
sleptons via RPV coupling.

● Final state with two same-sign muons and at least two jets.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-008/index.html
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Semileptonic LLP decays

● Search for long-lived particles through                                                   
a displaced vertex with several tracks                                            
including a high p

T
 muon.

● Forward coverage (2<η<5) and low trigger                                           
p

T
 threshold gives sensitivity to small LLP masses.

● Cover LLP lifetimes from 5 ps up to 100 ps and masses in                     
the range 20–80 GeV.

● Also neutralino production in RPV models with mass in 23-98 GeV range.

1612.00945

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-047.html
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SUSY search methods

● Objects and observables to enrich S/B:

● Background                                                                          
estimates:

Reducible
backgrounds
from data
(e.g. matrix
method)

Dominant irreducible
backgrounds from MC, 
normalized in data control 
region (CR). Extrapolated to 
signal region (SR) after test 
in validation region (VR)

Sub-dominant irreducible
backgrounds from MC only

Standard objects
● (soft) isolated leptons
● (b) jets
● E

T
miss

● ...

Boosted objects
● jet substructure
● W, Z, h, top taggers
● topness
● ...

Kinematic variables
● invariant mass
● m

T

● m
T2

● ...

Hadronic energy
● m

eff

● H
T

● ...

Displaced objects
● displaced vertices
● disappearing tracks
● ...

Event kinematics
● razor variables
● recursive jigsaw 

reconstruction
● …
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Which SUSY?

● SUSY is not one model, rather infinitely many.
● MSSM

– Minimal new particle content.
– No assumption on SUSY breaking                                                   

→ 120 additional free parameters.
● pMSSM

– Reduce MSSM to 19 free parameters                                              
by imposing phenomenological and                                           
experimental constrains.

● cMSSM
– Reduce MSSM to 5 free parameters by                                       

assuming universality at GUT scale.
● GMSB/AMSB

– Reduce MSSM to 5 free parameters by assuming SUSY breaking 
mechanism.

● NMSSM
– Extend MSSM by adding an additional singlet chiral superfield.

● Simplified Models
– Masses of non-relevant SUSY particles are put very large.
– 100% BR to single final state.

SUSY
N=1M

SSM
pMSSM

nMSSMcMSSM

GMSB
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