
 

Xuai Zhuang ( ) 
xuai.zhuang@cern.ch		
IHEP, Beijing, China 

15-19 Aug. 2016, Weihai 
 

SUSY SEARCHES  
IN ATLAS  
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n  Standard Model (SM) 
Very successful description of phenomena 
at TeV scale, but some shortcomings: 
q  Hierarchy problem 
q  Can not unify gauge couplings 
q  No dark matter (DM) 
q  … 

Standard Model 
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n  Supersymmetry (SUSY)  
Unique extension of Poincare 
spacetime symmetry 
q  Moderate the hierarchy problem 
q  Grand unification of gauge 

couplings 
q  Provide excellent DM candidate 
q  … 

n  Standard Model (SM) 
Very successful description of phenomena 
at TeV scale, but some shortcomings: 
q  Hierarchy problem 
q  Can not unify gauge couplings 
q  No dark matter (DM) 
q  … 

Standard Model and Supersymmetry 
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n  If SUSY is at TeV scale, it will be produced copiously at LHC 
n  SUSY search is one of the most hot topic at LHC and beyond 
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SUSY Introduction 

n  A symmetry which unified fermions (matter) and 
bosons (forces)  -> A fundamental theory 

n  Conserved R parity (RPC): (originally introduced for 
stability  of proton)   

 
 
 

-  SUSY particles produced/annihilated in pairs 
-  Lightest SUSY particle (LSP) stable (DM candidate) 
-  Typical signature:  jets/leptons/photons + MET 
 

n  Violated R parity (RPV): no Dark Matter candidate 
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R=+1  (SM) 
R=-1 (SUSY) 



SUSY Search Strategy 

n  SUSY search strategy: search 
for deviation from SM 

 
n  SUSY sensitive variables: Try to 

establish excess of events in 
some sens i t ive k inemat ic 
distribution (ET

miss, Meff, mT …) 
 
n  SM background: SUSY searches 

rely on accurate modeling of the 
Standard Model backgrounds 
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SM Background Modeling 

n  SUSY searches rely on accurate modeling of the Standard 
Model backgrounds 
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SUSY Search @ LHC  
Strong production:  
q  targeting gluinos and 1st and 2nd 

generation squarks  
q  by far largest cross-sections  
3rd generation:  
q  targeting stop and sbottoms 
q  Should be lowest mass squarks 

for naturalness reasons 
Electroweak production:  
q  targeting Electroweakinos, 

sleptons 
q  Lowest mass sparticles, clean 

signature 
RPV/LL:  
q  targeting R-parity violating 

models and long lived sparticles 
q  More exotic models 
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l  Most results are based on 13-15 
fb-1 @ 13 TeV from 2015+2016 

l  Few of them from 8 TeV (EWK) 
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l  The results are based on 
13-15 fb-1 @ 13 TeV from 
2015+2016 

SUSY Search @ LHC  



Strong Production: 0L+jets+MET 
ATLAS-CONF-2016-078 
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n  Search for gluinos and 1st and 2nd generation squarks  
n  Final states with jets, MET and no isolated lepton (e/µ)    
n  Signal to BG discrimination based on: Meff, MET,	RJigsaw 
n  30 signal regions (SRs) defined targeting different search 

scenarios and phase space à No significant excess observed 



Strong Production: 0L+jets+MET 
ATLAS-CONF-2016-078 
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n  Search for gluinos and 1st and 2nd generation squarks  
n  Final states with jets, MET and no isolated lepton (e/µ)    
n  Signal to BG discrimination based on: Meff, MET,	RJigsaw 
n  30 signal regions (SRs) defined targeting different search 

scenarios and phase space à No significant excess observed 
n  Excludes gluino (squark) masses up to 1.86 (1.35) TeV for 

massless LSP. For gluino decay via N2 model, gluino masses 
below 1.9 TeV are excluded for N2 masses of ∼ 600 GeV  
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Strong Production: 1L+jets+MET 
ATLAS-CONF-2016-054 

n  Search for gluinos and 1st and 2nd generation squarks  
n  Final states with jets, missing transverse momentum and one 

isolated lepton (e/µ)    
n  Signal to BG discrimination based on: Meff, MET, mT 
n  10 SRs defined targeting different search scenarios  
n  Gluino (squark) masses up to 1.7 TeV (1.0 TeV) are excluded for 

low neutralino masses ( ≤ 400 GeV or ≤ 300 GeV)  
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No signif icant 
excess observed 



Strong Production: SS/3L+jets+MET 
ATLAS-CONF-2016-037 
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n  Search for squarks/gluinos via long decay chain in SS/3L   
-  Sensitive for a wide range of models (4 RPC+4 RPV) 
-  Very clean channels with only tiny SM bg (mainly top+V, diboson, 

triboson) à A good probe for new physics 
n  4 RPC+3 PRV SRs defined, targeting specific scenarios à no excess 
n  Gluino mass <1.3-1.7 TeV and LSP mass < 850-1100 GeV are 

excluded for gluino pair production. Right-handed down squark 
masses are probed up to md ̃R ≈ 700 GeV in RPV scenarios  



n  Search for gluinos via stop or sbottom decay 
n  Final states with ≥3b-jets, MET, no or one lepton (e/µ)    
n  Signal to BG discrimination based on: Meff, MET, mT 
n  7 SRs defined targeting different search scenarios  
n  Excludes gluino masses up to 1.89 TeV for massless LSP 

ATLAS-CONF-2016-052 

Strong Production: bjets +MET 

No signif icant 
excess observed 
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SUSY Search @ LHC  
Strong production:  
q  targeting gluinos and 1st and 2nd 

generation squarks  
q  by far largest cross-sections  
3rd generation:  
q  targeting stop and sbottoms 
q  Should be lowest mass squarks 

for naturalness reasons 
Electroweak production:  
q  targeting Electroweakinos, 

sleptons 
q  Lowest mass sparticles, clean 

signature 
RPV/LL:  
q  targeting R-parity violating 

models and long lived sparticles 
q  More exotic models 
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The results are based on 13-15 
fb-1@ 13 TeV (Run2)  



n  Search for stop with 0L+(b)jets+MET (hadronic decay) 
n  Signal to BG discrimination based on: MET, mT(b), HT 
n  ~19 SRs defined, targeting specific scenarios and phase space 
n  Exclusion for m(~t1) < ~820GeV for massless LSP 
n  For the models of the associated production of DM(χ) with top pairs, 

with a global coupling of 3.5, mediator masses up to 300 GeV, and χ 
masses below 40 GeV are excluded 

3rd Generation: stop 0L 
ATLAS-CONF-2016-077 
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Scale 
mediator φ 

Pseudoscale 
mediator a 



n  Search for stop with 1L+(b)jets+MET  
n  Signal to BG discrimination based on: MET, mT(b), HT 
n  ~7 SRs defined, targeting specific scenarios and phase space (~3.3σ 

excess in DM_low SR) 
n  Exclusion for m(~t1) < ~830GeV for massless LSP 
n  The maximal coupling of g = 3.5 is excluded @95% CL for a (pseudo-) 

scalar mediator mass up to (350) 320 GeV assuming a 1 GeV DM mass.  

3rd Generation: stop 1L 
ATLAS-CONF-2016-050 

17 



n  Search for stop with 2L+(b)jets+MET  
n  Signal to BG discrimination based on: MET, mT2 
n  ~7 SRs defined, targeting specific scenarios and phase space 
n  Exclusion for m(~t1) < ~480GeV for massless LSP 
n  For the models of the associated production of DM with top pairs, 

mediator mass < 330 GeV and DM particle mass < 20 GeV excluded 

3rd Generation: stop 2L 
ATLAS-CONF-2016-076 
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n  Search for stop with 2τ +(b)jets +MET (GMSB, nGM) 
n  Signal to BG discrimination based on: MET, mT2 
n  1 SR defined targeting high stop mass region 
n  Masses of the top squark up to 870 GeV and stau 

up to 730 GeV are excluded.  

3rd Generation: stop via stau 
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ATLAS-CONF-2016-048 



n  Search for stop with Z +(b)jets +MET  
n  Signal to BG discrimination based on: MET, pT

ll 

n  3 SRs defined targeting from low to high mass 
splitting  

n  Parameter space regions up to mt ̃2 < 730 GeV and 
LSP < 325 GeV are excluded  

3rd Generation: stop with Z 
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ATLAS-CONF-2016-038 



SUSY Search @ LHC  
Strong production:  
q  targeting gluinos and 1st and 2nd 

generation squarks  
q  by far largest cross-sections  
3rd generation:  
q  targeting stop and sbottoms 
q  Should be lowest mass squarks 

for naturalness reasons 
Electroweak production:  
q  targeting Electroweakinos, 

sleptons 
q  Lowest mass sparticles, clean 

signature 
RPV/LL:  
q  targeting R-parity violating 

models and long lived sparticles 
q  More exotic models 
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Generic signatures: low–jet multiplicity + 
≥ 2leptons + MET(2/3/4L, >=2tau) 

Electroweak process benefit less 
from the energy increase, while as 
luminosity increase they actually 
become more and more competitive 
a n d a r e a c t u a l l y t h e m o s t 
interesting channels for the LHC 
upgrade phase à only 4L updated 
to 13 TeV, 2-3L and 2taus aiming for  
SEARCH CONF 



EWK Production: 4L+MET 
ATLAS-CONF-2016-075 
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n  Search for charginos for chargino production with indirect RPV 
decays  

n  RPV SUSY scenarios can therefore result in signatures with high 
lepton multiplicities and substantial MET à 4L (e/µ) + MET FS 

n  Signal to BG discrimination based on: Meff 
n  2 SRs defined targeting different chargino mass region 
n  chargino masses up to 1.14 TeV are excluded for large LSP masses  



EWK Production: 1-4L(e,μ,τ) +MET (8 TeV) 

n  Search for sleptons with 2L (e/µ) + MET FS à ~l > 330 GeV 
n  Search for charginos and neutralinos with 2-3L (e/µ/τ) + MET FS   
     à Excludes electroweakino masses up to 350-700 GeV 
n  Search for charginos and neutralinos via higgs decay (Whà1l +bb, 
γγ, ll, ττ)    à Excludes electroweakino masses up to 250 GeV 

23 Phys. Rev. D 93, 052002 (2016) 
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SUSY Search @ LHC  
Strong production:  
q  targeting gluinos and 1st and 2nd 

generation squarks  
q  by far largest cross-sections  
3rd generation:  
q  targeting stop and sbottoms 
q  Should be lowest mass squarks 

for naturalness reasons 
Electroweak production:  
q  targeting Electroweakinos, 

sleptons 
q  Lowest mass sparticles, clean 

signature 
RPV/LL:  
q  targeting R-parity violating 

models and long lived sparticles 
q  More exotic models 
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Some are already covered at 
previous slides 



n  Search for gluinos with RPV decays to quarks 
n  Signal to BG discrimination based on: sum mass of jets 
n  4 SRs defined targeting different search scenarios  
n  In the gluino cascade decay model, gluinos with masses up to 

1000-1550 GeV are excluded, depending on the neutralino mass  
n  In the gluino direct decay model, gluinos with masses up to 1080 

GeV are excluded.  

RPV: multi-jets 
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ATLAS-CONF-2016-057 

 gluino cascade 
decay model 

gluino direct decay model 
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n  ATLAS developed a vast program to search for SUSY 
-  No significant excess seen so far 
-  More PUB results @here 
 

n  In canonical scenarios, sensitivity is achieved to ~1.9 
TeV gluinos, ~900 GeV stops 
-  More (EWK) results will be ready for SEARCH CONF 

n  ~30 (100) fb-1 data at this year (end of run2), which is 
very challenging years for SUSY in front of us!  
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Summary 

Thanks for your attention! 
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sum
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aries 



3rd Generation: stop 1L 
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CONF-SUSY-2016-15 

scalar mediator pseudo-scalar mediator 

The observed upper limit on the couplings in the plane of mMed 
versus mχ, Numbers on the plot show the value of the excluded 
coupling for the corresponding points on the signal grid  



n  Search for gluinos with photon +jets +MET FS (GGM) 
n  Signal to BG discrimination based on: Meff, MET 
n  2 SRs defined targeting different search scenarios  
n  Excludes gluino masses up to 1.8 TeV for for a large 

range of neutralino masses, increasing to 2 TeV in 
the case of a high mass neutralino 

ATLAS-CONF-2016-066 

Strong Production: photon +jets +MET 
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n  Search for gluinos with a Z + jets + MET 
signature 

 
 
n  There is an excess (3σ) at ATLAS Run1 

(not at CMS): obs. 29, exp. 10.8+-2.2  
n  Check it with Run2 using run1-like SR: 

Z (ll), 2jets, MET>225 GeV, HT>600 GeV  
n  a mild excess seen in Run2: obs. 21, 

exp. 10.4+-2.4 (2.2σ in intermediate 
MET) 

n  Excludes gluino masses up to 1.1 TeV 

Strong Production: Z(ll)+MET 

ATLAS-CONF-2015-082 31 



n  Gluino (charged) R-hadrons:  
l  stable (lifetime>50ns， escape detectors)   
l metastable (lifetime ~ns, detection in Pixels with dE/dx) 

n  Two SRs for stable/metastable long lived particles 
à Stable gluino R-hadrons excluded below 1570 GeV 
à Gluino R-hadrons with lifetime > 0.4 ns exclusions given for 100 

GeV LSP, lower mass limits 740-1590 GeV 
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Long-lived highly ionizing particles 

Phys. Rev. D 93, 112015 (2016) 



33 

RJigsaw 

the complementary search using the Recursive Jigsaw Reconstruction (RJR) 
techniques in the construction of a discriminating variable set (‘RJR-based search’). By 
using a dedicated set of selection criteria, the RJR-search improve the sensitivity to 
supersymmetric models with small mass splittings between the sparticles (models with 
compressed spectra).  
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Long term prospects 
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ATL-PHYS-PUB-2014-010 

n  ATLAS studied long term prospects for the (HL-)LHC with 300, 3000 fb-1@14 TeV 
n  Discovery potential up to 2.5 TeV gluinos, 1.3 TeV squarks/sbottom and 800 

GeV Electroweakinos  


