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SUSY SEARCHES  
AT LHC AND BEYOND 

Supersymmetry (SUSY) 
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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 and Supersymmetry 
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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 

3 



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 (mater) 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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SUSY Search @ LHC  

Outline: 
è SUSY Search from 

re a l dat a @ LH C 
(8-13 TeV) 

è L o n g e r  t e r m 
prospects @ LHC and 
Future Collider (14, 
33, 100 TeV) 
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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 3.3 
fb-1 @ 13 TeV (Run2) 

 SUSY Search @ LHC (Run1+2)  
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n  Search for gluinos and 1st and 2nd generation squarks  
n  Final states with jets, missing transverse momentum and no or 

one isolated lepton (e/µ)   (IHEP: 1L channel) 
n  Signal to BG discrimination based on: Meff, MET, mT 
n  28 signal regions defined targeting different search scenarios  
n  Excludes gluino masses up to 1.6 TeV, squark mass up to 980 GeV 

ATLAS-CONF-2015-062(0L 2-6J),   ATLAS-CONF-2015-076(1L),   ATLAS-CONF-2015-077(0L 7-10J)  

Strong Production: 0-1L+jets+MET 



n  Search for squarks/gluinos via long decay chain in SS/3L  (IHEP) 
-  Sensitive for a wide range of models (Fig. 1) 
-  Very clean channels with only tiny SM bg (mainly top+V, diboson, 

triboson) à A good probe for new physics 
n  4 SRS defined, targeting specific scenarios 
n  Gluino mass <1.1-1.3 TeV and LSP mass < 550-800 GeV are 

excluded for gluino pair production 

Strong Production: SS/3L+jets+MET 

12 
ATLAS-CONF-2015-078 



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 3.3 
fb-1@ 13 TeV (Run2) for sbottom, 
20 fb-1 @ 8 TeV (Run1) for stop 



n  Search for sbottom directly from 
~b~b production with a 2b + MET FS 

 
 
 
n  Discriminate variables: mCT, MET 
n  2 signal regions defined with 2 b-jets 

and medium or tight MET cut 
n  No significant excessed observed 
n  Excludes sbottom masses up to 850 

GeV 

Strong Production: ~b~b 

ATLAS-CONF-2015-066 14 

Run2 



n  Search for stop directly from ~t~t production 
n  Large spectrum of possible stop decays, covering range 

from low to heavy stop mass, various decay modes. 
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Strong Production: ~t~t  

JHEP	11	(2014)	118 

Run1 
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n  Exclusion for m(~t1) < ~660GeV for massless LSP, exclusion up to 
m(LSP) ~250 GeV  

Direct stop pair production Summary 	
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Run1 



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 20 fb-1 

@ 8 TeV (Run1) 



EWK Production: 1-3L+MET 

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) + MET FS   
     à Excludes electroweakino masses up to 400-700 GeV 
n  Search for charginos and neutralinos via higgs decay (Whà1l +bb, 
γγ, ll, ττ)    à Excludes electroweakino masses up to 250 GeV 

JHEP 05 (2014) 071, JHEP 04 (2014)169, ATLAS-CONF-2014-062  18 
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n  IHEP member firstly proposed the search for stau and 
gaugino with final state: ≥2tau + MET, which is also the first 
search in LHC experiment.  

n  4SRs targeting different scenarios 
à Excludes electroweakino masses up to 350-400 GeV 
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EWK Production Summary  

neutralino mass = chargino mass [GeV]
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n  Comparable for C1N2 via slepton 
n  CMS: no results on C1C1 via stau and WW 
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Run1 
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Prospects at Future Proton 
Colliders 

n  Long term prospects for 4 collider scenarios have been 
studied (14, 33, 100 TeV @3000 fb-1)  

n  Use same search strategy as Run1@LHC 
n  Use simple analysis strategies, avoid assumption, on 

detector design, pileup sensitivity, etc 

arXiv:1311.6480 
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n  Search for gluinos with no lepton, multi-jets, large 
missing transverse momentum  

n  Signal to BG discrimination based on: MET, HT (Σjet pt) 
n  Discover (Exclude) 11 (13) TeV gluino 
n  Increasing the center-of-mass energy has a 

tremendous impact on the experimentally available 
parameter space (~5 x beyond 14 TeV @100 TeV) 

Gluino-Neutralino Signature 

arXiv:
1311.6480 

20% systematic uncertainty, no pileup LHC 13 TeV limit ~1.5 TeV 

Discover 11 TeV gluino Exclude 13 TeV gluino 
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n  Search for gluinos with Same Sign 2 lepton, 2b-jets, 
large missing transverse momentum  

n  Signal to BG discrimination based: MET, HT, meff, mT2 
n  Discover (Exclude) 6 (8) TeV gluino 
n  Increasing the center-of-mass energy has a 

tremendous impact on the experimentally available 
parameter space (~3 x beyond 14 TeV @100 TeV) 

Gluino-Neutralino Signature – heavy flavor 

arXiv:
1311.6480 

20% systematic uncertainty, no pileup LHC 13 TeV limit ~1.2 TeV 

Discover 6 TeV gluino Exclude 8 TeV gluino 
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n  Search for stop with on-shell top decay @ 100 TeV 
n  Tops are very boosted at 100 TeV, the search 

strategy with isolated leptons, b-tags or top-tagging 
are sensitive to detector granularity/performance, 
pileup conditions etc. à So use simple handles with 
hard jets, MET and muon-in-jet 

n  Two scenarios with high mass stop and 
compressed region designed 

n  Discover (Exclude) 6.5 (8) TeV stop @100TeV 

Stop-Neutralino Signature 

arXiv:
1406.4512 

ATL-PHYS-PUB-2014-010 

LHC 14:   
Exclude 1. 4 TeV stop 

LHC 8:  ~ 700 GeV 

Discover 6.5 TeV stop Exclude 8 TeV stop 
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n  Increasing bounds on colored SUSY particles, maybe 
only electroweakinos in the low energy spectrum. LHC 
has limited reach for direct produced EWK particles 

n  Potential search for electroweakinos with multi-lepton 
signatures: 3L || OS2L || SS2L @100 TeV 

n  Discover (Exclude) 2.1 (3.2) TeV electroweakinos for 
wino NLSP 

EWK Signature 

arXiv:
1410.6287 

LHC 14:   
Exclude 1. 1 TeV stop 

ATL-PHYS-PUB-2013-011 

LHC 8:  ~ 400 GeV 



n  [LHC 8 TeV ~20 fb-1] In canonical scenarios, 
sensitivity is achieved to ~1.2 TeV gluinos, ~700 GeV 
stops and ~400 GeV EWK-inos   

n [LHC 14 TeV ~3000 fb-1] Discovery potential up to 2.2 
TeV gluinos, 1.2 TeV stop and 800 GeV EWK-inos 

n [100 TeV ~3000 fb-1] Discover (Exclude) 11 (13) TeV 
gluino,  6.5 (8) TeV stop, 2.1 (3.2) TeV EWK-inos 

à [LHC 13 TeV ~3.3 fb-1] some extensions for  squark 
and gluino sensitivity with 2015 RUN2 data, some 
small excess hints observed but still weak, need 
more data! Looking forward for 2016 and beyond! 
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Summary 

Thanks for your attention! 



n  There are some excess hints in 3 SUSY analyses (1L, SS/3L, Z+MET) 
àExciting prospects for 2016! 
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Excess Hints in Run2 

1L: mT distribution 
disagrees in 6J SR 
(~2σ) 

SS/3L: an excess in 
t tZ VR (see 3 .5σ 
excess in 3l+3b VR in 
run1, will revisit in 
run2) 

Z+MET: a mild excess 
2.2σ in 2L (Z+MET) 
analysis (same SR as 
run1, where a 3σ 
excess was found) 

Run2 



n  Search for gluinos with a Z + jets + MET 
signature 

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

(not as 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 
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[RUN1] In canonical scenarios, sensitivity is achieved to ~1.2 TeV 
gluinos, ~700 GeV stops and ~400 GeV for EWK-inos in RUN1  
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p   Simplified Models: 
n   Not really a model (Br~100%, most masses fixed at high 

scales) 
n   Important tool for interpretation 
 

p Phenomenological models:  
n  pMSSM: captures “most” of phenomenologic features of R-parity 

conserving MSSM  
-  19 free parameters: M1,M2,M3 ; tan β, µ and mA; 10 sfermion 

mass parameters; At, Ab and Aτ     
-  Comprehensive and computationally realistic approximation of the 

MSSM with neutralino LSP    
n  GGM (gravitino) 
 

p Complete SUSY models: mSUGRA, GMSB … 

SUSY models: good sale in market 
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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  
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n  Search for squarks with no lepton, multi-jets, large 
missing transverse momentum  

n  Signal to BG discrimination based on: MET, HT (Σjet pt) 
n  Discover (Exclude) 2.5 (8) TeV squark  
n  Increasing the center-of-mass energy has a 

tremendous impact on the experimentally available 
parameter space (~3 x beyond 14 TeV @100 TeV) 

Squark-Neutralino Signature 

arXiv:
1311.6480 

20% systematic uncertainty, no pileup LHC 13 TeV limit ~1 TeV 

Discover 2.5 TeV squark Exclude 8 TeV squark 
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Impact of Systematic Uncertainties 

-  It is likely that the experiments will significantly reduce these uncertainties 
with larger datasets and an improved understanding of their detectors 

-  Varying the systematic background uncertainty from 30% to 5%, the 
discovery reach increases by roughly 600 GeV (3.4 TeV) in m(~g) at 14 
TeV (100 TeV) and the coverage in LSP direction is roughly doubled  

Gluino-Neutralino Signature 
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Impact of Pileup 

-  Compared the results with 140 additional minimum-bias interactions  
-  The Delphes based Snowmass simulation includes a pileup suppression 

algorithm that primarily impacts the Emiss resolution (Snowmass 
detector:ArXiv:1309.1057) 

-  Given that the HT and ETmiss distributions are effectively unchanged, it 
is not surprising that the results are very similar with and without pileup  
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Stop-Neutralino Signature 



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 42 



n  Search for gluinos and squarks aiming 
at more complex decay chains 

 
 

n  Signal to BG discrimination based on: 
MET/√HT 

n  15 signal regions defined based on jet 
multiplicity 7-10 and b-jet multiplicity 

n  Excludes gluino masses up to 1.4 TeV, 
significantly extending run1 reach 

Strong Production: 0L+7-10j+MET 
ATLAS-CONF-2015-077 

No significant excess 
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1-lepton stop search: 2/3/4-body decay 
to LSP	

Stop 4-body decay: 
n  1 soft lepton (6/7 GeV 

mu/e), hard ISR jet, ≥ 1 b-
jet, MET cut 

n  Shape fit in lepton pT 

Stop 3-body decay: 
n  1 lepton, ≥ 4 jets, ≥ 1 b-jet, MET 

cut 
n  Softer thresholds on MET, MT… 
n  2-D shape fit in mT and mT2 

Stopètop+neutralino 
decay: 
n  1 lepton, ≥ 4 jets, ≥ 1 b-jet, 

MET cut 
n  Large-R jets (collect decay 

products of boosted top in 
heavy stop search) 

n  Shape fit for diagonal 

JHEP	11	(2014)	118 

Dominant	BG:	tt,	W	(MC	normlized	to	data) 44 



Excesses seen in RUN1 (Exotics, SUSY) 

n  F o r a m o r e d e t a i l e d r e v i e w , s e e t h e 
physics plenary talk (July 18th) by T. Golling  

n  Mono-jet CDS link 
-  ~1.7σ / 2.4σ excess above BG in the two highest 

MET SRs 
-  High MET SRs dropped for paper (very low stat in 

CR) 
n  VV→JJ CDS link 

-  Mass of fat jets each consistent with W,Z mass 
n  Same-sign leptons / 3-leptons + b-jets CDS link  

n  3-leptons + 3 b-jets CDS link (obs. 9, exp. 1.29+-0.65) 
-  ~3.5σ in a validation region of the 3-lepton search 
-  Plan a dedicated SR for run2 

n  Z+jets + MET CDS link 
-  Peaking at Z mass, BG dominated by non-Z (tt) 

Will check in Run-2 ! 45 
SUSY:	https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/SusyDiscrepancies	
Exotics:	https://twiki.cern.ch/twiki/bin/view/AtlasProtected/ExoticsExcessSummary		



SS/3L 
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SS/3L 
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Based on the number of 
observed, expected 

events in all regions with 
all uncertainties: 
Probability density 

function (PDF) 

Likelihood function: L(µ,θ) 
 µ: signal strength (POI);   
θ: nuisance parameters(NP) 
Profile Likelihood: constrain 
uncertainty (NP) as part of a 

likelihood fit 

Construct test statistics  
tµ based on likelihood 

ratio λ: 
 
 

Find the observed 
test statistic for 
tested µ: tµ,obs 

Construct the PDF of test 
statistic tµ: generate toy Monte 

Carlo or using asymptotic formula 
 
 

From the constructed 
distribution of test statistic 
for s+b, find the p-value of 

the observation 
 
 

If CLs<0.05: the value 
of signal is excluded at 

95% CL………. 
 
 

The above check has been 
done for each signal grid 

points on the SUSY model. 
The line can be drawn for 
the area where points are 

excluded 
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