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Outline 

• Overview of Run-1 and Run-2 SUSY searches 

• Common analysis procedures 

– Selection of physics objects (jets, b-jets, leptons) 

– Event-selection variables  

– Background estimation & validation methods 

• Results and interpretations for 7 analyses: 
1. 2-6 jets      ATLAS-CONF-2015-062 

2. 7-10 jets      ATLAS-CONF-2015-077 

3. 1 lepton      ATLAS-CONF-2015-076 

4. 2 same-sign or 3 leptons  ATLAS-CONF-2015-078 

5. 3 or more b-jets    ATLAS-CONF-2015-067 

6. Sbottom pair    ATLAS-CONF-2015-066 

7.  𝑍 → ℓℓ      ATLAS-CONF-2015-082 
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Run-1 (7-8 TeV) SUSY results 



Run 2 (13 TeV) SUSY analyses… 

• ATLAS collected 3.87 fb-1, after quality cuts: 3.2 ± 0.2 fb-1 

• Much smaller than our 8 TeV Run-1 sample: ~20 fb-1 

• But cross sections for strongly produced heavy particles increase 

significantly in going from 8 TeV to 13 TeV: 

∼× 15   for 𝜎 𝑞 𝑞   with 𝑚𝑞 = 1 TeV 

∼× 35 for 𝜎 𝑔 𝑔  with 𝑚𝑔 = 1.5 TeV 

  Run-2 SUSY searches focus on gluino and squark production 

• 7 analyses using a variety of signatures with 44 signal regions: 

– Missing transverse energy (MET, 𝐸𝑇
𝑚𝑖𝑠𝑠) 

– Jets 

– Leptons: 0, 1, 2 (𝑍), 2 same sign or 3 

– b-jets: 0, 1, 2, or 3+ 
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… cover a range of SUSY scenarios 
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Physics object selection 
• Jets: 

– Reconstructed from calorimeter energy clusters using the anti-kT algorithm 
with radius parameter 𝑅 = 0.4 

– Jets are reclustered with 𝑅 = 1 to search for boosted top quarks 

– Corrected for avg. energy deposition from pile-up (= multiple 𝑝𝑝 collisions, 
averaging 14 in 2015) 

– Jet energy scale calibrated with detector response from MC and 8 TeV data 

– Event rejected if contains jet identified as due to noise or non-collision 

• b-jets: 

– Tagged by multivariate algorithm using the impact parameters of tracks in 
the jet, and the presence and flight paths of displaced vertices from b/c 
hadrons 

• Electrons: 

– Matching EM calorimeter clusters to inner-detector tracks & TRT threshold  

• Muons: 

– Matching tracks in the muon spectrometer and inner detector 
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Event selection inputs 
• Physics-object overlap removal: 

– If 2 objects (𝑒, 𝜇, jet, or b-jet) are nearby, indicating mis-identification, 

one of them is discarded according to an optimized algorithm  

• Missing transverse energy: 
 

–   

 
 

–   

 

• Scalar 𝑝𝑇 sum                      

 

–   
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𝑝 𝑇
 𝑚𝑖𝑠𝑠 = −  𝑝 𝑇

physics 
objects

+  𝑝 𝑇
other 

PV tracks

 

 

MET ≡ 𝐸𝑇
𝑚𝑖𝑠𝑠 = 𝑝 𝑇

 𝑚𝑖𝑠𝑠   

 

𝐻𝑇 =  𝑝𝑇

physics
objects

 

• Effective mass:                      

 

–   𝑚eff =  𝑝𝑇

physics
objects

+ 𝐸𝑇
𝑚𝑖𝑠𝑠 



Common analysis procedures 

• Define signal regions (SRs)  

– Based on  𝑁leptons, 𝑁jets, 𝑁𝑏−jets with 𝑝𝑇 cuts,  𝐻𝑇,  MET, 𝑚eff, etc. 

– Targeting different regions in SUSY parameter space 

• Estimate background for each SR in control regions (CRs) 

– Usually using Monte Carlo distributions to relate CR yields to SR yields 

– Background estimate from CRs validated using validation regions (VRs) 

– Smaller backgrounds often obtained from MC 

• If no excess, set limits using the CLs prescription, accounting for 

systematic uncertainties:  

– Finite MC statistics 

– Theory, e.g., models used for background shapes 

–  Jet energy scale and resolution 

– Lepton / b-jet ID efficiencies and purities  
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1/7. Search using  

2-6 jets 

no leptons 
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Analysis overview 

• 7 SRs with 2-6 jets & different 

cuts 

– Targeting different models  

• Veto leptons with 𝑝𝑇 > 10 GeV 

• 4 CRs for each SR, to obtain 

background from  

– Multi-jet 

– 𝑍 → 𝜈𝜈 + jets 

– 𝑊 → ℓ𝜈 + jets 

– 𝑡𝑡 , single-𝑡 

• Background from MC  

– Di-boson 
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Leptons:                                           none  with 𝑝𝑇 > 10 GeV 



𝑚eff in signal regions 
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Results 
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Expected and observed event count in each SR: 



2/7. Search using  

7-10 jets 

no leptons 
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Analysis overview 

• 6 SRs with 7-8   𝑝𝑇 > 80 GeV jets, incl. 0-2 𝑏-jets 

• 9 SRs with 8-10 𝑝𝑇 > 50 GeV jets , incl. 0-2 𝑏-jets 

• No leptons with 𝑝𝑇 > 10 GeV 

• 𝑡𝑡 , V+jets background obtained from CRs 

containing a lepton with 𝑝𝑇 > 20 GeV 

• Multijet background from CRs with 1 jet less. 

• Utilize near invariance of  𝐸𝑇
𝑚𝑖𝑠𝑠/ 𝐻𝑇  wrt. 𝑁jets 

when MET originates from calorimeter 

mismeasurement 

• Checked in VRs 

 



𝐸𝑇
𝑚𝑖𝑠𝑠/ 𝐻𝑇 in some SRs 

• SR:    
𝐸𝑇

𝑚𝑖𝑠𝑠

𝐻𝑇
> 4 GeV  

 

• Distribution normalization: 

 
𝐸𝑇

𝑚𝑖𝑠𝑠

𝐻𝑇
< 1.5 GeV  
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Results 
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Expected and observed event count in each SR: 
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3/7. Search using  

1-lepton 
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Analysis overview 

• 4 hard-ℓ SRs:  

– 𝑝𝑇 > 35 GeV lepton 

– No additional leptons with 𝑝𝑇 > 10 GeV 

– 4-6 jets 

• 2 soft-ℓ SRs:  

– 𝑝𝑇 > 7(6) GeV for 𝑒(𝜇) and 𝑝𝑇 < 35 GeV 

– No additional 𝑒(𝜇) with 𝑝𝑇 > 7(6) GeV 

– 2 or 5 jets 

• Dominant background: 𝑊 + jets and 𝑡𝑡 .   
– Suppressed with cuts on transverse mass  

 

 

– Estimated from CRs, e.g., for soft-ℓ 2-jets: 
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Some SR distributions 
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Results 
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Expected and observed event count in each SR: 



4/7. Search with 

same-sign dileptons  

or 3 leptons 
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Analysis overview 
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Background estimation: 

 

• Wrong lepton charge: 
• 𝑍/𝛾∗ → 𝑒+𝑒− sample 

• Fake leptons or leptons from heavy-flavor-decay: 
• “Matrix method” with loose lepton selection criteria 

• 𝑡𝑡 𝑉, 𝑡𝑡 ℎ:  

• From MC with VRs 



MET distributions in SRs 
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Results 



5/7. Search with 

at least 3 𝑏-jets 
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Analysis overview 
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8 SRs: 

• ≥ 3 𝑏-jets 

• 0 or 1 lepton  

• 0 or ≥ 1 top (𝑅 = 1 jet) 

 

Background Estimation: 

• 𝑡𝑡  
• From CR for each SR 

• 𝑡𝑡 𝑉, 𝑡𝑡 ℎ, single-𝑡, 4𝑡, V+jets 

• From MC 

 

 

 

 

• MET distributions 

in some SRs: 



Results 
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Results of background-only fit in VRs 



6/7. Search for  

sbottom pair 
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Analysis overview 

4 SRs: 

• 3 “SRA” target pair production 

• SRB target pair production with ISR jet 

 

 

 

Background: 

• 𝑡𝑡   and 𝑉 + heavy flavor 

– Studied with CRs containing leptons 
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Main discriminator: contraverse mass, 

 

 

Can be used to measure  𝑚𝑏  



Results 
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7/7. Search with 

𝑍 → ℓ+ℓ− 
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Analysis overview 

Target 𝑍 production 

 

 

 

 

 

Run-1 3𝜎 excess: 

 

Dominant backgrounds: 

• 𝑡𝑡 , 𝑊𝑊, 𝑊𝑡: 
– Using CR with  

different-flavor leptons (𝑒𝜇) 

• 𝑍/𝛾∗ + jets: 
– Using CR with 𝛾 + jets 
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Results 
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Conclusions 

• ATLAS doing very well in Run-2 (3.2 ± 0.2 fb−1) 

• Completed 7 analyses to search for SUSY signatures 

– Focusing on strong production – improvement wrt. Run-1 

– No excess signal found 

– Mass limits almost always tighter than those of Run-1 

• Working hard on many more SUSY searches with Run-2 data 
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