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Preliminary Result 
Soon to appear in CDS:  SUS-15-005
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Introduction 
Overview

• Target pair production of gluinos and squarks in 

hadronic final states 

• R-parity conserving SUSY  
• Cascade decays to LSP 

• Jets + missing energy final states 

• Key analysis principles 
• Dedicated triggers for high acceptance 

• Low thresholds on jet activity 

• Consider all jet/ b-tag multiplicities 

• Four dimensional binning in njet, nb, HT, MHT to  

maximise coverage

17th December 2015
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• To suppress multijets 

• With ⍺T and Δɸ* 

• Utilise control samples for backgrounds 

• Discriminating variables provide  

   sensitivity to variety of models 
• Binning in njet, nb, HT, MHT 

Di-Jet

Multi-Jet

• back-to-back events:     0.5 
• “unbalanced” events: < 0.5  
• genuine MET events:  > 0.5

⍺T

•   

• Aim to find events where MHT in same direction as 
mis-measured jet 

• Mis-measured jets and jets with significant neutrino  
    component peak at low values

Analysis Strategy
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Analysis Strategy 
Selection
• Baseline Selection: 

• Veto all leptons including leptonic taus 

 (+1 prong taus) 

• Njet >= 1 

• Leading jet pT > 100 GeV, |η| < 2.5 

• Sub-leading jet pT > 40 GeV, |η| < 3 

• HT > 200 GeV 

• MHT > 130 GeV 

• MHT/MET < 1.25 

Monojet:                pT(j2) < 40 GeV               

Asymmetric:          40 < pT(j2) < 100 GeV 

Symmetric:           pT(j2) > 100 GeV

Categorisation

y

x

z

j1(p)   
→

j2(p)   
→

j3(p)   
→
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Control Regions
Background estimations 

• Estimate the backgrounds in Signal Region 

• njet, nb, HT binning identical to signal region  

• Rely on transfer factors for estimations of 

 electroweak processes 

• Remaining multijet background assessed using QCD enriched sideband 

• Systematic uncertainties on transfer factor derived from closure tests 

• Designed to probe potential biases from specific physics processes

TF

17th December 2015

Hadronic signal 
sample

Muon control 
region

Di-Muon control 
region

Photon control 
region

TF (Z vv)TF (Z vv)TF (ttbar, W)
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Systematic Uncertainties
• Electroweak background systematics: 

• TF uncertainties: 10-40% (sym/mono), 10-100% (asym) 

• Uncorrelated in (njet, nb, HT) 

• Multijet systematics  

from background predictions  

dealt with separately 
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• Binned likelihood model of signal and control region 

 observations  

• Correlation and statistical uncertainties propagated  

throughout via dedicated parameters 

• Signal contamination accounted for 

• Systematics uncertainties are encoded as 

 log-normal nuisances 

• Transfer factor systematics are uncorrelated  

in njet, HT, nb 

• Limits computed with the asymptotic CLs method

Results 
Statistical treatment

17th December 2015
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Results 
Symmetric categories

17th December 2015

Monojet:                pT(j2) < 40 GeV               

Asymmetric:          40 < pT(j2) < 100 GeV 

Symmetric:           pT(j2) > 100 GeV
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Results 
Symmetric categories

17th December 2015

Bin number
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Results 
SUSY Interpretation

• Search interpreted in the framework of simplified models (SMS) 

• Direct cascade with 100% branching fractions 

• 2 gluino pair-produced models are considered 

• T1bbbb: gluino → b b + LSP 

• T1qqqq: gluino → q q + LSP

17th December 2015
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Results 
Scan

17th December 2015

• Expected/ observed exclusion are in reasonable agreement 
• At low mLSP, we exclude up to mGluino ≃ 1.4 TeV

T1qqqq scan
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Results 
Scan

17th December 2015

• Expected/ observed exclusion are in reasonable agreement 
• At low mLSP, we exclude up to mGluino ≃ 1.6 TeV

T1bbbb scan
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Conclusion
• Results of the ⍺T analysis on the 13 TeV dataset (2.2 fb-1)  

have been presented 
• Interpreted in the context of SUSY simplified models 

• No significant excess is observed and limits are set in the mGluino, mLSP  
parameter space 

• For low mLSP masses, mGluino up to 1.4-1.6 TeV are excluded 

• Future studies underway 
• Including additional control samples 
• Utilising modern jet tools to deconstruct complicated final states 

17th December 2015
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Analysis Strategy 
• Triggers: 

• 5 dedicated HT-AlphaT cross-triggers + pure HT and MHT/MET cross triggers 

• Efficiencies determined in SR-like phase space with lepton reference triggers 

• Triggers near to or in the efficiency plateau after full analysis selection 

• Baseline Selection: 

• Njet >= 1 

• Leading jet pT > 100 GeV, |η| < 2.5 

• Sub-leading jet pT > 40 GeV, |η| < 3 

• HT > 200 GeV 

• MHT > 130 GeV 

• Forward jet veto: 

• pT > 40 GeV, |η| > 3 

• Isolated track veto: 

• pT > 10 GeV, |η|< 2.5 

• MHT/MET < 1.25 

• Recommend MET filters

Monojet:                pT(j2) < 40 GeV               

Asymmetric:          40 < pT(j2) < 100 GeV 

Symmetric:           pT(j2) > 100 GeV

Categorisation
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Analysis Strategy 
Event Selection

Signal

Muon and Photon CRs
• One (two) muon with pT > 30 GeV, |η| < 2.1, or one photon pT > 200 GeV 

• Relative isolation requirement  

• MT (Mll) cut compatible with W (Z) mass 

• ΔR(lepton, jet) > 0.5 or ΔR(photon, jet) >1.0
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MHT dimension
• Variables connected to the scale of the event (such as HT) show bias in Data/MC due  

to missing higher-order corrections 

• Binning MHT distribution in HT can mitigate bias - ‘scale anchoring’ 

• Designed to minimise the effects of missing theory higher-order corrections in MC 

• Fit a linear function to Data/ MC(MHT) in each (Njet, nb, HT) bin in the control regions 

• Use pull of linear term of function to determine level of bias 

• Uncertainties on the fit parameters are used to determine the alternative templates in the SR
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QCD 
Predictions

• Main background rejected by ⍺T, Δɸ* cuts, MHT/MET 

• Sources of QCD contamination come from: 

• Large fluctuations in jet energy mis-measurements (rely on ⍺T, Δɸ*) 

• Instrumental effects (inefficiencies, noise). Rely on MET filters, ⍺T, Δɸ*  

• Jets below threshold (40 GeV) conspiring to high MHT (MHT/MET) 

• Heavy flavour leptonic decays (Δɸ*) 

• Residual contamination assessed using MHT/MET sideband (> 1.25) 

• Construct MC ratio of multijet events passing and failing MHT/MET requirement: R 

• Obtain predicted data counts of QCD in sideband (use mu + jets to estimate EWK backgrounds) 

• Product of ratio and predicted data counts, gives predicted QCD in signal region (vs Njet, HT) 

• Ratio is validated in Δɸ* sideband 

• Contamination at percent level



21

MC Corrections from sidebands
• Correct the MC normalisation (e.g. due to limited perturbative orders in cross section calculation)  

via sidebands in, HT, MHT/ MET 

• In closure tests, the transfer factor usually maps control regions with different background compositions 

• Any bias in the yields of the specific processes do not necessarily cancel out 

• In the photon control region, using HT binned LO G+jets sample: 

• Derive correction from a 350 < HT < 400 GeV sideband 

• k-factor = (data - MCQCD)/MCGJets
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Results 
Asymmetric categories

Monojet:                pT(j2) < 40 GeV               

Asymmetric:          40 < pT(j2) < 100 GeV

Symmetric:           pT(j2) > 100 GeV
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Bin number
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Results 
Monojet categories

Monojet:                pT(j2) < 40 GeV              

Asymmetric:          40 < pT(j2) < 100 GeV 

Symmetric:           pT(j2) > 100 GeV
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Samples and Cross-sections
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