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Supersymmetry at the LHC
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SUSY decay cascades —> final-state 
quarks hadronise into jets

Lightest Sparticle in decay chain 
is electromagnetically neutral and 
stable —> the LSP
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The ATLAS Detector
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A ‘Slice’ of ATLAS
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What are we looking for ?
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JHEP12 (2017) 034

https://link.springer.com/article/10.1007/JHEP12(2017)034


Michael E. Nelson, Oxford IOP, 20186

In reality …

13-jet event 
reconstructed in the 
ATLAS calorimeter !
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What obscures our signal ?
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Split background into two 
categories:

Multi-jet
Fully hadronic tt
—> Cannot be estimated with MC

“Leptonic”
Backgrounds producing a lepton
(which escapes the veto we 
apply)
—> Can be estimated with MC
Semi-leptonic tt
W + jets
Smaller backgrounds
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Signal regions (SRs) are constructed from 7, 8, 9, 10, and 11 inclusive jets (leptons 
vetoed). Two channels: 

•“Heavy-flavour channel”: 0, 1, and 2 inclusive b-jets are required. 

High Jet Multiplicity Signal Regions
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Signal regions (SRs) are constructed from 7, 8, 9, 10, and 11 inclusive jets (leptons 
vetoed). Two channels: 

•“Jet mass channel”: Jets are reclustered into larger fat-jets, uses the total fat-jet mass 
per event  (MJ∑ ).   

High Jet Multiplicity Signal Regions
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Backgrounds and How to Control Them
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Major backgrounds:  
•Multi-jet background: QCD multi-jets 
and fully-hadronic top production. 

•Leptonic backgrounds. 

Large multi-jet background at moderate 
ETmiss significance. 

Sufficiently large ETmiss significance is 
our hunting ground for new physics.  

The multi-jets background must be 
estimated using a fully data-driven 
approach … the template method. 
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Backgrounds and How to Control Them
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CRs for two largest Monte Carlo backgrounds: W
+jets and top production + jets, constructed by 
requiring zero and one inclusive b-jet 
respectively.

For each Njet SR of jet multiplicity Njet, an 
Njet-1 CR is calculated for the W+jets and 
hadronic top backgrounds.  

These CRs provide normalisations to the 
yields from the largest MC backgrounds.  

W+jets CR Top CR 
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The Template Method
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Fully data-driven multi-jet 
background estimation. 

ETmiss significance shape is 
approximately invariant under 
different (high) jet multiplicities.  

Calculate the multi-jet 
contribution in the 6-jet, ETmiss 
significance > 5 GeV1/2 
template region.  

Rescale the shape in each of 
the signal regions by 
considering the relative change 
in size of the multi-jet 
dominated peak at ETmiss 
significance < 1.5 GeV1/2.
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The Template Method
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The Template Method
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Results with 36.1 fb-1 (2015 + 2016)
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The signal yields in each SR using 
2015 + 2016 LHC data.  

Smoking gun for this new physics 
search: large SR excesses at 
moderate ETmiss significance 
coming from SUSY particle 
production.  

No statistically significant 
excesses are observed — use this 
to understand sensitivity to existing 
SUSY models. 

Yields in each of the 27 signal 
regions — excellent data/(MC + 
template) prediction.
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Sensitivity to RPC SUSY
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95 % confidence level (CL) exclusion limits are set on different strongly-
produced SUSY models: three R-parity conserving (pMSSM above), and a fourth 
model which is R-parity violating (RPV) . 

Sensitivity to gluino masses extended up to 1.8 TeV. 
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Sensitivity to RPC SUSY

17

95 % confidence level (CL) exclusion limits are set on different strongly-
produced SUSY models: three R-parity conserving (2-step above), and a fourth 
model which is R-parity violating (RPV) . 

Sensitivity to gluino masses extended up to 1.8 TeV. 
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Sensitivity to RPV SUSY
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RPV: no LSP, stop undergoes a 
direct decay into heavy-favour 
quarks.  

The multi-jets analysis is sensitive to 
such a model because its SRs 
contain a small amount of real ETmiss Other strong-SUSY-motivated analyses, 

which have an explicit ETmiss cut, are not 
as sensitive to such RPV scenarios.
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Summary
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The multi-jets analysis is a search for new physics, motivated by the models of 
strongly-produced SUSY, where the final states could consist of many hadronic jets.

The search exploits techniques of b-tagging and jet reclustering in order to enhance 
the sensitivity to RPC SUSY.

The non-zero real ETmiss provides sensitivity to RPV SUSY scenarios.

No statistically significant excesses (consistent by SUSY) have been observed in 36 
fb-1 of ATLAS data — the sensitivity to gluino mass has been extended to 1.8 TeV.

JHEP12 (2017) 034

https://link.springer.com/article/10.1007/JHEP12(2017)034
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All Regions
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Control Region Strategy 
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Systematics
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Systematics
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Systematics
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