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Motivation
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● Paired dijet resonances are predicted in many SM extensions

• Supersymmetry with R-parity violating (RPV) couplings allows the lightest 
supersymmetric particle (LSP) to decay to two jets

• Models with Dirac gauginos, additional gluinos

• Axigluons, colorons, compositeness, topcolor

● Naturalness suggests higgsinos and 
top squarks below 1 TeV

● Top squarks in R-parity conserving 
scenarios have been thoroughly 
searched for and are ~excluded 
below 1 TeV

● Allowing RPV couplings significantly 
relaxes existing bounds on mass
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Analysis Overview

● This search for pair-produced, massive, colored particles deacying to 
two jets uses 36.7 fb-1 of √s = 13 TeV with the ATLAS detector

● Interpreted in a SUSY simplified model where the LSP is the top 
squark t  

● RPV couplings assumed sufficiently 
large for the decay to be prompt

● Additional limits set on pair-produced 
massive color octet

● Fully hadronic final states without missing E
T
 challenging signature 

due to large SM multi-jet production cross-section

→ Use b-tagging and mass symmetry of the resonances

● The results have been submitted to EPJC and are available now at 
arXiv:1710.07171 
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https://arxiv.org/abs/1710.07171


Hmm.. ATLAS, you say.. What is that?
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Event Selection

● Jets are reconstructed from 3-D topological clusters calibrated at the 
electromagnetic scale 

● Reconstructed with Anti-kt jet algorithm with r = 0.4

● At least 4 jets with pT > 120 GeV

● |η| < 2.4

● Pairing: minimize ΔR
min

 = Σ |ΔR
i
 -1|

● ΔR
min

 < -0.002*(m
avg

/GeV – 225) + 0.72 

if m
avg

<= 225 GeV

● ΔR
min

 < -0.0013*(m
avg

/GeV – 225) + 0.72 

if m
avg

> 225 GeV
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Signal Region Selection

● The mass of the two resonances should be similar:

 

● The jets should be central in the detector:

● ALSO a dedicated two-b-tagged SR is used for scenarios where RPV 
couplings involving third generation quarks dominate
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|m1−m2|

m1+m2

<0.05

|cos(θ *)|<0.3
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Signal Region Selection
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● Final analysis discriminant is the average mass of the reconstructed 
resonances

● Smooth distribution from multi-jet processes

● Mass window defined for each mass
point to maximise expected signal 
significance

● Counting experiment performed in 
each mass window

mavg=
1
2
(m1+m2)
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Background Estimation
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● Multi-jet background dominates the inclusive SR

– Estimated from data

● tt background significant in the b-tagged SR

– Estimated from simulation

● ABCD method assumes no correlation between the 
discriminating variables

● Four control regions (CR)

● One validation region (VR) for 
testing performance and assigning 
an uncertainty to the background 
estimate



Background Uncertainty

● Data-driven multi-jet background estimate → No model uncertainty

● Uncertainty primarily from the method

● This is estimated by fitting data in the VR and taking the bin-by-bin 
difference from the ABCD prediction

● The relative deviation is then smoothed as function of m
avg
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Systematic Uncertainties

● Top background and signal also affected by detector effects and MC 
modeling
– Jet energy scale and resolution
– B-tagging efficiency and mis-tag rate
– Choice of MC generator
– Renormalisation and factorisation scale 

● Evaluated by comparing
the nominal samples to 
additional samples with 
systematic variations
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Results and Interpretation
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● The m
avg

 distribution 

in the inclusive and 
b-tagged regions

● Agreement between 
data and expected 
background
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Results and Interpretation
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● The inclusive SR used to set limits on stop, sgluon, and coloron 
production with decays in to a jet pair 

● The b-tagged SR used for limits on stop to a b- and light-quark jet 

● Acceptance drops below a stop mass of 200 GeV due to trigger and 
jet requirements
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Outlook
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● Use background fit as primary method for background estimation

– Acceptance increase

– More flexible for different signal shapes

– Less model dependent

– Could use two “fat jets” with substructure
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Back up

● Correlation of discriminating variables
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Back up

● Observed number of events in inclusive SR

CERN-EP-2017-183



Back up

● Observed number of events in the inclusive SR
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Back up

● The observed local p
0
-value 

● The global p
0
-value is computed from pseudo experiments
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