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Resonance Search
• Analysis searches for a generic tt ̅

resonance in the 2015 13 TeV CMS 
dataset (2.6fb-1)

• Search channels include semi-leptonic and 
all hadronic final states

• Uses fitted templates for background and 
signal modeling

• Analysis sets explicit limits for Z′ (1%, 10%, 
and 30% widths) and RS gluon

• Results can be found in CMS-PAS-
B2G-16-015, arXiv 1704.03366, and JHEP 
07 (2017) 001
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Motivation
• Top color Z′ explains the large mass 

of the top quark via dynamical 
symmetry breaking
• In this case, the model is a 

broken symmetry of:
• SU(3)1 x SU(3)2 x SU(2)L x 

U(1)Y1 x U(1)Y2 → SU(3)QCD x 
U(1)EM

• RS Gluons are the lightest Kaluza-
Klein excitation of the gluon in a 
Randall-Sundrum scenario
• In this case the universe is a 5-D 

anti-de sitter space bounded by 
two 3+1-D Branes
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Boosted Top Quarks
• A top quark with a large Lorentz boost has a new decay 

topology
• This requires changes to triggering and reconstruction
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Top Tagging
• Since a boosted top quark 

produces a single ‘fat jet’, it 
is possible to top tag jets

• The CMS top tagging 
algorithm is used to identify 
candidate top jets
• 110 GeV < MSD < 210 

GeV
• τ32 < 0.69
• b-tagging can used on 

AK4 sub-jets
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Semi-Leptonic Channel
• Requires exactly one lepton and at 

least two high pT jets
• 2D-isolation cut is applied to the lepton
• MET and lepton pT+MET cut reduces 

multi-jet background
• MET may not be collinear with the 

leading jet or lepton
• χ2 minimization technique is used to 

reconstruct the tt ̅system
• t-tagging and b-tagging are used for 

categorization and increased analysis 
sensitivity

• Veto events with two top tags
• Total of 6 categories
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2-D and χ2 Selection
• Non-isolated lepton trigger used for event selection
• If a lepton is with ΔR < 0.4 to an AK4 jet

• Then the magnitude of the lepton momentum 
orthogonal to the axis of jet must be greater than 
20 GeV

• Else normal lepton isolation criteria is applied
• χ2 used to reconstruct the hadronic and leptonic legs 

of the top decay
• The lepton, MET, WM, and an AK4 jet used to 

reconstruct the leptonic leg
• Either a t-tagged AK8 jet or 3 AK4 jets used to 

reconstruct the hadronic leg
• Minimum χ2 used as reconstruction hypothesis

• Require χ2 < 30 for signal region
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Invariant Mass Distributions
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All Hadronic Channel
• The Lorentz boost of the top 

quarks causes this channel to 
become a di-jet analysis

• At least 1 TeV of HT in the event
• Both jets are required to be top 

tagged
• Require jets to be back-to-back 

(Δφ > 2.1)
• Sub-jet b-tagging and |Δy| are 

used for categorization
• A total of 6 categories
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Data Distributions
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Signal 
Model

Observed 
Limit (Exp)

Z′ (Γ/M=1%) 2.5 TeV 
(2.4 TeV)

Z′ (Γ/M=10%) 3.9 TeV 
(3.7 TeV)

Z′ (Γ/M=30%) 4.0 TeV 
(4.0 TeV)

RS Gluon 3.3 TeV 
(3.1 TeV)

Combined Limits
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Future Improvements
• If there are no analysis improvements, 

performance becomes systematics limited very 
quickly

• 3 TeV exclusion for narrow Z′ and 3.7 TeV 
exclusion for RS gluon for each channel 
with 3000 fb-1 (CMS-PAS-FTR-16-005)

• Improvements are currently being implemented 
for the semi-leptonic channel

• BDT has been created to separate W+Jet 
and tt ̅background from tt ̅resonance signal

• An additional BDT is being created to 
remove QCD background from the electron 
channel while keeping tt ̅resonance signal

• Extending the search region up to 5 TeV
• Both the semi-leptonic and all hadronic 

analysis will be repeated with the full 2016 13 
TeV dataset (~36fb-1)
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Summary
• A search for a tt ̅resonance was presenting using the 2015 13 

TeV CMS dataset (2.6 fb-1)
• No excess was seen, so explicit limits were set on a top-

color Z′ boson with three different widths (Γ/M = 1.0%, 
10%, and 30%) and an RS Gluon

• An improved semi-leptonic analysis and a repeat of the 
hadronic analysis using the full 2016 13 TeV dataset (~36fb-1) 
will be made public soon!
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BACKUP
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χ2 Reconstruction
• χ2 technique used to solve tt ̅system
• MW used to constrain neutrino pz

• If both neutrino pz solutions are 
complex, then only real part is used

• t-tagged AK8 jet always assigned to 
hadronic leg

• Only AK4 jets (ΔR> 0.4) away from the 
t-tag jet are used for leptonic leg 
reconstruction

• If no t-tagged jet in the event, then only 
AK4 jets used in reconstruction in the 
hadronic leg

• All possible tt ̅combinations in the event 
are tested, but only the minimum is kept

• χ2 < 30
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Top Tagging
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• Top tagging uses two 
different techniques on 400 
GeV AK8 jets

• Soft-Drop algorithm 
reclusters the jet into two 
sub-jets based on ΔR  

• Where z = 0.1 and β = 0
• τ32 (τ3/τ2) is a χ2 like 

quantity that measures 
the consistency of a jet 
with the hypothesized 
number of sub-jets
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Top Tag Mis-tag Rate
• The mis-tag rate is measured 

using and anti-top tagged 
and probe selection

• The mis-tag rate is measured 
in the all hadronic analysis in 
all 6 categories

• Contamination from tt ̅events 
is removed by subtracting 
the simulated tt ̅distribution 
normalized to the standard 
model cross section

18



D. Berry

Systematics
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Event Yields

20

Semi-leptonic Analysis All Hadronic Analysis
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Semi-leptonic Cross Section Limits
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