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Why Four top is interesting ?
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 is a very rare process in standard model (SM)

•  fb [JHEP 02 (2018) 031]


tt̄t t̄
σ(tt̄t t̄ )NLO ∼ 12

Around 25000 
 are produced 

every hour
tt̄

Run 2 in total 
~1800  events 
produced
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Why Four top is interesting ?

 is a very rare process in standard model (SM)

•  fb [JHEP 02 (2018) 031]


Sensitive to top Yukawa coupling and its CP properties

Very heavy final state with almost 700 GeV in total — naturally sensitive to many BSM models and EFT 
parameters


• Four-fermion couplings (e.g. ) and tow-Higgs doublet model

t t̄t t̄
σ(t t̄t t̄ )NLO ∼ 12

𝒪1
tt = (t̄γμt)(t̄γμt)
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arXiv:1901.04567

https://arxiv.org/abs/1901.04567


Four top: Signature 
Four-top processes have high b-jets and jets multiplicity

3 channels are explored based on final states:


• All hadronic channel

• Single lepton and two opposite sign lepton (1LOS)


- Larger branching fraction and Larger irreducible background 

• Same-sign di-lepton and multi-lepton (SSML)


- Smaller branching fraction and higher purity
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CMS PAS TOP-21-005

https://cds.cern.ch/record/2827591/files/TOP-21-005-pas.pdf


Analysis strategy: 1LOS

Pre-selected events:

• 1L channel: one lepton and  jets and  b-tagged jets

• 2LOS channel: Two leptons with opposite-sign charge and  jets and 

 b-tagged jets


+jets background is estimated using corrected MC simulation

• Correction factors are derived in data, improving the +jets modeling  at 

high Njets/Nbjets

A binned profile likelihood fit is performed in different event regions


• Split lepton channel, jets multiplicity and different b-tagging requirement

• Background model constrained by background-dominated regions

≥ 7 ≥ 2
≥ 5

≥ 2
tt̄

tt̄
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Event categorization

Events are categorized according to the number 
of jets and different b-tagging requirements


• Both number of b-tags and their quality 

12 (9) signal and control regions for 1L (OS) 
used as input for the binned profile likelihood fit
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Background modeling: +jetstt̄
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MC is  known to mismodel the +jets at  and high jet multiplicity

Developed techniques to tackle MC mismodelling in 2 b-tagged regions


• Derived rescaling factor at prefit level

• Designed a 3-step sequential re-weighting to target different type of mis-modeling


- → → 


tt̄ HT

Njet HT ΔRjets
avg Before correction



Background modeling: +jetstt̄
MC known to mismodel the +jets at high  and high jet multiplicity

Developed techniques to tackle MC mismodelling in 2 b-tagged regions


• Derived rescaling factor at prefit level

• Designed a 3-step sequential re-weighting to target different type of mis-modeling


➡ → → 


tt̄ HT

Njet HT ΔRjets
avg
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After correction



Use of BDT in the Signal Region
Signal is separated from background based on a multivariate discriminant build in the signal region 
by combining many input observables into a BDT

Observables are selected based on their discrimination power and the requirement of good 
modeling


• B-tagging information: sum of the pseudo-continuous b-tagging discriminant score

• Lepton and jet kinematics
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Lepton, 
jet 
kinemati
cs



Fit result
Signal regions and control regions are used as input to a 
binned profiled likelihood fit


• HT used in CRs and BDT used in SRs

The measured µ found to be:



Measured cross section:


 fb


Observed (expected) significance: 1.9 (1.0) σ 

μ = σtt̄tt̄ /σSM
tt̄tt̄ = 2.2+1.6

−1.2 = 2.2+0.7
−0.7(stat.)+1.5

−1.0(syst)

σtt̄tt̄ = 26+17
−15 = 26 ± 8(stat.)+15

−13(syst)
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Systematics

The dominant systematics 
uncertainties are coming from 
four-top signal and +jets 
modeling uncertainties

Substantial impact from JES 
uncertainties and from b-tagging 
mis-tagging rates on light-jets

tt̄
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Combination with SSML

The combined four top cross section:  fb


Compared with  fb


Compatible with the SM prediction with 2.0 σ

Observed (expected) significance: 4.7 (2.6) σ 

σtt̄tt̄ = 25+7
−6

σSM
tt̄tt̄ = 12 ± 2.4
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Evidence for four top



Reinterpretation
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Reinterpretation: What is available on HEPData

Reinterpretation material provided 
in hepdata


• Data and background (split by 
component) in SRs, CRs and VRs


• Data and background (split by 
component) for key distributions 
( sum of b-tag score, Njets, HT) 
in BDT training regions


• Ranking and group impact table

• Workspace
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https://www.hepdata.net/record/ins1869695


Reinterpretation material
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Data and background in each bin 
used in the analysis



Work space

Reinterpretation material

Can access the workspace used in the 
analysis for both 1LOS analysis and 
combination

Can play the workspace with pyhf

16ZHI ZHENG



Conclusion

ATLAS finds further confirmation of evidence for four top process

A slight excess in the measured four-top cross section, but still 
compatible with SM prediction with 2σ in the combination


• Interesting to reinterpret 

Understanding the +jets background will help improve the analysis
tt̄
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Backup
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Systematics
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+jets modelingtt̄
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BDT training
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