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Heaviest particle known: top quark mass appears in most loops 
and corrections to SM and BSM

∘ Strongest coupling with higgs:
→ possibly related to EWK Symmetry Breaking
→ Leading contribution to Higgs mass corrections

∘ Only quark to decay before hadronisation
→ Properties can be directly measured

∘ For new physics searches:
→ Top BSM partners usually have the lowest mass
→ Least explored couplings

-
->

The top quark: why so important?
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∘ tt pairs via strong interaction:  

  - dominant at the LHC and Tevatron
  - depends on αs
  - sensitive to pdf

∘ 𝛔 at LO ∝ (αs/mtop  )
2 

∘ single-top quarks: 
  
- weak charged current interactions
  - t-, s-channel and W-associated
  - tWb vertex in production
  - Sensitive to Vtb

∘ 𝛔 at LO ∝ (α · | )2  

A great laboratory for top@ high precision:
∘ Coupling properites: inclusive and differential xSection
∘ Top quark-related parameters: mass, width, CKM elements etc.
∘ Modeling of QCD (perturbative and non-pert.) and PDF

The “classics”: pair and single production

 



∘ Main mechanism is electroweak: no hadronisation

Top-quark decays vademecum
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W decay: Branching Ratio

W →  lν (any) 0.32

W → qq' (any) 0.68

∘ Electroweak tWb vertex: 
  - V-A: polarization of the products and defined W-helicity
  - CKM matrix element → Γ → Γ →

Γ Λ Λ



What’s the kind of measurements we do with it?
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X: High precision
→  SM Measurements!

Y: Rare SM processes 
→ Exploration!

Z: New physics signals
 →  Searches!

→ Often as time goes one turns into the others

 … our results are usually a mix of three:
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Effective lagrangians: taylor expansion of the unknown new physics lagrangian, truncated at X=...6  
  

    → See also https://arxiv.org/pdf/1802.07237.pdf

    
→ define a reduced number of operators for top quarks

Wilson coefficients 

Operators

https://arxiv.org/pdf/1802.07237.pdf
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Effective lagrangians: taylor expansion of the unknown new physics lagrangian, truncated at X=...6  
  

    → See also https://arxiv.org/pdf/1802.07237.pdf

    
→ define a reduced number of operators for top quarks

Two quark, two leptons 
operators:

Two quark operators: Four quark operators:

https://arxiv.org/pdf/1802.07237.pdf


Some EFT example contributions:
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Cartoon taken from this talk of Eleni Vryonidou

top quark pair

single top quark

top pair + Z

top pair + scalar

https://indico.cern.ch/event/843509/contributions/3634982/attachments/1945072/3226974/Vryonidou_TOPWG.pdf


In top quark sector means:

∘ Re-interpret existing unfolded measurements.

∘ Design analyses to be explicitly sensitive EFT

→ Effort in the LHCTopWG across Atlas and CMS to define common benchmarks and language

→ Effort also across communities (W/Z measurements, top quark, Higgs)

In the following we will highlight: high impact measurements that have possible EFT 
implications / are designed to do so.

EFT in top quarks in practice
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG


Top quark cross sections 

 

Event counting - inclusive or differential:

∘  Allows to access production properties, e.g. mt , Vtb, 𝛼S, etc.

∘  Inclusive cross section: first measurements, usually soon 
becoming systematics limited

∘  Allow to easily check the √s dependency across years



Differential spectra vs SM: top quark mass
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∘ Running top quark mass
- Dileptonic event selection: opposite-sign muon/electron
- Cross section in bins of reconstructed top quark mass 
- Sut signal split as function of generator-level mass

TOP-19-007 webpage/arxiv:1909.09193

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-007/index.html
https://arxiv.org/abs/1909.09193


mtt spectrum vs QCD modelling

 

∘ 

→

TOPQ-2018-17 Web page / arxiv1910.08819TOP-17-014 Web page / JHEP 02 (2019) 149 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-17/
https://arxiv.org/abs/1910.08819
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-014/index.html
http://dx.doi.org/10.1007/JHEP02(2019)149


An “historical” view on differential mtt
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LHC Top WG summary page

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots


mtt beyond the SM, from EFT to resonances 
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At high mtt: new physics searches

 

→

B2G-17-017 Web page/JHEP 04 (2019) 031   

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-017/index.html
http://dx.doi.org/10.1007/JHEP04(2019)031
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At high mtt: results and going forward

 

→



Probing couplings in tt: angular properties
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Probing EFT in tt: direct measurement
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Single top quark cross section

→

→

10.1007/JHEP05(2019)088

 

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP05%25282019%2529088&v=979263d8
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-012/index.html
https://cds.cern.ch/record/2701464?ln=en
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Going differential: spectrum and polarisation

 

→ θ

→ TOP-17-023 Web page / arxiv:1907.08330

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-023/index.html
http://arxiv.org/abs/1907.08330
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Lower cross-section channels
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Lower cross-section channels
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Single-top quark at high-pt / BSM

 

→
→



New goldmine of Run-II: ttX/tXj productions!
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→
→



ttZ: from new channel to EFT probes
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→
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TOP-18-009 Web page / arxiv:1907.11270

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-009/index.html
http://arxiv.org/abs/1907.11270


ttZ: from new channel to EFT probes
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4-top quark production

 

→

→

TOP-18-003 Web page / arxiv:1908.06463

→
→

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/index.html
https://arxiv.org/abs/1908.06463


4-top quark production

 

TOP-18-003 Web page / arxiv:1908.06463

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/index.html
https://arxiv.org/abs/1908.06463
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Complex BSM final states → Vector Like Quarks

 

⚬
⚬



VLQ production
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Both of them can reproduce the topologies we do 
measure in EFTs!

→ In particular single top quark ones!



VLQ pairs: all-hadronic
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Inclusive search for TT → any combination of four: b,W, Z, H,t
→ a-specific search looking at high energy spectrum
→ Machine learning algorithm to separate different jets

 



Single VLQs: T → tH/Z
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More specific search (in this case): one top + H/Z
→ Possible enhancement to tH/tZ in EFT
→ two analyses: resolved (5 narrow jets) and boosted (2 fat jets)

 
t

Z/H

B2G-18-003 Web page / JHEP01(2020)036 
Also in this case: very different behavior depending on width

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-18-003/index.html
http://dx.doi.org/10.1007/JHEP01(2020)036


Some final considerations
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