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No joke: modelling of  (Tomas Jezo)tt̄ + tW
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 @ NLO QCD with resonance aware PS matchingpp → l+νll′￼−ν̄l′￼bb̄ + X

 @ NLO QCD matched to Pythia with decays modelled by the showerpp → tt̄

invariant mass of the b-jet

arXiv:1607.04538

https://arxiv.org/abs/1607.04538


No joke: modelling of  (Tomas Jezo)tt̄ + tW
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…and double-resonant diagrams of course !

Special treatment of 
non-resonant diagrams…



No joke: modelling of  (Tomas Jezo)tt̄ + tW
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Alternative approach:  

Don’t care about non-resonant diagrams !

bb4l − dl

When do we get 
associated 

production in this 
formalism ?



Off-shell effects with AI (Mathias Kuschick)
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hvq & bb4l bb4l

 just 5 million training events ! 
goal is to improve efficiency 

off-shell is very expensive at higher order

study at LO 
what about NLO + PS ?



Off-shell effects in  (Daniele Lombardi)tt̄ + Z
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CPU killer:  (Daniel Stremmer)tt̄+photon(s)
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Full off-shell 
calculation is way too 

expensive !

inclusive

10% Sudakov tails

Complete NLO

accidental cancellations



: goodbye Frixione (Daniel Stremmer)tt̄+photon(s)
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Tuned !

Not tuned: No need for Frixione so… 
compare with measurements !



 with massless b-quarks (Tetiana Moskalets)tt̄ + bb̄
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Parton shower radiation can produce 
additional b-quarks 
• Jets generated by the shower can be 

harder than the matrix-element-level 
bottom quarks 

• We need only the subleading -quarks to 
come from the parton shower, but not 
the leading ones 

• Not fully understood how the parton 
shower radiation should be constrained



 with massless b-quarks (Tetiana Moskalets)tt̄ + bb̄
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the band should 
actually be wider



 with decays (Nikolaos Dimitrakopoulos)(tt̄)2
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studied in the Narrow Width 
Approximation due to 
computational cost !



 with decays (Nikolaos Dimitrakopoulos)(tt̄)2
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Two-loop QCD corrections to  (Colomba Brancaccio)pp → tt̄j
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…

From Olaf Behnke’s talk
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Axion-impostors but top friends (Ken Mimasu)
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Axion-impostors but top friends (Ken Mimasu)
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How strong is this friendship? (Anh Vu Phan)
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Anh asks Ken: why do you stop at 
200 GeV and not  ?2mt

Some difference in setup and data in Ken’s 
analysis leads to slightly different bounds Ken gives up: I could have gone further…



How strong is this friendship? (Anh Vu Phan)
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SMEFT: not just LHC (Eugenia Celada)
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SMEFT: not just LHC (Eugenia Celada)
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Many improvements are still 
underway (colliders, running)



SMEFT from low energy (Antonio Rodriguez Sanchez)
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one example of many

flavor rotation or radiative corrections
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Two parameter fits also performed in the study

SMEFT from low energy (Antonio Rodriguez Sanchez)
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Entanglement ? (J.A. Aguilar Saavedra’s Backup)
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For closed quantum systems in a pure state 

Subsystems A and B separable when:  

Classical non-separable, i.e. entangled state: 

But top-quarks are not in a pure state at the LHC  correct description through the density operator 

separable: 

otherwise entangled 

Bell’s/Clauser-Horne-Shimony-Holt (CHSH) inequality 

→



Entanglement and SMEFT (Eleni Vryonidou)
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There is nothing more than the full 
spin density matrix !

Eleni: we are just trying to keep 
spin correlations alive

Quantum entanglement is fun… 
can you get an article on spin 

correlations like that ?



Entanglement and SMEFT (Eleni Vryonidou)

28
Other models studied as well !



How to access spin densities ? (Dorival Gonçalves)
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great ! 
but what to do for semi-leptonic events 

we do not just see down type quarks

forget optimal observables 
but make it more exciting



How to access spin densities ? (Dorival Gonçalves)
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we can do better !



More than just entanglement (Chris White)
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More than just entanglement (Chris White)

One definition of Magic for top quarks yields:

pp
compare to entanglement 

from Eleni’s talk 

entangled states are 
stabiliser states



Entanglement with one top (Juan Aguilar Saavedra)
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Angular momentum of the 
final state

You only need to measure these
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Entanglement with one top (Juan Aguilar Saavedra)
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Vacuum Stability: what are we talking about? (Tom Steudtner)

negligible by scale choice

field anomalous dimension

why do people always talk of 
 in this context ?λ(μ)

Running couplings and field normalisation

From Roberto’s talk



Vacuum Stability: what are we talking about? (Tom Steudtner)
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only parameters that matter 
others are too precise



Can we argue for a collider ? (Roberto Franceschini)
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A very useful reference for outreach and talking to your family and children

Disenchanting the fine-tuning of Universe stability Can we guess the scale of new physics ?
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Can we argue for a collider ? (Roberto Franceschini)



Electroweak metastability and Higgs inflation (Isabella Masina)
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Can we have inflation with just the Higgs 
possibly with non-minimal coupling to gravity 

???



Electroweak metastability and Higgs inflation (Isabella Masina)
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Name of the game: 
get  as small as possible 
so that it appears natural

ξ



Higgs potential criticality beyond the Standard Model (Thomas Steingasser)
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How to avoid pure fine tuning ???



Higgs potential criticality beyond the Standard Model (Thomas Steingasser)
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Possible applications: 
- Higgs mass from metastability 
- Right-handed neutrino coupling bounds 
- …. 
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