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The Many Facets of Top Quark Physics
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Andrea Wulzer

Malgorzata Worek



Explora(on of Top-pair produc(on in 1994  and 27 years later …

14th Interna+onal Workshop on Top Quark Physics 39/17/2021: Theory Summary

Weak 1-loop correc5ons to top-pair produc5on Weak correc5ons in SMEFT

See Sebas'an Wuchter’s talk

Beenakker et al. 
Nucl.Phys.B 411
(1994)

Mar3ni & Schulze; 
JHEP 04 (2020) 017

See Ken Mimasu’s talk

Update:
Kühn, Scharf 
& Uwer; PRD 
91 (2015) 
1,014020] 
[PRD 100, 
072007 
(2019)] 

Sensi5vity to yt from
weak correc5ons

Now in:
Hathor
MCFM



Top-pair produc3on: NNLO+PS
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Giulia Zanderighi



Single top produc3on: t-channel@NNLO
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John Campbell



Single top produc3on: t-channel@NNLO
Non-factorizable correc3ons
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Chris5an Bronnum-Hansen

arXiv:2108.09222



Single top produc3on: all contribu3ons at NLOPS+EW
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John Campbell

Large uncertainty at fixed order due to jet 
veto remedied in NLOPS. EW effects substan5al in distribu5ons. 



Single top produc3on: Towards tW-channel@NNLO

14th Interna+onal Workshop on Top Quark Physics 89/17/2021: Theory Summary

Ming-Ming Long

See also Long-Bing Cheng, Jian Wang, 
arXiv:2106.12093 (integral family with 
one massive propagator)

Analy&c results for MIs in terms of Goncharov
polylogarithms. 

• Comparison with pySecDec [3] at 
r = (−6,−13,5,12) for MIs of family 1. 

∆ = |1 − Numerical integra&on/Analy&cal evalua&on|. 
Loca5ng at higher means beeer agreement. 



Full Off-shell        @NLO QCD 

14th Interna+onal Workshop on Top Quark Physics 99/17/2021: Theory Summary

Manfred Kraus

271528 loop diagrams, 
up to 90 CS Dipoles;
Calcula5on based on 
HELAC-NLO
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Full Off-shell          @NLO QCD
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Michele Lupaeelli

Is there sensi5vity to b-ini5ated processes? 
𝑝𝑝 → 𝑒+𝜈𝑒𝜇−𝜈 �̄�𝑏𝑏 �̄�𝑏 ̄ @ 𝐿𝐻𝐶13𝑇𝑒𝑉
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A New Flavor-sensi3ve IRC-safe jet algorithm

14th Interna+onal Workshop on Top Quark Physics 119/17/2021: Theory Summary

Michal Czakon

Distance measure depends on flavor:

Studies also for top-pair produc'on.
New flavor an'-kT is close to classic an'-kT.

Zb



Full Off-shell              @NLO QCD

14th Interna+onal Workshop on Top Quark Physics 129/17/2021: Theory Summary

Jasmina Jasufi

• First NLO QCD calcula&on with full off-shell effects in this 
channel completed in 2020 
G. Bevilacqua, H.-Y. Bi, H. B. Hartanto, M. Kraus, and M. 
Worek, JHEP 08, 043 (2020)
•Independent computa&on NLO QCD  with full off-shell 
A. Denner, G. Pelliccioli (2020), 2007.12089
• Results for combined NLO QCD+EW with full off-shell 
effects A. Denner and G. Pelliccioli (2021), 2102.03246

Bevilacqua et al., Eur. Phys. J. C 81, 675 (2021) 

Modelling impacts central value and theore'cal uncertain'es. 
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Impact of Off-shell Effects in DM Searches

14th Interna+onal Workshop on Top Quark Physics 139/17/2021: Theory Summary

Jonathan Herman



Interpreta3on of Precision Top Measurements:  SMEFT

14th Interna+onal Workshop on Top Quark Physics 149/17/2021: Theory Summary

Ken Mimasu



Interpreta3on in SMEFT: Theory Challenges

14th Interna+onal Workshop on Top Quark Physics 159/17/2021: Theory Summary

Ilaria BrivioGood news:

More challenges:

How about theore'cal uncertain'es due to missing
higher EFT orders?  



Interpreta3on in SMEFT: Top-Higgs interplay

14th Interna+onal Workshop on Top Quark Physics 169/17/2021: Theory Summary

Luca Mantani

J. Ethier, F. Maltoni, E. Nocera, 
J. Rojo, E. Slade, E. Vryonidou
and C. Zhang, arXiv:2105.00006 

Plans: Add new data (e.g. 
VBS); improve theory (e.g. 
more systema5c in including 
NLO QCD,EW; improve fit 
methodology



Interpreta3on in SMEFT: Towards a Global Fit

14th Interna+onal Workshop on Top Quark Physics 179/17/2021: Theory Summary

Maria Moreno Llacer

2D 95% probability contours showing 
complementarity between measurements 

arXiv: 2107.13917 



Towards a Global View: Impact of B anomalies on Top

14th Interna+onal Workshop on Top Quark Physics 189/17/2021: Theory Summary

David Marzocca



Interpreta3on in SMEFT: tWZ produc3on at NLO QCD

14th Interna+onal Workshop on Top Quark Physics 199/17/2021: Theory Summary

Hesham El Faham
tWZ at NLO is non-trivial due to its overlap 
with other processes: 

The tWZb final state can also have resonant 
contributions, from %Z,t → Wb, or %,t → WZb
and not necessarily the non-resonant tWZb

tWZ in the SMEFT
The bW → tZ sub-amplitude: 



Many Possible Paths to an Exci3ng Future!

14th Interna+onal Workshop on Top Quark Physics 209/17/2021: Theory Summary

Gauthier Durieux

Timeline under inves5ga5on.

Leptons for tops 
ideal for electroweak couplings ... as 
clean as a dream 

bea5ng LHC on four-fermions
... with great poten5al for heavy BSM 

reaching quantum/loop sensi5vi5es
... Higgs processes become also top 
processes 

[GD, Irles, Miralles, Peñuelas, Pöschl, Perellò, Vos ’19] 



Top Compositeness @ Future Colliders

14th Interna+onal Workshop on Top Quark Physics 219/17/2021: Theory Summary

Javier Serra-Mari

Based on reinterpreta&on of results for 
sensi&vity to the individual operators: 
Durieux, Perelló, Vos, Zhang ’18. See also 
Durieux, Matsedonskyi ’18. 



Top Physics Opportuni3es @ HL-LHC
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Roberto Franceschini

m(b-jet,lepton) ⇒m(B-hadron,lepton) eh, th+X, e+mET

Alterna5ve methods 
not based on b-jets

What are the 
hadroniza5on 
uncertain5es ?

Sensi'vity to shower and hadroniza'on PYTHIA 
parameters of the top quark mass extracted from the 
first Mellin moment of mass-sensi've observables:

a, b, rB, recoil, and pT,min: determining them to a 10% accuracy 
should be enough to warrant a 0.5% precision on mt. 

αs needed at 1%

Agashe, Airen, RF, Kim, Sathyan – B decay length

1712.05801 Corcella, RF, Kim 



Top-pair produc3on with B hadrons @ NNLO QCD

14th Interna+onal Workshop on Top Quark Physics 239/17/2021: Theory Summary

Terry Generet



Mtop from        @ LHC: scale uncertainty

14th Interna+onal Workshop on Top Quark Physics 249/17/2021: Theory Summary

arXiv:1609.01659

Katharina Voss

arXiv:1303.6415

arXiv:1905.02302
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WH(Mtop(MSbar)) @ LHC

14th Interna+onal Workshop on Top Quark Physics 259/17/2021: Theory Summary

Andrej Saibel

• Energy dependence of mass (mq (μR )) 
• Improved convergence and smaller scale 
dependences compared to pole mass shown 
for t t̄ produc5on 

Impact on reduc5on of 
scale uncertain5es small 
– Largest impact on Mt t̄H

With MARIA ALDAYA MARTIN, SVEN-OLAF MOCH 



Top Threshold Physics  @           Colliders

14th Interna+onal Workshop on Top Quark Physics 269/17/2021: Theory Summary

Andre Hoang
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Requires resumma'on of 
singular velocity terms 
done  within nonrela'vis'c 
QCD (NRQCD) by solving a 
Schroedinger- type eq. for 
propaga'on of the top–
an'-top system. 

v ∼ αs ∼ 0.1 

Differen'al cross sec'ons in Whizard (NLOFO + 
LLthreshold) Bach, Neja, AHH, Kilian, Reuter ‘17 



Heavy flavor and top quark physics @ Snowmass 2021
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• We invite you to contribute to Top/Heavy Flavor produc9on studies
- EF03 wiki page at hAps://snowmass21.org/energy/heavy_flavour
- Email the conveners: schwier@msu.edu, dw24@buffalo.edu
- Mailing list SNOWMASS-EF-03-TOP_HEAVY-FLAVOR@FNAL.GOV
- Please contact conveners to schedule a presenta9on at our biweekly 

mee9ngs
• Many opportuni9es to contribute to Top/Heavy Flavor produc9on physics
- So far most input  from ILC and HL-LHC, 
- Top physics poten9al talks from FCC-ee, LHeC and FCC-eh
- Study top at other colliders (new: muon collider)
- Need many more HL-LHC studies to explore full program

• Informal (incomplete) list of projects, possible collabora9ons, open ques9ons, 
etc.: 
hAps://docs.google.com/document/d/17aPp9XpJAImmPlnPNtgV21rG2zEiFS2IH
kO-ooC4rcQ

EF03 Topical Group Conveners: 
Reinhard Schwienhorst (schwier@msu.edu), DW (dw24@buffalo.edu )

https://snowmass21.org/energy/heavy_flavour
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mailto:SNOWMASS-EF-03-TOP_HEAVY-FLAVOR@FNAL.GOV
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Thank you!
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International Advisory Committee:
Jorgen D’Hondt, VUB Brussels
Andreas Jung, Purdue University
Seung J. Lee, Korea University
Hongbo Liao, IHEP CAS
Fabio Maltoni, UC Louvain
Michelangelo Mangano, CERN
Alexander Mitov, Cambridge University
António Onofre, U. Minho/CF-UM-UP, LIP
Ben Pecjak, Durham University
Francesco Spanò, Royal Holloway College
Roberto Tenchini, INFN Pisa
Malgorzata Worek, RWTH Aachen 
University (Chair)

Local Organizing Committee:
Huey-Wen Lin, Michigan State University
Christopher Neu, University of Virginia
Reinhard Schwienhorst, Michigan State 
University (Chair)
Pekka Sinervo, University of Toronto

Special thanks to the speakers and poster presenters for making this such an 
exci9ng workshop!


