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Based on:

• Based on: [2205.02140] and [2206.08326]
• And also: [1907.10619] and [2107.13917]

• By members of the EF04 team:
– Jorge de Blas, Yong Du, Christophe Grojean, Jiayin Gu, Victor

Miralles, Michael E. Peskin, Junping Tian, Marcel Vos, Eleni Vryonidou

• and also additional members of the EF03 team:
– Gauthier Durieux, Abel Gutiérrez Camacho, Luca Mantani, Marcos 

Miralles López , María Moreno Llácer, René Poncelet

"… standing on shoulders of giants"
Isaac Newton
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Introduction
• Goal: constrain the top-quark Wilson coefficients of the SMEFT

• Numerical fits performed using [1910.14012]

• The following topics will be discussed:
– Relevant observables constraining each Wilson Coefficient

– Estimations on the improvement of the measurements for the HL-LHC

– Estimation of the relevant observables for this fit in future e + e − colliders

– Prospects for our limits in the HL-LHC and future e + e − colliders
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Relevant operators
Rotation of Warsaw basis
following [1802.07237]

(LHC Top WG)
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Relevant observables
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Individual 2 quarks-WC constraints
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Individual 4 quarks-WC constraints
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Prospects for Measurements at HL-LHC

Uncertainty Reduced by a factor of
Theoretical 1/2​
Modelling 1/2​
Systematic
Statistical
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Inclusive Crossections & Helicities
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Expected HL-LHC contraints improvement

Shadowed Marginalized from global fit Solid Individual fit
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Bottom-pair production at e+e- colliders

• Cross-section and Assymmetry FB constrain:
– The WC related with EW precision observables:
– Relevant for 2-quark 2-lepton WC:
– The higher-energy measurement are more relevant for the 2-quark 2-lepton 

operators
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Bottom-pair production at e+e- colliders

• Cross-section and Assymmetry FB constrain:
– The WC related with EW precision observables:
– Relevant for 2-quark 2-lepton WC:
– The higher-energy measurement are more relevant for the 2-quark 2-lepton 

operators
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To do:
Update proyections by Adrian Irles, Roman Poschl et al.

See Jesus Marquez talk (link)

https://indico.slac.stanford.edu/event/7467/contributions/5977/
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• Optimal observables maximally exploit the information in the fully
diferential dist. [1807.02121], constraining:

– The 2-fermion coefficients:

– The 2-quark 2-lepton:

– Two different energies above the top-pair threshold are needed to constrain all the 2- and  

4-fermion operators (constant/linear vs quadratically with energy)

– We eliminate the blind directions in the plane

Top-pair production at e+e- colliders
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• Key observable for the top quark Yukawa coupling
• The production cross section is 3 times bigger at ILC 550 than at ILC500

– Improved statistical sensitivity by more than a 50%

• ILC550, CLIC1500 and HL-LHC have similar sensitivities
• ILC1000 improves the expected HL-LHC sensitivity by a factor of two

ttH production at e+e- colliders

14



SMEFT fits for the top quark sector at LHC and 
Future Colliders

Fernando Cornet-Gomez

Expected constraints for ILC
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Comparison of Future Colliders
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Prospects for Top Yukawa uncertanties

• Sensitivity at ILC500 is lower than at HL-LHC:
– No huge improvement for the individual constraint
– Global fit: larger improvement due to multiple observables constraining

the Top Yukawa coupling
• Increasing the energy by 50 GeV provides an important improvement in 

the constraints thanks to the growth in the cross section
• Similar results are found for CLIC
• An improvement higher than a factor of 2.5 would be obtain at the final 

stage of ILC w.r.t. the HL-LHC
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Outlook
• Expand the Optimal observables study (           ) 

for the Muon collider

• Incorporate                                            production at the LHC 

– Master thesis Abel + future ATLAS/CMS measurements

– We expect to restrict them at HL-LHC to compare with e+e- colliders

• We are expanding the parametrization to NLO

• Include the cuadratic terms in the parametrizations

• Update LHC measurements with recent full run 2 results
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Summary
• HL-LHC expected to improve the bounds by roughly a factor 3

• An e+e- collider can signicantly improve bounds on bottom-quark and on
top-quark operators (operated above the tt threshold)

– FCCee and CECP (at and slightly above the tt threshold) can improve bottom- and top-
operators by factor 5 (2 for 2-fermion operators)

– Power to constrain 4-fermion operators limited by energy reach

– ILC and CLIC operated at two center-of-mass energies above the tt threshold can provide
very tight bounds on all operators, with bounds on 4F taking advantage of energy-
growing sensitivity

• Signicant improvements for the limits on the top-quark yukawa are found
when operating above 550 GeV
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Thank you
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