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SMEFT
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SMEFT

Identify SM deviations through 
precise measurements
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Top pair production
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410 GeV (NLO+ISR)



Top EW couplings
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Top EW couplings
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Sensitivity

4-fermion op.

2-fermion op.

ee>tt

ee>bWbW
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Sensitivity

Patrick Janot arXiv:1503.01325

(without 4-fermion Ops.) “For four out of five 
couplings, optimum precision is actually reached for 
√ s = 365 GeV, and for the fifth one the precision is 
within 50% of optimum at this energy”

2-fermion op.
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Individual limits

4-fermion op.

2-fermion op.
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Complementarity
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Optimal observable
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Scenarios

Assume that threshold scan does not 
interfere with coupling measurements
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Uncertainties
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FCC-ee

200 fb-1 at 350

1.5 ab-1 at 365

No polarization

ILC

500 fb-1 at 500

1.0 ab-1 at 1000

(-.3,+.8)&(+.3,-.8) 
equally shared

CLIC

500 fb-1 at 380

1.5 ab-1 at 1400

3.0 ab-1 at 3000

(0,+.8)&(0,-.8) 
equally shared
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V/A couplings
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Individual sensitivity does not grow with 
energy 
Most efficiently constrained around 400/550 
GeV 
Correlation with four-fermion operators leads 
to much weaker global (marginalized) 
constraints 
Beam polarization or angular distributions are 
unable to disentangle 
Higher energy runs improves the marginalized 
constraints 
A factor of three at least better than HL-LHC
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dipole couplings

�15

CP-conserving part most efficiently 
constrained at lower energy 
CP-violating part slightly easier to constrain at 
large energy 
No correlation between CPV and other 
operators. 
Two orders of magnitude better than HL-LHC
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Four fermion
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Benefit greatly from large energy 
A factor of a few ~ 4 orders of 
magnitude better than HL-LHC



GDP Global Determinant Parameter
[Durieux, Grojean, Gu, Wang, ’17]
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Optimization
How to split certain amount of luminosity onto 

different energies/polarizations, to optimize the GDP?
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Optimization
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Top loops

We want to be able to disentangle 

H coupling tree level and

Top coupling loop level?


At future CC even below ttbar threshold, it’s possible to probe top EW couplings 
with good individual precision (better than HL-LHC).

Strong correlation between top/H couplings -> top uncertainty will downgrade 
precision on H couplings.

Top operators entering at one loop lead to complication in future precision 
Higgs measurements.
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Automatic EW NLO with MadGraph5_aMC@NLO

 
Top coupling at one loop: [Vryonidou, CZ ’18]

All dim-6 top loop 
contributions in Higgs
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https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/HiggsSelfCoupling


Global fit

Below tt threshold: CEPC 240 GeV 5 ab-1 


Above tt threshold: FCC-ee 350 GeV 0.2 ab-1, and 365 GeV 1.5 ab-1 
 

Higgs ZH, WW fusion, all decay channels. 
Based on [Durieux, Grojean, Gu, Wang, ’17]


Diboson Angular distributions.


Precision tests Assuming oblique new physics and a factor of 5 improvements.


Top ttbar with statistical optimal observable. 
Based on [Durieux, Perello, Vos, CZ, ’18] 
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[Durieux, Gu, Vryonidou, CZ ’18]



Global fit at future ee collider: H/top interplay
How does the top-coupling uncertainties downgrade the H precision at future CC?

Global H + top loop fit
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Summary

Global EFT fit to assess the sensitivity to top-couplings.


Individually, 2-fermion Ops are best constrained at lower energy, while 4-
fermion Ops are constrained at larger energy.


Globally, some correlations between the two types of Ops can be resolved only 
by using different energies.


GDP parameter can be used to measure the overall constraining strength and 
optimize the running parameters.


Should keep in mind that


A combination of two different energies is useful.


We have assumed there is no interference between threshold scan and 
coupling measurement.


Apart from coupling strength, it is also important to maximize the number of top 
quarks, e.g. for studying rare top decays etc.


There is also some interplay between Higgs and top measurements.
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Thank you
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Backups
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TH robustness
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