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Standard Model Effective Field Theory
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Standard Model Effective Field Theory

Identify New Physics through precise
measurements
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LHC TOP WG EFT standards

[J. Aguilar Saavedra et al.,’18]
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Statically Optimal Observables

[Atwood,Soni, ’92] [Diehl,Nachtmann, ’94]
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Global Determinant Parameter

[Durieux, Grojean, Gu, Wang, ’17]
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e+e− → bW +b̄W−
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Operators in the top sector
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Two-fermion (vertex) Op

(Axial-)Vector like OV
ϕq , OA

ϕq

• Sensitivity independent of energy.

Dipole (CP-even) ReOuA, ReOuZ

• ∼ E in amplitude, but suppressed by
interference at tt level (cross section
and AFB)

• ∼ E2 sensitivity can be obtained with
OO

Dipole (CP-odd) ImOuA, ImOuZ

Four-fermion Op

Left-handed ee OV
lq , OA

lq

Right-handed ee OV
eq , OA

eq

• E2 dependence in general
observables.

• Similar to the V-A vertex operators.
Need at least two different CoM
energies to distinguish.
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Scenarios

• FCC-ee

• 200 fb−1 at 350 GeV;
• 1.5 ab−1 at 365 GeV;
• no polarization.

• ILC

• 500 fb−1 at 500 GeV;
• 1.0 ab−1 at 1 TeV (i.e. no luminosity upgrade);
• (-0.3,+0.8) and (+0.3,-0.8), equally shared.

• CLIC

• 500 fb−1 at 380 GeV;
• 1.5 ab−1 at 1.4 TeV;
• 3.0 ab−1 at 3.0 TeV;
• (0,+0.8) and (0,-0.8), equally shared.
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Uncertainties

• Full-detector simulation performed by ILC and CLIC collaborations.

• Good reconstruction can be obtained with moderate quality cuts.

• Systematics expected to be controlled to the level of statistics.
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Sensitivities
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xsec+AFB vs. Optimal Observable (CLIC)

Global (marginalized)
sensitivities at CLIC:
• in TeV−2, ∆χ2 = 1

• white marks:
individual
constraints

• dashed vertical
lines: GDP

• gray numbers:
global/individual
ratios

GDP improvement:
a factor of 1.6

σ + AFB :
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Prospects

CC:

ILC:

CLIC:
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Prospects

CC:

ILC:

CLIC:

V/A couplings
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Prospects

CC:

ILC:

CLIC:

dipole couplings
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Prospects

CC:

ILC:

CLIC:

Four fermion
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Prospects
Higher energy runs are useful:

• Individual limits on 2-fermion (axial-)vector operators are not
improved, but degeneracies with 4-fermion operators are
resolved with energy lever arm.

• At least a factor of three better than the most optimistic HL-LHC prospects.

• Dipole operators can be slightly better.

• 2 orders of magnitude better than HL-LHC prospects.

• 4-fermion operators are significantly improved.

• CC-like scenario would probes four-fermion operator couplings a factor of
a few smaller, and a ILC- or CLIC-like scenarios two to four orders of
magnitude smaller (comparing qqtt at LHC with eett at e+e−)

• Flat directions are reduced.
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Quadratic vs. Linear (CLIC)
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Quadratic vs. Linear (CLIC)

The optimal-observable analysis
is dominated by linear EFT terms
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TH robustness
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Optimization

L1TeV
/

L500GeV+1TeV

G
D
P
/
G
D
P
m
in

0 0.2 0.4 0.6 0.8 1
1

1.05

1.1

1.15

1.2

L500GeV
(+0.3,−0.8)/L

500GeV

0 0.2 0.4 0.6 0.8 1

L1TeV
(+0.3,−0.8)/L

1TeV

0 0.2 0.4 0.6 0.8 1

• ILC: the optimal repartition of 1.5 ab−1 in total is the following:
√

s = 500 GeV 610 fb−1 57% with P(e+, e−) = (+30%,−80%)

1 TeV 890 fb−1 51% ′′

• It requires about 4.6 ab−1 shared between
√

s = 380 and 500 GeV runs
to achieve the same performance:
√

s = 380 GeV 1.5 ab−1 57% with P(e+, e−) = (+30%,−80%)

500 GeV 3.1 ab−1 51% ′′
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Energy lever arm

100 fb−1 at
√

s = 350 GeV
+500 fb−1 at

√

s = x GeV

100 fb−1 at 350 GeV
+500 fb−1 at 380 GeV
+ x fb−1 at x GeV
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+500 fb−1 at 380 GeV
+1.5 ab−1 at 1.4 TeV
+ x fb−1 at x GeV
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• Runs at two separate centre-of-mass energies are indispensable to
distinguish two- and four-fermion operators.

• Average constraint strength improves significantly with the separation
between available centre-of-mass energies.

• Four-fermion operators are the mostly affected.
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Conclusion

• Clean and global EFT analyses for t t̄ are feasible at future
lepton colliders, leading to direct constraints with limited model
dependence.

• Statistically optimal observables are theoretically well-motivated
and experimentally amenable.

• Lepton colliders would cover orders of magnitude of unexplored
top-quark EFT parameter space. The individual limits on the
coefficients of the operators modifying top-quark electroweak
couplings are one to three orders of magnitude better than
present constraints. Improvements by factors of three to two
hundred are also expected compared to the most optimistic
prospect for the individual reach of the HL-LHC.
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Thank you
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Anomalous couplings

Insufficiencies:
• miss four-fermion operators,
• conflict with gauge invariance, do not allow for radiative corrections to be

computed,
• complex couplings where the tree-level EFT prescribes real ones,
• hide correlations induced by gauge invariance, preclude the combination of

measurements in various sectors.
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LHC TOP WG EFT standards

• Reduce the number of OPs to start with (avoid 500+ 4-fermion
OPs):

Baseline U(2)q × U(2)u × U(2)d :
Forces the first two generation to appear as q̄q, ūu, d̄d .

Extended U(2)q+d+u :
Allows right-handed ūd and light chirality flipping ones q̄u, q̄d .

Restricted Top-philic:
All operators with SM bosons and (just) top. (and reduced to
Warsaw basis)

• Define the relevant degrees of freedom natural for top physics,
and fix notations.

• Provide simulation tools and benchmarks: DIM6TOP
https://feynrules.irmp.ucl.ac.be/wiki/dim6top

• Strategy: validity, linear vs. quadratic approximation, useful
outputs, . . . .

Cen Zhang (IHEP) t t̄ at Lepton Colliders Nov. 13 35

https://feynrules.irmp.ucl.ac.be/wiki/dim6top

	Top-quark EFT
	Optimal Observables
	t at Lepton Colliders
	Prospects
	Exploration
	Conclusion

