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Introduction



The NP EFT (often called SM EFT)

provides a systematic parametrization of the theory space

in direct vicinity of the SM

> in a low-energy limit
» through a proper QFT
» consistent when global

EFT analysis recipe:

1. Go global!
2. Combine observables!
3. Offer yourself NLO QCD! - FCNCs
- top pair production
- single top production
- ttZ, tty
- tth
- four-fermion operators

[Degrande et al, '14]
[Franzosi et al. "15]
[Zhang '16]

[Bylund et al. '16]
[Maltoni et al. '16]

[113q OK, Gqgq ongoing]
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Global top FCNC constraints
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Global top EFT constraints from LHC

- 12 operators, 195 observables (174 from differential distributions)
- mainly from tt, then single top, charge asymmetries,
associated production, W helicity fraction in decay
- standard-model-only (N)NLO k-factors in each bin [Buckley et al. Jun. 15]
[Buckley et al. Dec. 15]
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Top EFT at lepton colliders



Aiming at a global EFT analysis

Including four-fermion operators, notably
Examining the impact of

— NLO QCD corrections
— off-shell top effect

Studying the sensitivity of various observables

— at various center-of-mass energies
— for various beam polarization
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Up-sector EFT

Two-quark operators:
+

Scalar:  O,, = qu ¢ @'y,
1 — Zm 35y
Vector: O,y = gq7"q ¢'iD, v
0} = gnks! 3o
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Anomalous vertices
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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



Operator sensitivities in eTe™
Total cross section (left pol.):
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Few features:
— quadratic energy growth
for four-fermion operators

Some azimuthal bW+ bW ™ observables

have linearly growing sensitivity to C,z,Cya.
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Helicity amplitude decomposition in bW+ bW~

Production amplitudes:
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NLO in QCD for ete™ — bW bW ™

and center-of-mass energies:

For various beam polarizations
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A couple of additional ideas



. . [Atwood,Soni '92]
Statistically optimal observables [Dihl,Nachtrrann ‘94]

minimize the one-sigma ellipsoid in EFT parameter space.
(joint efficient set of estimators, saturating the Rao-Cramér-Fréchet bound: V=1 = /)

For small G, with a phase-space distribution o(¢) = oo(¢) +>_ Ci 0i(9),

the statistically optimal set of observables is: O;(¢) = 0i(¢)/o0(¢).

e.g. 0(¢) =1+ cos(¢)+ Cisin(¢) + Cosin(29)
1. asymmetries: O; ~ sign{sin(i¢)}

2. moments: O; ~ sin(i¢)
sin(ig)

3. statistically optimal: O; ~
yop 1+ cos¢

= area ratios 1.9:1.7:1
(total rate not used)
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Global determinant parameter (GDP)

In a n-dimensional Gaussian fit,

with covariance matrix V,
GDP = ¥V/det V

provides a geometric average

of the constraints strengths.

\det V

Interestingly, GDP ratios are operator-basis independent!
as the volume scales linearly with coupling normalization
as the volume is invariant under rotations

—> conveniently assess constraint strengthening.

e.g. Global Higgs analysis
at lepton colliders:

+500GeV (4/ab)
+3TeV (2/ab)

precision

[GD, Grojean, Gu, Wang]
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Summary
The EFT parametrizes systematically the parameter space
in direct vicinity of the standard model.

A global analysis of future-lepton-collider constraints
on the top EFT is ongoing.

Statistically optimal observables are surprisingly unexploited.

Global determinant parameter ratios assess the strengthening
of global constraints, basis independently.
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Backup



Independent coefficients

Two-quark operators: 10 real degrees of freedom

Scalar:

Vector:

Tensor:
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LO interferences
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