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Standard Model Effective Field Theory
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LHC Top WG EFT recommendation

[J. Aguilar Saavedra et al.,’18]
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https://arxiv.org/abs/1802.07237
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Interpreting top LHC measurements

• 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)
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Interpreting top LHC measurements

• 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.
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Top-specific d.o.f. definitions
Match SM interference structures
and interactions with physical gauge bosons

•
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Interpreting top LHC measurements

• 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, EFT validity, indicative constraints,. . .
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The SMEFiT framework

• In collaboration with
Nathan P. Hartland,
Fabio Maltoni,
Emanuele R. Nocera,
Juan Rojo, Emma Slade,
Eleni Vryonidou.

• Theory framework consistent
with the LHC Top WG EFT
recommendation.
[J. Aguilar Saavedra et al.,’18]

• Fitting approach based on
NNPDF.

• TH predictions for EFT
generated at NLO with
MADGRAPH5_AMC@NLO.
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https://arxiv.org/abs/1802.07237
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The SMEFiT framework

from talk by E. Vryonidou
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Theory
• SM and EFT predictions

• NNPDF3.1 PDF set without any top data to avoid double
counting.
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Theory

SMEFT predictions based on previous works

Processes Operators Refs

FCNC production tqX , X = g, γ,Z , h [Degrande,Maltoni,Wang,CZ,’14]

t t̄ chromo-dipole [D.B.Franzosi,CZ,’15]

single t (s-&t-channel+tW) tbW couplings [CZ,’16]

ttZ ,ttγ,(gg → HZ ) ttX ,X = Z , γ, g [O.B.Bylund et al,’16]

ttH chromo, ggH, top Yukawa [Vryonidou,Maltoni,CZ,’16]

e+e− → t t̄ ttX , 4-fermion [G. Durieux,’17]

(Higgs production) EW/Higgs [C. Degrande et al.,’16]

tHj, tZj, (tγj) all above plus EW and Higgs plus 4-fermion [C.Degrande et al.,’18]

Automated in MG5_aMC
Still missing tttt and ttbb,⇒ use SM K factors.
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https://arxiv.org/abs/1412.5594
https://arxiv.org/abs/1503.08841
https://arxiv.org/abs/1601.06163
https://arxiv.org/abs/1601.08193
https://arxiv.org/abs/1607.05330
https://arxiv.org/abs/1708.09849
https://arxiv.org/abs/1609.04833 
https://arxiv.org/abs/1804.07773
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Data
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Methodology

• The MC replica method:

• Construct a sampling of the probability distribution in the
space of the experimental data.

• Translate them into a sampling of the probability distribution
in the space of the SMEFT parameters, by minimisation of
the error function

• Cross validation to avoid over-fitting: for each replica, the data is
randomly split with equal probability into the training and
validation sets.

• Closure test: feed in pseudo-data generated with known EFT
parameters, and the fitter should reproduce the correct
parameters.

Cen Zhang (IHEP) Top EFT fit Feb. 11 19
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Validation

Left Minimisation and stopping: in each MC replica, data is
randomly split into training and validation sets. The latter is
monitored during the fit, to avoid over-fitting.

Right Closure test: Pseudo-data generated a BSM assumption:
c8

tu/Λ2 = 20 TeV−2, is successfully reproduced by the fit.
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Results

95% CL bound on 34 DOFs. With correlation⇒
Gray Marginalised
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Results

• NLO vs. LO

• SM×Dim6+Dim62

vs. SM×Dim6 only

σ =σSM +
∑

i

ciσi

Λ2

+

∑
ij

ci cjσij

Λ4

 +O(Λ−4)

• Mtt distribution (with
bins above 1 TeV,
potentially dangerous
for ΛBSM ∼ 1 TeV)
vs. ytt .
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Summary

• The SMEFiT fitting framework is ideal for global SMEFT
analysis.

• A first study including top quark data at LHC Run II has
been presented.

• More constraints will be taken into account in the future.
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Thank you for your attention
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Backups
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Ci

/
Λ2

E2
cut

Ci(Ecut/4πΛ)2 = cst

Ci(Ecut/Λ)2 = cst

linear limit

quadratic limit

• Quote limits as a function of Ecut [Contino,Falkowski,Goertz,Grojean,Riva,’16]

• Assess the validity of matching to models.
• Compare with perturbativity.
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https://arxiv.org/abs/1604.06444
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