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EFT
A model independent probe of heavy New Physics

2

Standard Model

Effective Field Theory

UV physics (heavy particles)Energy
Λ

Effective Field Theory reveals high energy physics through precise 
measurements at low energy.

LSM (�) + Ldim6(�) + . . .

LSM (�)

LNP (�,Z
0, X,Q, S . . . )
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SMEFT basics
A theoretically consistent framework

3

New Interactions of SM particles 
Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653  

Grzadkowski et al JHEP 1010 (2010) 085

LEFT = LSM +
X

i

C
(6)
i O

(6)
i

⇤2
+O(⇤�4)
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SMEFT
The global aspect
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ttH
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HH
H+j
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VBS

Adapted from K. Mimasu

Figure 11. Comparison of the constraints on the indicated marginalised operator coefficients
Ci(1 TeV)2/⇤2 (top and third panels) and the corresponding scales ⇤ for the indicated values of the
Ci at the 95% confidence level (second and bottom panels), found in a combined linear fit to the
Higgs, diboson and electroweak precision observables (top two panels) and including in addition top
data (bottom two panels), including CG in the fit (orange) and setting CG = 0 (red). Also displayed
in yellow in the top two panels is a fit without LEP (EWPO and WW ) measurements.
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SMEFT correlates different sectors: Global interpretations are needed

Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779
First global fit of the top+Higgs+EW sectors
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Aspects of EFT predictions
And how to improve them
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Higher Orders in 1/Λ4

squared dim-6 contributions

double insertions of dim-6

dim-8 contributions


Higher Orders in QCD and EW

EFT is a QFT, renormalisable order-by-order 1/Λ2

𝒪(αs, αew) + 𝒪 ( 1
Λ2 ) + 𝒪 ( αs

Λ2 ) + 𝒪 ( αew

Λ2 )



E. Vryonidou LHCP2021, 9/6/21, online

Why bother with higher orders?
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Higher orders in SMEFT bring:

Accuracy

Precision

Improved sensitivity

Accurate knowledge of the deviations (distribution shapes, correlations between 
observables, etc.) can be the key to disentangle them from the SM. 

Loop-induced new sensitivity: operators entering at one-loop
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Accuracy and precision
Example 1:

7

Different shapes at NLO
Degrande, Maltoni, Mimasu, EV, Zhang arXiv:1804.07773

Different K-factors for different 
operators, different from the SM

tHj ttH

Maltoni, EV, Zhang arXiv:1607.05330
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QCD corrections in Monte Carlo
SMEFT@NLO
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http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

Degrande, Durieux, Maltoni, Mimasu, EV, Zhang 
arXiv:2008.11743
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Example 2: EWPO
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LEP ILC GigaZ [arXiv:1908.11299]

Even EW corrections lead to ~20% difference

Accuracy and precision

Dawson and Giardino arXiv:1909.02000 & Giardino@HEFT2020

Impact of NLO corrections on W, Z pole observables:
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Improved sensitivity
New operators opening up at NLO
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4-heavy operators in top pair production

𝒪8
QQ = (Q̄γμTAQ)(Q̄γμTAQ)

𝒪1
QQ = (Q̄γμQ)(Q̄γμQ)

𝒪8
Qt = (Q̄γμTAQ)(t̄γμTAt)

𝒪1
Qt = (Q̄γμQ)(t̄γμt)

𝒪1
tt = (t̄γμt)(t̄γμt)

tt

t t

tb

b t

Complimentary information to ttbb and 4top production

At NLO:
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Loop-induced sensitivity
Top operators in Higgs observables

11

Poor knowledge of top couplings leads to uncertainties on Higgs 
measurements at the LHC

+ +

EV, Zhang arXiv:1804.09766

loop-induced tree-level

Relatively loose constraints from
top LHC measurements (tZ, ttZ, tj, …)
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Loop-induced sensitivity
Top operators in Higgs observables

11

+ +

EV, Zhang arXiv:1804.09766

loop-induced tree-level

Relatively loose constraints from
top LHC measurements (tZ, ttZ, tj, …)

Or… maybe one should use Higgs 
measurements to bound top couplings?
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Loop & tree sensitivity 
Higgs production and decay
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ZH

ZH VBF

ggH

from L. Mantani

H decays

𝒪φD, 𝒪(1)
φqi

, 𝒪(1)
φQ, 𝒪(3)

φQ, 𝒪ϕd⋯
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Global Higgs-top fit

13

Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, EV and Zhang arXiv:2105.00006

Higgs data
Run I & 2 signal strengths 
(CMS+ATLAS): 

gluon fusion 
VH 
VBF 
ttH 
H decays 

Differential distributions & STXS
Top data
Run I & 2 results (CMS+ATLAS): 

pair production 
tt+V, tttt, ttbb 
single top 
tZj 
W helicity fractions 

Cross-sections & Differential distributions

New operators
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Global Higgs-top fit
Tree-loop interplay

14

Top Yukawa

4F mostly top

ttV couplings

Tree-loop interface

Top Chromomagnetic

Tree Loop

Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, EV and Zhang arXiv:2105.00006
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Marginalised constraints: Linear

15

Impact of NLO predictions in global fits

Posterior distributions Significant impact of NLO for some operators
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Marginalised constraints: Quadratic

16

Impact of NLO predictions in global fits

Posterior distributions Significant impact of NLO for some operators
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Marginalised constraints

17

Impact of quadratic terms in global fits

Posterior distributions Significant impact for most operators


in particular the ones non-interfering due to colour
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Open questions
Theory aspects in global fits
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• Bases, notations, input schemes

• common conventions, translations, common EW inputs 


• Assumptions 

• flavour structures, classes of BSM, symmetries 


• Truncation, uncertainties, validity

• linear/quadratic, double ins., dim-8, truncation errors, etc. 


• Theory constraints

• unitarity, positivity 


LHC EFT WG effort:


https://indico.cern.ch/category/12671/


