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The Standard Model EFT
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Why bother with Effective Field Theory?

• All measurements more or less consistent with SM
• Resurgence of model-independent frameworks to 

go beyond SM

(κ framework, anomalous couplings, form factors…)
• Merits of EFT: completely general, can 

be matched to UV completions, 
radiative corrections calculable etc.

• If there is new physics, looks like it decouples

Any decoupled new physics (at high scale) = A higher-dimensional operator (at low scale)

Wilson, Rev. Mod. Phys. 55, 583 (1983) 
Appelquist & Carazzone,  Phys. Rev. D11, 28565 (1973)



The Standard Model EFT
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Why top EFT?
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Top plays a special role in most scenarios of electroweak symmetry breaking:

• SUSY: Top partners cancel UV divergences in mh (if light enough)

• Little Higgs and friends: Spin-1/2 top partners with large T-t mixing

DIRECTLY:

INDIRECTLY:

Large effects in electroweak measurements: ripe for deviations



Why top EFT?
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→
pp 

 ttH (NLO QCD)
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LHC run 1: 
4.57 fb-1 @ 7 TeV 
20.3 fb-1 @ 8 TeV

550,000 Higgs produced

8 million top quarks produced!

EFT: Which Lagrangian best describes the currently available data?
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(before BRs!)



Dimension six operators
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Grzadkowski et al, 1008:4884 
see also: 

 Guidice et al. [hep-ph/0703164] 
 Contino et al. 1303.3876 

Gupta, Pomarol & Riva 1405.0181

Choice of basis



Relevant operators
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A handful of operators

And many measurements…

GLOBAL FIT!



Datasets
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~200 independent* measurements: Need a fast, reliable fitting framework! 

PROFESSOR



The PROFESSOR method
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Brief detour: MC tuning

• Every MC event generator comes with many free     
parameters that must be tuned in order to describe 
the data 

Different approaches: 

Brute force computation (ND) Tune by hand (!?)

Parameterisation-based tuning:

Parameterise MC response  
Fit to data Optimal ‘tune’

Buckley et al. 0907.2973



The PROFESSOR method
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• Sample a set of points in the N-dimensional parameter space of {Ci}

• Construct parameterising function fb({Ci}) which models change in MC w.r.t 
Wilson coefficient

• Construct goodness-of-fit between fb({Ci}) and data

• Minimise it!
GOAL: Global fit of all relevant operators 

in top quark production & decay to 
available data from Tevatron & LHC

should be small!



Top pair production
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85% of Tevatron cross-section

~ 90% of LHC cross-section



Top pair production
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At dimension-six

??

No constraint here, but can probe in Higgs physics Corbett et al.1505.05516



Top pair production
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SUMMARY: 6 constrainable operators in top pair production

Kamenik, Shu & Zupan, 1107.5257
Zhang and Willenbrock, 1008.3869
Degrande, Gerard, Grojean, 
Maltoni & Servant, 1010.6304



Top pair production
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Small effect on shapes

Most sensitivity in tails



NLO corrections
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Known to be large (~1.6) for top pair production
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NLO
LO Re-weight SM piece to 

NLO estimate to model 
higher-order effects

Scale + PDF 
uncertainties 

added linearly 
(maximally 
correlated)

NNLO available 
for total cross-

sections

Nason, Dawson & Ellis Nucl.Phys. B303 (1988) 607 

(and differential on the way)

Butterworth et al.  
arXiv:1101.0538



Selected correlations
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Tevatron-LHC complementarity
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Statistics 
appears to be 
winning over 

sensitivity
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Differential distributions

Total rates

Global 𝛘2 



Single-top production
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Single top in simple BSM models: in low-energy limit:



Single-top production
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Single top in simple BSM models: in low-energy limit:

Relation to anomalous couplings:

Cao, Wudka & Yuan 0704.2809

Aguiliar-Saavedra 0803.3810

3 constrainable operators in single top productionSUMMARY:



Bottom-line constraints
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Tevatron vs. LHC
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Decay observables
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In SM: F_0 ≈ 0.66 , F_L  ≈ 0.33, F_R ≈ 0
Stable against 
higher-order 
corrections

Do angular observables give better bounds than total cross-sections?



Charge asymmetries
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In EFT language:

AFB (more or less) explained by large NNLO QCD

Czakon, Fiedler & Mitov,1411.3007

Is there any room for {Ci}?

AFB ~ (C1u - C2u) × Λ-2 

Zhang and Willenbrock 1008.3869

Hewett, Shelton, Spannowsky, 
Tait, Takeuchi 1103.4618

correlated with
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Summary and outlook
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Global fit of dimension-six operators to top quark production and decay data

Fitting methods borrowed from Monte Carlo tuning techniques

Run 1 data: Few surprises, all results in agreement with SM, all {Ci} = 0  within 95% confidence intervals

Not shown here: Higher-order processes (ttZ, tt𝛄), and decay observables (but similar conclusions apply)

Reasons to be cheerful:

NNLO distributions in top pair production soon to be available, reduction in scale uncertainties

Plenty of room for surprises at run 2.

All non-resonant new physics is a higher-dimensional operator!


