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Why SM EFT?

 1930s-1970s: Beta decay, muon decay etc. -> Fermi theory

 Experimental data -> V-A structure

 Pions -> Chiral perturbation theory (non-linear effective 

Lagrangian)
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Why SM EFT?

 1980s-2012: Discovery of weak bosons -> Non-linear effective 

Lagrangian for spontaneously-broken global symmetry 

(breaking mechanism unknown!)

 Global symmetry-breaking pattern gives low-energy effective 

theory regardless of UV mechanism responsible for it
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Why SM EFT?

 2012: Discovery of a scalar -> Non-linear electroweak 

Lagrangian with general couplings to singlet scalar
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March 2012 pre-discovery 
J. Ellis and T.Y.  [arXiv:1204.0464]
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Why SM EFT?

Moriond 2013
J. Ellis and T.Y.  [arXiv:1303.1879]
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Why SM EFT?

 To a first approximation Higgs is SM-like

July 2012 post-discovery
J. Ellis and T.Y.  [arXiv:1207.1693]
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Why SM EFT?
 Assume separation of electroweak scale and BSM physics

 SM EFT a systematic approach to decoupled new physics

 Job is now to classify phenomenology, from bottom-up and top-down

 Complements any information we might potentially get from direct 

discoveries of BSM resonances
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Dimension-6 Operators

 First classified systematically by Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 

621)

 59 dim-6 CP-even operators in a non-redundant basis, assuming MFV (Gradkowski 

et al [arXiv:1008.4884 [hep-ph]])

Basis adopted from Pomarol and Riva 

1308.1426

(SILH basis Giudice et al. hep-

ph/0703164) 
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Modifications of EWPO from dim-6 Operators

 (Pseudo-)Observables

 Depends on

 Dim-6 operators can modify observables directly through Zff couplings 

contributions or indirectly through redefinitions of input observables
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SM EFT Present Constraints

 Marginalized constraints on a complete non-redundant basis of 

dim-6 operators affecting EWPTs

 S,T parameter corresponds to (𝑐𝑊+𝑐𝐵), 𝑐𝑇 subset 

Ellis, Sanz and T.Y. 1410.7703
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SM EFT Present Constraints

 Constraints from LHC triple-gauge coupling measurements and 

Higgs physics

Ellis, Sanz and T.Y. 1410.7703

x 10 TeV
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One-Loop Effective Action 

 Calculate Wilson coefficients of dimension-6 operators using general expression

-A. Drozd, J. Ellis, J. Quevillon and TY 

[arXiv:1512.03003]

Tevong You



Translating EFT Constraints to MSSM Stops

Drozd, Ellis, Quevillon and T.Y. 

1504.02409
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 Non-degenerate stops

Translating EFT Constraints to MSSM Stops
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FCC-ee EWPT Constraints
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FCC-ee EWPT Constraints

LEP
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FCC-ee EWPT Constraints

LEP
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FCC-ee EWPT Constraints

-Dark green: One-by-one (exp. 

uncertainty only)

-Light green: One-by-one (exp + 

TH uncertainty)

-Red: Marginalised (exp. 

uncertainty only)

-Orange: Marginalised (exp + TH 

uncertainty

LEP

FCC-ee

Tevong You

J. Ellis and T.Y.  [arXiv:1510:04561]



Future Higgs Constraints

ILC FCC-ee
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J. Ellis and T.Y.  [arXiv:1510:04561]

(light green: without TGC)



Future e+e- Constraints
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J. Ellis and T.Y.  [arXiv:1510:04561]



Future Constraints to MSSM Stops

Drozd, Ellis, Quevillon and T.Y. 

1504.02409f
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 Operators > dim-6 become important when EFT cut-off/stop mass is too low

 Compare EFT dim-6 vs full MSSM amplitude

EFT Validity for Stops
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Conclusion

 SM EFT is the Fermi theory of the 21st century

 Wilson coefficients are our windows to heavy new physics

 Future precision may probe even loop-induced operators at 

the TeV scale 

 Universal one-loop effective action for dim-6 operators 

facilitates systematic comparison of experiment and theory

 Any discovery of direct resonance will rely on precision 

indirect measurements to complete the picture
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One-Loop Effective Action 

 Universal coefficients

etc.
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One-Loop Effective Action 

 Universal coefficients

etc.
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One-Loop Effective Action 

 Universal coefficients

Degenerate mass limit:

etc.
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One-Loop Effective Action 
 e.g. MSSM stop

(R-parity)
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