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Motivation

After quite some work, one 
can answer this question 
for a specific model

The SM is in very good shape... barring a few anomalies.  
[cf. Kogler's talk]                        [cf. Fuentes-Martin's talk]  
 
 
 
 
 
 

Different extractions of (e.g.) the weak angle in good agreement;  
→ Impressive, but what's the UV meaning? 
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59 dim-6 operators 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Grzadkowksi et al., 2010]



M. González-Alonso

Standard Model EFT

~ 1 TeV              SM

  ~  10 TeV              NPW

W

L = L(�,�⇤)

α: Wilson coefficients (UV physics)  
59 dim-6 operators 
[Buchmuller & Wyler’1986, Leung et al.’1986, 
Grzadkowksi et al., 2010]

Wilson coefficient



M. González-Alonso

Standard Model EFT

~ 1 TeV              SM

  ~  10 TeV              NPW

W

L = L(�,�⇤)

Efficiency: Analysis (bkg, PDFs, FF, simulations, …) done once and for all!  
 
 
 
 
 
 

Data
(Correlated) 

bounds on the EFT 
Wilson Coefficients

RGE!

Matching with a 
specific NP model



M. González-Alonso

Standard Model EFT

~ 1 TeV              SM

  ~  10 TeV              NPW

W

L = L(�,�⇤)

Efficiency: Analysis (bkg, PDFs, FF, simulations, …) done once and for all!  
 
 
 
 
 
 

Useful especially if...
Global analysis
Final likelihood public
Avoid additional assumptions

Data
(Correlated) 

bounds on the EFT 
Wilson Coefficients

RGE!

Matching with a 
specific NP model
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Precedent: flavor universal [Han-Skiba'05], non global [de Blas-Chala-Santiago'13], ... 

New: Flavor-general case! [Efrati, Falkowski & Soreq'15;  
Falkowski & Mimouni'15;  
Falkowski, MGA & Mimouni'17]

Flavorful SMEFT

B anomalies!

EW precision observables (EWPO) in the SMEFT
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EWPO fit
Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'13]; 

264 experimental input 
Z- & W-pole data 
[e+e-→l+l-, qq] 
Low-energy processes:  

Nuclear and hadron decays (d→ulν)  
Neutrino scattering 
PV in atoms and in scattering 
Leptonic tau decays

[Falkowski, MGA & Mimouni, 2017]in the flavorful SMEFT
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Bounds: 10-4 - O(1)  

 

[ c= 10-2 →  Λ=2.5 TeV ]
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EWPO fit
Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'13]; 

264 experimental input 

They constrain 61 combinations of Wilson Coefficients [Higgs / Warsaw basis]

W,Z

[Falkowski, MGA & Mimouni, 2017]in the flavorful SMEFT
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Public likelihood: χ2 = χ2 (ci)  
www.dropbox.com/s/26nh71oebm4o12k/SMEFTlikelihood.nb?dl=0  
 

One can trivially set to zero some coefficients, or relate them;
One can match to specific theory: ci = ci (g', M'); 

Examples: 
extra-dims (Megías et al., 1703.06019);  
Z' flavor gauge bosons (Cline-Martin Camalich, 1706.08510);  
minimal Z' models (Alioli et al., 1712.02347), ...
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What about high-pT LHC data?

Not so precise, but the energy might help:  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R.C.

SM background NP (EFT)

W

x = (v, E) << Λ
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W
R.C.

SM background NP (EFT)

W

x = (v, E) << Λ

Vertex corrections  
(SM-like amplitudes) 

 
*unless cancellations 

happen between E-growing 
SM amplitudes (pp→ VV)

Precision is the key
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What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]

0.5 TeV < mee < 1.5 TeV
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What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]

[Wood et al., Science’97]
[Hardy & Towner'14,  
Flavianet’16,  
MGA & Martin Camalich'16,  
MGA, Naviliat-Cuncic & Severijns, 1803.XXXX]

LHC run 2 & HL-LHC  
→ ~10-4 level bounds  
[Greljo-Marzocca, 2017]

"The ion Ra+ renders the possibility for a 5x 
improvement in the accuracy of sin2 θw within 
1 week of measurement time"



M. González-Alonso

What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]



M. González-Alonso

What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]



M. González-Alonso

What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]

… BUT the applicability is reduced:
Does your model generate only one operator? [no global analysis available];



M. González-Alonso

What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]

… BUT the applicability is reduced:
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Quadratic terms are important:  
σSMx8 << σ6x6 in your NP model?  
[e.g. strongly coupled theories]

x = (v, E)
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What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]

0.5 TeV < mee < 0.7, 1.0, 1.5 TeV

… BUT the applicability is reduced:
Does your model generate only one operator? [no global analysis available];
Quadratic terms are important:  
σSMx8 << σ6x6 in your NP model?  
[e.g. strongly coupled theories]
Are there new particles within the LHC reach? Cuts on mee [Contino et al, 2016] 
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What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

x 10-3

x 10-3

[Falkowski, MGA & 
Mimouni, 2017]

(Pseudo)scalar & tensor couplings: LHC can't compete with low-E  
→ RGE running & mixing very important

[backup slide]
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Same game: triple gauge couplings

[Falkowski et al., JHEP (2017)]

Quadratic

Linear

[Falkowski, MGA, Greljo & Marzocca, PRL (2016)]

[Butter et al., JHEP (2016)]
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Same game: triple gauge couplings

[Falkowski et al., JHEP (2017)]

Quadratic

Linear

[Falkowski, MGA, Greljo & Marzocca, PRL (2016)]

[Butter et al., JHEP (2016)]

Likewise: flavor (dj→uilv) vs. LHC (pp→ll)  
[Chang, MGA & Martin Camalich, PRL 114 (2015),  
MGA & Martin Camalich, JHEP 1612 (2016) 052  
Greljo & Marzocca, EPJC77 (2017) 8, 548]
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Summary
SMEFT as an efficient framework / tool  
 

1st flavor-general EFT fit to EW precision observables  
(& publicly available!) 

LHC bounds (on some interactions!) are very strong,  
but they come with a series of caveats.

χ2 = χ2 (ci)
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Backup slides
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SMEFT: (our) Higgs basis

[       ]
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What about high-pT LHC data?
W

R.C.

SM background NP (EFT)

W

[Falkowski, MGA & 
Mimouni, 2017]

x 10-3

PS: interference w 
the SM ~ m/E.

Running 
(QCD x QED  
& QCD x EW)  
[Alonso et al.'13, Aebischer et al.'17,  
MGA, Martin Camalich & Mimouni'17]
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EWPO

x 10-3

x 10-3

[Falkowski, MGA & Mimouni, 2017]

[Wood et al.,  
Science, 1997]

[Hardy & Towner'14,  
Flavianet’16,  
MGA & Martin Camalich'16]
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µi ≈ SM + f ( c1 , c2 , … , c9 ) 

Symmetries relate TGC & 
anomalous Higgs couplings: 
δg1z = f ( c1 , c2 , … , c9 )  
δκγ  = g ( c1 , c2 , … , c9 )  
λz    = unconstrained

Higgs

[Falkowski, MGA, Greljo & Marzocca, PRL (2016)]

LEP2 vs Higgs

LEP2 
(ee→WW)

σWW, dσWW ≈ SM + f ( δg1z , δκγ , λz )
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CKM unitarity test

[From Falkowski, MGA 
& Mimouni, 2017] LHC can't 

compete here

pp → e+e-  
LHC reaching 
this level…  
HL-LHC x10

[Falkowski, MGA & Mimouni’17, 
Greljo & Marzocca’17]


