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Getting implications of experimental data on 
new physics models is highly non trivial!
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Why EFT?

● EFTs: standard tool to perform this exp-th comparison, 
providing a very efficient two-step algorithm for it

● Bottom-up approach (global fits to experimental data):
✔ (Mostly) model-independent parametrization of experimental 

data, easy to combine different data sets.
✗ Often (too) many parameters in the fits.

● Top-down approach (matching UV models onto the EFT):
✔ Recovers model discrimination (needed for UV physics)
✗ Needs specific model by model calculations

● EFT benchmarks incorporate some model 
discrimination and reduce number of parameters.
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Why EFT benchmarks?

● EFT benchmarks provide an important roadmap: 
● Model discrimination is back in the game.
● Number of parameters is reduced.
● Flat directions in global fits are usually eliminated.
● Validity of EFT can be unambiguously assessed.

● The choice of benchmarks has to be done very 
carefully (as always) to capture generic features:

● Weakly coupled BSM
– Tree-level new scalars, fermions and vectors
– One-loop effects

● Strongly coupled BSM
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Why EFT benchmarks?

● We are going to focus on operators relevant for Higgs 
(and EW) physics
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Weakly coupled BSM: tree level

● New scalars, fermions or vectors that contribute at tree 
level and dimension 6 to the SMEFT have been 
classified

Contribution to operators with the Higgs
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Weakly coupled BSM: tree level

● In general it is not easy to have large effects in Higgs 
physics compatible with other constraints (mostly EW)

● Example: Vector-like quark U~(3,1)
2/3

Effects too small for all fermions but the top

Coupling to Z, W
Couplings to the Higgs
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Weakly coupled BSM: tree level

● In general it is not easy to have large effects in Higgs 
physics compatible with other constraints unless 
cancellations are enforced (maybe by symmetries)

●

Arbitrary top Yukawa couplings with no other effects
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Weakly coupled BSM: tree level

● In general it is not easy to have large effects in Higgs 
physics compatible with other constraints

● New scalar multiplets. Can mix with the Higgs and have a 
non-custodial vev (strongly constrained by T parameter)
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Weakly coupled BSM: one-loop

● Some effects can only be generated at loop level
● Great progress has been made recently towards 

automating one-loop matching calculations (both 
functional and diagrammatic)

● Some general patterns can be found.
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Weakly coupled BSM: one-loop

● Example: Vector triplet  
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Weakly coupled BSM: one-loop

● 2W/3W ratio depends only on new particle spin
Oblique W

aTGC

1   1 for a real scalar

Only for a vector triplet O2W is generated at 
tree level so
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Strongly coupled BSM

● With strong coupling perturbative arguments have to 
be replaced with symmetries and power counting.

● Composite Higgs models: Strongly coupled NP 
characterized by a single scale Λ, a single coupling g*, the 
Higgs is part of the strongly coupled sector and fermions are 
partially composite

● Different assumptions about UV model imply different 
scaling of Wilson coefficients
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Strongly coupled BSM

● With strong coupling perturbative arguments have to 
be replaced with symmetries and power counting.

● Different assumptions about UV model imply different 
scaling of Wilson coefficients

● Transverse vector polarizations can be also composite
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Summary

● EFTs allow to bridge experiment and theory in an 
efficient way.

● BSM benchmarks can provide useful roadmaps for 
bottom-up EFT analyses.

● At tree level, models with few fields are very 
constrained except for cancellations (via symmetries)

● At loop level new (sometimes universal) effects appear
● Symmetries and power counting provide estimates for 

NP effects in strongly coupled theories
● Global likelihoods and UV/IR dictionaries still 

necessary


