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Unitarity Bounds

The unitarity of the S-matrix implies an upper bound on the modulus of 
scattering amplitudes, which is called (perturbative) unitarity bound
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Unitarity Bounds

In the past they have been used to set an upper bound on the 
UV cutoff of a Effective Field Theory (EFT)

Historical example: no-lose Higgs theorem

[Lee, Quigg, Thacker, ‘77]
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The unitarity of the S-matrix implies an upper bound on the modulus of 
scattering amplitudes, which is called (perturbative) unitarity bound

https://doi.org/10.1103/PhysRevD.16.1519


Unitarity Bounds
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[Jacob, Wick, ‘59]Standard approach to unitarity bounds:

Partial-wave
coefficient

Wigner-d 
matrix

The biggest limitation is that it works 
only for scattering processes

The unitarity of the S-matrix implies an upper bound on the modulus of 
scattering amplitudes, which is called (perturbative) unitarity bound

https://doi.org/10.1006/aphy.2000.6022


New approach to Unitarity Bounds

We can project a generic amplitude onto a kinematic basis of 
a generic process with definite angular momentum .
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Recently [Bresciani et al, ’25] developed a new formalism that allows to compute 
unitarity bounds of generic scattering processes

https://arxiv.org/abs/2504.12855


New approach to Unitarity Bounds

We can project a generic amplitude onto a kinematic basis of 
a generic process with definite angular momentum .

Partial-wave
coefficient Kinematic basis elements which are 

monomials in spinor-helicity variables
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Vector space

Recently [Bresciani et al, ’25] developed a new formalism that allows to compute 
unitarity bounds of generic scattering processes

https://arxiv.org/abs/2504.12855


New approach to Unitarity Bounds

We can project a generic amplitude onto a kinematic basis of 
a generic process with definite angular momentum .
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We can derive the unitarity bounds on the partial-wave coefficients

Recently [Bresciani et al, ’25] developed a new formalism that allows to compute 
unitarity bounds of generic scattering processes

https://arxiv.org/abs/2504.12855


Unitarity Bounds in SMEFT
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We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Multiple DOFs coming from the 
quantum numbers of the fields

Example: 

Flavor indices



Unitarity Bounds in SMEFT
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We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Example: 

Multiple channels

For practical purposes we limited to single flavor



Unitarity Bounds in SMEFT
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We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Example: 

The fully coupled-channel
analysis allow to constrain as
much as possible the bounds



Unitarity Bounds in SMEFT
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We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Example: 

The fully coupled-channel
analysis allow to constrain as
much as possible the bounds

We marginalize over all the 
other SMEFT coefficients



Unitarity Bounds in SMEFT
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Unitarity bounds marginalized over all the other Wilson coefficients



Unitarity Bounds in SMEFT
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Verified



Unitarity Bounds in SMEFT
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Verified Improved



Unitarity Bounds in SMEFT
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Verified Improved New



Sum Rules

5/8

Unitarity, locality and analiticity of scattering amplitudes are violated
by some values of the Wilson coefficients in a given EFT 

For dimension-eight operators they
are called positivity bounds



Sum Rules
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Unitarity, locality and analiticity of scattering amplitudes are violated
by some values of the Wilson coefficients in a given EFT 

For dimension-eight operators they
are called positivity bounds

(Spinning) Sum Rules are positivity-like 
bounds for dimension-six operators
[Remmen, Rodd, ‘22]

Caveat: the boundary term at infinity
is not guaranteed to vanish!

They provide complementarity constraints with 
respect to unitarity bounds (they are not the same!)

https://doi.org/10.1103/PhysRevD.105.036006


Sum Rules in SMEFT

Sum Rules are useful in constraining 4-fermion operators in the SMEFT
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Example: 



Sum Rules in SMEFT

Sum Rules are useful in constraining 4-fermion operators in the SMEFT
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Example: 

Vector dominance in the UV

Scalar dominance in the UV

Unitarity bounds

For practical purposes we
limited to single flavor



Sum Rules in SMEFT

Sum Rules are useful in constraining 4-fermion operators in the SMEFT
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Example: 

Vector dominance in the UV

Scalar dominance in the UV

Unitarity bounds

Even if the sum rules are violated, 
we can still infer something about
the UV (t-channel domination…)



Phenomenology

Unitarity Bounds for purely
bosonic operators on the energy 
scale at which they are violated

the value of each Wilson coefficient is
assumed to be the current experimental
sensitivity at 95% CL [Celada et al, ‘24]
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The theoretical bounds can be used to provide complementary constraints
to the experimental ones on the SMEFT Wilson coefficients

https://doi.org/10.48550/arXiv.2404.12809


Phenomenology

The theoretical bounds can be used to provide complementary constraints
to the experimental ones on the SMEFT Wilson coefficients
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[Allwicher et al, ‘23][Brivio et al, ‘19]

https://doi.org/10.48550/arXiv.1910.03606
https://doi.org/10.48550/arXiv.2311.00020


Conclusions
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In this work we presented for the first time the complete set of 
Unitarity Bounds for all the dimension-six SMEFT coefficients

For 4-fermion operators such bounds can be further strengthened
by incorporating additional and complementary Sum Rules

We highlighted the synergy and interplay between theoretical 
bounds and experimental limits in the quest for new physics
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