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Off-shell matching
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Off-shell matching

Tree-level matching:

 

One-loop matching:
(method of regions)

hard:  

soft:  
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The matching results in values 
for couplings in the EFT

 

Some correspond to redundant operators
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On-shell matching

Tree-level matching:
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On-shell matching

Tree-level matching:

 

One-loop matching:
(method of regions)
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On-shell matching

Tree-level matching:

 

One-loop matching:
(method of regions)
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 On-shell condition: 

Wavefunction factors:  

hard:  

soft:  

(no redundancies!)
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On-shell matching: non-localities

Light bridges
EFTfull
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On-shell matching: non-localities

Light bridges

Difficult to follow this cancelation analitycally Substitution of random-generated kinematics

The procedure is to be numerical but exact Rational kinematics

EFTfull

 

non-local non-local

  local (polynomial in 
external momenta)
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On-shell matching: non-localities

Light bridges

Difficult to follow this cancelation analitycally Substitution of random-generated kinematics

The procedure is to be numerical but exact Rational kinematics

Spinor Helicity Formalism 
[arXiv:2304.01589, arXiv:2202.02681]

EFTfull

 

non-local non-local

  local (polynomial in 
external momenta)

Rational values for
momenta

polarizations
spinors

with symbolic masses mi

Satisfying…

Momentum conservation
On-shell condition
Dirac equation
Transversality

YOUNGST@RS - EFTs and Beyond



6

Evanescent shifts

Copy of SM Higgs:
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Evanescent shifts

Copy of SM Higgs:

 
  (d=4)

    0
Only finite parts coming from 

One-loop matching:

hard:  
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An example: one-loop matching to SMEFT

Copy of SM Higgs:

Operators to match... ...with the amplitude
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An example: one-loop matching to SMEFT

Copy of SM Higgs:

EFT

 In the      side:

Operators to match... ...with the amplitude
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An example: one-loop matching to SMEFT
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An example: one-loop matching to SMEFT

We solve for effective couplings perturbatively in the EFT order: 

Cross-check with 
Matchete [arXiv:2212.04510]
 and 
MatchMakerEFT [arXiv:2112.10787]
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A second example: reduction of Green’s basis

                               minimal set of operators to match amplitudes off-shell. 

                               minimal set of operators to match amplitudes on-shell. 

Field 
redefinitions

Tedious
Non systematic
Hard to automate

Green’s basis

Physical basis
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A second example: reduction of Green’s basis

                               minimal set of operators to match amplitudes off-shell. 

                               minimal set of operators to match amplitudes on-shell. 

Field 
redefinitions

operators in Green’s basis

operators in physical basis
Match both theories on-shell at tree level

Tedious
Non systematic
Hard to automate

We find the couplings of                in terms of those in           . REDUCTION OF 
GREEN’S BASIS

Example I:  Real scalar singlet with Z2 symmetry up to dimension 8
Example II:  Bosonic sector in the SMEFT up to dimension 8

Green’s basis

Physical basis
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9BOSONIC 

SECTOR

V. Gherardi, D. Marzocca y E. Venturini (2021)    [2003.12525v5]

Reduction of dim. 6 operators up to dim. 8!! 

Cross-check with [2003.12525v5] 

A second example: reduction of Green’s basis

YOUNGST@RS - EFTs and Beyond



12

On-shell matching is a diagrammatic alternative that allows to compute the coefficients 
directly into the physical basis.

More diagrams to be computed in a single amplitude, but several operators can be 
matched at the same time.

No need of defining evanescent operators or using background field method for finite 
matching.

Useful for renormalization and computing beta functions (see [arXiv:2409.15408]).

Can be used to compute the reduction to any physical basis from any redundant basis.

Code in Mathematica in progress (RGB) based on 
             Feynrules+FeynArts+FeynCalc (with J. López-Miras)

Conclusions

YOUNGST@RS - EFTs and Beyond
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Matching theories: Off-Shell vs On-shell
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Off-shell

On-shell

UV IR

1PI
1 light-PI



Matching theories: Off-Shell vs On-shell
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On-Shell:

On-ShellOff-Shell

Large number of operators (Green’s basis) Smaller set of operators (physical basis)

Small number of diagrams (1lPI in UV, 1PI in IR) All diagrams (light bridges too)

Contribution directly local in momenta Delicate cancelation of non-local contributions

Need of Background Field Method

Need of evanescent operators



Some results in the SMEFT 
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Dimension 4 up to dimension 8 (H and B)



Some results in the SMEFT 
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Dimension 6 up to dimension 8 (H and B)



Some results in the SMEFT 
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Dimension 8 (H and B)



Some results in the SMEFT 
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Dimension 8 (H and B)



Generation of random momenta
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Massless 
momenta :

 

Massive 
momenta :
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Evanescent operators
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Additional finite local 
contributions in loop 
amplitudes

 

We take the hard region
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On-shell matching: non-localities

EFTfull

    Light bridges

Difficult to follow this cancelation analitycally Substitution of random-generated kinematics

The procedure is to be numerical but exact Rational kinematics

Spinor Helicity Formalism [arXiv:2304.01589, arXiv:2202.02681]
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