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Why do we need effective field theories?
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EFT’s are perturbative (Taylor) expansions of a full theory

In QFT’s :
𝒪𝑖

(𝑑)

Search for 

new physics
Useful for finite

 precision computations

Operators of mass dimension 𝑑 > 4
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Green’s basis and redundant operators
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ℒ = ℒ(4) + ෍

𝑑>4

෍

𝑖

𝑐𝑖
(𝑑)

Λ𝑑−4
𝒪𝑖

(𝑑)EFT Lagrangian :

ICTP-SAIFR | 2024



Green’s basis and redundant operators
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Finite number 
of operators Green’s basis

Local operators

Preserve the
 symmetries

 of the Lagrangian

Integration
 by parts

Valid operators

ℒ = ℒ(4) + ෍

𝑑>4

෍

𝑖

𝑐𝑖
(𝑑)

Λ𝑑−4
𝒪𝑖

(𝑑)EFT Lagrangian :

ICTP-SAIFR | 2024



Green’s basis and redundant operators
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Green’s basis of the bosonic sector of the SMEFT

V. Gherardi, D. Marzocca y E. Venturini (2021)    [2003.12525v5]
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Matching: Off-Shell vs On-shell
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Off-Shell matching 

+
𝑝

- Small number of diagrams (1 lPI)

- Heavy bridges contribution directly local

- But requires the construction and reduction of the Green’s basis

~
1

𝑝2 − 𝑀2
= −

1

𝑀2
1 +

𝑝2

𝑀2
+

𝑝4

𝑀4
+ ⋯

𝑝2 ≪ 𝑀2

𝑝 𝑝
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Reduction to the physical basis
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Identification of 
redundant operators

Field redefinitions

EOMs    (only valid up to linear order)

Non-trivial process

Hard to program it in a 
systematic way

On-Shell matching 

- Huge number of diagrams

−
1

𝑝2 − 𝑚2
- There is delicate cancellation of non-local 
contributions between between UV and EFT UV

= 𝑃𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙(𝑝2)
1

𝑝2 − 𝑚2
EFT

𝑝
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Reduction to the physical basis
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Identification of 
redundant operators

Field redefinitions

EOMs    (only valid up to linear order)

Non-trivial process

Hard to program it in a 
systematic way

On-Shell matching 

- Huge number of diagrams 𝑝

−
1

𝑝2 − 𝑚2
- There is delicate cancellation of non-local 
contributions between between UV and EFT UV

= 𝑃𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙(𝑝2)
1

𝑝2 − 𝑚2
EFT

Substitution of randomly generated 
physical momenta
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On-Shell matching approach

9

• Find the Green’s basis up to dimension 𝑑

• Find the physical basis 

• Compute n-points amplitudes with n ≤ 𝑑  on-shell

•  Solve the system

ℒ𝐺𝑟𝑒𝑒𝑛  

ℒ𝑝ℎ𝑦𝑠  

By the substitution of randomly 
generated physical momenta

ℳ𝑖,𝐺𝑟𝑒𝑒𝑛 = ℳ𝑖,𝑝ℎ𝑦𝑠
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Some results in the SMEFT
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Some results in the SMEFT
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Some results in the SMEFT
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Some results in the SMEFT
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Generate momenta by randomly generated values
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Generate momenta by randomly generated values

Running through every amplitude in the process

ICTP-SAIFR | 2024



17

Generate momenta by randomly generated values

Running through every amplitude in the process
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Replace the randomly generated kinematics 
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Generate momenta by randomly generated values

Running through every amplitude in the process

Setting both theories amplitudes with their 
propagators and wavefunction renormalizations

Replace the randomly generated kinematics 
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Generate momenta by randomly generated values

Running through every amplitude in the process

Setting both theories amplitudes with their 
propagators and wavefunction renormalizations

Matching both theories

Replace the randomly generated kinematics 
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Generate momenta by randomly generated values

Running through every amplitude in the process

Setting both theories amplitudes with their 
propagators and wavefunction renormalizations

Matching both theories

Solving the system

Replace the randomly generated kinematics 
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Final solution: redefinition of coefficients

Some results in the SMEFT

J. Aebischer, M. Fael and J. Fuentes-Martín|2023
[2307.08745v1]

V. Gherardi, D. Marzocca and E. Venturini |2021 
[2003.12525v5]
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Final solution: redefinition of coefficients

Some results in the SMEFT

J. Aebischer, M. Fael and J. Fuentes-Martín|2023
[2307.08745v1]

V. Gherardi, D. Marzocca and E. Venturini |2021 
[2003.12525v5]
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Future work

23ICTP-SAIFR | 2024



Future work
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Future work
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Notice that …
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Reduction of the 
Green’s basis

Field redefinitions and EOMs

On-Shell matching approach

Non-systematic

Highly non-lineal

Systematic

Algebraic system of  linear
equations
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Notice that …
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Reduction of the 
Green’s basis

Field redefinitions and EOMs

On-Shell matching approach

Non-systematic

Highly non-trivial

Systematic

Algebraic system of  linear
equations

The reduction of ANY theory to ANY physical basis will be completely AUTOMATIC
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Generation of random momenta
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Massless momenta : 𝑃𝛼 ሶ𝛼 = 𝜆𝛼
ሚ𝜆 ሶ𝛼

Massive momenta :

𝑆𝐿(2, ℂ) ≅ 𝑆𝑈(2)𝐿 × 𝑆𝑈(2)𝑅
𝜆 ∈ 𝑆𝑈(2)𝐿

ሚ𝜆 ∈ 𝑆𝑈(2)𝑅

𝜆𝛼 = 𝜀𝛼𝛽𝜆𝛽

ሚ𝜆 ሶ𝛼 = 𝜀 ሶ𝛼 ሶ𝛽
ሚ𝜆

ሶ𝛽
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Evanescent operators
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ℛ=α 𝒪 ℛ =α𝒪 + ℰ𝒅 = 𝟒 − 𝟐𝝐

𝒪(𝜖)
Additional finite local 
contributions in loop 
amplitudes

𝑰𝑹(𝟎) + 𝑰𝑹(𝟏) = 𝑼𝑽(𝟎) + 𝑼𝑽(𝟏)

We take the hard region

𝑰𝑹(𝟎) + 𝑰𝑹𝒔𝒐𝒇𝒕
(𝟏)

= 𝑼𝑽(𝟎) + 𝑼𝑽𝒉𝒂𝒓𝒅
(𝟏)

+ 𝑼𝑽𝒔𝒐𝒇𝒕
(𝟏)

න 𝒪 =
1

𝜖
(𝑎 + 𝑏𝒪𝜖) න ℛ =

1

𝜖
(𝑎 + 𝑏ℛ𝜖)

න ℛ − 𝒪 =
1

𝜖
(𝑏ℛ𝜖 − 𝑏𝒪𝜖) = 𝑏

ICTP-SAIFR | 2024



ICTP-SAIFR | 2024


	Diapositiva 1
	Diapositiva 2: Why do we need effective field theories?
	Diapositiva 3: Green’s basis and redundant operators
	Diapositiva 4: Green’s basis and redundant operators
	Diapositiva 5: Green’s basis and redundant operators
	Diapositiva 6: Matching: Off-Shell vs On-shell
	Diapositiva 7: Reduction to the physical basis
	Diapositiva 8: Reduction to the physical basis
	Diapositiva 9: On-Shell matching approach
	Diapositiva 10: Some results in the SMEFT
	Diapositiva 11: Some results in the SMEFT
	Diapositiva 12: Some results in the SMEFT
	Diapositiva 13: Some results in the SMEFT
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23: Future work
	Diapositiva 24: Future work
	Diapositiva 25: Future work
	Diapositiva 26: Notice that …
	Diapositiva 27: Notice that …
	Diapositiva 28
	Diapositiva 29: Generation of random momenta
	Diapositiva 30: Evanescent operators
	Diapositiva 31

