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Why use EFTs instead of  
the full UV theory? 

SMEFT coefficients can directly be 
compared to experimental results with 
programs like . 

Isolate relevant degrees of freedom at a 
specific scale by expanding in inverse 
powers of the heavy scale. 

Resum large logarithms from widely 
separated scales. 

Two ways of matching:

smelli
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Diagrammatically 
#EFT ≈ #UV

Functional methods 
ΓEFT ≈ ΓUV
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One-loop matching

Some effects only appear at one-loop:

Tree-level matching

1-loop matching

U1 ∼ (3,1)2/3
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Functional matching procedure

Goal: match  to ,                by equating the effective action ℒ[ηH, ηL] ℒEFT[ηL] mH ≫ mL ΓUV ≈ ΓEFT

light d.o.fheavy d.o.f
defined by ei ΓUV[ ̂η] = ∫ )η exp (i∫ ddx ℒUV[ ̂η + η])
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∫ ddx ℒ(1)
EFT = Γ(1)

UV hard
= i

2 STr ln Δ−1
hard

− i
2

∞

∑
n=1

1
n

STr [(ΔX)n]
hard

 where we replace  by its EOMℒ(0)
EFT = ℒUV[ ̂ηL, ̂ηH( ̂ηL)] ̂ηHtree level

one-loop

Method:
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Functional matching procedure

Advantages of functional matching: 

EFT operators are automatically generated  no prerequisite knowledge of the EFT basis needed 

very systematic method  well suited for an algorithmic approach 

manifestly gauge covariant computations 

 

→
→

∫ ddx ℒ(1)
EFT = i

2 STr ln Δ−1
hard

− i
2

∞

∑
n=1

1
n

STr [(ΔX)n]
hard

log-type supertrace power-type supertrace

• model-independent 
• depend on propagator type

• depend on interaction terms
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Presentation of the program

Mathematica program

User-friendly input Reduction to a basisSupertraces 
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Toy-model: heavy vector-like fermion
Define model:
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Toy-model: heavy vector-like fermion

1) Define gauge groups: 

 with gauge field U(1)e Aμ

Define model:
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Toy-model: heavy vector-like fermion

2) Define field content: 

 heavy fermion with charge 1 
 massless fermion with charge 1 
 massless real scalar

Ψ
ψ
ϕ

1) Define gauge groups: 

 with gauge field U(1)e Aμ

Define model:

4) Write Lagrangian

3) Define couplings: 

 Yukawa coupling of order y +(m0
L)

Predefined models: SM, SMEFT…



Julie Pagès — MATCHETE: Matching Effective Theories Efficiently — ICHEP 2022 /118

Toy-model: heavy vector-like fermion

Specify loop order:  
0 | 1

Specify EFT order:  
4 | 5 | 6 | 7 | 8 | … 

8

Perform 
simplifications
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Comparison between code and by hand

Matchete output:

Diagrammatic computation by hand:

Define EFT basis 

Compute amplitude in the full theory 

Compute amplitude in the EFT and match
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Comparison between code and by hand

Full diagrammatic 
calculation by hand 

Corrections to: 
• wave-function: 3 graphs 
• 3-point vertices: 11 graphs 
• 4-point vertices: 23 graphs 
• 5-point vertices: 30 graphs 
• 6-point vertex: 5! graphs

after 3 weeks of computation 
agree with program output 

v.s.  30 s for the computer∼

Matchete output:

Diagrammatic computation by hand:

Define EFT basis 

Compute amplitude in the full theory 

Compute amplitude in the EFT and match
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Conclusion on the status
✓ User-friendly interface to input Lagrangian 

✓ Tree-level matching 

✓ GroupMagic: subpackage for handling and contraction of Clebsch-Gordon coefficients  

- Treatment of heavy vectors (gauge fixing and ghosts)
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Conclusion on the status
✓ User-friendly interface to input Lagrangian 

✓ Tree-level matching 

✓ GroupMagic: subpackage for handling and contraction of Clebsch-Gordon coefficients  

- Treatment of heavy vectors (gauge fixing and ghosts)

✓ Integration by part 

• Field redefinitions 

- Kinetic diagonalization 

✓ Fierz identities (spinorial) and evanescent operators 
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Future prospects

Future features: 

- Computation of EFT -functions (RGE and evanescent operators) 

- Interface with other codes: smelli, Flavio (WCxf) …   phenomenology pipeline 

- Generation of UFO files for Madgraph for UV theory or EFT

β

→

Long term features: 

- Automatic spontaneous symmetry breaking 

- Multi-scales matching and running



Thank you for listening! 
  

Any questions?
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Expansion by regions

Provides a method for scale separation in dimensional regularization: [Beneke, Smirnov, hep-ph/9711391; Jantzen, 1111.2589]

No need to subtract non-local EFT contributions in only the hard part of the loop is considered
[Fuentes-Martín, Portolés, Ruiz-Femenía, 1607.02142]

https://arxiv.org/abs/hep-ph/9711391
https://arxiv.org/abs/1111.2589
https://arxiv.org/abs/1607.02142
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Automation pipeline and tools

Procedure: 

1.Match UV theory to an EFT 

2.Use RGE of the EFT to run to the scale of experiments 

- Possibly multiple matching steps 

3.Compare EFT to data 

➡ Variety of theories and complexity of computation 
require automation


