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Expansion into higher dimensional operators:

The SMEFT

 Bottom-up approach: write low-energy observables in terms of 
effective coefficients, no mention of the UV details.

 Top-down approach: calculate value of wilson coefficients for 
particular UV scenarios.  
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Bottom-up approach: UV/IR dictionaries
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Bottom-up approach: UV/IR dictionaries
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Bottom-up approach: UV/IR dictionaries

 What is the data telling us?

 UV/IR dictionaries tell us all 
SM extensions which can 
contribute to a particular 
experimental observable (at an 
order in the EFT expansion)
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Top-down approach: UV/IR dictionaries

 What are the low-energy 
consequences of a particular UV 
scenario?

 UV/IR dictionaries allows to 
map all these contributions 
finding correlations among 
WCs.

● Done at a specific perturbative 
order through matching.
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Dictionary at tree-level

 Tree-level dictionary to the 
SMEFT @ dim-6 already exists, 
with all possible extensions 
which can generate WCs and 
their explicity contribution.

De Blas, Criado, Perez-Victoria, Santiago, 1711.10391De Blas, Criado, Perez-Victoria, Santiago, 1711.10391
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Dictionary at tree-level

 Tree-level dictionary to the 
SMEFT @ dim-6 already exists, 
with all possible extensions 
which can generate WCs and 
their explicity contribution.

 Some operators can be 
generated at one-loop

● Considering weakly coupled 
renormalizable UV

De Blas, Criado, Perez-Victoria, Santiago, 1711.10391De Blas, Criado, Perez-Victoria, Santiago, 1711.10391Craig, Jiang, Li, Sutherland 2001.00017
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Dictionary at one-loop

 Current experimental precision needs one-loop matching.
 Significant progress in the past few years in the development of 

automatic tools to perform matching at one-loop.

 However, creating a dictionary at this order is not immediate – 
infinite completions.

Fuentes-Martín, König, Pagès, Thomsen, Wilsch, 2212.04510Carmona, Lazopoulos, Olgoso, Santiago, 2112.10787

G. Guedes @ The LHC Precision Program                    8/20



The dictionary – first iteration

 Consider operators with 
leading contribution at 
one-loop (weakly coupled 
renormalizable UV)

 Limit UV theory to heavy 
scalars and fermions with 
renormalizable interactions
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The dictionary 

Gauge structure of UV couplings kept arbitrary.
Match diagrammatically
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The dictionary 

WCs are therefore given in terms of UV couplings and Clebsch-
Gordon tensors.

Example: 

The next step is to specify Quantum numbers of UV scenario 
– GroupMath computes possible CGs

Fonseca 2011.01764

G.G., Olgoso 2205.04480
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The dictionary 

Dictionary can be used through the Mathematica package:      
SOLD (Smeft One-Loop Dictionary) 
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Dictionary can be used in two directions:

Bottom-up: Which UV models generate a specific Wilson 
Coefficient?

Top-Down: Which Wilson coefficients are generated by a specific 
UV model?

The dictionary 
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Bottom-up: Which UV models generate a specific Wilson 
Coefficient? Which restrictions?

The dictionary 
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Bottom-up: Which UV models generate a specific Wilson 
Coefficient? Which Quantum Numbers?

The dictionary 
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Top-Down: Which Wilson coefficients are generated by a 
specific UV model?

The dictionary 
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Create Lagrangean of UV model

Run Matchmakereft directly

The dictionary – compute all WCs 
Automatic creation of 
FeynRules model
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 Next step would be to use matchmakereft to compute the matching 
results and other packages to connect to low-energy observables

Phenomenology

matchmakereft

Full one loop matching
 onto the Warsaw basis

& … see Alejo’s talk
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The dictionary – general results 
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Conclusions

 The effective approach allows us to parametrize low-energy 
observables through WCs with no mention of UV

 UV/IR dictionaries allow us to efficiently connect these WCs (and 
therefore observables) with ALL possible UV origins

 Dictionaries can work as a guiding principle
 Since one-loop effects are relevant, dictionary at this order should be 

computed: SOLD
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