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What is experiment telling us?

1 TeV 10 TeV

Turning all the stones! NP seems to be relatively heavy
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Connecting theory and experiment

We need a more 
efficient approach!! Effective Field Theories!
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Listing new physics models

It is actually possible … using EFTs!*
*Within weakly-coupled theories of local fields with a mass gap
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The EFT approach to BSM
● Effective Lagrangians parametrise the low-energy effects of arbitrary 

new physics models

● It is a double expansion in mass dimension and loops

● In weakly coupled extensions this expansion is well behaved
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The EFT approach to BSM
● It is a double expansion in mass dimension and loops

● Their effect at lower energies is hierarchical

● In the SM EFT odd-dimension operators are associated to (tiny) 
lepton-number violating physics
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IR/UV dictionaries
● Given a fixed order in this expansion we can list all models that 

generate the EFT at this order and compute their contribution.

● This provides true IR/UV dictionaries that connect experiment with all 
possible models of new physics.
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IR/UV dictionaries
● The leading IR/UV dictionary (tree-level, dimension 6 SMEFT) was 

computed a few years ago. [Blas, Criado, Pérez-Victoria, Santiago ‘18]
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IR/UV dictionaries
● The leading IR/UV dictionary (tree-level, dimension 6 SMEFT) was 

computed a few years ago.

● Complete list of all possible models that contribute to experiment at 
tree-level and dim 6 (and their contributions).

[Blas, Criado, Pérez-Victoria, Santiago ‘18]
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IR/UV dictionaries
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IR/UV dictionaries
● The leading IR/UV dictionary (tree-level, dimension 6 SMEFT) was 

computed a few years ago.

● Complete list of all possible models that contribute to experiment at 
tree-level and dim 6 (and their contributions).

● Tree-level and dimension 6 is not enough for current experimental 
precision. Going beyond requires automation.

● The next (tree-level dimension 8 or 1-loop dimension 6) dictionaries 
will need to be published in electronic form. We are working on a 
standard database format to store them [with J.C. Criado] 

[Blas, Criado, Pérez-Victoria, Santiago ‘18]
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Automated matching with MME

– Also RGEs, operator independence, ... 
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Towards the next IR/UV dictionaries
● We are working on the one-loop, dimension-6 IR/UV dictionary [with 

G. Guedes and P. Olgoso]. 

● We have started with operators that cannot be generated at tree level in 
weakly-coupled extensions                                  , with heavy scalars and 
fermions [heavy vectors currently under study with J. Fuentes-Martín, P. 
Olgoso, A.E. Thomsen] and renormalizable interactions.
– Extend the SMEFT with heavy fields in arbitrary gauge configurations.
– Just need 2 and 3 point functions (plus gauge boson insertions).

see also [Cepedello, Esser, Hirsch, Sanz 2207.13714, 2302.03485]

Preliminary!
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Towards the next IR/UV dictionaries
● We are working on the one-loop, dimension-6 IR/UV dictionary [with 

G. Guedes and P. Olgoso]. 

● We have started with operators that cannot be generated at tree level in 
weakly-coupled extensions                                  , with heavy scalars and 
fermions [heavy vectors currently under study with J. Fuentes-Martín, P. 
Olgoso, A.E. Thomsen] and renormalizable interactions.
– Extend the SMEFT with heavy fields in arbitrary gauge configurations.
– Just need 2 and 3 point functions (plus gauge boson insertions).
– Perform the matching with MME using the kinematics but leave gauge directions 

general.
– Result for specific models can be obtained doing a simple group-theoretical 

calculation [we use GroupMath by R. Fonseca].

Preliminary!

Smeft One Loop Dictionary (SOLD)Smeft One Loop Dictionary (SOLD)
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Towards the next IR/UV dictionaries
● We are working on the one-loop, dimension-6 IR/UV dictionary [with 

G. Guedes and P. Olgoso]. 
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Towards the next IR/UV dictionaries
● We are working on the one-loop, dimension-6 IR/UV dictionary [with 

G. Guedes and P. Olgoso].

● We also provide a function to automatically generate Matchmakereft 
models for specific choices of field quantum numbers to perform the 
complete one-loop matching. 
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Towards the next IR/UV dictionaries
● Can be used for phenomenological analyses

● Can be explained by dipole operators.

● Run to EW scale, match at one loop to SMEFT and run up to 
matching scale (all known and in codes), then use the dictionary.
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Towards the next IR/UV dictionaries
● Can be used for phenomenological analyses

● Can be explained by dipole operators.

● Run to EW scale, match at one loop to SMEFT and run up to 
matching scale (all known and in codes), then use the dictionary.

● One viable possibility:
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● The effective approach is well supported by experimental data and 
extremely powerful.

● It allows us to exhaustively list all observable models and compute their 
phenomenological information.

● IR/UV dictionaries connect directly experiment to all observable new 
physics models:

● Perfect guiding principle to pin-point new physics if anomalies found.
● Optimal framework to interpret bounds if no new physics is found.

● The leading order dictionary was computed a few years back, the Smeft 
One Loop Dictionary (SOLD) is currently being computed, thanks to 
recent progress in automated matching calculations.

Conclusions and outlook
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Thank you!!!
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