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1. Standard Model Effective 
Field Theory
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Top-down vs bottom-up EFT
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Top-down EFT: We know the full theory and want to calculate its 
effects to a low energy EFT
→ e.g. matching the MSSM to SM, probe it at the LHC, …
→ matching well understood and easy to automise

What if we do NOT know the full theory?
→  Bottom-up EFT: Build a tower of UV completions starting from 
an EFT at low energies
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SMEFT
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•  Bottom-up EFT, starting from SM at EW scale  →  SMEFT

→ e.g. 4-fermion operators:

• Plethora of UV models the SMEFT can be matched to


• We can do global SMEFT fits, but it remains difficult and tedious to 
systematically list and classify possible UV completions


→  need a tool that implements a systematic approach to classify these 
interesting UV models


→ diagrammatic method
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2. Motivation  

→ What class of UV models?


→ Why 4F operators?
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Motivation - what class of UV models?
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Identify classes of UV models which 

1. Contribute to precise low-energy measurements 


AND 
A. Could be discovered at the LHC (exit case)

B. Can explain the DM relic abundance from CMB determination (DM case)

Scenarios where information from low-energy precision 
measurements, collider searches and CMB measurements 
would be complementary

• Map (parts of the) SMEFT to these UV models

• The tightest SMEFT bounds come from operators involving four fermions (4F)

→ we focus on 4F operators with no flavour violation, no chirality violation 
and no B-violation

 



Fabian Esser Mapping the SMEFT to UV models for 4F operators

4F operators: tree-level vs. 1-loop
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Method
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3. “Mapping” - 
The diagrammatic method
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From operators to models
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From operators to models
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From operators to models

12



Fabian Esser Mapping the SMEFT to UV models for 4F operators

Choices for LHC testable UV models
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1. Exclude all models of a 1-loop generated 4F operator whose particle 
content produce any other 4F operator at tree-level 

2. Must avoid stable charged relics  
a) models with exits (BSM particles that can decay at tree-level into 
SM particles): arxiv: 2207.13714 

 

b) models with electrically neutral DM candidates: arxiv:2302.03485 
3. No internal vectors in the loop 
4. No SM Yukawa couplings in the loop (suppressed)

BSM

BSM

BSM Exit

SM

SM

SM

SM

Exit
SM

SM

https://arxiv.org/abs/2207.13714
https://arxiv.org/abs/2302.03485
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4. Example UV models
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Patterns and minimal models
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Classify three types of scenarios 
• Lepton-specific: strong low energy limits

• Quark-specific: interesting at the LHC

• Generic or hybrid

To
y e

xa
m

ple

Minimal models:  
• Lepton-/Quark-specific: 1 BSM fermion + 1 SM Higgs

• Hybrid models: at least 2 BSM particles
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Matching

16

Matching of the boxes (for SM Yukawa = 0),

with MatchMakerEFT [Carmona et al 2022]

Limit of equal masses and couplings:
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Interplay direct vs. indirect search
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Summary
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• We have focused on identifying UV scenarios leading to loop-
suppressed 4F operators 

• We presented a diagrammatic approach to classify the topologies, 
diagrams and models leading to loop-suppressed 4F operators


• We classified the 4F operators as 

- lepton-specific  (strong low energy limits) 
- quark- specific (interesting at colliders)

or mixed operators to connect with phenomenology


• We found an interesting complementarity between constraints from 
indirect low-energy constraints and direct searches at the LHC for exits 
and an interplay between the CMB DM relic abundance for DM models


• Outlook: dim-8!
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Thank you!

Thank you!


