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Searching for new physics: two main strategies

Provocative Statement: 
“Direct Search” → Top Down Approach 

“Indirect Search” → Effective Field Theories (EFT)
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Top Down Approach

• Key Idea: If new physics is directly observable at the LHC, 
should be seen as a resonance or broad excess/deficit. 

• LHC experiments cover many different final states with 
dedicated searches for specific models.
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Top Down Approach
• Are efforts in both ATLAS and CMS to bring these separate 

searches together into a more general framework.

• Rather than simply setting limits 
on xsec and mass, also make 
statement about SM coupling.

• Still not truly agnostic (Spin-0/2, 
non-resonant, complex structure)

• Searches != Precision Measurements

Link

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-31/
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Limitations
Link

https://arxiv.org/abs/1308.5874
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Limitations
Link

Link

https://arxiv.org/abs/1308.5874
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/
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K. Mimasu, 21/06/2018 SMEFT @ the LHC

From bumps to tails

• Possibility that new states exist (just) beyond the energy 
reach of the LHC 
• We may still observe indirect effects of such particles in the kinematic tails 

of distributions, e.g., LEP limits on ~ TeV Z’ 
• Intrinsically small effects that require precise theoretical control on signal 

and background predictions 

• Framework: SM effective field theory (SMEFT) 
• Theoretically consistent, ‘model independent’ approach to deviations of 

interactions between SM fields
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Link

https://arxiv.org/abs/1308.5874
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/
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EFT Approach

• Key Idea: If new physics is characterized by a very large 
energy scale Λ (particle mass / compositeness scale / …), it’s 
impact at the LHC can be described by an EFT. 

• Pros of EFT Approach: 

- Model independent, within assumptions. 

- Do not need knowledge of UV model to make predictions. 

- Better than just anomalous couplings, as it’s a full QFT. 

- Gives a systematic classification of all possible BSM effects. 

- Gives access to physics beyond LHC reach.
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An EFT for BSM searches: The SMEFT
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What precision is needed?
A back-of-the-envelope estimate:
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What precision is needed?
A back-of-the-envelope estimate:

Pole and tails are complementary!
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Current Measurements & HL-LHC Projections
Link

 

https://arxiv.org/abs/2004.03447
https://cds.cern.ch/record/2652762
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Current Measurements & HL-LHC Projections
Link

LinkHL-LHC Projection

https://arxiv.org/abs/2004.03447
https://cds.cern.ch/record/2652762
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Status in Global Fits
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Status in Global Fits

Link

https://arxiv.org/pdf/2007.01296.pdf


!21

Some Starter Questions for Discussion…

1.How does the EFT reach, in terms of new physics scale, compare 
to that of direct searches? 

2.What is the precision needed for EFT to do better than Top Down? 

- Which measurements can realistically expect this? 

3.Is there any regime where the two approaches overlap? 

- If so, how can this complementarity be best exploited? 

- Otherwise, is there a blind spot? 

4.How can we better control the large theory uncertainties which 
limit both approaches? Is one approach more resilient? 

5. Can searches performed with the Top Down approach in mind be 
easily cast into EFT? 

- Could be useful for where precision measurements do not exist.


