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Top-BSM @ LHC
● EFT validity at the LHC:

→ The data is often only sensitive to 
scales at the edge of the EFT validity!

● But the Wilson coefficients can take a wide range of values:
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Top-BSM @ LHC

EFT (SM Measurements)

● What happens at the 
EFT → on-shell 
transition?

● Are the EFT constraints 
valid even if the EFT 
assumption is violated?

● If not, are they too 
conservative/too 
aggressive?

● What do we learn going 
beyond EFT?

“Beyond EFT” 
regime

On-Shell (BSM Searches)
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Beyond (Top)EFT
● Toy Model (DM inspired):

→ Free   parameters

● At the LHC:

Direct Searches Indirect Searches
(1-loop)

Indirect Searches
(EFT)
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e● Broad bump behavior

● Form factor is real in the EFT 
region

● Imaginary part becomes 
dominant at large energies

Beyond (Top)EFT

● Beyond EFT lagrangian: (1-loop form factors)

6



LHC Constraints

Direct and Indirect Searches



Andre Lessa | UFABC 

Direct Searches

● Constraints computed using:
● SModelS (7  top+MET searches)
● CMS mono-jet search (compressed region)

7



Andre Lessa | UFABC 

Direct Searches

● Constraints computed using:
● SModelS (7  top+MET searches)
● CMS mono-jet search (compressed region)

7



Andre Lessa | UFABC 

Direct Searches

● Constraints computed using:
● SModelS (7  top+MET searches)
● CMS mono-jet search (compressed region)

● Loss of sensitivity in the 
compressed region.

● ~500 GeV top-partners are 
still allowed

● Does not depend on yDM!
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● BSM contribution can be negative!
● Corrections scale as (yDM)2!

Indirect Searches

(EFT approximation)+ + ...

+ + ... (1-loop)

●     production
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Indirect Searches

● EFT:
● grows with energy
● always positive

● 1-loop Form Factors:
● “broad bump”
● negative contributions at 

large mtt

● Larger than EFT at low mtt, 
but lower at high mtt

● Distributions (LO):
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Indirect Searches
● Comparing to data:
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● ATLAS-TOPQ-2019-23 (semi-leptonic)

Indirect Searches

SM

SM+BSM (1-loop)

SM+BSM (EFT)

uncertainty

● Intermediate pT bins are the 
most sensitive!

● EFT understimates the signal at 
low pT and overestimates at 
high pT

● Comparing to data:
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● Combined results:

Direct + Indirect
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● Combined results:

Direct + Indirect

● EFT approximation understimates the signal!
● Constraints on the compressed region are competitive with 

direct searches!

Excluded
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Conclusions
● Lessons learned:

● SMEFT is not always a good parametrization of NP!

● For the case considered here, the SMEFT considerably 
underestimate the LHC reach.

● The 1-loop form factors display distinct features:
● Broad bump
● Negative interference at high energies
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● SMEFT is not always a good parametrization of NP!

● For the case considered here, the SMEFT considerably 
underestimate the LHC reach.

● The 1-loop form factors display distinct features:
● Broad bump
● Negative interference at high energies

● Dedicated searches for BSM featuring an excess at intermediate 
bins and deficit at high bins could improve the sensitivity

● The 4-top final state is particularly interesting to test the CtR 
(which scales as yDM

4!)

● This was a “toy exercise”!
● better treatment of signal and SM uncertainties
● Inclusion of other measurements, ... Thanks!
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Backup
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EFT Coefficients

● Toy Model:

● Constraints:

J. Ellis, M. Madigan, K. Mimasu, V. Sanz and T. You (2012.02779)
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More Results

● Distributions for heavy masses:
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More Results
● ATLAS-TOPQ-2019-23

● CMS-TOP-20-001

Bin-dependent k-factor:
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More Results

Observed Limits: Expected Limits:
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Relic Density

M. Garny, J. Heisig, M. Hufnagel and B. Lulf (1802.00814)

● Parameter space:
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