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Effective Field Theory (EFT)

K. Mimasu, EFTforTop

Maybe New Physics (NP) exists 

at a significantly higher energy 

scale (ΛNP) than LHC can 

reach…

Standard 

Model
Coupling 

Strength

Operators 

introducing 

new 

interactions
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https://indico.cern.ch/event/727396/contributions/3018244/attachments/1659083/2657194/EFTforTop.pdf
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Target 2Q2L EFT operators

24 April 2024

(Same family that enter into the B-anomalies e.g. 𝒃 → 𝒔𝒍𝒍)
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Top 2Q2L operator effects

CLFV (fully off-diagonal)FCNC (semi-diagonal)𝑡 ҧ𝑡𝑍-like (diagonal)

𝑡 ҧ𝑡𝑙𝑙 𝑡𝑞𝑙𝑙 𝑡𝑞𝑙𝑙′
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Four-fermion / 2-quark-2-lepton (2Q2L) operator 

‘family’ in context

Four-fermion operators
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Larger picture

D. Straub

EPJC 79 (2019) 505
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https://moriond.in2p3.fr/2019/EW/slides/6_Friday/2_afternoon/4_straub-moriond-2019.pdf
https://link.springer.com/article/10.1140/epjc/s10052-019-6977-z
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Charged Lepton Flavour Violation

24 April 2024

𝑞𝑔 → 𝑡𝑙𝑙′

𝑡 ҧ𝑡 → (𝑙𝑙′𝑞)(𝑙𝑣𝑏)

Production

Decay



Jacob Kempster - University of Sussex 8

Neutrino Oscillations / New Physics

Neutrino oscillations → LFV in lepton sector but 

far beyond any experimental sensitivity

𝑡
𝑊+

𝑏

𝑢, 𝑐

𝑏

𝑍

𝜇+

𝜇− 𝑒−

𝑊−

ν𝜇 ν𝑒~10−14

< 10−50

New physics which introduces additional terms involving lepton fields in 

Lagrangian can lead to LFV, e.g. SUSY, leptoquarks, 2HDMs
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Recent history

ATLAS-CONF-2018-044

CMS-PAS-TOP-22-005

𝐵 𝑡 → 𝑙𝑙′𝑞 < 1.86 × 10−5

𝐵 𝑡 → 𝑒𝜇𝑞 < 6.6 × 10−6

𝐵 𝑡 → 𝑒𝜇𝑞 < 0.009 − 0.258 × 10−6

This analysis is first direct search for CLFV 𝜇𝜏𝑞𝑡 coupling.

BSM models predicting CLFV with electrons/muons also apply to 
taus, often additionally enhanced due to larger mass

Limits on CLFV branching ratio of top (95% CL):

(3-lepton final state , 138 fb−1)

(3-lepton final state, 80 fb−1)
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https://cds.cern.ch/record/2638305
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-005/index.html
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Charged Lepton Flavour Violation
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Using dim6top, found to agree with SMEFTsim 3.0

JHEP04 (2019) 014

https://arxiv.org/abs/1802.07237
https://doi.org/10.1007/JHEP04(2021)073
https://link.springer.com/article/10.1007/JHEP04(2019)014
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Charged Lepton Flavour Violation

24 April 2024

(CRs)
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Event selection with 139 fb−1
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• Top quark decay and 
production diagrams differ by 

1-jet  

• Trilepton event selection 

including hadronic taus

• Same-sign muons produce 

significant background 
reduction
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Yields

Post-fit  yields
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Fake-tau estimation

Fakes are usually due to mis-identified 

jets

Dedicated CR (does not enter the fit)

Scale factors (SF) are used to correct 

the rate of the fake-tau background

SFs are parameterised by:

• Track multiplicity (1-prong / 3-prong)

• Tau-jet width
• This is a good proxy for the quark-

gluon fractions which may differ 
slightly between SR/CR and between 

data and MC

• Systematics for SM backgrounds are 

propagated to the SFs and correlated 
appropriately in the fits
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Fake/Non-prompt (NP) muon estimation

Dedicated CR (enters the fit)

Targeting non-prompt muons 

from 𝑏-jets in 𝑡 ҧ𝑡 events

Normalisation is controlled by a 

profile-likelihood fit (next slides)
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Signal region

Binned in HT to capture energy 

growth behaviour of EFT 

operators

Signal shown is inclusive EFT (up-
initiated, charm-initiated, all 

operators)

For up-quark operators, the 

production mode (blue) 
dominates the cross-section and 

sensitivity

For charm-quark operators, the 

production and decay modes 
are more balanced
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Profile-likelihood fit
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Profile-likelihood fit

Good agreement between data 

and background-only model

Statistically limited result

Largest systematics are signal, 𝑡 ҧ𝑡𝑊
and diboson modelling

‘Inclusive’ BR limits set 

assuming all EFT 

operators are of equal 

magnitude
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EFT Result breakdown

EFT limits improve upon previous results (re-interpretation of ATLAS 

FCNC 𝑡𝑍𝑞 analysis): 

- From factors of 7.2 for 𝑐𝑙𝑒𝑞𝑢
3(2323)

(for 𝜇𝜏𝑐𝑡) to 41 for 𝑐𝑙𝑒𝑞𝑢
1(2313)

(for 𝜇𝜏𝑢𝑡). 
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https://link.springer.com/article/10.1007/JHEP04(2019)014
https://link.springer.com/article/10.1007/JHEP04(2019)014
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EFT Result breakdown
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Leptoquark interpretation
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Scalar leptoquark with cross-generational couplings could produce CLFV 

processes.
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Leptoquark interpretation
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Cross-generational couplings introduce many degrees of freedom, which 

may be simplified with a hierarchical modal: 

This reduces 10 degrees of freedom (9 coupling, 1 mass) into 2 (1 coupling, 1 

mass).

Various theory papers apply hierarchical coupling models, with different 

magnitudes spanning steps of 2 to 
1

16
[1,2,3,4,5]

https://doi.org/10.1103/PhysRevD.99.095004
https://doi.org/10.1103/PhysRevD.96.115011
https://doi.org/10.1140/epjc/s10052-019-7047-2
https://doi.org/10.1007/JHEP10(2016)106
https://doi.org/10.1140/epjc/s10052-023-11304-5


Jacob Kempster - University of Sussex 23

Leptoquark interpretation
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Analysis is not re-optimised for LQ signal, but HT is already a very good 

discriminating variable.  Signals 0.5 < 𝑚LQ < 2.5 TeV, and 0.5 < λLQ < 3.5 are fit 

independently:
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Leptoquark interpretation
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Leptoquark interpretation
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Summary

24 April 2024

• Top CLFV search with muons and tau-leptons

• Optimised beyond previous CONF note (ATLAS-CONF-2023-001) 

improving sensitivity by a factor of two

• LQ interpretation added

• Results are consistent with SM within 1.6𝜎 – small deviation in highest HT bin

• First direct limits set on relevant EFT couplings with muon and tau flavour 

indices

• Analysis is heavily statistically limited

• Leptoquark Interpretation – first attempted at setting limits on single-LQ 

production for a model with multi-generational couplings

• Coupling hierarchy utilised to simplify interpretation
• Limits set as a function of leptoquark mass and coupling strength

https://cds.cern.ch/record/2845451
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BACKUP
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Top-EFT and the B-anomalies (quick aside)

arXiv :2104.00015

SM predict ion

Best fit  2021 𝑅𝐾 (LHCb arXiv:2103.11769 , 3.1𝜎)
• But remember 2022 result  (LHCb arXiv:2212.09152) brought this inline with SM

Best fit  pre-2021 𝑅𝐾

24 April 2024

https://arxiv.org/abs/2104.00015
https://arxiv.org/abs/2103.11769
https://arxiv.org/abs/2212.09152


Jacob Kempster - University of Sussex 29

Top-EFT and the B-anomalies (quick aside)

JHEP 06 (2021) 010

P. Cartelle
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https://link.springer.com/article/10.1007/JHEP06(2021)010
https://cds.cern.ch/record/2311960
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EFT Result breakdown
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EFT Result breakdown
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Fake tau estimation region
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