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ATLAS Top EFT ATL-PHYS-PUB-2023-027

There are a lot of ATLAS Top SMEFT results
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Summary Plots

• For a full overview – please refer to the 

September summary plots (very soon to 

be updated again!)

• This talk will give a quick look into 3 of 

the new analyses this year (preliminary 

results only)

• Charged lepton flavour violation

• ATLAS-CONF-2023-001

• Single-top t-channel cross-section

• ATLAS-CONF-2023-026

• 𝑡 ҧ𝑡𝑍 differential cross section

• ATLAS-CONF-2023-065

ATL-PHYS-PUB-2023-027

16 November 2023

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-027/
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Charged Lepton Flavour Violation (CLFV)

ATLAS-CONF-2023-001

16 November 2023

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-001/
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Target 2-quark-2-lepton (2Q2L) EFT operators

Scalar

Vector

Tensor

16 November 2023
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Four-fermion / 2Q2L operator ‘family’ in context

Four-fermion operators

16 November 2023
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2Q2L operator ‘family’ in context

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

𝑡 ҧ𝑡𝑙𝑙 𝑡𝑞𝑙𝑙 𝑡𝑞𝑙𝑙′

(Same family that enter into the B-anomalies e.g. 𝒃 → 𝒔𝒍𝒍)

16 November 2023
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Top-EFT and the B-anomalies (quick aside)

JHEP 06 (2021) 010

P. Cartelle

16 November 2023

https://link.springer.com/article/10.1007/JHEP06(2021)010
https://cds.cern.ch/record/2311960
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Charged Lepton Flavour Violation

𝑞𝑔 → 𝑡𝑙𝑙′

𝑡 ҧ𝑡 → (𝑙𝑙′𝑞)(𝑙𝑣𝑏)

Production

Decay

16 November 2023
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Profile-likelihood fit

Profile-likelihood fit across:

• Two SRs (single bins)

• Non-prompt muon CR (binned 

in 𝐻𝑇)

Good agreement between data 

and background-only model

Statistically limited result
Largest systematics related to top 

modelling and NP muon 

estimation

‘Inclusive’ BR limits set 

assuming all EFT 

operators have equal 

contributions

16 November 2023
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Result breakdown

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

FCNC 𝑡𝑍𝑞 analysis): 

- From factors of 8 for 𝑐𝑙𝑞
−(2323)

 (for 𝜇𝜏𝑐𝑡) to 51 for 𝑐𝑙𝑒𝑞𝑢
1(2313)

 (for 𝜇𝜏𝑢𝑡). 

16 November 2023

https://link.springer.com/article/10.1007/JHEP04(2019)014
https://link.springer.com/article/10.1007/JHEP04(2019)014
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Single-top t-channel cross section

ATLAS-CONF-2023-026

16 November 2023

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/
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Single-top t-channel

• Dominant single-top production mechanism at LHC

• Naturally charge-asymmetric due to proton PDFs

• Analysis provides measurements of 𝜎 𝑡𝑞 , 𝜎 ҧ𝑡𝑞 , 𝑅𝑡 and sets limits 

on 𝑓LV, 𝑉𝑡𝑏, 𝑉𝑡𝑠 and 𝑉𝑡𝑑 - but not covering those here!

• Provides opportunities to constraint four-fermion operators (two-

heavy-two-light, 𝑡𝑏𝑞𝑞′) such as 𝑪𝒒𝑸
(𝟏,𝟑)

16 November 2023
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Single-top t-channel

NN discriminant trained on 17 kinematic 

variables relating to top quark and W-

boson

Event selection:
• 1 isolated el or mu (𝑝𝑇 > 28 GeV , η < 2.5)

• 2 jets (𝑝𝑇 > 30 GeV , η < 4.5)

• 1 b-tag jet (60% eff., η < 2.5)

• Additional selection on:

• 𝐸T
miss,mT(𝑊),𝑝𝑇(𝑙) : Reduce multijet bkg

• m(𝑙𝑏) : Improve top decay modelling

16 November 2023
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Single-top t-channel

Limited by top quark modelling systematic uncertainties

Normal parametrisation process, 

generated using MadGraph with 

SMEFTatNLO-NLO model in the five-

flavour scheme, for multiple values of C

Maximum-likelihood scan (95% CL):

Compares to global fit results:

[−0.088,0.166]

[−0.043,0.16]

[−0.39,0.11]

Higgs + diboson + top

Higgs + diboson + top + EWK

Top-only

−0.25 < C𝑞𝑄
1,3

< 0.12

16 November 2023

https://doi.org/10.1007/JHEP11(2021)089
https://doi.org/10.1007/JHEP04(2021)279
https://doi.org/10.1007/JHEP02(2020)131
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𝑡 ҧ𝑡𝑍 differential cross section

ATLAS-CONF-2023-065

16 November 2023

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
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𝑡 ҧ𝑡𝑍

Huge CONF! Measures inclusive and differential cross sections, top quark spin 

correlations and sets limits on EFTS – I will only focus on the latter!

• Rare Standard Model process

• Direct probe of the neutral electroweak 

coupling of the top quark

• Important background for top processes 

(𝑡𝑍𝑞, 𝑡 ҧ𝑡𝐻, 𝑡 ҧ𝑡𝑊) and BSM searches

• Sensitivity to new physics

16 November 2023
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𝑡 ҧ𝑡𝑍

The EFT fit uses 5 SRs (3-lepton + 4-lepton), dominated by WZ/ZZ 

backgrounds which are normalised using CRs, and 3 additional CRs for the 

normalisation of fake lepton signatures

Many distributions (𝑝𝑇
𝑍, 𝑦𝑍 , cos 𝜃𝑍

∗, 𝑝𝑇
𝑡 , ∆𝜑(𝑡 ҧ𝑡, 𝑍) , 𝑦𝑡 ҧ𝑡𝑍 ) are unfolded to 

particle level, and fit simultaneously to increase the information used to 

constrain the EFTs.  (Care must be taken in building correlation matrices to 

deal with statistical overlaps).

SM cross section precision ~ 6.5%

16 November 2023
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𝑡 ҧ𝑡𝑍

20 operators considered

(= 23 including imaginary terms)

MC samples generated using 

MadGraph5_aMC@NLO with SMEFTsim3.0 

at LO

• ‘top’ flavour structure (fields split 

between gens 1+2 and gen 3)

• CKM matrix = unity

• Simple flavour diagonality in the lepton 

sector

Marginalised and individual, linear-only 

and linear+quadratic fits are performed.

16 November 2023
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𝑡 ҧ𝑡𝑍

16 November 2023
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𝑡 ҧ𝑡𝑍

Principal Component Analysis applied to linear-only fit

• Measure of sensitivity along directions in Wilson Coefficient space

16 November 2023
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Summary(‘ish)

For a full overview – please refer to the 

September summary plots (very soon to 

be updated again!)

• Charged lepton flavour violation

• EFT results in a novel channel 

sensitive to new physics related to 

flavour-anomalies and adjacent to 

FCNCs

• Single-top t-channel cross-section

• Strong limits on a single operator 

with significant opportunity to 

enhance global fits

• 𝑡 ҧ𝑡𝑍 differential cross section

• Detailed study of many EFT 

operators with competitive limits

• PCA gives insight into relative 

sensitivities of different directions

ATL-PHYS-PUB-2023-027

16 November 2023

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-027/
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Sneaky plug

• Another talk later today on future ATLAS 

Top EFT studies

ATL-PHYS-PUB-2023-030

16 November 2023

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-030/
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BACKUP

16 November 2023
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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

21 July 2023

https://indico.cern.ch/event/727396/contributions/3018244/attachments/1659083/2657194/EFTforTop.pdf
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Top-EFT and the B-anomalies (quick aside)

arXiv:2104.00015

21 July 2023

SM prediction

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

https://arxiv.org/abs/2104.00015
https://arxiv.org/abs/2103.11769
https://arxiv.org/abs/2212.09152
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LFU and the B-anomalies (quick aside)

D. Straub

EPJC 79 (2019) 505

21 July 2023

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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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

21 July 2023
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Recent history

ATLAS-CONF-2018-044

JHEP 06 (2022) 082 (CMS)

CMS-PAS-TOP-22-005

𝐵 𝑡 → 𝑙𝑙′𝑞 < 1.86 × 10−5

𝐵 𝑡 → 𝑒𝜇𝑞 < 6.6 × 10−6

𝐵 𝑡 → 𝑒𝜇𝑞 < 0.07 − 2.59 × 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):

(2-lepton final state , 138 fb−1)

(3-lepton final state , 138 fb−1)

(3-lepton final state, 80 fb−1)

21 July 2023

https://cds.cern.ch/record/2638305
https://link.springer.com/article/10.1007/JHEP06(2022)082
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-005/index.html
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Event selection with 139 fb−1

• Top quark decay and production diagrams differ by 1-jet  (SR1 / SR2 below)

• Trilepton event selection including hadronic taus

• Same-sign muons produce significant background reduction

• Control regions for fake-tau and fake/non-prompt-muon backgrounds

21 July 2023
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Backgrounds

Post-fit yields

21 July 2023
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Fake-tau estimation

Dedicated CR (does not enter the fit)

Scale factors (SF) are used to correct 

the rate of the fake-tau background

Fakes are usually due to mis-identified 

jets

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

21 July 2023
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Fake/Non-prompt (NP) muon estimation

Dedicated CR (does enter the fit)

Targeting non-prompt muons from 𝑏-

jets in 𝑡 ҧ𝑡 events

Normalisation is controlled by a profile-

likelihood fit (next slides)

21 July 2023
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Comment on MC Models

Experiment Publication Channel UFO Tensor Xsec 

(lequ3)

CMS JHEP , 

138 fb−1
𝑔𝑞 → 𝑡𝑒𝜇 , 𝑡 → hadronic SMEFTfr v2 2.9 pb

CMS PAS , 

138 fb−1
𝑔𝑞 → 𝑡𝑒𝜇 , 𝑡 → leptonic SMEFTfr v2 2.9 pb

ATLAS CONF , 

139 fb−1
𝑔𝑞 → 𝑡𝜇𝜏 , 𝑡 → leptonic dim6top 2.1 pb

Differences in central values between ATLAS and CMS are larger than 

uncertainties – appear to be due to genuine differences in the UFO models

A 40% difference in cross-sections (up-quark couplings) means ~18% 

difference in EFT limits ( 1.4)

A 100% difference in cross-sections (charm-quark couplings) means ~40% 

difference in EFT limits ( 2.0)

Xsec value depends on WC, not on lepton flavours

21 July 2023

https://link.springer.com/article/10.1007/JHEP06(2022)082
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-005/index.html
https://cds.cern.ch/record/2845451
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SMEFTfr v2 and SMEFTfr v3

SMEFTfr v3 is quite different – normalisation reduces significantly to be in 
much better agreement with SMEFTSim and dim6top.

There remains a greater difference in charm than in up however.

up

charm

21 July 2023
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Flavour-difference (1)

SMEFTfr authors have tracked down flavour-behaviour to a convention 

difference – i.e. the effects of Wilson Coefficients in each UFO do not mean 

the same thing

In short:  When defining the quark Yukawa matrices and determining a 

flavour basis you have a choice about diagonalising the up-type quark 

mass basis or the down-type quark mass basis 

https://arxiv.org/pdf/2003.05432.pdf (see backup)

It’s a free decision, neither is more correct, but it means that one group of 

quarks will end up with CKM terms included.

SMEFTfr chooses to have diagonal Yd and non-diagonal Yu

SMEFTsim chooses to have diagonal Yu and non-diagonal Yd 

21 July 2023

https://arxiv.org/pdf/2003.05432.pdf
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Flavour-difference (2)

In practice, this means that the CKM matrix then enters into the definitions 

of the up-type EFT operators for SMEFTfr:

Whereas for SMEFTsim this does not happen (for up-type):

21 July 2023
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