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Effective field theory (EFT)

So far no evidence of BSM physics at the LHC

Direct detection might be out of range at Λ� ELHC

→ Expand SM: Leff = LSM +
∑

i
ci
Λ2Oi

(here: dim-6 expansion, dim-5 and dim-7 would violate lepton/baryon numbers)

Wilson coefficients ci modify the SM vertices

→ Deviations visible in SM precision measurements

Model independent
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EFT interpretations

In the top sector, EFT effects can be observed in various final states:

t̄t, t̄tZ, t̄tγ, t̄tH, tZq, ...

Two ways of using EFT:

1. Re-parametrization of cross section measurements

2. Dedicated EFT measurements

(This talk does not include spin-related observables or FCNC searches)
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Boosted tt̄ at ATLAS New at TOP2021!
[ATLAS-CONF-2021-031]

Measurement of various t̄t observables in boosted regime

Single lepton, 2 b-tagged jets, 1 top tag → t̄t purity > 95%

pT of hadronically decaying top sensitive to ctG and c
(8)
tq

Jet energy scale calibrated using mt

Dominant uncertainties: t̄t modeling, b tagging, jet energy calibration
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http://cdsweb.cern.ch/record/2777237/files/ATLAS-CONF-2021-031.pdf
 https://indico.cern.ch/event/1018454/contributions/4339336/
https://indico.cern.ch/event/1018454/contributions/4339315/


Boosted tt̄ at ATLAS New at TOP2021!
[ATLAS-CONF-2021-031]

Bin contents are parameterised as function of ctG and c
(8)
tq

ctG sensitive to inclusive cross section

c
(8)
tq affects high-pT region
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Boosted tt̄ at ATLAS New at TOP2021!
[ATLAS-CONF-2021-66]

Similar measurement in all-jets t̄t

2 large-radius jets with pT > 500(350) GeV

DNN top tagger

Dominant uncertainties:

statistics, jet-related, modeling

EFT interpretation of unfolded pT of had. top

1D and 2D limits

For analysis details see Johannes’ talk
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 https://indico.cern.ch/event/1018454/contributions/4339336/


tt̄γ at CMS New at TOP2021!
[CMS-TOP-18-010], Submitted to JHEP

Single lepton channel

Backgrounds:

fake γ: no match to gen photon/electron

misidentified e: match to gen electron

QCD multijet: non-prompt lepton

Exp. uncertainties:

Photon identification, Jet energy scale and

resolution, b tagging

Modelling uncertainties:

ISR/FSR modeling

Background estimation uncertainties:

Misidentified electrons, hadronic/fake photons,

Wγ background estimation

For analysis details

see Josha’s talk
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https://arxiv.org/pdf/2107.01508.pdf
https://indico.cern.ch/event/1018454/contributions/4339327/


tt̄γ at CMS New at TOP2021!
[CMS-TOP-18-010], Submitted to JHEP

EFT interpretation with pT(γ) at detector level

Constraints on ctZ and c ItZ

Compatible cross section results from ATLAS but without EFT interpretation

[JHEP 09 (2020) 049]
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https://arxiv.org/pdf/2107.01508.pdf
https://link.springer.com/content/pdf/10.1007/JHEP09(2020)049.pdf


tt̄γ combination at CMS New at TOP2021!
[CMS-TOP-21-004]

Similar measurement in dilepton (e+e−, µ+µ−, e±µ∓)

Dominant uncertainties: Statistical, luminosity, modeling

Combination with single lepton tightens limits on ctZ and c ItZ

→ Tightest constraints on ctZ and c ItZ

Single Lepton Dilepton Combination¸

For analysis details see Gianny’s talk
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-004/index.html
 https://indico.cern.ch/event/1018454/contributions/4339353/


Energy asymmetry in tt̄ at ATLAS
[CERN-EP-2021-181]

New at TOP2021!

Usually charge asymmetry measured as rapidity

asymmetry

Here: measure energy asymmetry in boosted

t̄t +jet (single lepton)

θj : angle of additional jet to z-axis

∆E = Et − Et̄: energy difference

Top quark charge from lepton

Define asymmetry:

AE =
σ(θj |∆E>0)−σ(θj |∆E<0)
σ(θj |∆E>0)+σ(θj |∆E<0)

Statistical uncertainty dominates

For analysis details see Johannes’ talk
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Energy asymmetry in tt̄ at ATLAS
[CERN-EP-2021-181]

New at TOP2021!

Paremetrize AE as function of ci

6 WCs found to be sensitive to AE

(Ai
E is AE in bin i)

1D and 2D bounds
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Top + additional leptons at CMS
[JHEP 03 (2021) 095]

Signals: ttH, ttlν, ttll, tHq, tllq; multi-lepton analysis

35 signal regions (lepton channels + jet multiplicities)

Testing 16 operators (split into ttV and ttll/ttlν)

Direct extraction at detector level

Background from non-prompt and charge mis-Id leptons

estimated in data
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https://doi.org/10.1007/JHEP03(2021)095


Top + additional leptons at CMS
[JHEP 03 (2021) 095]

Obtain 1D and 2D limits

Good agreement with SM

Limiting uncertainties:

- theory and modeling

- jet energy scale, lepton identification and

isolation, luminosity
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tt̄Z and tt̄W at ATLAS
[PHYS. REV. D 99, 072009 (2019)]

Measurement of t̄tZ and t̄tW cross sections in 2`, 3`, 4` regions

Backgrounds: Z+jets, t̄t + non-prompt or misidentified leptons, WZ, ZZ

Dominant uncertainties: Modeling of signal and backgrounds, b tagging
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.072009


tt̄Z and tt̄W at ATLAS
[PHYS. REV. D 99, 072009 (2019)]

Interpretation with re-parameterization of

σt̄tZ

Operators: O(3)
φQ ,O

(1)
φQ ,Oφt ,OtW ,OtB

(c
(3)
φQ − c

(1)
φQ evaluated with c

(1)
φQ = 0)

Simultaneous fit of all t̄tZ regions

One WC varied at a time
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t/tt̄ +Z at CMS New at TOP2021!
[CMS-TOP-21-001]

Targeted signals: t̄tZ, tZq, tWZ

MVA distinguishes t̄tZ (+tWZ)/tZq/background processes

33 inputs: lepton/jet properties, b tagging, event observables

Categorize by maximum value in output nodes
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t/tt̄ +Z at CMS New at TOP2021!
[CMS-TOP-21-001]

A second MVA separates SM vs EFT scenarios

(separately for t̄tZ and tZq categories)

5 operators considered:

OtZ , OtW , O3
ϕQ , O−ϕQ , Oϕt

Training for single operators and simultaneously (5D)
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t/tt̄ +Z at CMS New at TOP2021!
[CMS-TOP-21-001]
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t/tt̄ +Z at CMS New at TOP2021!
[CMS-TOP-21-001]

Extraction of WC limits in 1D and 5D

Limiting uncertainties:

- theory

- non-prompt lepton systematics
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Summary
[ATLAS Summary Figures], [CMS Summary Figures]

LHC has entered precision era and we can use EFT as a tool to interpret SM

measurements

Already dedicated EFT analyses in place

ATLAS and CMS have provided excellent measurements in the top sector

Many more analyses to come!
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More summary plots:

[CMS], [ATLAS]
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 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-036/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-036/


additional material
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tt̄γ at CMS
[CMS-TOP-18-010]
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https://arxiv.org/pdf/2107.01508.pdf


Boosted tt̄ at ATLAS
[ATLAS-CONF-2021-031]

Dennis Schwarz 23

http://cdsweb.cern.ch/record/2777237/files/ATLAS-CONF-2021-031.pdf


Energy asymmetry in tt̄ at ATLAS
[CERN-EP-2021-181]
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Top + additional leptons at CMS
[JHEP 03 (2021) 095]
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https://doi.org/10.1007/JHEP03(2021)095


t/tt̄ +Z at CMS
[CMS-TOP-21-001]
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https://arxiv.org/pdf/2107.13896.pdf


tt̄Z and tt̄W at ATLAS
[PHYS. REV. D 99, 072009 (2019)]

(Quadratic term dominant for ctW and ctB)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.072009

