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Recent results shown today
- Measurement of single top-quark production in association with a W boson in pp collisions at  

            TeV with the ATLAS detector - Aad, Georges et al - Phys.Rev.D 110 (2024) 7, 072010 
CERN-EP-2024-168

- Measurement of     production in association with additional   -jets in the       final state in 
proton-proton collisions at            TeV with the ATLAS detector - Aad, Georges et al - 
arXiv:2407.13473 - CERN-EP-2024-191  (Submitted  to JHEP)

- Measurements of differential cross-sections in top-quark pair events with a high transverse 
momentum top quark and limits on beyond the Standard Model contributions to top-quark pair 
production with the ATLAS detector at              TeV - Aad, Georges et al - JHEP 2206 (2022) 063  - 
CERN-EP-2022-003 

- Measurement of differential cross-sections in      and    +jets production in the lepton+jets final state 
in pp collisions at             TeV using 140 fb of ATLAS data - Aad, Georges et al - JHEP 2408 (2024) 182 - 
CERN-EP-2024-163  

- Measurements of inclusive and differential cross-sections of   γ production in pp collisions at 
            TeV with the ATLAS detector -  Aad, Georges et al -  JHEP 10 (2024) 191  - CERN-EP-2024-052 
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Cross section measurements

https://cds.cern.ch/record/2905187?ln=pt
https://cds.cern.ch/record/2905187?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/record/2904874?ln=pt
https://cds.cern.ch/record/2904874?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/record/2802296?ln=pt
https://cds.cern.ch/record/2802296?ln=pt
https://cds.cern.ch/record/2802296?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/record/2902600?ln=pt
https://cds.cern.ch/record/2902600?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
http://dx.doi.org/10.1007/JHEP08(2024)182
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt


Recent results shown today
- Search for flavour-changing neutral-current couplings between the top quark and the Higgs boson in 

multi-lepton final states in 13 TeV pp collisions with the ATLAS detector - Aad, Georges et al - Eur. 
Phys. J. C 84 (2024) 757  - CERN-EP-2024-070 

- Search for heavy right-handed Majorana neutrinos in the decay of top quarks produced in 
proton-proton collisions at            TeV with the ATLAS detector - Aad, Georges et al - 
Phys. Rev. D 110 (2024) 112004 - CERN-EP-2024-154 

- Search for same-charge top-quark pair production in pp  collisions at             TeV with the ATLAS 
detector - Aad, Georges et al - arXiv:2409.14982 - CERN-EP-2024-226 (submitted to JHEP) 

-  A search for                  scattering in the multi-leptonic  final state          at    TeV with the 
ATLAS detector with bounds on Effective Field Theory operators - ANA-TOPQ-2019-18
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Searches for new Physics

Quantum Effects and Novel Observations

- Observation of quantum entanglement with top quarks at the ATLAS detector - Aad, 
Georges et al - Nature 633 (2024) 542 - CERN-EP-2023-230

https://cds.cern.ch/record/2894371?ln=pt
https://cds.cern.ch/record/2894371?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/record/2906727?ln=pt
https://cds.cern.ch/record/2906727?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt


Recent results shown today

- Constraint on the total width of the Higgs boson from Higgs boson and four-top-quark measurements 
in pp collisions at              TeV with the ATLAS detector - Aad, Georges et al - arXiv:2407.10631 - 
CERN-EP-2024-190 (Submitted to Phys. Lett. B) 

- Test of lepton flavour universality in W-boson decays into electrons and -leptons using pp 
         collisions at             TeV with the ATLAS detector - Aad, Georges et al - CERN-EP-2024-315 
        (Submitted to JHEP) 

- Precise test of lepton flavour universality in 𝑾-boson decays into muons and electrons in 𝒑𝒑 collisions 
at              TeV with the ATLAS detector - Aad, Georges et al - Eur. Phys. J. C 84 (2024) 993-  
CERN-EP-2024-063

 
- Observation of tt‾production in the lepton+jets and dilepton channels in p+Pb collisions √sNN = 8.16 

TeV with the ATLAS detector - Aad, Georges et al - JHEP 2411 (2024) 101 - CERN-EP-2024-097    
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Higgs Boson and Top Quark Properties

Tests of Universality

Heavy ion measurement

https://cds.cern.ch/record/2904422?ln=pt
https://cds.cern.ch/record/2904422?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/record/2920037?ln=pt
https://cds.cern.ch/record/2920037?ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt
http://dx.doi.org/10.1140/epjc/s10052-024-13070-4
https://cds.cern.ch/search?f=author&p=Aad%2C%20Georges&ln=pt


● Is the most massive of all known elementary 
particles, with a mass of approximately 173 
GeV/c² and carries an electric charge of 
+⅔e. 

● Its discovery in 1995 by the CDF and DØ 
collaborations at Fermilab completed the 
quark sector of the SM.

Top quark physics: State  of art
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● Decay Characteristics: It decays 
predominantly into a W boson and a 
bottom quark (b), with a mean lifetime 
of about 5 × 10⁻²⁵ seconds, decaying 
before it can hadronize.

Branching ratio of top decay



Top quark physics: State  of art ● Given the actual  
center-of-mass 
energy of the LHC, 
gluons dominate the 
PDFs of the colliding 
protons;

● tt production is the 
dominant top quark 
production;

● The inclusive tt cross 
section allows to test 
QCD predictions and 
constraining 
parameters;

● The final state 
topology is given in 
term of W-boson 
decay mode;

Pair production t-channel
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W-associated  production s-channel
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Cross section measurements

● Data Sample: 140 fb⁻¹ @ √s = 13 TeV (2015-2018);

● Event Selection: Focused on events with two charged 
oppositely leptons with lower pT threshold of 

- Electron: 24 GeV (26 GeV);
- Muons:   20 GeV (26 GeV) ;
-  at least one jet identified as originating from a b-quark;

● Analysis Technique: Multivariate discriminant to 
distinguish the tW signal from the dominant tt̄ background; 

● Final states: events with exactly one selected jet that is 
also b-tagged (denoted 1j1b), events with exactly two 
selected jets one of which is b-tagged (2j1b), and events 
with exactly two jets where each are 𝑏-tagged (2j2b);

Phys.Rev.D 110 (2024) 7, 072010    

tt̅  and tW modelling: PowHegBoxv2@NLO

● MC simulation for signal and 
background;



● Wtb Vertex Constraint: left-handed form factor at the 
Wtb vertex times CKM matrix element |fLVVtb|= 0.97 ± 
0.10;

●  This precise measurement enhances our understanding 
of electroweak interactions involving the top quark and 
provides stringent tests of the SM.

Results:
        Inclusive cross-section for tW production 

BDT Response

BDTs : separate the signal from 
the dominant tt background.
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Cross section 
measurements

arXiv:2407.13473

● Data Sample: Utilized 140 fb⁻¹@ √s = 13 (2015-2018);

● Event Selection: 
- For electrons: 𝑝T = 26, 60 and 140 GeV; 
- For muons the thresholds were 𝑝T = 26 and 50 GeV 
- Isolation requirements. 

● Final states: tt̅̅+b-jets: fiducial cross-sections;  

● tt event production: PowhegBox v2 heavy-quark (hvq) at 
NLO with NNPDF3.0NLO;

● Backgrounds: tt̅̅𝑍, tt̅̅𝑊,tt̅̅H (prompt leptons), 𝑡𝑊𝑍, 𝑡𝑊𝐻, 
𝑡𝐻𝑏 𝑗, 𝑡𝑍 and tt̅̅tt̅̅ (rare SM processes). To assess the 
interference between 𝑡𝑊 and tt̅̅ production, the diagram 
removal scheme is applied;

                       tt+b-jets final state 
● two oppositely charged leptons (𝑒± 𝜇∓);

● At least 3 or  4 b-jets; 

𝑊 bosons decay leptonically



Extraction of fiducial cross sections
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● Data-driven correction factors for flavour 
composition of additional jets in tt̄ events: 
mis-tagged jets in tt̅̅c and tt̄l events contribute as 
significant background to the tt̅̅+𝑏-jets process. 

Best-fit values of the tt̅̅𝑏, tt̅̅𝑏ex, tt̅̅𝑏  ̄𝑏, tt̅̅𝑐
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Cross section measurements

JHEP 2206 (2022) 063 - CERN-EP-2022-003

● Data Sample: 139 fb⁻¹ @ √s = 13 TeV;

● Event Selection: 

- PV with at least two associated tracks with pT>0.5 GeV; 
- Electrons: ET > 27GeV and pass the ‘Tight’ 

likelihood-based requirement with |η|<2.47 outside 
(1.37<|η|< 1.52). 

- Muons: pT > 27 GeV and |η|<2.5,‘Medium’ 
identification requirements and ‘Tight’ isolation 
requirements;

● Final states:  one selected lepton, at least one 
top-tagged jet and at least two b-tagged jets;

● tt̄ event production: top-quark pair 
production where the hadronically 
decaying top quark has transverse 
momentum greater than 355 GeV and 
the other top quark decays into lνb;

● Background estimate

- Most dangerous: tW single top quark 
production and W+jets production

- Least important: (tt̅̅V,tt̅̅H, Z+jets, 
diboson production);
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● Cross-section is measured 
differentially as a function of variables 
characterising the tt̅̅ system and 
additional radiation in the events. 
Comparison with MC, also at 
parton-level calculation at NNLO;

● Fiducial requirements:
Electrons, muons and neutrinos not 
originating, either directly or through 
a τ -lepton decay-> prompt; 
Particle-level: small-R jets with 
|η|<4.5 with pT > 26 GeV and |η|<2.5, 
large-R jets pT > 355 GeV and |η|<2.0 
in high pT order;

● Observables:
 m(tt̅̅),y(tt̅̅),m(t),y(t), 𝚫ɸ(bl,th) 

● Fiducial cross section
σ = 1.267 ± 0.005 ± 0.053 pb

Limits on EFT operators
Differential cross section - Second degree - 2 Wilson Coeff.
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Cross section measurements

JHEP 2408 (2024) 182

● Data Sample: 140 fb⁻¹ @ √s = 13 TeV;
● Event Selection:
- PV(>=two associated tracks with pT>0.5 GeV, 

|z0sin𝞱|< 0.5 mm and |d0|/𝞼(d0) < 5); 
- Electrons: pT>27GeV with |η|<2.47 outside 

(1.37<|η|< 1.52); 
- Muons: pT > 27 GeV and |η|<2.5; 
● Final states:  e+jets, 𝞵 + jets.
● Background estimate: 
- Single top in t- and s- channel with a W 

boson(POWHEG-BOX v2 @ NNPDF3.0NLO PDF - Pythia 
8.230 - A14 tune)

- W +jets and Z+jets @ NNLO 
- Diboson production: (WW,ZZ,WZ) - (had + lep) decay; 
● Unfolding method: RooUnfold - Repeated applications 

of the Bayes’ theorem are used to invert the unfolding 
matrix;

Observables
tt̅̅:pT(jet-W1), pT(jet-W2), jet-rad1(highest 
pT jet outside the ttbar system);
tt̅̅+1jet:pT(jet-rad1),𝚫ɸ(jet-W1-jet-rad1), 
m(tt̅̅-jet-rad1); 
tt̅̅+2jets: 𝚫ɸ(jet-W1-jet-rad2)
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tt̅̅+1jet tt̅̅+2jet
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Cross section measurements

JHEP 10 (2024) 191  - CERN-EP-2024-052 
● The inclusive fiducial cross-section for the 

tt̄𝛾 production process;

● Differential cross-sections are measured 
for various kinematic variables in both 
single-lepton and dilepton decay channels.

● The measurements are interpreted in the 
context of the Standard Model Effective 
Field Theory (SMEFT), setting limits on 
parameters related to the electroweak 
dipole moments of the top quark.

● The measured cross-sections and 
differential distributions are compared 
with predictions from NLO simulations 
using MadGraph5_aMC@NLO interfaced 
with Pythia 8 and Herwig 7.

● Measurements of the associated production 
of a top quark pair and a photon (tt̄𝛾) in 
proton-proton collisions at a center-of-mass 
energy of 13 TeV with 140 fb⁻¹;



16

Single-Lepton Channel Selection

● Exactly one photon, exactly one isolated lepton 
(electron or muon) with pT > 25 GeV and at least 
four jets, with at least one jet identified as a 
𝑏-jet (𝑏-tagged);

● Jets with pT > 25 GeV with anti-kt algorithm (𝚫R 
= 0.4); One b-jet with W.P. 70%;

● Events are rejected if there are additional lepton 
candidates with 𝑝T > 7 GeV;

● Invariant mass of the lepton and photon must be 
outside a ±5 GeV window around Z  mass;

● Photon: 𝐸T > 20 GeV,   pseudorapidity range |𝜂| < 
2.37, excluding the transition region between the 
barrel and endcap calorimeters (1.37 < |𝜂| < 
1.52);

● Method:multi-class NN is used to separate the 𝑡̄𝑡𝛾 
production signal from the background;

Fiducial 𝑡𝑡 ̄𝛾 cross-section 

Fiducial 𝑡𝑡̄𝛾  cross-section- All decay modes 
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Dilepton Channel Selection

● Exactly one photon, exactly two isolated 
oppositely charged leptons (electron or muon) 
with pT > 25 GeV, with at least two jets 
identified as a 𝑏-jet (𝑏-tagged);

● Jets with pT > 25 GeV with anti-kt algorithm 
(𝚫R = 0.4); One b-jet with W.P. 70%;

● Invariant mass of the lepton pair smaller than 15 
GeV are rejected to suppress contributions from 
low-mass Drell-Yan processes;

●  MET > 30 GeV;
● Photon: 𝐸T > 20 GeV,   pseudorapidity range 

|𝜂| < 2.37, excluding the transition region 
between the barrel and endcap calorimeters 
(1.37 < |𝜂| < 1.52);

● Method: multi-class NN is used to separate the 
tt̄𝛾 production signal from all backgrounds;

Fiducial 𝑡𝑡̄𝛾  cross-section 

Fiducial 𝑡𝑡̄𝛾  cross-section - All decay modes 

Combined results - Single Lepton

Combined results - Dilepton
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Searches for new Physics

● Following the discovery of the Higgs boson at the 
LHC in 2012, various properties of the Higgs have 
been studied, including potential flavor-changing 
neutral currents (FCNC) involving top quarks;

● This analysis aims to investigate the FCNC 
processes in Higgs production, specifically 
targeting the tHq interactions,Data sample: 
(2015-2018) with an integrated luminosity of 
140.1 fb⁻¹;

● Event Selection: at least one vertex with two tracks 
with pT > 0.5 GeV; 

● At least one lepton with pT>28 GeV;
- Electrons: pT>10 GeV and∣η∣<2.47(*);
- Muons: pT>10 GeV and∣η∣<2.5;
- Jets:  pT>20 GeV and∣η∣<2.5 

2ℓSS 3ℓ
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Signal region

SR2IDec:                    (exactly 1 b-tag)

SR2IProd:                   (exactly 1 b-tag)

                        Background region

● Non-prompt leptons from tt̅̅W and tt̅̅Z; 

● No significant evidence for FCNC couplings was 
observed, indicating results are compatible with the 
SM;

Upper limits at 95% Confidence Level (CL) were 
established on the branching ratios

- B(t → Hu) < 2.8 × 10⁻⁴ (observed), 3.0 × 10⁻⁴ 
(expected)

- B(t → Hc) < 3.3 × 10⁻⁴ (observed), 3.8 × 10⁻⁴ 
(expected)

Limits on the absolute value of the dimension-6 Wilson 
coefficients

- |Cuϕ| < 0.78 (observed), 0.64 (expected)
Results combined with other ATLAS searches:  𝐻→ 𝜏𝜏, 𝑏𝑏, 𝛾𝛾;
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Searches for new Physics

● Search for heavy neutral leptons(HNL) in the mass 
window 15-75 GeV for 140 fb⁻¹ in tt̅̅ production;

● HNL is identified through its decay into another lepton 
and a W boson, resulting in a final state with two 
same-charge, same-flavor leptons;

● Multivariate approach to distinguish between signal and 
background events, focusing on final states with two 
same-charge leptons; 

● Type-I seesaw model, translating cross-section limits 
into upper limits on the mixing parameters of the HNL 
with Standard Model neutrinos;

HNL signal

Event selection: two light leptons (electrons or muons) of the same charge and flavor;
Trigger Criteria: The leading lepton must have a transverse momentum (pT) greater than 27 GeV;
Jet Requirements: At least two b-tagged jets and at least four non-b-tagged jets are required;
Invariant Mass: invariant mass of the lepton pair must higher than 12 GeV  (background from Drell-Yan);
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Signal and Control Regions
● Signal Regions (SR): Defined for both ee and μμ 

channels, with tighter isolation criteria and 
invariant mass requirements to minimize 
background contamination.

● Control Regions (CR): Established to study specific 
background processes, ensuring less than 1% signal 
contamination.

● Multivariate Analysis: BDTs is performed to 
enhance the separation between signal and 
background events. Key input variables include the 
invariant mass of the lepton pair and missing 
transverse momentum.

No Significant Excess: of events above the 
expected background. The presence of HNLs in 
the studied mass range is not supported by the 
data.
Upper limits obtained in this analysis are about 
one order of magnitude weaker than those from 
previous ATLAS searches for HNLs in W boson 
decays. 
This study extends the search region for the 
first two generations of leptons beyond 50 GeV, 
probing HNL masses up to 75 GeV.



Searches for new Physics

● Data: The analysis utilized 140 fb⁻¹ of proton-proton 
collision data at a center-of-mass energy of 13 TeV;

● Study focused on events compatible with the 
production of two top quarks with the same electric 
charge, specifically -dilepton final state characterized 
by two same-sign leptons, two b-hadrons, and missing 
transverse momentum.

● Signal and Background Modeling:  The signal samples 
were simulated using effective field theory (EFT) with 
three Wilson coefficients associated with operators 
O(1)ₜᵤ and O(1)ₜᵤ, and O(8)ₜᵤ.

-  The dominant background processes included t̄tW, 
t̄tZ, and t̄tH, with normalization constrained through 
likelihood fits to data.

SM
Pointlike (EFT) 
four-fermion 
interaction
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Same-charge dilepton events  e±μ±,e±e±,μ±μ± 

● Require two same-charge leptons (ee or μμ) with 
high transverse momentum (pT ). Isolation criteria 
helps reduce contamination from non-prompt 
leptons.

● Multiple jets: at least one b-tagged jet, to identify 
top-quark decays.

● A threshold is imposed on MET(for neutrinos);
● Fake Lepton Backgrounds: Suppressed using 

isolation and impact parameter cuts.
● Charge Misidentification: Mitigated using charge-flip 

probabilities, especially in ee events.
● SM Processes: Dominant contributions (e.g., ttW) 

modeled using MC simulations.
● NN is trained to optimize signal-to-background 

separation: multivariate correlations between 
observables: pT , jet and b-jet mult. and MET

● No Significant Signal Observed  - No evidence 
of same-charge top-quark pair production.

● Upper Limit on Cross Section
○ σ(tt/tt̄t̄) < 1.6 fb (95% CL).

● Limits on Wilson Coefficients (SMEFT):
○ Operators: O(1)tu, O(1)Qu, O(8)Qu.
○ Tightened constraints on BSM couplings.

● No deviations from SM observed.
● Strong constraints on models predicting 

enhanced same-charge top-quark production.
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ttWj signature at the LHC
●  2 same-sign leptons and high jet 

multiplicity;
●  Strong dependence in cross section in the 

presence of EFT coupling;

Signal region

● The search uses same-sign pairs of electrons 
and muons together with jets, out of which at 
least one is b-tagged;

● Dataset: Full Run 2 (2015-2018) with 140 fb−1;

First attempt to measure this process

Searches for new Physics
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Backgrounds:

● ttW QCD and tt + fake leptons: estimated via 
data-driven technique; 

● Seven control regions;
● Fake leptons estimation via matrix method;

Upper limits at 95% C.L.

● SM signal process has a very low cross 
section compared to dominant QCD 
contribution;

● SM cross section: 47.7 fb

● Set constraints in the couplings that 
would increase this cross section;

● Next step: Compare the EFT limits in 
this work with the existent limits on 
ttZ and ttW cross sections;



Quantum Effects and 
Novel Observations

● The spin correlation between the top quark and 
antitop quark is used to probe the effects of 
quantum entanglement, in proton–proton (𝑝𝑝) 
collision events recorded with the ATLAS detector at 
a center-of-mass energy of 13 TeV;  

● If two particles are entangled, the quantum state of 
one particle cannot be described independently;

● Quantum entanglement is a key test of the SM and 
probe for BSM physics;

● Data: 140 fb⁻¹ @  13 TeV;

● Event selection: e±μ±,e±e±,μ±μ±
- Two high-pT leptons;
- 2 b-jets;
- High missing transverse energy;

Two-qubit system whose spin quantum state 
is described by the spin density matrix 𝜌

Angular direction of each of these leptons is 
correlated with the direction of the spin

Entanglement marker - Experimental approach

13-17 January  2025Daniel Ernani | Top-quark physics highlights from ATLAS 26



For 340 <  m(tt̅̅) < 380 GeV

For 380 <  m(tt̅̅) < 500 GeV

For m(tt̅̅) > 500 GeV

Measurement of Entanglement Observable (D)
● The study measures the observable D, inferred from the angle 

between charged leptons in the rest frames of their parent top 
and antitop quarks. 

This result deviates from the non-entanglement scenario by more 
than five standard deviations, providing strong evidence for 
entanglement.
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Higgs Boson and Top 
Quark Properties

● Production of four top quarks in multi-lepton final 
states using data from the LHC Run 2;

● Measure the cross-section of the tt̄tt̄ signal and 
compare it with SM predictions;

● Multi-lepton final states:
-  Two leptons of the same electric charge or at least 

three leptons (electrons or muons). 
- At least two b-tagged jets. 
- Most dangerous backgrounds: tt̄W, tt̄Z, and tt̄H.
● Data-driven is employed to estimate and correct for 

fake/non-prompt lepton backgrounds and charge 
mis-assignment.

● Graph Neural Network (GNN) classifier implemented   
to enhance signal-background separation.

● Observed significance of the tt̄tt̄ signal: 6.1
σ, with an expected significance of 4.3σ;

● Measured tt̄tt̄ production cross-section: 22.5 
fb, consistent with the SM prediction of 12.0 
± 2.4 fb within 1.8σ.
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On-shell and off-shell measurements used 
as input for the total width measurement

● The observed 95% confidence level (CL) upper limit 
on the total width of the Higgs boson is 450 MeV, 
which is approximately 110 times the Standard Model 
(SM) prediction of 4.1 MeV;

● The expected upper limit is 75 MeV, corresponding 
to about 18 times the SM prediction; 

● When considering constraints on the Higgs-top 
Yukawa coupling from loop-induced processes, the 
observed upper limit on ΓH decreases to 160 MeV, 
while the expected limit becomes 55 MeV.

● The best-fit value for the total width is reported as 
ΓH = 86 (+110,-49) MeV, which is 2.0σ away from the 
SM expectation. This discrepancy is primarily driven 
by a 1.8σ difference between the data and the SM 
prediction in the four-top-quark measurement.

● Strong channel to  investigate potential BSM physics;

13-17 January  2025Daniel Ernani | Top-quark physics highlights from ATLAS 29



● Measure the lepton flavor universality (LFU) by 
analyzing the ratio of branching fractions 
Rτ/e=B(W→τντ)/B(W→eνe);

● Investigate potential deviations from the SM that 
could indicate new physics; 

Event selection

● One tagged lepton (muon or electron) and one probe 
electron with opposite charges;

● At least two b-tagged jets to enhance signal purity.
● Application of a jet vertex tagger (JVT) to mitigate 

pile-up effects;
● Exclusion of events with invariant mass close to the 

Z to reduce background from Drell-Yan Z production;

Number of same-sign events in the 𝑒𝑒,𝜇𝑒,𝑒𝜇 
and 𝜇𝜇 channels where the first lepton is the 
tag lepton and the second is the probe lepton
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● The measured value of Rτ/e  was found to be 
consistent with the predictions of the SM, with 
a global fit p-value of 87%;

For different pT bins

Number of events for μe channel

Number of events for ee channel
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● Testing the assumption of lepton flavour 
universality in the SM by analyzing the ratios of 
decay widths of particles into electrons, muons, 
and taus;

● Measure the inclusive top quark pair production 
cross-section and the Z boson decay to leptons;

Event selection

● Exactly two leptons (electrons or muons) of 
opposite charges, with at least one lepton matched 
to a trigger. 

- Electrons: 𝑝ₜ > 27.3 GeV, |𝜂| < 1.37 or 1.52 < |𝜂| < 
2.47;

- Muons: 𝑝ₜ > 27.3 GeV, |𝜂| < 2.5
- Events categorized into top quark pair production (𝑡 

𝑡) and Z boson decay (𝑍 → ℓℓ) based on dilepton 
invariant mass and b-tagged jet multiplicity.
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● Fit the number of selected events to predictions 
based on the assumed cross-sections and 
efficiencies. Use a maximum likelihood fit to 
extract parameters of interest(cross-sections and 
background contributions).

Fitted distributions

Results

13-17 January  2025Daniel Ernani | Top-quark physics highlights from ATLAS 33



● Observation of top-quark pair production in proton-lead 
(p+Pb) collisions at a center-of-mass energy of 8.16 TeV;

● Also includes the measurement of the nuclear 
modification factor for top-quark pair production in 
p+Pb collisions;

                     Single leptonic
- Events with exactly one lepton (electron or muon): 

single-lepton triggers with a minimum pT threshold of 
15 GeV.

- At least four jets;
- At least 1 b-tagged jet;

                        Dileptonic
- Events with two opposite-charge leptons with additional 

Invariant mass cuts
- at least two jets;
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● Top-quark pair production is observed 
with a significance exceeding five 
standard deviations in both channels with 
a total systematic uncertainty of 8%;

● The measured value is found to be consistent 
with unity within the uncertainty.

● μtt̄ values are consistent with the SM 
predictions;

● This confirmed the observation of tt̄ 
production in p+Pb collisions for the 
first time at the LHC.

Nuclear modification factor
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Conclusions
Precision Cross-Sections

● High-accuracy measurements of tt cross-section  
for 13 TeV: differential studies exploring top 
quark kinematics and spin correlations.

Single Top Quark Production

● Detailed studies of electroweak production 
modes tW,tb,ttZ;  

● Observation of rare tWZ production;
Higgs-Top Coupling

● Direct measurements of the Yukawa coupling 
strength.

● Evidence of top-mediated Higgs production.
                      New Physics searches

● Strong portal do look for BSM physics

More to come …

● Joint contributions with CMS to (have) refine(d) 
SM predictions.

● Complementary results enhance understanding 
of the top quark’s role in electroweak symmetry 
breaking;

Toponium

●  A hypothetical bound state of a 
𝑡𝑡  pair analogous to quarkonium predicted in 
scenarios of strong coupling or near-threshold 𝑡𝑡 
production.

● Sheds light on QCD at high energies and 
potential new interactions.

● Provides constraints on top quark-antiquark 
dynamics in the threshold region.
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