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ATLAS detector

General-purpose detector with excellent reconstruction, identification, and energy/momentum
resolution for e, γ, µ, τ , and jets, complemented by powerful flavour-tagging capabilities:

γ energy calibration to 0.2% at 60 GeV, e± energy calibration to 0.05% at 45 GeV

µ± momentum calibration to 0.1-0.05%

jet energy calibration to 1% above 60 GeV

τ energy calibration to ∼ 1%

New for LHC Run-3 (2022-2026):

Muon New Small Wheel
(reduce trigger fakes)

Energy LAr calorimeter electronics
with higher granularity for trigger

L1 endcap muon and calorimeter
triggers
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LHC Run-1 + Run-2 + Run-3: more than 500 fb−1 recorded lumi by ATLAS

Excellent achievement by the accelerator & detector teams
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3


ATLAS data
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LHC Delivered
ATLAS Recorded

LHC Run 1

 = 7, 8 TeVs
-1Delivered: 28 fb
-1Recorded: 26 fb

LHC Run 2

 = 13 TeVs
-1Delivered: 156 fb
-1Recorded: 147 fb

LHC Run 3
 = 13.6 TeVs

-1Delivered: 351 fb
-1Recorded: 332 fb

-1Total delivered: 536 fb
-1Total recorded: 505 fb

9/25 calibration
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 OnlineATLAS
 = 7 TeVs2011 pp   = 8 TeVs2012 pp  
 = 13 TeVs2015 pp   = 13 TeVs2016 pp  
 = 13 TeVs2017 pp   = 13 TeVs2018 pp  

 = 13.6 TeVs2022 pp   = 13.6 TeVs2023 pp  
 = 13.6 TeVs2024 pp   = 13.6 TeVs2025 pp  
 = 13.6 TeVs2026 pp  

ATLAS records ∼ 95% of delivered pp data,
with ∼ 94% good for physics

Special 2026 low-µ run (⟨µ⟩ = 3): 1.3 fb−1

recorded at 96% efficiency, more than doubling
the Run-2 low-µ dataset

See Lumi public plots for additional details
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OnlineATLAS
 = 18/14

MPV
µ/〉µ〈2011-12: 

-1 = 7, 8 TeV, 26.4 fbs

 = 34/29
MPV

µ/〉µ〈2015-18: 
-1 = 13 TeV, 147 fbs

 = 56/63
MPV

µ/〉µ〈2022-25: 
-1 = 13.6 TeV, 300 fbs

9/25 calibration
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3


In addition to pp collisions, ATLAS has an extensive heavy- and light-ion programme:
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LHC Delivered:

ATLAS Recorded:

Good for Physics:

LHC Delivered:

ATLAS Recorded:

Good for Physics:

LHC Delivered:

ATLAS Recorded:

Good for Physics:

-18.13 nb
-17.84 nb

-18.24 nb
-18.16 nb

-11.06 nb
-11.05 nb

-17.76 nb

-18.08 nb

-11.03 nb

Online Luminosity ATLAS
Excluding vdM scans

p-O

O-O

Ne-Ne 7/25 calibration

(Left) Pb-Pb collisions at
√
s = 5.36 TeV/NN centre-of-mass energy in LHC Run-3

(Right) Proton-Oxygen, Oxygen-Oxygen, and Neon-Neon collisions in 2025

See public plots for additional details

Why heavy and light ions collisions? (more info here)

Characterizing microscopic properties of QGP

Investigating initial state effects in ion collisions

Direct probe of nuclear structure

New testing ground for jet quenching when light ions
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/DataQualityResults
https://indico.cern.ch/event/1428985/contributions/7088843/attachments/3300072/5908147/HP2026_ATLAS_Highlights_Longo_LightVersion.pdf


ATLAS trigger system in Run-3

Phase-I upgrade during LS2 → TDAQ and NSW

LAr readout system: traditional trigger towers
replaced by finer-granularity Super Cells,
providing layer-by-layer calorimeter information
with up to four times finer segmentation

Inclusion of ML at all levels

New triggers for measurements and searches

See paper for additional details
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TRIG-2022-01/index.php


ATLAS computing in Run-3
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ATLAS records over 10,000 TB of data per year!

ATLAS software and computing system processes and stores this vast amounts of collision

data collected by the detector

After, the data are distributed to over 130 computing centers worldwide – located on
every inhabited continent – and filtered according to the needs of individual physics
analyses (link)
As part of these analyses, ATLAS processes 25,000 TB of data every week

Detector simulation dominates CPU usage: AtlFast3 a great success!

See link and paper for additional details
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https://atlas.cern/Discover/Detector/Software-Computing
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ComputingandSoftwarePublicResults
https://link.springer.com/article/10.1140/epjc/s10052-024-13701-w


ATLAS objects performance

Advanced ML algorithms plus lots of data: significant improvements in the object
reconstruction, identification, tagging, etc.
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(Left) Excellent muon reco and identification also in Run-3

Comparison of RNN and GNTau jet rejection versus tau pT → recurrent neural network vs.
the new transformer architecture

See twiki and twiki for additional details
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/TAUP-2026-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2026-03/
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(Left) Jet Flavor tagging with GN3: Multi-task, Multi-modal Transformers

→ GN2→GN3: continued improvement incorporating new object association algorithm,

soft-lepton info, charged and neutral particle-flow objects, etc.

GN3EPCLV01: first model with heavy flavour quark charge identification capabilities

See paper, paper, figures and figures for additional details
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hhttps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2026-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-021
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Muons

b-hadron decays
c-hadron decays
Light hadron decays & misid.
Hadronic tau decays
Prompt muons

Transformer-based lepton isolation → algorithm based on the GN2 transformer architecture

developed for the heavy-flavour jet tagging!

Trained to distinguish prompt light leptons produced in electroweak boson decays,
from non-prompt leptons produced predominantly in heavy-flavour hadron decays

Combines conventional isolation observables with detailed track-level information
sensitive to displaced heavy-flavour decays

See paper and figures for additional details
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https://arxiv.org/pdf/2611.08194/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/MUON-2024-01/


The Higgs boson

H → Zγ →µµ γ + two forward jets (ATLAS event displays)
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https://atlaspo.cern.ch/public/event_display/
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Higgs boson mass: mH = 125.09± 0.21 (stat.) ±0.11 (syst.) GeV from ATLAS+CMS
combination

Inclusive Higgs boson signal strength relative to its SM expectation:
0.990+0.053

−0.051 = 0.990± 0.027(stat.)± 0.024(exp.)+0.037
−0.035(sig. theo.)+0.016

−0.015(bkg. theo.),
in agreement with SM predictions

See paper and paper for additional details
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/
https://arxiv.org/pdf/1503.07589


Latest paper presenting the combination of Higgs boson measurements: arXiv:2608.07332

Provides the most precise and comprehensive ATLAS measurements of Higgs boson
production, decays, and couplings, combining 26 Run 2 single- and di-Higgs analyses
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Measured values of (σi × Bi ) for the measured combinations of production cross-sections and branching ratios, relative to their SM predictions.

Higgs boson production cross-sections are consistent with the SM predictions, with relative
uncertainties of 6–21% across observed processes

tH process remains unobserved

Significant improvements in the measured rates of associated Higgs production: observed
uncertainties reduced by 30% (WH), 20% (ZH), and 40% (ttH), with expected
uncertainties reduced by up to 35% compared to the previous analysis
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/


Latest paper presenting the combination of Higgs boson measurements: arXiv:2608.07332

Provides the most precise and comprehensive ATLAS measurements of Higgs boson
production, decays, and couplings, combining 26 Run 2 single- and di-Higgs analyses

Couplings to W , Z , t, b, τ measured with 5-12%
precision

Charm Yukawa coupling constrained to |κc | < 4.1
(95% CL)

B(H → inv) < 12% (95% CL)

Higgs boson width ΓH = 3.6+2.1
−1.6 MeV

Self-coupling constrained to −1.5 < |κλ| < 6.5 at
95% CL based on single and di-Higgs analyses
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/


Search for double-Higgs production

Higgs boson pair production (di-Higgs) is one of the rarest processes at the LHC

Predicted to occur once in a trillion proton-proton collisions

Probe of Higgs self-coupling: crucial to understand the nature of the EW phase transition
and the stability of the EW vacuum

HH → bb̄γγ channel, using 308 fb−1 of 2015–2024 Run-2 + Run-3 data

Signal strength: µHH = 0.9+1.4
−1.1 (µHH = 1+1.3

−1. expected)

Background-only hypothesis (no HH production): an upper limit of 2.6σ
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The magnitude of the Higgs boson self-coupling normalised to its SM prediction (κλ),
limited to be between -1.6 and 6.6 (95% CL)

See link and paper for additional details
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https://atlas.cern/Updates/Briefing/Higgs-Self-Interaction-Run-3
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/


Search for double-Higgs production

HH → bb̄ττ channel, using the 196 fb−1 of 2015–2023 Run-2 + Run-3 data

→ Two complementary tau signatures: τhadτhad and τlepτhad

Signal strength: µHH = 2.6+1.4
−1.0, compatible with

the SM prediction (µHH = 1) within 1.65σ

Background-only hypothesis (no HH production):
observed excess signif. of 2.6σ (expected: 1.2σ)

Improvements compared to previous HH search:

Transformer-based machine-learning classifier
Took advantage of the improved jet flavor
tagger
Counted on the additional trigger chains
introduced during Run-3
More data

See link and paper for additional details
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https://atlas.cern/Updates/Briefing/DiHiggs-bbtautau
https://arxiv.org/pdf/2607.26879


Hunting some of the rarest Higgs decays

H → µµ: direct probe of the Higgs Yukawa coupling to 2nd generation fermions

Latest analysis performed with Run-3 data, using 165 fb−1

Run-3 results combined with the Run-2 measurement
Evidence for the H → µµ rare decay with an observed (expected) significance over
the bkg-only hypothesis of 3.4σ (2.5σ)

H → Zγ: Loop-induced decay, sensitive to BSM contrib. that can modify B(H → Zγ)

Evidence reported by the ATLAS and CMS combo with Run-2 data (3.4σ observed)
Latest ATLAS results combining Run-2 and Run-3 data: observed (expected) excess
over the bkg-only hypothesis of 2.5σ (1.9σ)

H → γ∗γ → ℓℓγ: sensitive to coupling modifications introduced by possible SM extensions

Event selection targeting mℓℓ < 30 GeV (Run-3, 164 fb−1)
Evidence for this decay with an observed (expected) significance of 3.4σ (3.3σ)
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See link, link, paper and paper for additional details
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-11/


ZZγ → ℓℓℓ′ℓ′γ

Using the Run-2 dataset, ATLAS reported the first evidence of ZZγ production (paper)

Eight events selected, with 0.92± 0.15 estimated background events
Observed significance of the ZZγ final state of 4.4σ
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vector boson scattering: electroweak production of γγjj
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Distinctive experimental signature: two high-energy and well separated jets, and two
photons

Very high background (around 1000 times more likely): two photons and two or more jets
produced via strong interaction (QCD-γγjj)

First observation of the electroweak production
γγjj , with an observed significance of 6.2σ

Measured fiducial cross-section: σEW
obs = 13.8+3.0

−2.6 fb

( σEW
SM = 17.1+2.4

−2.4 fb)

See link and paper for additional details
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https://atlas.cern/Updates/Briefing/VBS-Shine
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-16/


Top quark

s-channel single top-quark production in a muon with (two) jets topology (link)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2025-15/


Single top

LO Feynman diagrams of single top-quark production in the tW-channel, t-channel and s-channel

t-channel and tW production studied extensively in ATLAS

s-channel first observed in 2014 at Tevatron (CDF + D0 combination)

In ATLAS, its study is very challenging → very rare

signal events among huge backgrounds

Signal over backgorund more favourable for
Tevatron than at LHC!

Sensitive signal regions obtained using:

A Graph NN to separate the signal from bkg
GN2 for the Jet Flavor tagging → three times
more signal events selected compared to the
previous analysis
Precise theoretical modelling
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https://link.springer.com/article/10.1007/JHEP05(2024)305
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072010
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.231803
https://arxiv.org/abs/2209.08990


In ATLAS, the s-channel signal observed for the first time in 2026 with a statistical significance
of 5.1σ (compared to an expected 5.2)

Measured cross section: 10.8± 1.5 (stat.) ±1.6

(syst.) pb, in agreement with the SM prediction of

11.07± 0.19 pb

The most precise cross-section measurement
of this process to date, with an unc of 20%

For comparison: σ(tq + t̄q) = 221+13
−13 pb t-channel

cross section, 75+15
−14 pb tW production cross-section
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See link and paper for additional details
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https://atlas.cern/Updates/Briefing/Run2-Top-s-Channel
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2025-15/


Observation of a tt̄ cross-section enhancement at threshold

Near the tt̄ production threshold (mtt̄ ≈ 2mt ≈ 345 GeV), non-relativistic QCD predicts the
formation of quasi-bound states (toponium)

Extremely difficult to look for such enhancement: small effect (1% of total x-section)

ATLAS search done using tt̄ → ℓνbℓνb decays, at 13 TeV and 140 fb−1

Main variables: mtt̄ , and angular observables sensitive to tt̄ spin correlations (chel and chan)
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Nine signal regions defined

tt̄ bkg model: baseline perturbative QCD (pQCD)

Signal model: non-relativistic QCD (NRQCD)

Significant evidence for non-relativistic effects: the
model without these effects rejected at an observed
significance of 8σ

Quasi-bound state production cross section:
measured to be 9.3+1.1

−1.0 (stat) ±0.8 (syst) pb
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Future improvements needed to understand the properties of this signal: off-shell effects,
matching pQCD and NRQCD, other NRQCD effects, etc.

See link, link and paper for additional details
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https://atlas.cern/Updates/Briefing/Quasi-Bound-Tops
https://indico.in2p3.fr/event/33627/contributions/153132/attachments/93993/144091/CeruttiEPS2025.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2025-11/


Direct searches for BSM physics

High-mass dilepton resonances search: highest invariant mass dielectron event (3.13 TeV!). (link)
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High-mass dilepton resonances search

Search for high-mass vector bosons decaying into electron or muon pairs using 2022 → 2024 data
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No significant deviation from the background-only hypothesis found

Depending on the model, Z ′ masses up to 5.5 TeV are excluded

Improvement between 25% and 50% obtained by combining the Run-3 results with
the Run-2 ones! (paper)
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Top-philic heavy resonance in association with top quarks

Search for a top-philic vector boson Z ′ produced in assoc. with a top or a pair of tops (paper)

g

g

t

t̄

t

t̄

Z ′

g

g

t

t̄

t

t̄

Z ′

q

b

j

t

t

t̄

Z ′

g

b

t

W

t

t̄

Z ′
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Transformer-based classifier parameterised as a function of the Z ′ mass used to optimize
the signal-to-background discrimination
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Compressed electroweak SUSY search

Search for τ̃ , χ̃
±
1 and χ̃0

2 with at least one hadronically decaying τ (paper)
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Two final selections: one τhad + 1 lepton, two or more τhad

DNNs and BDTs are used to define the signal regions
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A peek into the future: HL-LHC
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HL-LHC data taking scheduled to start in 2030, running until 2041

Expected to collect up to 3000 fb−1 of data (including around 500 fb−1 of Run-1→3 data)

Interactions / BC (pileup, PU): 140 - 200

Crucial: detector upgrades to cope with high occupancy and harsh radiation
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Major ATLAS upgrades

See also link this talk, and this paper for additional details
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https://atlas.cern/Updates/News/ATLAS-Prepares-HLLHC
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https://cds.cern.ch/record/2928798/files/ATL-UPGRADE-PUB-2025-001.pdf


What do we expect from this heavy-particle factory?

180 million Higgs bosons produced in ATLAS

120,000 Higgs boson pairs, offering opportunities to study Higgs self-coupling

6.7 billion top quarks produced

130 billion (12 billion) W (Z) bosons decaying to electrons or muons

360 million W -boson pairs produced
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Higgs boson couplings to SM particles expected to be measured with an experimental

precision ranging from 0.9% to 1.2%/1.7%

Measurements limited by theoretical uncs, currently projected between 1.3% and 3.2%
Theoretical developments to match the experimental precision also needed!

Triple Higgs coupling expected to achieve better than 30% precision

See also link this talk, and this paper for additional details
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Conclusions

ATLAS experiment and collaboration continue to make outstanding contributions to our
understanding of elementary particle physics!

Building on the remarkable performance of the ATLAS detector in Run-3

Supported by the outstanding efforts of the ATLAS computing team

Impressive advances in object performance: ML transformers deliver significant gains in
object tagging, reconstruction, and identification

Precision measurements to fully characterize the properties of the Higgs boson

Broad program of searches for BSM phenomena, probing challenging regions of phase space

More to come! The HL-LHC is on its way!
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Thank you!
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