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ATLAS @ LHC

The ATLAS Detector

● 30 years of collaboration (Oct. 1, 1992).
● 10 years from the discovery of the Higgs boson (Jul. 4, 2012) .
Interactive timeline: https://atlas.cern/about.

https://atlas.cern/about


3

Physics Theme Papers

Standard Model 222

Higgs 207

Top 157

B-physics 37

BSM (SUSY, HDBS, Exotics) 512

Heavy Ion 84

Broad research program
1219 papers (until March 24, 2023). 

Outline of this talk

LHC Runs-2 (& 1)
Selected recent results 

LHC Run-3
First year of data-taking

In this talk

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
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LHC Run-3
ATLAS-upgrades-LS2

0

After a challenging phase-I upgrade during the 2nd long shutdown 
of the LHC, ATLAS records and analyzes the first data.

https://home.cern/press/2022/ATLAS-upgrades-LS2
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LHC Run-3
LuminosityPublicResultsRun3

93% recording eff. (slightly lower than in Run-2).

<μ> 26% higher than in Run-2.ATLAS Event Display of top-pair production in 13.6 TeV collisions (ATLAS-PHOTO-2022-061-1).

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
https://cds.cern.ch/images/ATLAS-PHOTO-2022-061-1
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ID/Reco Performance (preliminary)

MUON-2023-01
Muon identification efficiency Vs η.

EGAM-2022-04
Electron identification efficiency Vs pT

MUON-2022-02
Dimuon invariant mass resolution.

NSW commissioning period: NSW hits are not yet counted 
as precision-layer hits.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2023-01
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2022-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2022-02
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H →  fiducial cross-section measurement γγ

● First measurement of σ(H  → γγ) @ 13.6 TeV.
● Two isolated photons, ET/mγγ > 0.35 and > 0.25, mγγ ∈ (105, 160) GeV.
● Main backgrounds: non-prompt γγ, γj, jj.
● σfid(H  γγ)→  extracted by unbinned max LH fit to mγγ spectrum.

ATLAS-CONF-2023-003

σ fid ( pp→H→γγ )=76−13
+14  fb

σ fid
theory=67.5±3.4  fb

σ ( pp→H )=67−11
+12  pb

σ SM=59.8±2.6  pb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-003/
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LHC Run-2
ATLAS public online estimates

H  ZZ*  2e2μ candidate event recorded in 2015 (→ → ATLAS-PHOTO-2022-061-1).

94% recording eff. / 96% data-quality eff.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
https://cds.cern.ch/images/ATLAS-PHOTO-2022-061-1
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Final Luminosity for Run-2 pp
arXiv: 2212.09379 (sub. to EPJC)

Visible interaction rate per unit bunch population product 
vs beam horizontal beam separation during a VdM scan.

● Based on complimentary
measurements from LUCID, 
InnerDetector and Calorimeters.

● absolute calibration of LUCID from
vdM scans each year.

● final result for standard high pileup
sample Lint = 140.1 ± 1.2 fb-1.

● unprecedented uncertainty of 0.83% 
(0.9% achieved by second-generation
ISR experiments).

https://arxiv.org/abs/2212.09379
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● The Higgs boson discovered ten years ago is remarkably consistent with the predictions of the SM.
● Inclusive Higgs boson production rate relative to the SM prediction:

Higgs Production Cross-Section Measurements

μ = 1.05 ± 0.06 = 1.05 ± 0.03(stat.) ± 0.03(exp.) ± 0.04(sig. th.) ± 0.02(bkg. th.)

10 years from the discovery of the Higgs boson: Nature volume 607, pages52–59 (2022)

https://www.nature.com/articles/s41586-022-04893-w
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Higgs Coupling Measurements

● Interactions scale with mass.
● Confirmed for vector bosons and all 3rd generation fermions (… except ντ).
● 2nd generation fermions are now being constrained too!

10 years from the discovery of the Higgs boson: Nature volume 607, pages52–59 (2022)

https://www.nature.com/articles/s41586-022-04893-w
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Higgs mass measurement (H→ ZZ*→4l)
arXiv: 2207.00320 (sub. to PLB)

𝑚𝐻 = 124.94 ± 0.17(stat.) ± 0.03(syst.) GeV

● Final states: 4μ, 4e, 2μ2e, 2e2μ.
● Disciminants: m4l, DNN (additional separation from ZZ*  4→ ℓ).
● Event-by-event invariant-mass resolution of 4l system.

Combination of 7 TeV, 8 TeV and 13 TeV data sets:

dominant 28 MeV unc. from μ pT scale 

more 
to come (γγ)

https://arxiv.org/abs/2207.00320


13

Higgs width measurement
ATLAS-CONF-2022-068

● Γ𝐻 measurements based on off-shell Higgs production study with 4ℓ / 2ℓ2 .𝐻→𝑍𝑍→ 𝜈
● Assumption that the Higgs boson decays to SM particles, with                                     and
● Destructive interference  less gg (H* )ZZ.→ → →
● Measured off-shell production with 3.2σ. ΓH=4.6−2.5

+2.6 MeV @ 68% CL.
ΓSM=4.1−3.5

+ 3.2 MeV

ΓH /ΓSM=1.11−0.60
+ 0.63

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-068/
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Higgs self-coupling

σ VBF
SM ( pp→HH )=1.72±0.04 fb@13 TeVσ ggF

SM (pp→HH )=31−7.2
+ 2.1 fb@13 TeV

Channel Lint (fb-1) Reference

HH b→ bγγ 139 Phys. Rev. D 106, 052001

HH b→ bτ+τ- 139 arXiv: 2209.10910 (sub. to JHEP)

ΗΗ→bbbb 126 arXiv: 2301.03212 (sub. to PRD)

Combination arXiv: 2211.01216 (sub. to PLB)

μHH=σggF+VFF
HH /σ ggF+VFF

HH , SM =−0.7±1.3×SM

● Di-Higgs production: λHHH = mH2 / 2υ2

● SM HH production σ(HH) ~ 33 fb @ 13 TeV
● Expected near the end of HL-LHC; may come sooner...

https://doi.org/10.1103/PhysRevD.106.052001
https://arxiv.org/abs/2209.10910
https://arxiv.org/abs/2301.03212
https://arxiv.org/abs/2211.01216
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Top quark measurements
ATL-PHYS-PUB-2022-051

● Top is the heaviest elementary particle.
● Plays a special role in BSM physics.
● Heavy particle final states, ttV, tttt, ttH 

cross-sections (measured at Run 2), are 
background for new physics signatures 
at TeV energy scale.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-051/
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Observation of 4-top production
arXiv: 2303.15061 (sub. EPJC)

σ t t̄ t t̄=22.5− 4.3
+4.7 (stat.)−3.4

+4.6 (syst.)  fb=22.5−5.5
+6.6  fb

6.1 (4.3) observed (expected) significance 
above backround-only hypothesis.

Most sensitive channels:
● 2 leptons SS, >= 6jets (>=2b)
● >= 3 leptons, >= 6jets (>=2b)

Main Irreduclble backgrounds: ttW, ttZ, ttH.
● ttW normalized in data CRs orthogonal to 

the SR.

Reducible tt+jets contaminates through:
● fake/non-prompt leptons 
● electron charge mis-identification
▶ data driven estimation.

Observable: GNN-based discriminant trained to 
separate the signal from dominant backgrounds.

σ SM=12±2.4 fb

https://arxiv.org/abs/2303.15061
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Measurement of sα
ATLAS-CONF-2023-015

pTZ distribution predicted at different values 
of 𝛼s(𝑚𝑍), using the MSHT20 PDF set.

Determination of αs(mZ) at different 
orders in the QCD perturbative expansion,

● Use 2012 dataset @ 8 TeV. 

● Integrated luminosity: 20.2 fb-1.

● Observable: recoil pT of Z (  ll).→
● 9 bins in pTZ < 29 GeV 

x 8 bins in |yZ| < 3.6.
within 80 < mll < 100 GeV.

● predictions using approximate 
N3LO MSHT20 PDF set.

α s(mZ)=0.11828−0.00088
+0.00084

most precise determination of αS(mZ)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015/
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Measurement of the W boson mass

● Use 2011 dataset @ 7 TeV. 

● Integrated luminosity: 4.6 fb-1.

● Observable: pTlep, mT.

● Improved statistical model 
(employs profile likelihood fit).

● Improved pdf sets with smaller 
theoretical uncertainties.

ATLAS-CONF-2023-004
Plot from STDM-2014-18

mW=80360±5(stat.)±15(syst.) MeV

uncertainty 
improved by 15%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/
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Search for pair production of 3rd-gen. leptoquarks
arXiv: 2303.01294 (sub. to EPJC)

● Final state: 2b2τ  two channels lep-had, had-had→
● Observable: MVA (PNN) trained to discriminate 

signal from dominant top-quark background.
● Previous ATLAS search in this final state (36 fb-1) 

surpassed by more than 450 GeV for scalar LQs.

https://arxiv.org/abs/2303.01294
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Supersymmetry

● Impressive amount of work by search groups.
Exclusion of large areas of the phase space.

Example #1:
● Analyses focusing on the pair production of 

gluinos, supersymmetric partner of the gluon.
● Different decay modes of gluinos to the LSP 

(neutralino or gravitino) are probed; assumed 
to proceed with 100% branching ratio.

● Strong increase in exclusion limits. Gluino 
masses below 2.44 TeV (Gtt) and 2.35 TeV (Gbb) 
are excluded for a massless neutralino. 

ATL-PHYS-PUB-2023-005

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005
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Supersymmetry
ATL-PHYS-PUB-2023-005

● Impressive amount of work by search groups.
Exclusion of large areas of the phase space.

Example #2:
● Analyses probing the electroweak production 

of sleptons with decays to lepton, neutralino.
● For a massless neutralino, masses up to 700 

GeV are excluded assuming three generations 
of mass-degenerate sleptons.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005
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● Several models predict a massive, 
stable and electrically neutral particle X 
as a dark matter candidate.

● SM branching ratio for Higgs invisible 
decay (H ZZ 4ν) ~0.1%→ →

● If DM exists in the right mass range, 
we may observe larger BR(H inv) →
than SM prediction.

H→invisible search combination
arXiv: 2301.10731 (sub. to PLB)

BR(H inv) < 0.107 (0.077) @ 95% CL obs (exp)→

https://arxiv.org/abs/2301.10731
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Searches for long-lived particles
ATL-PHYS-PUB-2022-034

● No signs of BSM physics so far
 search further away...→

● A rich set of searches have been
performed using LHC Run-2 data.

● LLPs are theoretically motivated, 
and experimentally motivating.

● Here: representative set of 
most sensitive recent results.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034/
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Conclusions
https://hilumilhc.web.cern.ch

● ATLAS is using 139fb-1 @ 13TeV for most results.
● No signs of BSM physics in Run-2; SM predictions getting constrained. 
● Run 3 expected to bring more than 300fb-1 @ 13.6 TeV.
● HL-LHC will bring an order of magnitude more.

More on Phase-I upgrade 
in Theo’s talk tomorrow.

The research project was supported by the Hellenic Foundation for Research 
and Innovation (H.F.R.I.) under the “2nd Call for H.F.R.I. Research Projects to 
support Faculty Members & Researchers” (Project Number: 04612).

More on Phase-II upgrade 
in Ilya’s talk tomorrow.

https://hilumilhc.web.cern.ch/content/hl-lhc-project
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Additional 
Material
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Heavy Resonance Searches
ATL-PHYS-PUB-2022-034

Representative set of most sensitive recent results

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034/
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Performance Measurements
Eur. Phys. J. C 81 (2021) 578, arXiv: 2211.16345

continuous 
improvements of 
identification and 
calibration of
reconstructed objects.

MC modelling with 
correction factors 
(close to 1) measured 
in data.

Improved b-tagging algorithms boost searches 
for multiple b-tagged jets (e.g. HH, tttt) 

https://doi.org/10.1140/epjc/s10052-021-09233-2
https://arxiv.org/abs/2211.16345
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Top mass measurement
arXiv: 2209.00583 (sub. to JHEP)

● New approach using semi-leptonic tt final state
tt  → bbWW  → bblνjj.

● Observable: mlμ of l (e, μ) from W decay and μ 
from B-hadron decay from the same top-quark.

mt=174±0.39(stat.)±0.66(syst.)±0.25(recoil )  GeV

https://arxiv.org/abs/2209.00583
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Dark Matter Searches

● Missing energy and resonance searches 
can be used to limit specific DM models.

● In the example shown, lepto-phobic 
vector mediator model is explored.

● Upper limits set with the LHC can 
compliment those of direct experiments.

ATL-PHYS-PUB-2022-036

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
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