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The ATLAS Experiment

2

The ATLAS experiment is designed to shed light on elementary particle interactions: test the SM and search for phenomena 
beyond it.
ATLAS is a general-purpose detector running at the LHC collider with excellent reconstruction, identification and 
energy-momentum measurement of electrons, photons, muons, taus, jets and flavor-tag covering a wide energy range (sub-GeV to 
TeV).
Collecting proton-proton collisions at ECM = 13.6 TeV (world record collider energy) at instantaneous luminosity ~2x1034s-1cm-2 
with ~60 minimum bias interactions per bunch crossing (well above the design value of 20).



 The road map
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ATLAS Collaboration Activities
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Data Taking and Performance 



Energy-frontier physics relies on the LHC
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Since the LHC began operations in 2010, it has delivered over 0.5 attobarns (500 fb⁻¹) of proton–proton collisions to 
ATLAS. This extraordinary achievement was made possible thanks to the dedication of the ATLAS Collaboration and the 
CERN accelerator teams.



Transforming jet flavour tagging

7https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging

Submitted to Nature Communication

https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
https://arxiv.org/abs/2505.19689


SM and Top 



 The Standard Model at LHC

9ATL-PHYS-PUB-2024-011

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/


Di-Bosons: W/Z cross sections

10JHEP11(2025)006

https://link.springer.com/article/10.1007/JHEP11(2025)006


Observation of double parton scattering
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Submitted to Phys. Lett. B. 
(arXiv:2505.08313)

First same-sign WW DPI observation for ATLAS. Providing precision into global σeff

https://arxiv.org/pdf/2505.08313
https://arxiv.org/pdf/2505.08313


Observation of a cross-section enhancement near the tt̄ production threshold
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Observation of a cross-section enhancement near the tt̄ production threshold

13Physics Briefing

EPS 2025 - ATLAS-CONF-2025-008

https://atlas.cern/Updates/Briefing/Quasi-Bound-Tops
https://cds.cern.ch/record/2937636


Highest-energy detection of quantum entanglement

14Physics Briefing

Nature 633 (2024) 542

The vectors B± determine the top-quark and antitop-quark 
polarizations, whereas the matrix C contains their spin 
correlations. The degree of entanglement (D) is related to 
the angular distribution (cos 𝜑) of the particles the top quarks 
decay into.  

https://atlas.cern/Updates/Briefing/Top-Entanglement
https://arxiv.org/pdf/2311.07288


Higgs 



Higgs properties and beyond
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Coupling to the different particles → 
proportional to the masses

The Higgs self-coupling is a fundamental 
parameter. It can be measured at the LHC using 
Di-Higgs production, but it is 1000 times smaller 
than the production of a single Higgs boson.



Rare Higgs Decays: H → μμ

17https://atlas.cern/Updates/Briefing/Rare-Higgs-Run3 Submitted to Phys. Rev. Lett.

https://atlas.cern/Updates/Briefing/Rare-Higgs-Run3
https://arxiv.org/abs/2507.03595


Rare Higgs Decay: H → Zγ
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Rarest visible Higgs decay seen so 

far: 0.010%Briefing

https://atlas.cern/Updates/Briefing/Rare-Higgs-Run3


Search for HH → bbγγ

19Briefing

https://atlas.cern/Updates/Briefing/Higgs-Self-Interaction-Run-3


Run 2 Higgs coupling combination

20ATLAS-CONF-2024-006

ATLAS-CONF-2025-006

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-006/
https://cds.cern.ch/record/2937634/files/ATLAS-CONF-2025-006.pdf


Beyond Standard Model (BSM) 
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Extraordinary predictions of the 
Standard Model, but…
● It does not include gravity
● It does not include dark matter
● It does not consider baryonic 

asymmetry
● Non-massive neutrinos

● Effective Theories

● Simplified Models

● Complete Theories

Complexity

Simplicity

 Guide for New Physics
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● Effective Theories

● Simplified Models

● Complete Theories

Complexity

Simplicity

 Guide for New Physics

● For the last ~50 years, we’ve known what to 
look for at each step: Z boson, W boson, top 
quark, Higgs boson.

● Many expected SUSY particles to follow 
shortly after the Higgs, but now increasingly 
pushed to extreme regions of parameter 
space.

● Today, we no longer have a single guiding 
theory to motivate discoveries, but we do 
have largest HEP dataset ever collected

○ BSM not around the corner → Make 
sure we leave no stone unturned ! 



Search for New Physics
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Supersymmetry: an 
extension of the SM which 
postulates the existence 
of an additional 
(super)symmetry between 
bosons and fermions.

Who spoke bad 
about SUSY?
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Results on the search for new particles

Exclusion of new particles up to a few TeV in different possible scenarios

ATL-PHYS-PUB-2024-010

ATL-PHYS-PUB-2024-014

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/


Search for squarks and gluinos with τ leptons

26Submitted to EPJC 

https://arxiv.org/abs/2507.00296


Search for resonant leptoquark production via lepton-jet signatures

27Briefing

Submitted to JHEP

https://atlas.cern/Updates/Briefing/Leptoquark-Lepton-Proton-Collisions
https://arxiv.org/pdf/2507.03650


Searches for low-mass BSM physics
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So far:
● No discovery of EW/TeV scale BSM physics
● Many models well-constrained at high mass
● Weaker constraints on low-mass BSM scenarios
● Many models allow for low-mass new physics:

○ Additional Higgs-like particles, a-la 2HDM(+s)
○ Axion-like particles (ALPs) in SM extensions with 

broken shift symmetry
○ Heavy neutral leptons (HNLs), e.g. in seesaw 

mechanism models

Low-mass BSM searches often quite challenging:
● Collimated decay products → dedicated tagging 

methods
● Long-lived, weakly coupled → displaced 

tracking/vertexing
● Background-rich → innovative analysis strategies 

(+clever ML)



Improved reconstruction of highly boosted τ-lepton pairs

29Eur. Phys. J. C 85 (2025) 706

https://arxiv.org/pdf/2412.14937


Heavy Ions 
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New window onto the study of quark-gluon plasma (QGP): Dijet transverse 
momentum balance in O+O

Briefing

This extreme state of matter mimics the conditions of the 
early Universe during the first microseconds after the Big 
Bang. 

Traditionally, researchers have focused on studying QGP 
formed in the collisions of heavy ions (like lead or 
xenon), which maximize the size of the plasma droplet 
created. But in recent years, interest has grown in 
exploring the QGP using smaller ions (such as 
oxygen) to better understand the QGP across 
different system sizes.

Studying jet quenching in collisions of oxygen ions 
(O+O) provides a unique opportunity to investigate the 
path-length dependence of energy loss using a system 
with a smaller transverse extent than Pb+Pb

https://atlas.cern/Updates/Briefing/Oxygen-Jet-Quenching
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Dijet transverse momentum balance in O+O

Briefing

Thanks to the LHC preparation and performance, 
the oxygen special run in July 2025 was 
exceptionally successful 
- Due to the short run, ATLAS was able to 
increase DAQ (SFO) output rate by 40-50%
• Sampled luminosity after applying ATLAS DQ 
requirements: 
- p-O: 7.76 nb-1 (Pierre Auger request!)
- O+O: 8.08 nb-1 
- Ne+Ne: 1.03 nb-1

https://atlas.cern/Updates/Briefing/Oxygen-Jet-Quenching
https://indico.cern.ch/event/1586852/contributions/6694548/attachments/3136099/5564694/2025.09.16--Jamborree_experiments--oxygen__neon_run.pdf
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Dijet transverse momentum balance in O+O

● The smallest percentiles indicate the most central 
events

● Effect ~1/2 of that observed in PbPb for central 
collisions

● An increase in the relative contribution of lower 𝑥J 
dijets in 0–10% central O+O collisions

ATLAS-CONF-2025-010

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-010/


HL-LCH



High Luminosity LHC (HL-LHC)

35

Collect more than 3000 fb-1 of data (or 180 million Higgs bosons in ATLAS)

2030 a 2041
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38ATLAS Prepares for HL-LHC

https://atlas.cern/Updates/News/ATLAS-Prepares-HLLHC


Next Generation of Trigger System
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Argentina

The main challenge in this 
project is the large number of 
individual fibers needed to 
connect the MUXs to the 
GEPs; the number is on the 
order of 4700 fibers. First 
small scale prototype has 
been recently tested at CERN.

Board with two large Xilinx programmable processing gate 
arrays (FPGAs), with multigigabit transceivers accessing 
Gb/s modules each, using chips with clock speeds of 
~25,000 Gb/s.

● Development of firmware and testing the 
FPGAs common modules

● Custom Made fiber optics  modules for 
signal distribution

Real time complex analysis at Hardware level
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Projections for HL-LHC at ATLAS and CMS

The HL-LHC dataset will be unprecedentedly versatile and rich.

Recent developments for the 2026 European Strategy Particle Physics Update:
“Highlights of the HL-LHC physics projections by ATLAS and CMS”,
The ATLAS and CMS Collaborations, arXiv:2504.00672

● All projections based on published results
● Scenario S2: Run 2 method with √L for experimental systematic uncertainties, halved theory 

uncertainties, and negligible uncertainties due to MC statistics
● Scenario S3: object reconstruction improvements on top of S2 for analyses that have already 

documented advancements from publications

https://arxiv.org/abs/2504.00672

https://arxiv.org/abs/2504.00672


Higgs properties and beyond
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Coupling to the different particles → 
proportional to the masses

The Higgs self-coupling is a fundamental 
parameter. It can be measured at the LHC 
using Di-Higgs production, but it is 1000 
times smaller than the production of a single 
Higgs boson.
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Rare Higgs Decays: H→μμ
● Probe of the Higgs coupling to muon: a 

second-generation fermion
● SM predicts BR(H→μμ) = 2 x 10-4

● Evidence reported at Run 2.
● Irreducible background from Z→μμ.
● Statistics of the data sample and the dimuon 

mass resolution crucial

● An improved dimuon mass resolution by the 
upgraded tracker

● Relative uncertainty on the coupling improved by 
larger statistics

● Observation of H → μμ (and H → Zγ) and 
determination of their couplings with a precision of 
3 (and 7%), respectively.
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Rare Higgs Decays: H→cc

● Probe of the Higgs coupling to charm quark
● The most sensitive channel: WH/ZH, H→cc
● The b- and c-jet tagging crucial, recent 

improvements in ATLAS and CMS

● A significance level of 1.6σ is expected for 
ATLAS+CMS at 3000 fb⁻¹.

● The quark coupling modifier, κc, can be 
restricted to |κc| < 1.5 at 95% confidence.

● tH, H→cc is also important; further 
improvements to κc are possible.

ATL-PHYS-PUB-2025-012 GN2-Jet-Flavour-Tagging

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-012/
https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
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Higgs Coupling Summary

A few % for various couplings!

● Deviation from the SM
○ indication of BSM

● Consistency with the SM
○ stringent constraint on BSM

● Observation of H → μμ and H → Zγ 
and determination of their couplings 
with a precision of 3 and 7%, 
respectively.
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Quark Top Mass

● The HL-LHC will improve the precision of 
the top quark mass measurement.

● Numerous measurements employing 
different techniques at ATLAS and CMS, 
varying sensitivities to theoretical 
uncertainties

● Recent projection study using the 
differential cross section of the tt+jet 
production, from the dependence of the 
gluon radiation on the pole mass
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Electroweak Vacuum Stability
In the hypothesis that the SM is valid up to the Planck scale, the values of mH and mt  provide 
information on the stability or metastability of our universe.

Depending on the central value of mt, we may make a conclusive statement on the stability.



Searches, Discoveries, Precision and New Technologies!
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