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• Well into Run-3 
• LHC is currently levelling at μ=63 
• ATLAS is running at 94% recording efficiency
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Where are the Interconnection between Particle 
Physics and Cosmology in the context of ATLAS?
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Where are the Interconnection between Particle 
Physics and Cosmology in the context of ATLAS? 

1) Testing all details of the Standard Model!
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5Understanding fundamental parameters

Mass measurement precisions: 
• 0.02% on W mass 
• 0.2%   on top mass 
• 0.09% on Higgs mass

arxiv:2403.15085 
PRL 131 (2023) 251802 

https://arxiv.org/pdf/2403.15085
https://arxiv.org/abs/2308.04775
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7Understanding fundamental parameters

Lepton universality: 
• Probed in W decays to electrons and muons from top-pairs 
• 0.45% precision —> more precise than current world average 
• This complements previous result with taus

(Nature 17 (2021) 7)
(EPJ C 84 (2024) 993)

https://arxiv.org/abs/2007.14040
https://arxiv.org/abs/2403.02133


Ma#hias Danninger  |  SFU

8Understanding fundamental parameters
First observation of quantum entanglement at high-energy: 

• Probed via spin correlations in top-pair events (two-qubit system) 
• A correlation marker is inferred from the angle between the charged  

leptons in their parent top- and antitop-quark rest frames
(Nature 633, 542–547, 2024)

entangled 
systemdetector to 

parNcle level 
correcNon

https://arxiv.org/pdf/2311.07288
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9Understanding fundamental parameters

Higgs couplings and self-coupling 

• Learn about electroweak phase transition & vacuum stability! 
• Self coupling allows us to trace the shape of the potential 

away from the Higgs mass

image credit N. Craig
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10Understanding fundamental parameters

Higgs couplings and self-coupling 

• Higgs coupling to SM particles

(PRL 133 (2024) 101801) 
Nature 607, 52–59 (2022) 

https://arxiv.org/pdf/2406.09971
https://arxiv.org/pdf/2207.00092
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11Understanding fundamental parameters

Higgs couplings and self-coupling 

• Higgs coupling to SM particles

(PRL 133 (2024) 101801) 
Nature 607, 52–59 (2022) 

• Upper limit on Di-Higgs coupling

https://arxiv.org/pdf/2406.09971
https://arxiv.org/pdf/2207.00092
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12Understanding fundamental parameters
Higgs couplings and self-coupling 

• HL-LHC goal — Observation of Higgs self-coupling  
• B-tagging plays a crucial role

Improvements to identification yielding impressive gains to 
boost precision on top of (& until) HL-LHC!!

FTAG-2023-01 note (Flag)

image credit N. Craig

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
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Where are the Interconnection between Particle 
Physics and Cosmology in the context of ATLAS? 

1) Testing all details of the Standard Model! 

2) Searching for New Particles and Forces!
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LHC sensitivity
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Strong interacting 
heavy particles1. Is new physics out of reach? 
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LHC sensitivity
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16Where is the New Physics?

1. Is new physics out of reach?  

2. Have we looked in the wrong 
place so far?

In
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ng
th LHC sensitivity

Mass

We need to probe also the “lifetime frontier”
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Hidden Sector portal — A portal to the Higgs Boson 

—> Scalar becomes long lived if couplings to SM 
particles is very small 

New long-lived particles candidates
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New improved Reconstruction
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Old New

Simulated signal event

EPJ C 83 (2023) 1081 

https://arxiv.org/abs/2304.12867
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LLP decay vertices

Simulated signal event

EPJ C 83 (2023) 1081 

https://arxiv.org/abs/2304.12867
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Old New

clear material interaction

LLP decay vertices

Simulated signal event

EPJ C 83 (2023) 1081 

https://arxiv.org/abs/2304.12867
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Old New
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clear material interaction

LLP decay vertices

Simulated signal event

EPJ C 83 (2023) 1081 

https://arxiv.org/abs/2304.12867
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Old New

New improved Reconstruction

Very busy data event

EPJ C 83 (2023) 1081 

https://arxiv.org/abs/2304.12867
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ID layers
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23What can we expect?

ID layers
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ID layers

Primary vertex

SCT1

PIX3

P(DV | j) = 0.5 %

P(DV | j) = 0.1 %

P(DV | j) = 0.01 %

Simulation not reliable for estimating unconventional backgrounds  need a data-driven approach→

Strategy: measure the probability in data for a given jet to be matched to a displaced vertex

3-dimensional parameterization: 

• LLP jet classification 

• B-jet classification 

• Jet Momentum 
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arxiv:2403.15332 

Long Lived Hidden Sector Searches

• Excellent data-driven modelling of SM background 

• No significant excess observed

https://arxiv.org/abs/2403.15332
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Muon System
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Inner Detector
Calorimeter

Muon System

Prompt search
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Inner Detector
Calorimeter

Muon System

Prompt search

Higgs measurements
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Inner Detector
Calorimeter

Muon System

Prompt search

Higgs measurements

1% 

0.1% 

• Results prior to latest search with Inner Detector
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Inner Detector
Calorimeter

Muon System

Prompt search

Higgs measurements

1% 

0.1% 

• 10-40x more sensitive than previous results using the same dataset
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28Long-lived sleptons search
Displaced lepton search: 

• Run 3 search using new LLP reconstruction (also in the trigger!) 
• Precision timing information from calorimeter is used to 

complement tracking information 
• New improved limits also for electron and muon channels

ATLAS-CONF-2024-011 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-011/
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Figure 1: Particle content of the SM and its minimal extension in neutrino sector. In the SM

(left) the right-handed partners of neutrinos are absent. In the ⌫MSM (right) all fermions

have both left and right-handed components.

Y can vary from 10�13 (Dirac neutrino case) to ⇠ ⇡ (the onset of the strong coupling). The

admitted region is sketched in Fig. 2.

Independently on their mass, the new Majorana leptons can explain oscillations of active

neutrinos. So, an extra input is needed to fix their mass range. It can be provided by the

LHC experiments.

Suppose that the resonance found at the LHC by Atlas and CMS in the region 125� 126

GeV is indeed the Higgs boson of the Standard Model. This number is remarkably close to

the lower limit on the Higgs mass coming from the requirement of the absolute stability of

the electroweak vacuum and from Higgs inflation, and to prediction of the Higgs mass from

asymptotic safety of the Standard Model (see detailed discussion in [1] and in a proposal

submitted to European High Energy Strategy Group by Bezrukov et al. [2]). The existence

of the Higgs boson with this particular mass tells that the Standard Model vacuum is stable

or metastable with the life-time exceeding that of the Universe. The SM in this case is a

valid e↵ective field theory up to the Planck scale, and no new physics is required above the

Fermi scale from this point of view. Suppose also that the LHC finds no new particle and no

deviations from the Standard Model. In this case the “naturalness paradigm”, leading the

theoretical research over the last few decades will be much less attractive, as the proposals for

new physics stabilizing the electroweak scale by existence of new particles in the TeV region

and based on low energy supersymmetry, technicolor or large extra dimensions would require

severe fine-tunings.

The solution of the hierarchy problem does not require in fact the presence of new particles

or new physics above the Fermi scale. Moreover, the absence of new particles between the

electroweak and Planck scales, supplemented by extra symmetries (such as the scale invari-

ance) may itself be used as an instrument towards a solution of the problem of stability of

2

124.9

—> Sterile neutrino becomes long lived due to off-shell W-decay

Heavy Neutrinos — Sterile Neutrinos
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arxiv:1301.5516 
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“Realistic” multi-flavour 
mixing models consistent 
with neutrino oscillations data
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PRL 131 (2023) 061803

https://arxiv.org/pdf/1301.5516.pdf
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PRL 131 (2023) 061803

Heavy Neutrinos — Sterile Neutrinos

—> Complementarity also to neutrino-less double-beta decay experiments
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31Unconventional Heavy Ion Searches

Magnetic Monopole Search: 

• Using ultra peripheral lead collisions in Run 3 (new triggers) 
• Production via the Schwinger mechanism in strong magnetic fields 
• Striking experimental signature (Huge ionization loss)

Transverse thrust

arXiv:2408.11035

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2023-01/
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Magnetic Monopole Search: 

• Using ultra peripheral lead collisions in Run 3 (new triggers) 
• Production via the Schwinger mechanism in strong magnetic fields 
• Striking experimental signature (Huge ionization loss)

Unconventional Heavy Ion Searches

HION-2023-01 

arXiv:2408.11035

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2023-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2023-01/
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33The future ATLAS detector for HL-LHC

• Expected HL-LHC int. luminosity  is 
3000fb-1 (~300fb-1 end of Run 3) 

• Pileup will increase to μ=200
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34Summary

ATLAS is…. 

• well into Run-3 data taking with excellent performance; 

• exploring new areas of phase space to find New Physics; 

• exploiting novel performance and analysis techniques to boost performance; 

• delivering a suite of high-precision SM measurements. 

• making good progress with the Phase-II upgrades;
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Backup
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slide from M. Dunford
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37Understanding fundamental parameters

Higgs couplings and self-coupling 

• Learn about electroweak phase transition & vacuum stability! 
• Self coupling allows us to trace the shape of the potential 

away from the Higgs mass

FTAG-2023-01 note (Flag)

image credit N. Craig

ATL-PHYS-PUB-2024-016 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-016/
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38Understanding fundamental parameters

arxiv:2403.15085 

Mass measurement precisions: 
• 0.02% on W mass 
• 0.2%   on top mass 
• 0.09% on Higgs mass

https://arxiv.org/pdf/2403.15085
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• Search for anomalous Higgs boson decays into two axion-like particles (ALPs) 
• 4 photon invariant mass system is reconstructed 
• Search is sensitive to long and short lived ALPs 
• Complementarity to light-by-light heavy ion search

Axion-like Particles

arxiv:2312.03306 

https://arxiv.org/pdf/2312.03306
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40What can we expect?

arxiv:2403.15332 

https://arxiv.org/abs/2403.15332
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arxiv:2403.15332 

https://arxiv.org/abs/2403.15332

