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Dark matter and ATLAS

Overwhelming evidence for
Dark Matter

In this talk
DM in strong interactions

Resonant dark jets

Non-resonant semi-visible jets

Axion like particles (ALPs)
H→aa →γγγγ
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Dark showers

Strongly interacting dark sector

DM quarks hadronize

DM hadrons decay to SM
particles

Jet-like objects

Dark jet
Prompt decay to SM

Wider

More tracks

Semi-visible jets
SM and DM particles mixed

Emiss
T aligned with jet

Emerging jets
Displaced decay
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Dark Quarks in Di-Jet [ATLAS-CONF-2023-047]

Analysis Overview
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Dark Quarks in Di-Jet [ATLAS-CONF-2023-047]

Analysis details
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Statistical Analysis
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Dark Quarks in Di-Jet [ATLAS-CONF-2023-047]

Analysis results
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Model B

No significant excess observed

Limits on σ×B (Z‘ → qdq̄d) excluding Z‘ up to masses of 3000 GeV
depending on model
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Non-resonant, semi-visible Jets [arXiv:2305.18037]

Analysis Overview

Scalar mediator in
t-channel

Mixed shower

Emiss
T aligned with Jet

Key observables

pT balance:

pbal
T =

∣∣ ⃗pT(j1)+ ⃗pT(j2)
∣∣∣∣ ⃗pT(j1)

∣∣+∣∣ ⃗pT(j2)
∣∣

azimuthal separation:
|ϕmax − ϕmin|

SVJ
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Non-resonant, semi-visible Jets [arXiv:2305.18037]

Analysis Details

9 Bins in key variables:
pbal
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Defined in SR and CRs:
SR: Emiss

T >600 GeV,
HT >600 GeV
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T
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Non-resonant, semi-visible Jets [arXiv:2305.18037]

Analysis Results
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H→aa →γγγγ [ATLAS-CONF-2023-040]

Analysis overview

Motivation
Limits on B (H → inv.) and
B (H → undet.) motivate searches for
Higgs boson decays to BSM particles

ALPs are dark matter candidates
[JHEP12 (2017) 044]

Final state signature largely dependent on
ma and Caγγ

Low ma ⇒ collimated γ-pairs reconstructed
as single γ (ANN identification)

Low Caγγ ⇒ displaced ALP decay
(customized uncertainties)

Peter Krämer TAUP 2023 - Non-WIMP DM with ATLAS August 29, 2023 9 / 12

https://cds.cern.ch/record/2867933
https://doi.org/10.1007/JHEP12(2017)044


H→aa →γγγγ [ATLAS-CONF-2023-040]

Analysis details

Five (one) event categories for long-lived (promt) ALP decays

ANN based γ-pair assignment (≥ 3γ p. evt.) ⇒ mreco
a accessible

Data driven background estimation

Upper limits on B (H →aa →γγγγ) using CLs method

LL 2γ bkg

Sideband fit
Add H→γγ MC
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H→aa →γγγγ [ATLAS-CONF-2023-040]

Analysis results
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Cosmology
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(g 2)µ

Conclusion
Search a narrow resonance with a mass between 0.1 and 62 GeV
Displaced vertices up to 1970mm
Identify collimated photon signatures with NNs
A dedicated search strategy for long-lived ALP decays has been developed for
the first time
This results in the most stringent limits to date
These limits exclude much of the remaining parameter space that could
explain the (g-2)µ discrepancy
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Summary

Other analyses to mention:
Dark photons in Z-boson decays

Dark mesons to top/bottom

ALPs in forward proton scattering
(LbyL)

Plenary talk by Deborah Pinna

Dark matter in ATLAS
Search for BSM physics

Not for cold dark matter

More models or theories needed
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Backup
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H→aa →γγγγ [ATLAS-CONF-2023-040]

Background yield
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H→aa →γγγγ [ATLAS-CONF-2023-040]

Limits for different couplings
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H→aa →γγγγ [ATLAS-CONF-2023-040]

Limits in different mass ranges
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Non-resonant, semi-visible Jets [arXiv:2305.18037]

Pre-fit distributions
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Non-resonant, semi-visible Jets [arXiv:2305.18037]

CR post-fit
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Non-resonant, semi-visible Jets [arXiv:2305.18037]

Post-fit kinematic variables
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Non-resonant, semi-visible Jets [arXiv:2305.18037]
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Non-resonant, semi-visible Jets [arXiv:2305.18037]

Semi-visible Jet event display

Peter Krämer TAUP 2023 - Non-WIMP DM with ATLAS August 29, 2023 21 / 12

https://arxiv.org/abs/2305.18037


Dark Quarks in Di-Jet [ATLAS-CONF-2023-047]
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