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• Existence of dark matter (DM) supported by many pieces of evidence and contradictions in DM-free theories
• Galaxy rotation , gravity lensing, bullet cluster, cosmic microwave background, so on

• DM makes up most of our universe – its nature remains largely unknown
• Known only from its gravitational effect

• In quest to search for any possible interaction beyond gravity 

The Dark Matter

2

?

MACS J0152.5-28521
3

0
5

.1
6

0
5

https://sci.esa.int/s/AMKvlVW
https://arxiv.org/abs/1305.1605


Dark Matter Search at ATLAS

General-purpose detector 

Designed for p-p collision at LHC

   Inner Detector, calorimeters 

and Muon spectrometer
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Detection of Dark Matter

DM invisible from detector: 𝐸𝑇
𝑚𝑖𝑠𝑠

→ Detect from recoil of visible particles

→ Detect from resonance or unusual signature

If nothing detected: exclusion limit is set

ATLAS Detector
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Check on ATLAS latest public results

• Recent ATLAS results on DM searches covered:

• Signature-oriented analyses with model interpretation: mono-X (X=t, 
Z/W), dark Higgs, dark meson and so on

• Model-driven summary or combination: s-channel simplified model, 
extended two-Higgs-doublet (2HDM) model

• Topics not covered: more results which are interesting!

• 𝐸𝑇
𝑚𝑖𝑠𝑠 + 𝑡 ҧ𝑡, ISR Dijet, Invisible Higgs, Semi-visible jets, Rare 𝑍 decay, ...

• Search for supersymmetry (SUSY) particles

• Model-agnostic DM search

• Check on ATLAS latest public results

• Let’s dive in the dark!
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1506.03116

Model-drivenModel-agnostic

S-channel Simplified Model
Extended Higgs (2HDM+S,2HDM+a)

Mono-Top
Mono-V

(See Antonio's talk)

Dark Higgs
Dark Meson
Dark Jet
Dark Photon

Signature-oriented

https://link.springer.com/article/10.1007/JHEP03(2024)139
https://arxiv.org/pdf/2403.08547
https://www.sciencedirect.com/science/article/pii/S0370269323002976?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-37/
https://doi.org/10.1103/PhysRevLett.131.251801
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
https://arxiv.org/abs/1506.03116
Antonio


𝐸𝑇
𝑚𝑖𝑠𝑠 + 𝑊/𝑍(𝑞𝑞)
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• Search for DM with hadronic decay vector boson + 𝐸𝑇
𝑚𝑖𝑠𝑠

• Merged (SRM) and resolved (SRR) regions

• High purity (HP) region: pass W/Z tagger

• Low purity (LP) region: fail tag but in W/Z mass window
• Background: 

• 𝑍(𝜈𝜈) + 𝑗𝑒𝑡𝑠, 𝑊(𝑙𝑣) + 𝑗𝑒𝑡𝑠, 𝑡 ҧ𝑡: MC and control using data

• 𝑄𝐶𝐷: estimated from data sideband and <1% in total

Axion-like 2HDM+a

Simplified DMInvisible Higgs

→No significant excess     
      observed above SM
→Upper exclusion limits 
      79.5 fb - 0.3 fb at 95% CL

See later slides

Model Dependent LimitModel Independent Limit

？DM Resolved Decay

W/Z R=0.4 jet

R=0.4 jet？
Merged decay

R=1.0 jet

DM

W/Z

2406.01272

3-var W/Z tagger
jet mass

number of track 
jet substructure(D2)

https://arxiv.org/abs/2406.01272


𝐸𝑇
𝑚𝑖𝑠𝑠 + 𝑡𝑜𝑝

6JHEP 05 (2024) 263

• Search for DM with hadronically decaying top + 𝐸𝑇
𝑚𝑖𝑠𝑠

• Boosted top reconstructed with R=1.0 jet and top-tagged 

• Major bkg. from 𝑡 ҧ𝑡 and 𝑉 + 𝑗𝑒𝑡𝑠. Negligible multijet 

• Est. from MC. Controlled with control regions

• XGB algorithm maximize S/B for specific signal

？
Large-Radius Jet

R=1.0

DM

top Top-tagger [EPJC 79 (2019) 375]
Kinematic + substructure of large-R jet
Reject multijet(𝛾 + 𝑗𝑒𝑡) up to 70x(90x) 

when 50% top accepting

XGBoost Decision Tree
Based on 𝑬𝑻

𝒎𝒊𝒔𝒔, 𝑝𝑇 balance, 𝑁𝑗, ∆𝑅, so on
Trained to maximize the Sig/Bkg difference

No significant excess above SM 

Pre-Selection
𝐸𝑇

𝑚𝑖𝑠𝑠 > 250 GeV, 0 𝑙𝑒𝑝𝑡𝑜𝑛
𝑝𝑇

𝐽
∈ 350,2500  GeV

𝑚𝐽 ∈ 40,600  GeV
∆𝜙 𝑗, 𝐸𝑇

𝑚𝑖𝑠𝑠 > 0.2

Simplified DM model
Vector Scalar

https://link.springer.com/article/10.1007/JHEP05(2024)263


Dark Jet
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• Search for QCD-like dark sector with “unusual” jets

• Decay promptly to SM and QCD-like jet (visible and no displaced vertex)

• Double hadronization, first in dark sector then in SM: larger jets

• Higher running coupling: more charged-particle multiplicity

• Data-driven multijet estimation

• Mass-decorrelated 𝒏𝒕𝒓𝒌
𝝐 : after cut the falling 𝑚𝑗𝑗 spectrum of multijet is kept

• Shape (bin difference) extracted from control region (low track multiplicity)

• Normalization (total yield) fit in signal region (high track multiplicity)

JHEP 02 (2024) 128

Model independent “bump hunt”

No significant excess over SM background

Model dependent limit 

Exclude 𝒎𝒁′ up to 3 TeV with 𝒈𝒒=0.05, 𝒈𝑫=0.2

Charged tracks in sub-leading Large-R jet 

More in dark jet than in SM jet!

R=1.0 Jets

𝑍′

𝑝𝑇2 ∈ 400,3000  GeV

𝑝𝑇1 ∈ 400,3000  GeV

𝑚 ∈ 50,600  GeV |𝜂| < 2.0

Search for resonant production of dark quarks in the dijet final state

𝑝0-value 0.63
consider stat only unc.

https://link.springer.com/article/10.1007/JHEP02(2024)128


Dark Meson
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• Search for dark mesons decaying into SM 𝑡 ҧ𝑡𝑏 ത𝑏/𝑡 ҧ𝑡𝑡 ത𝑏

• Strongly-coupled dark sector conserving SU(2) dark flavor symmetry

• Composite of vector-like fermions and two sates dark 𝜌𝐷 and 𝜋𝐷

• Parameters: 𝑚𝜋𝐷
 , 𝑚𝜌𝐷

 and fixed 𝑁𝐷 = 4 (dark colors)

• Focus on 𝑚𝜋𝐷
/𝑚𝜌𝐷

< 0.5 where nearly 100% 𝜌𝐷 → 𝜋𝐷𝜋𝐷

2405.20061

Drell-Yan Dark Pion Decay

Mixing with W-field: SU(2)L model
SU(2)R model also possible which 

mixing with B-filed but much smaller XS!

Resonance

Strongest exclusion from   
1-lepton channel

Excluded 𝑚𝜋𝐷
 to 940 GeV 

(𝑚𝜋𝐷
/𝑚𝜌𝐷

= 0.45)

Excluded 𝑚𝜋𝐷
 to 740 GeV 

(𝑚𝜋𝐷
/𝑚𝜌𝐷

= 0.25)

All hadronic channel
• 𝐻𝑇 > 1.15 TeV
• ≥ 6 small-R jets (≥ 3 b-tag)
• ≥ 2 large-R jets 
• Multijet estimated from data

One-lepton channel
• 𝐻𝑇 > 300 GeV
• ≥ 5 small-R jets (≥ 3 b-tag)
• ≥ 2 large-R jets (lepton cluster in jet)
• Major background 𝑡 ҧ𝑡 from MC

95% CL limits on SU(2)L model: First Direct Collider Constraint!

No excess above SM observed

Previous 
excl.→

Hadronic
channel 
excl.→

1-lepton channel excl.→

𝜌𝐷

𝜋𝐷
𝜋𝐷

R=0.4 jets
𝑞
𝑏

𝑏

𝑞

R=1.2 reclustered jet
(Lepton is reclustered in 1-lep channel)

Search for dark mesons decaying to top and bottom quarks

https://arxiv.org/abs/2405.20061


Dark Higgs
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• Search for dark Higgs boson with 𝑏 ത𝑏 + 𝐸𝑇
𝑚𝑖𝑠𝑠 signature

• Explain the mass origin in dark sector with Higgs mechanism

• Majorana DM 𝝌 interacts with SM via spin-1 mediator 𝒁’ and a singlet 𝒔 under 𝑈(1)’ 

• Probe 𝐸𝑇
𝑚𝑖𝑠𝑠 down to 200 GeV and 𝑚𝑏𝑏 down to 30 GeV

• Trigger efficiency correction; Reclustering technique and calibration propagation

• Deep learning based mass-agnostic boosted Xbb tagging

ATLAS-CONF-2024-004

Benchmark  parameters

Excluded 𝒎𝒁′ up to perturbative limitNo significant derivation from SM Excluded dark Higgs with 𝒎𝑺 < 150 GeV, 𝒎𝒁′ up to 3.5 TeV

Merged Topo.

R=1.0 jet𝐸𝑇
𝑚𝑖𝑠𝑠  > 500 GeV

𝑠𝜒

𝜒
𝑏
𝑏𝑍′

Resolved Topo.

𝑠
R=0.4 jet

𝑏

𝑏𝜒

𝜒

200 GeV < 𝐸𝑇
𝑚𝑖𝑠𝑠  < 500 GeV

𝑍′

Relic density coherent parameters

𝑚𝑆=70 GeV

Search for dark matter produced in association with 
a dark Higgs boson in the bb final state

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-004/


2HDM/2HDM+S

102401.04742

• Search for DM from extended 2HDM model with 4 lepton + 𝐸𝑇
𝑚𝑖𝑠𝑠 final states

• Optimized for narrow width 2HDM+S(R→SH) and 2HDM(A→ZH) model

• Bkg. mainly from di-boson and tri-boson, modelled with analytical function

• No significant deviation from SM observed

Limit for large width A→ZH: 1.9x worse

𝑓 𝑚4𝑙 = 𝐻 𝑚0 − 𝑚4𝑙 𝑓1𝐶1

  +𝐻 𝑚4𝑙 − 𝑚0 𝑓2𝐶2

𝐻: Heaviside func.
𝑓1: 𝑍𝑍 threshold shape
𝑓2: high mass tail

R→SH model A→ZH model

Observed upper limit for A→ZH: 2.1 - 32.3 fb

Observed upper limit for R→SH: 6.8 - 119.2 fb

Search for heavy resonances in final states with four leptons 
and missing transverse momentum or jets

https://arxiv.org/abs/2401.04742


Dark Photon

112406.01656

Dark photon couple to SM Higgs Dark photon couple to heavy Higgs

Minimal Dark Photon Model

Combination of ATLAS 𝐻 → 𝛾𝛾𝐷 searches 

Observed 𝓑(𝑯𝟏𝟐𝟓 → 𝜸𝜸𝑫) < 𝟏. 𝟑% Observed 95% CL Limit 𝛔 < 16 fb - 1.0 fb Exclusion of Parameter Space

𝝁: mass parameter
𝑺𝑳: SU(2)L doublet
𝑺𝑹: SU(2)R singlet

PRD 90, 055032 (2014) 

https://arxiv.org/abs/2406.01656
https://arxiv.org/abs/1405.5196


Summary of Simplified Model: Spin-0

Spin-0 Mediator 𝐽𝑃 Coupling Signature

Scalar 0+

𝑔𝑞 = 𝑔𝜒 = 1
SM + 𝐸𝑇

𝑚𝑖𝑠𝑠

4-topPseudo-Scalar 𝟎−

Excluded mediator mass up to 400 GeV (1 GeV DM)

(In backups)

Limit on WIMP annihilation rate

(with Dirac DM)

𝐽𝑒𝑡 + 𝐸𝑇
𝑚𝑖𝑠𝑠

𝑡 ҧ𝑡 + 𝐸𝑇
𝑚𝑖𝑠𝑠

𝑡𝑜𝑝 + 𝐸𝑇
𝑚𝑖𝑠𝑠

𝑏 ത𝑏 + 𝐸𝑇
𝑚𝑖𝑠𝑠

ATL-PHYS-PUB-2024-010 12

→ decay to 𝒕 ҧ𝒕 opens up 
      when 𝒎𝒎𝒆𝒅 > 𝟐𝒎𝒕

More diagrams in backup

(4-top signature)

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


Summary of Simplified Model: Spin-1
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(with Dirac DM)

𝒈𝒒 Limit with 10 TeV DM and 𝑔𝑙 = 0 (no lepton coupling) Limit on Spin-Dependent Cross-section 

Spin-1 Mediator 𝐽𝑃 Couplings Signatures

Vector 1+ Various (𝑔𝑞 , 𝑔𝑙 )

𝑔𝜒 = 1
SM + 𝐸𝑇

𝑚𝑖𝑠𝑠

Resonance (dilep, dijet)Axial-Vector 𝟏−

(In backups)

ResonanceSM+ 𝑬𝑻
𝒎𝒊𝒔𝒔

ATL-PHYS-PUB-2024-010

𝒃ഥ𝒃+ISR
jj+ISR 𝒋𝒋+𝒍

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


Summary of Simplified Model: Spin-1
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(with Dirac DM)

𝒈𝒒 Limit with 10 TeV DM and 𝑔𝑙 = 0 (no lepton coupling) Limit on Spin-Dependent Cross-section 

Sensitive to 
large width 
mediator

Spin-1 Mediator 𝐽𝑃 Couplings Signatures

Vector 1+ Various (𝑔𝑞 , 𝑔𝑙 )

𝑔𝜒 = 1
SM + 𝐸𝑇

𝑚𝑖𝑠𝑠

Resonance (dilep, dijet)Axial-Vector 𝟏−

(In backups)

ResonanceSM+ 𝑬𝑻
𝒎𝒊𝒔𝒔

ATL-PHYS-PUB-2024-010

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


Combination of 2HDM+a Searches

2HDM+a: Two-Higgs-Doublet-Model with an additional pseudo-scalar mediator 𝒂 (coupled to fermionic DM 𝝌)

Diverse signatures: combination of multiple ATLAS analyses to set the best exclusion limit
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LHC Dark Matter Benchmark Model

𝐻: heavy scalar

ℎ: SM Higgs

𝐴: pseudo-scalar

𝐻±: charged scalar

Higgs Bosons

10+ different analyses involved and 3 most sensitive channels 𝑬𝑻
𝒎𝒊𝒔𝒔 + 𝒉(𝒃𝒃), 𝑬𝑻

𝒎𝒊𝒔𝒔 + 𝒁(𝒍𝒍) and 𝒕𝒃𝑯±(𝒕) combined

𝑠𝑖𝑛𝜃: mixing angle of 𝐴 and 𝑎

𝑔𝜒: dark-sector Yukawa coupling

𝑡𝑎𝑛𝛽: ratio of  𝑉𝐸𝑉 of Higgs doublet

𝑚𝐴 = 𝑚𝐻 = 𝑚𝐻±: degenerated H mass

𝑚𝑎: mediator mass; 𝑚𝜒: DM mass

Parameters

ATL-PHYS-PUB-2024-010

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


Series of h→aa→4f searches included first time: good sensitivity for low mass pseudo-scalar 𝒂

Broad variety of searches in ATLAS combined in the context of 2HDM+a: rule out large area of parameter space

J/ψ
 reso

n
an

ce

Υ reso
n

an
ce

h→aa→4f when 𝒎𝒂 < 𝒎𝒉/𝟐
Invisible Higgs: 𝑚𝑎 < 𝑚ℎ/2

PLANCK2018

Cosmology Constraint
DM Relic Density Ωℎ

2  = 0.1200 [PLANCK2018]
Excluded over-abundant region 
where all possible DM 𝜒 annihilation is 
forbidden due to kinematics
 

𝑏ത𝑏 + 𝐸𝑇
𝑚𝑖𝑠𝑠: 

𝑚𝑎 up to 600GeV

𝒎𝒂 > 𝟐𝒎𝝌: invisible decay𝒎𝒂 < 𝟐𝒎𝝌: visible decay

Freeze outBig Bang

source
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ATL-PHYS-PUB-2024-010

Combination of 2HDM+a Searches
LHC Dark Matter Benchmark Model

https://arxiv.org/abs/1807.06209
https://ned.ipac.caltech.edu/level5/Kolb/Kolb5_1.html#Figure%208
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-010/


Summary
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More the luminosity Less the dark!

Stay Tuned!

2403.09292

• Large variety of searches for Dark Matter performed at ATLAS

• Covered wide range of final state of SM+𝐸𝑇
𝑚𝑖𝑠𝑠 and other unusual signatures

• Excluded large area on the parameter space of DM models

• S-channel simplified model, 2HDM+a and different models focusing on dark sector

• Complete the picture together with non-collider search and cosmology observation

• Compatibility of Relic Density; Comparison to the Direct Search

• Still a lot to fully understand the DM but progressing!

• Analyses based on ATLAS Run 2 data still coming

• Accumulating ATLAS Run 3 data...

https://arxiv.org/abs/2403.09292


BACKUP



1401.6085 1506.03116

DM TheoryDM Interaction

https://arxiv.org/abs/1401.6085
https://arxiv.org/abs/1506.03116


Boosted Xbb tagger in ATLAS

DXbb tagger [ATL-PHYS-PUB-2020-019] 
Deep Neural Network based Xbb tagging

Hbb(mass-agnostic) v.s. QCD v.s. Top

Updated! GN2X tagger [ATL-PHYS-PUB-2023-021] 
Transformer based Xbb tagging

(New analyses coming soon!)

https://cds.cern.ch/record/2724739/files/ATL-PHYS-PUB-2020-019.pdf
https://cds.cern.ch/record/2866601/files/ATL-PHYS-PUB-2023-021.pdf


𝐸𝑇
𝑚𝑖𝑠𝑠 + 𝑊/𝑍(𝑞𝑞)



Excluded mediator mass up to 400GeV assuming 1GeV DM

2404.15930

SUMMARY OF SIMPLIFIED MODEL: SPIN-0

Spin-0 Mediator 𝐽𝑃 Coupling Signature

Scalar 𝟎+

𝑔𝑞 = 𝑔𝜒 = 1 SM + 𝐸𝑇
𝑚𝑖𝑠𝑠

4-topPseudo-Scalar 0−

https://arxiv.org/abs/2404.15930


2404.15930

SUMMARY OF SIMPLIFIED MODEL: SPIN-1

https://arxiv.org/abs/2404.15930


EXOT-2018-62: s-channel simplified DM Summary
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Semi-visible Final States

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/


25

Visible Final States

EXOT-2018-62: s-channel simplified DM Summary

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/


Annihilation rate (for pseudo-scalar)

Phys. Dark Univ. 27 (2020) 100365

s-channel Simplified Model: Compare to direct search

https://doi.org/10.1016/j.dark.2019.100365


Spin-dependent

Spin-independent

𝜇: DM-nucleon reduced mass

𝑓(𝑔𝑞): mediator-nucleon coupling
𝑓𝑝/𝑛(𝑔𝑞): mediator-proton/neutron coupling

Phys. Dark Univ. 27 (2020) 100365

s-channel Simplified Model: Compare to direct search

https://doi.org/10.1016/j.dark.2019.100365


Spin-independent

Spin-dependent

Scalar VectorVector

Axial-Vector Axial-Vector

2404.15930

https://arxiv.org/abs/2404.15930


2HDM+a
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𝐻/ℎ: scalar

𝐴: pseudo-scalar

𝐻±: charged scalar

Higgs Bosons
𝑠𝑖𝑛𝜃: mixing angle of 𝐴 and 𝑎

𝑔𝜒: dark-sector Yukawa coupling

𝑡𝑎𝑛𝛽: ratio of  𝑉𝐸𝑉 of Higgs doublet

𝑚𝐴 = 𝑚𝐻 = 𝑚𝐻±: degenerated mass

𝑚𝑎: DM mediator mass

Free Parameters LHC Dark Matter Benchmark Model

• Extension of pseudo-scalar mediator simplified model
• UV-complete, gauge-invariant and renormalizable

• Two Higgs Doublet Model (2HDM) plus pseudo-scalar mediator 𝑎
• Scalar sector of SM extended by an additional complex doublet
        Well-motivated by theory e.g. hierarchy, baryogenesis, strong CP
        Type-II 2HDM with 5 Higgs bosons 𝑯, 𝒉, 𝑨, 𝑯± and 𝒉 as SM Higgs

• 1 pseudo-scalar mediator 𝒂 coupled to Dirac DM 𝝌
       Enable the interplay with SM and dark sector
• Full set of 14 parameters: 5 free parameters for benchmark

Mono-h, Mono-V Mono-jbb+MET

Latest results: EXOT-2018-64
Theory Model: JHEP 05 (2017) 138

JHEP 05 (2017) 138
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-64/
https://doi.org/10.1007/JHEP05(2017)138


2HDM+a

30



2HDM+a
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scenario 1a

scenario 2a



2HDMSearch for heavy resonances in final states with four 
leptons and missing transverse momentum or jets



Dark Jet

33JHEP 02 (2024) 128

https://link.springer.com/article/10.1007/JHEP02(2024)128


Dark Higgs

34

ATL-PHYS-PUB-2019-032 

mono-sbb

mono-sVV

• Spontaneously broken U(1)’ gauge symmetry introduced in the WIMP model account the mass origin in dark sector

• Scalar particle 𝒔 called Dark Higgs[1], vector boson 𝒁’ and Majorana DM   𝝌 : two-mediator model (2MDM) [2] 

• Detectable final states from mixing with SM Higgs: 𝑠 → 𝑏𝑏, 𝑠 → 𝑉𝑉, ... depending on mass; as well as large MET

• 𝜒𝜒 → 𝑠𝑠 annihilation relax the relic density constraint from cosmology: prevent DM over-production issue
• Effectively reduce one parameter → search in 3-D parameter space

[1]: 1701.08780
[2]: 1606.07609

Freeze outBig Bang

source

Relic Density
Over-abundant model disfavored

https://arxiv.org/pdf/1701.08780.pdf
https://arxiv.org/pdf/1606.07609.pdf
https://ned.ipac.caltech.edu/level5/Kolb/Kolb5_1.html#Figure%208


Dark Higgs
Relic-coherent 3-D Parameter  Space

How relic density used to reduce parameter space of DM model

35

Reco Analysis Result

Set the final exclusion limit



Axion Like Particle (ALP)

• Global U(1) symmetry added to solve the CP symmetry problem in QCD interaction

• Weakly interacting pseudo-scalar particle 𝒂

• Heavy ALP in the GeV-TeV range usually searched similarly as WIMP

• Light ALP probed with coupling to gluon, photon, fermion and vector boson

• Effective scale  𝑓𝑎: regulates the dimension-5 operators built from the SM fields and the ALPs

• E.g. in MonoV(had) probed 𝑓𝑎 up to 5TeV with 1MeV ALP

• Linear EWSB realizations with general linear bosonic Lagrangian, including only the NLO corrections involving 𝒂

36Phys. Rev. Lett. 38 (1977) 1440.

Eur. Phys. J. C 77 (2017) 572
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Axion Like Particle (ALP)
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Orthogonal to photon coupling (𝒈𝒂𝜸𝜸 = 𝟎)

1701.05379
LHC 13TeV

https://arxiv.org/pdf/1701.05379


Axion Like Particle (ALP)
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Axion Like Particle (ALP)
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Invisible Higgs
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• SM Invisible Higgs decay via ZZ*→4nu and Br~0.1%

• Many DM theory models contribute to BSM invisible Higgs decay

• Higgs portal[1][2][...] with m_WIMP<mh/2
• Scalar, Majorana fermion, vector like DM

• UV-complete model (vector DM)[3,...]:  U(1)’ gauge field
• Adding singlet-like scalar and mixing to SM H to be UV-complete

• Similar to dark Higgs while no heavy mediator Z’ involved

    (more like typical WIMP)

• Limit converted to spin-independent WIMP-nucleon XS
• Comparable to direct search

[1] V. Silveira, A. Zee, Phys. Lett. B161, 136 (1985)
[2] Eur.Phys.J.C 73 (2013) 6, 2455
[3] Phys. Rev. D 90, 055014 (2014)



Invisible Higgs

41Phys. Lett. B 842 (2023) 137963



Dark jet/Semi-visible jet

• Dark sector with gauge group 𝑆𝑈 (𝑁𝑑) leading to 
confinement at a scale  Λ𝑑

• Dark hadron decay QCD-like, fraction decay back to SM

• Unusual jet signature:

• Double hadronization→ larger and wider

• Different running coupling → number of tracks

• Invisible fraction (R_inv)→MET in jet

• Displaced vertex (not covered this time)

• s-channel/t-channel: different topology
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From A. Elliot

Eur. Phys. J. C 82 (2022) 1132

SVJ_s-channel_introtalk

https://indico.cern.ch/event/1008111/contributions/4230417/attachments/2189466/3700191/SVJ_s-channel_introtalk.pdf
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