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• Problems of the SM:
– Large number of free parameters
– No unification of interactions
– Flavor mixing and # of generations 

is arbitrary
– CP-violation is not understood
– Explanation of neutrino masses
– “Fine tuned” description of the 

Higgs boson mass
– Dark matter in the universe
– …
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Searches at colliders
Standard Model



• DM ATLAS/LHC program complements direct/indirect detection
• Final states with undetected particles: ɆT

• DM models with WIMP candidates: provide a good representation of possibly all 
realistic models, e.g. SUSY, …

• In this presentation, showing results of simplified models or more complex 
theories:
– Mono-X (or ɆT +X) topologies 
– Higgs portal
– Inv. particles with single top
– SUSY
– 2HDM+a models,
– Dark Higgs
– Dark quarks in di-jet final states

3

Dark Matter searches

arxiv:1506.03116

Artistic view of DM theory space.

https://arxiv.org/pdf/1506.03116.pdf


• ɆT +X signature
     with X = QCD parton, g, W, Z or h.

• Wide range of searches to 
constrain parameter model.       
Plot with gX = 1, gq = 0.25, 
universal to all flavours, and no 
coupling to leptons. 

• Exclusion contours of individual 
analysis listed in the legend, where 
more than one result contributes. 

• Dashed curves labelled “thermal relic” 
correspond to combinations of DM and 
mediator mass values consistent with 
DM density = 0.12 and a standard 
thermal history. 4

DM with spin-1 Mediators in s-channel
ATL-PHYS-PUB-2023-018

s and kinematics depend 
on mediator and DM 
masses (Mmed, mX),  
mediator coupligs to DM 
and quarks (gX,gq), 
respectively.

https://cds.cern.ch/record/2865335/files/ATL-PHYS-PUB-2023-018.pdf


• Higgs boson production mode 
targeted for Run 2 searches:

• Results from H → invisible 
combination in the context of 
Higgs portal model and WIMP 
mass direct detection experiment 
measurements.
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DM from Higgs Portal
ATL-PHYS-PUB-2023-018, arxiv:2306.00641

https://cds.cern.ch/record/2865335/files/ATL-PHYS-PUB-2023-018.pdf
https://arxiv.org/pdf/2306.00641.pdf


• Dark sector accessible through Higgs portal

• Search for Higgs decay to dark fermions 
originating dark photons

• Dark photons with macroscopic decay length lead 
to displaced collimated group of fermions

• Cosmic ray muons, beam induced backgrounds
and prompt jets mitigated with dedicated neural 
network classifiers
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Light long-lived dark photons from Higgs decays (1/2)
ATLAS-CONF-2023-051

Dark photon jets

Muon jets or calorimeter 
jets without inner tracks

https://cds.cern.ch/record/2870215/files/ATLAS-CONF-2023-051.pdf
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Light long-lived dark photons from Higgs decays (2/2)
ATLAS-CONF-2023-051

• Upper limits on the Higgs decay to dark photons
BR as a function of the gd proper decay length

• Search focus on Higgs vector boson fusion
production

• Exclusion limits for gd mass of 10 GeV as a 
function of ct.
– BR > 10% excluded for gd with decay length 

between 173 and 1296 mm

https://cds.cern.ch/record/2870215/files/ATLAS-CONF-2023-051.pdf


• ɆT + single-top signature
• DM in association with a single top-quark decaying hadronically with a vector 

mediator (left, middle) and with a scalar mediator (right).
• Vector mediator couples with SM particles via an FCNC interaction
• Observed upper limits on the vector and scalar-mediated DM s divided by stheory

• Exclusion limits are improved with respect to previous analysis.
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Inv. particles associated to single top quarks

New Result
arxiv:2402.16561, submitted to JHEP

https://arxiv.org/pdf/2402.16561.pdf


• Higgsinos with mass ~ EW scale 
can solve hierarchy problem and 
provide a DM candidate

• Mass-splitting is O(1 GeV)

• 1 energetic jet + ɆT + a low pT 
displaced track

• Limits on higgsinos mass splitting 
as a function of the higgsino 
mass, including other analyses 
with other colors.
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EW higgsinos with low pT mildly-displaced tracks
arxiv:2401.14046, submitted to Phys. Rev. Lett.

https://arxiv.org/pdf/2401.14046.pdf


• Scenarios with gauge-mediated 
SUSY breaking

• It is assumed !Χ!" ⟶ ℎ !𝐺, with 
!𝐺, almost massless.

• ⩾ 3 energetic b-jets + ɆT

• Results for low and high mass 
channels.

• This plot assumes 𝐵(!Χ!" ⟶ ℎ !𝐺) = 
100%

• Theory s  and its uncertainty are 
shown by the red solid line and 
red shading.
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Higgsinos in 2 Higgs boson events + ɆT 
arxiv:2401.14922, submitted to Phys. Rev. Lett.

https://arxiv.org/pdf/2401.14922.pdf


• An extended MSSM with a non-
minimal flavour violation in the 2nd 
and 3rd generation squark sector

• Top quark + charm quark + ɆT

• Exclusion limits assuming 
BR(𝑡̃! → 𝑡 + !Χ!") = 0.5.

• 𝑚 #$!< 800 GeV excluded for 
massless !Χ!"

• 𝑚 #$!< 600 GeV excluded in the
compressed region.
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Top-squark pair production
arxiv:2402.12137, submitted to JHEP

https://arxiv.org/pdf/2402.12137.pdf


• Scatter plot of models from the 
EWKino scan in the relic density 
dark matter – m(!Χ!") plane.

• Wh2 = 0.120 ± 0.001 from this ref.

• Context of pMSSM with 19 
parameters

• Scan of 12280 models with these 
parameter ranges (EWKino scan).
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SUSY EW production interpreted with pMSSM (1/2)
arxiv:2402.01392, submitted to JHEP

https://arxiv.org/pdf/1807.06209.pdf
https://arxiv.org/pdf/2402.01392.pdf


• Fraction of EWKino scan models
excluded by ATLAs Run 2 results.

• Only a small fraction of models at 
low mass are highly excluded.

• Complementarity between LZ and 
ATLAS Run 2 results in the 
WIMP-nucleon spin-independent 
search
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SUSY EW production interpreted with pMSSM (2/2)
arxiv:2402.01392, submitted to JHEP

https://arxiv.org/pdf/2402.01392.pdf


• Five new particles: {H,H±,A,a}
• The DM candidate X couples to 

the a and A bosons.

• Wide range of searches to 
constrain 2HDM+a parameters. 
Benchmarks with mH = mH±=mA.

• Statistical combination of the most 
sensitive analyses.
– ɆT+X final states set strong limits 

in the (mA,ma) plane
– tbH+ search sets a 700 GeV lower 

limit on mA, quasi-independently 
on ma.
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DM searches from 2HDM+a models
ATL-PHYS-PUB-2023-018, arxiv:2306.00641

https://cds.cern.ch/record/2865335/files/ATL-PHYS-PUB-2023-018.pdf
https://arxiv.org/pdf/2306.00641.pdf


• Both Higgs and gauge sectors are 
extended

• Higgs boson from symmetry 
breaking of U(1) 
– Z’ 
– mass to DM through Yukawa int.

• ɆT +X signature, X = resonance
• Wide range of searches to 

constrain parameter model.      
Plot with gq = 0.25, gX = 1 ,        
sinq = 0.05 and mX.=200 GeV.

• Open contours indicate regions of 
the mass plane not explored for 
that particular signature.

• Colour areas are excluded.

15

DM in Dark Higgs models
ATL-PHYS-PUB-2023-018, JHEP 04 (2017) 143

https://cds.cern.ch/record/2865335/files/ATL-PHYS-PUB-2023-018.pdf
https://link.springer.com/article/10.1007/JHEP04(2017)143


• Dark quark pair production through a Z’ mediator
• Covering complementary part of parameter space relative to 

semi-visible jets and emerging jets.
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Dark quarks in di-jet final states (1/2)
JHEP 02 (2024) 128

• Search for di-jet final state of 𝑍% →
𝑞& 2𝑞&
– Wider jets due to SM and Dark 

hadronic components
– Jets with higher particle 

multiplicity
• Four benchmark models different 

confinement scale, quark/hadron 
masses.

Number of tracks in leading jet

Dominant QCD background determined 
from data

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


• Bump hunt in the invariant mass spectrum of the
two large-R system
– Analysis probes mJJ ∈ [1300,4800] GeV
– Larger data excess at ~1600 GeV (2s)

• Exclusion limits on mZ’ (model A)
– Dependent on the model type and coupling 

parameters
– Strongest limit: mZ’ > 3 TeV
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Dark quarks in di-jet final states (2/2)
JHEP 02 (2024) 128

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


• Rich program to search for Dark Matter in ATLAS
– Many models explored, from simplified to most complete
– Complemented with model-independent searches

• Presented latest results from Exotics + SUSY searches
with full ATLAS/LHC Run 2 data

• No evidence for New Physics yet: stronger limits on
models parameters

• Run 3 data ongoing and first results of searches will
come soon 18

Conclusions


