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Dark matter: Compelling physics case
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Dark matter: Huge interest of the community 
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Number of papers on the arXiv that mention 
љĬċƖťШůċƣƣĲƖњЯШШƖĲƓƖĲƚĲŰƣƚШΝЮΤӖШŸŉШƣőĲШĲŰƣŔƖĲШ
arXiv database.

If you count all distinct collaborations, major phases of existing facilities, and dedicated smaller 

experiments (current, operational, and funded future projects), the total number  is easily over 80, 
and possibly well over 100, depending on how granular you are with distinguishing sub-
experiments within a larger umbrella
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Dark matter: wide range of papers 

Gamma rays predicted by the annihilation 
of theoretical dark matter particles

Fermi Gamma-ray Space Telescope



Challenges: models and coupling  
A lot of different models and couplings,

No unified description for most of them!

Å - Different conventions for measurables 
Å

- Diverse range of experiments, from 
table top experiments to colliders and 
cosmology

Å - Combining constraints from different 
experiments is a challenging and time 
taking endeavor. 
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How do we build our collective understanding 
about DM ? Example 

Model Builders (Theoreticians)
Develop specific models and define 
the parameter space (e.g mass vs. 
cross-section) that experiments 
should target. 
Output: Phase Space Maps, Target 
Constraints

Experiment (Data Analysis & Results)
Designs, builds, and operates 
experiments, Performs data analysis and 
publishes results, setting exclusion limits 
across the targeted parameter spaces. 
Output: Published Exclusion Limits 
(Experiment-Specific)

Phenomenology (Global Synthesis)
Take published experimental results, re-
interprets them and re-normalizes them 
across diverse theoretical models, 
synthesizing the data into combined Global 
Exclusion Plot 
Output: Global Parameter Limits, Model 
Testing Results

"The Fermionic Dark Matter Higgs 
Portal: an effective field theory 
approach" (arXiv:1404.2283) (2014)

Search for dark matter with 
an energetic jet or a 
hadronically decaying W or Z 
boson at s =13TeV" (CMS 
Collaboration, 
arXiv:1703.01651 2017) 

"The Higgs-portal for Dark 
Matter: effective field theories 
versus concrete realizations" 
(arXiv:2101.02507 2022)
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https://arxiv.org/pdf/2510.05257
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Challenges :Scaling problem with global limit plots

For plots with a lot of data, you often must ȻǕǕǅ ȌƓŮ ǱƺǕȌ ȌǕ ȗǈţŮǷȂȌľǈţ ȬƓľȌѱȂ ƇǕƝǈƇ Ǖǈ

Source

Zoom in
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https://arxiv.org/abs/2305.01715


https://arxiv.org/pdf/2511.03883

Challenges:
Visualisation problem of these increasingly busy global limit plots 

Exclusion plot in range of 10-18 to 105 eV Exclusion plot in range of 106 to 1012 eV

How can we properly unite regions for different ranges of phase space 
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https://arxiv.org/pdf/2511.03883

- 333direct references in 
chapter 9
https://arxiv.org/pdf/2511.038
83

- Hundreds of individual LHC 
data analysis results  
behind each curve.

- How do you trace back 
from there these limits 
came from, which 
experiment, which paper
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Challenges in the Dark -Matter Interpretation Process:

- Requires deep specialized knowledge  of physics and of each model.

- Software, tools, and scripts  used for re-interpretation and global-limit 

production are hard to access, track, or reproduce .

- Only a small number of experts  produce global re-interpretation plots у 

often in narrow sub-domains у resulting in significant, often 

unacknowledged effort .

- A sociological challenge  emerges as a highly diverse community tries to 

collaborate to build a shared understanding. 
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