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Underexplored challenges: Cosmology

Do we really know that we don’t know ~95% of the universe. ??
    “Degree of skepticism must not only be pardonable but should  be laudable”

∧CDM concordance cosmology, based on Friedman equations(1922) recently 

going through a crises
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Friedman equations 1922   ---  CMB in 1964
rotational symmetry and space time symmetry and also time translation symmetry 



Dark matter: 
Compelling physics case and huge interest of the community 



On testing CDM and geometry-driven Milky Way rotation 
curve models with Gaia DR2
M. Crosta et al. 10.1093/mnras/staa1511

McMillan (2017), Pouliasis et al. (2017), and Eilers et al. (2019). 

Balasin & Grumiller (2008, BG)

https://doi.org/10.1093/mnras/staa1511


Dark matter community is huge

Number of papers on the arXiv that mention “dark 
matter”, which represents 1.7% of the entire 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 of searches is 

easily over 80, and possibly well over 100, depending on how granular you are with 

distinguishing sub-experiments within a larger umbrella



Dark matter community is huge

A lot of different models and couplings

No unified description for most of them!

• - Different conventions for measurables 
•

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

• - Combining constraints from different 
experiments is a challenging and time taking 
endeavor. 



Dark matter community is huge
How do we build  our collective understanding ?

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 =13 TeV" (CMS 
Collaboration, 
arXiv:1703.01651 2017) 

"The Higgs-portal for Dark 
Matter: effective field theories 
versus concrete realizations" 
(arXiv:2101.02507 2022)



https://arxiv.org/pdf/2510.05257

https://arxiv.org/pdf/2510.05257


Constraints for dark matter models

Typical example of the extension of Standard Model. Scalar Higgs-portal has a form:

Kinetic term Mass term Interaction term

Dark matter models are typically characterized by:
the couplings (𝜆1, 𝜆2…) and masses (𝑚1, 𝑚2…) of the particles they introduce

Constraints are usually shown in the coupling-mass (𝜆, 𝑚) parameter space
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Scaling problem with global limit plots

For plots with a lot of data, you often must to zoom the plot to understand what’s going on

Source

Zoom in

https://arxiv.org/abs/2305.01715


https://arxiv.org/pdf/2511.03883

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 these regions?



https://arxiv.org/pdf/2511.03883

- 333 direct references in chapter 9
https://arxiv.org/pdf/2511.03883

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

https://arxiv.org/pdf/2511.03883


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 — often in 

narrow sub-domains — resulting in significant, often unacknowledged effort.

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

collaborate to build a shared understanding. 



I wrote a grant proposal which 
reviewers couldn’t refuse 



https://iris-hep.org/fellows/happydarkness.html



https://darkmatter.web.cern.ch

https://darkmatter.web.cern.ch/
https://darkmatter.web.cern.ch/


https://darkmatter.web.cern.ch

https://darkmatter.web.cern.ch/




















So how can we have a Open, Transparent, and Collaborative Global-Limit Framework

Motivation: Lessons from Software Development
  - Git to manage the growing Linux kernel (40 Million lines of code), enabling distributed collaboration, 
transparent history, and community-driven review.

Public and Open Repositories:
- The source code and data are available on GitHub and on the CERN GitLab mirror: CERN GitLab.
- Designed to ensure collaboration, reproducibility, and shared ownership.

https://github.com/NewPhysicsLive/DarkMatterLive
https://gitlab.cern.ch/newphysicslive/DarkMatterLive


Transparent Contribution Workflow
- New data points enter the global-limit framework via Pull Requests (PRs) or Merge Requests (MRs).
- Expert review happens in the open, with discussions publicly documented.
- Use GIT raise issue feature to track requests for new features, bug fixes or corrections 

Open Tools and Automated Pipelines
- Interpretation scripts and global-exclusion-plot algorithms become part of the repo as CI/CD code.
- A CI/CD pipeline automates processing when new PRs/MRs update results (for e.g., coupling vs mass for a  
particular model), ensuring consistent and reproducible outputs.

Versioning and Citation
- Each tagged version of the project is archived on Zenodo, generating a DOI for long-term preservation and 

citation.    
      Contributors of the project will automatically become part of author list.



Demo
https://darkmatter.web.cern.ch
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Challenges:

- Huge model parameter space.
- Classification is challenging
- How do we account for uncertainties in these exclusion 

plots 
- We need to be very careful with what and how we are 

excluding a region. 
-  



Thank you 



Backup



“…. High redshift supernovae appear 
almost 0.15 mag (~15% in flux) fainter 
than the low redshift supernovae” 
(Compared to expectations for ∧ = 0 
universe)

50 supernovae (1a)
Perlmutter et al. 1999

Riess et al, 1998

For various reasons people are revisiting this conclusion 
today.

 - SDSS-II/SNLS-3 Joint Lightcurve Analysis (JLA) 740 SNe, 
(Sarkar et al 2019)
- Pantheon+ - 1540 Rameez et al. 2024, 2411.10838

- Recent challenges to cosmological principle
- Ellis & Balldwin test anomaly (Secrest et al. 2021, 

2022, Wagenveld et al, 2023)
- Cosmic dipole anomaly, Sarkar et al, 2505.23526  Bulk 

flows in local universe (Watkins et al. 2023)

Manifesto: Challenging the standard cosmological model 10.1098/rsta.2024.0036

 The statistical method critics: March et al.(2011), Karpenka (2014), 
Nielsen et al (2015), Dam et al. (2017) 

Sarkar et al, 29 May 2025 2505.23526

03/06/2025 33

Underexplored challenges: Cosmology: Dark energy

https://arxiv.org/abs/2505.23526
https://doi.org/10.1098/rsta.2024.0036
https://arxiv.org/abs/2505.23526
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