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CF03: Cosmic Probes of Dark Matter
• Cosmological and astrophysical measurements provide the only robust, positive 

empirical measurements of dark matter.

• Cosmic probes are unique in that they do not rely on the assumption that dark 
matter has interactions with normal matter beyond gravity; thus they are the most 
“expansive” (and could be the only viable) approach to the dark matter problem.

• Cosmic probes is an emergent field that requires strong synergy among particle 
theorists, dynamists, simulators, observers, and experimentalists; need a new 
mechanism to support these emerging, collaborative efforts.

• Cosmic probes are highly relevant and complementary to search efforts in CF1, 
CF2, CF7 and other frontiers, and there is strong experimental synergy with 
cosmological probes of dark matter, dark energy, and inflation  (CF4, CF5, CF6) 
and theory frontier
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Accelerator Searches
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Letters of Interest and Solicited White Papers
● CF03 received ~75 Letters of Interest from the community.

● Through a series of discussions (including the Community Planning Meeting), 
we arrived at a list of 5 solicited white papers with designated facilitators. All 
have been submitted.

● CF03 has received 5 additional white papers (to date). Other relevant white 
papers include ~15 white papers submitted to other CF topical groups and 
other frontiers.

THANK YOU 
white paper facilitators and authors!



Authorship extended to white paper facilitators and major contributors. 
Please contact us if you have contributed and want to be an author.

Draft of CF03 Report (v20220718): link
Comments and Feedback:  link

https://drive.google.com/file/d/1EFwFFFbgvJ3HdrQsjI80li0zgCp1nS8u/view?usp=sharing
https://docs.google.com/document/d/1mnQLDA8_zgW4zXSJd4RlpbVxWX-kSaLscZj-nLnSmfQ/edit




3.1 Three Core HEP Community Priorities
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3.2 - CF3 in a single figure…



3.3 Dark Matter Halos

PRELIMINARY

Dark matter particle physics changes the astrophysical structure and distribution of dark matter

2203.07354

https://arxiv.org/abs/2203.07354


3.3 Complementarity with CF1 (Halos) Dark matter-nucleon 
scattering cross 
section vs dark 
matter mass.

Projections come 
from assuming 

sensitivity to 105 

Msun halos.

Still in progress



3.4 Numerical Simulations

Example pipeline for translating between 
particle physics and observations.

Bullock & Boylan-Kolchin 2017

Numerical simulations are critically important to 
interpret cosmic observations in the context of 
specific dark matter particle models.

Collaborations between computation and particle 
theory is critical. Problem is well-matched to HEP 
computational resource and expertise.

2203.07049

https://arxiv.org/abs/2203.07049




3.5 Primordial Black Holes and the 
Early Universe

Primordial black holes 
may be our earliest 
window  into the birth of 
the universe and 
energies between the 
QCD phase transition 
and the Planck scale.

Even if PBHs are a 
small fraction of dark 
matter, their discovery 
would have far-reaching 
implications

2203.08967

https://arxiv.org/abs/2203.08967


3.6 Extreme Environments in one Figure…

Extreme astrophysical 
environments (black 
holes, stellar remnants, 
and stellar interiors) 
provide unique 
opportunities to explore 
dark matter couplings to 
the Standard Model that 
are inaccessible with 
terrestrial experiments.

Support experiments, 
observations, and 
theoretical interpretation 
that probe extreme 
environments.

2203.07984

https://arxiv.org/abs/2203.07984


3.6 Complementarity with CF2 (Extreme Environments)
Axion-photon 

coupling vs dark 
matter mass.

Projections come 
from a range of 

places.

Still in progress



3.7 Facilities for Cosmic Probes of Dark Matter
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https://arxiv.org/abs/2203.06200


3.7 Facilities for Cosmic Probes of Dark Matter

● How do we best address the need from the facilities community?

● We need to highlight the relevance of technology and expertise of the 
HEP community.

● We need provide more specific goals and quantitative estimates; these 
exist for some, but not all facilities.



3.8 Tools for Comic Probes of Dark Matter Physics

● Collaborative Infrastructure - Support through existing HEP Projects 
(DESI, Rubin, CMB-S4)

● New Support Mechanisms - Cross-disciplinary support initiatives 
(future DMNI, cross-disciplinary funding)

● Artificial Intelligence/Machine Learning - Large complex data sets; 
need new tools to analyze them.

● Cosmology Data Preservation - Large legacy data sets; want to re-
analyze for decades to come



3.9 Roadmap to New Physics

Astrophysical uncertainties can be controlled and the extraction of fundamental 
dark matter properties is possible.

SIDM/WDM w/ Rubin LSST and 
future                          

Primordial black holes w/ 
Rubin/Roman

Axion-like particles w/ EHT



Snowmass 2013 did not 
have a CF3… The result 
from the 2014 P5 →
The 2014 P5 report did not identify dark 
matter as a science driver for the large cosmic 
survey efforts (LSST, DESI, CMB-S4).

Faced resistence in expanding the scientific 
scope of these experiments to support dark 
matter research *even though* dark matter is 
a DOE mission priority.

We would like to avoid this happening again...

https://www.usparticlephysics.org/wp-content/uploads/2018/03/FINAL_P5_Report_053014.pdf

https://www.usparticlephysics.org/wp-content/uploads/2018/03/FINAL_P5_Report_053014.pdf


Summary
• Dark matter should be one of (if not “the one”) highest priority across Snowmass. 

• Current/near-future cosmic surveys provide direct access to dark matter model space.

• Future cosmic survey facilities provide discovery potential across a wide range of 
fundamental physics (dark energy, dark matter, inflation, early universe physics).

• New mechanisms for cross-disciplinary support are needed to assemble the expertise 
needed to make concrete advances in cosmic probes of dark matter.

• Cosmic probes of dark matter complement terrestrial searches (i.e., probe similar models 
in different parts of parameter space), inform terrestrial searches (i.e., tell us where the 
dark matter is and how it moves), and probe unique parameter space (i.e., self-
interactions and gravitational interactions).


