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Dark matter: Compelling physics case
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T CMB: WMAP and PLANCK

Large Scale Structures
::;F:cted F : . 12 \\J—;- > "".—@ Jf r o3
— I_u_m_inous disk

10 RGper [

M33 rotation curve i

ENERGY
~72%

/ 230 |
4" 6% DARK MATTER ’ﬁ

ordinary
matter

DARK

15/07/2026 brij@cern.ch  Rutherford Appleton Laboratory, Oxford 2




Dark matter: Huge interest of the community

arXiv Research Interest Time Evolution in Physics
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Dark matter: Huge interest of the community

arXiv Research Interest Time Evolution in Physics
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Dark matter: Huge interest of the community

Showing 1-50 of 44,376 results for all: "dark matter” Sp——— [\ \Umber of papers on thearXivthat mention
S -« /bl ¢ | t WAcCaqaqldl waWWl G| |
arXivdatabase.

Advanced Search

"dark matter"

Showing 1-50 of 10,750 results for all: "dark matter” AND experiment,_ . ... .c..sos02

"dark matter" AND experiment All fields v

@ Show abstracts Hide abstracts

Advanced Search

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 easi@ver 80,

and possiblywell 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

PAPER

20 GeV halo-like excess of the Galactic diffuse emission and

implications for dark matter annihilation

Tomonori Totani

Published 25 November 2025 = © 2025 |OP Publishing Ltd and Sissa Medialab. All rights, including for text and data

mining, Al training, and similar technologies, are reserved.

Journal of Cosmology and Astroparticle Physics, Volume 2025, Number 11
Citation Tomonori Totani JCAP11(2025)080

DOI 10.1088/1475-7516/2025/11/080
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15/07/2026

brij@cern.ch

JOURNAL ARTICLE

On testing CDM and geometry-driven Milky Way
rotation curve models with Gaia DR2 @

Mariateresa Crosta ¥, Marco Giammaria, Mario G Lattanzi, Eloisa Poggio

Monthly Notices of the Royal Astronomical Society, Volume 496, Issue 2, August 2020,
Pages 2107-2122, https://doi.org/10.1093/mnras/staal511
Published: 02 June2020  Article history v
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relativity-like effect. In the context of Local Cosmology, our findings are suggestive of the

Galaxy’s phase space as the exterior gravitational field in equilibrium far from a Kerr-like
inner source, possibly with no need for extra matter to account for the disc kinematics.
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Challenges: models and coupling

15/07/2026

Standard- Sterile
model neutrinos
neutrinos

Neutrinos

Super- Extra
symmetry dimensions

Dark matter Weak scale

Simplified Eﬂf?eclg"e

models theory

Macroscopic

Primordial
black holes I MaCHOs

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.

brij@cern.ch  Rutherford Appleton Laboratory, Oxford 7



How do we build our collectlve understanding
about DM ? Example

07100 150 200 250 300 350 400 450 500 '° %500 200 300 400 500 600 0
m..q [GeV] m..q [GeV]

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

"The Higggortal for Dark
Matter: effective field theorig
versus concrete realizations
(arXiv:2101.02507 2022)

"The Fermionic Dark Matter Higgs
Portal: an effective field theory
approach" (arXiv:1404. 2283) (2014

Vector DM

50 100
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https://arxiv.org/pdf/2510.05257

FIPs @ LHCb
5-7 Febrt
CERN, €

(V)
(|

[hep-ph] 20 Nov 20

o

Feebly-Interacting Particles:
FIPs at LHCb — Workshop Report
2025 Edition

J. Alimena!, J. Boyd?, G. Cacciapaglia®, A. Casais Vidal**, X. Cid Vidal®, S. Collaviti®,
A. De Oyanguren Campos’, G. Dalla Valle Garcia®, G. Elor?, G. Ferretti'®, D. Gorbunov!!,
E. Goudzovski'?, J. Hajer!3, J. Jerhot!4, B. Kishor Jashal?, V. Kholoimov’, J. Klaric!®,

F. Kling"?", E. Kriukova!'??| Y. Kyselov'®, G. Lanfranchi'™*, C. Langenbruch'®, S. Libralon”,
F. Martinez Vidal?, A. Merli®, M. Ovchynnikov?, J. Pfaller!?, G. Perez?°, P. Reimitz2!:?8,

L. Sanderswood”, L. Shchutska®, V. Svintozelskyi’, E. Torro Pastor??, Y. Tsai?® A. Usachov?%*,
L. Vale Silva?®, C. Vazquez Sierra26*, F. Volle!2, J. Zhuo’, J. Zurita”
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https://arxiv.org/pdf/2510.05257

Challenges :Scaling problem with global limit plots

Source

Pseudo-Dirac Fermion Dark Matter
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https://arxiv.org/abs/2305.01715

Challenges:
Visualisation problem of these increasingly busy global limit plots

Exclusion plot in range of 1&to 10 eV Exclusion plot in range of 0o 102 eV
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How can we properly unite regions for different ranges of phase space
https://arxiv.org/pdf/2511.03883
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CERN-ESU-2025-001

Physics Briefing Book

4 November 2025

Input for the 2026 update of the European Strategy for Particle Physics
Chapter 9

Dark Matter and Dark Sector

)

- - 333 direct references in
BN B chapter 9
I https://arxiv.org/pdf/2511.038
83
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- How do you trace back
from there these limits
my, [GeV] 1y, [GeV] came from, which
. experiment, which paper
https://arxiv.org/pdf/2511.03883
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https://arxiv.org/pdf/2511.03883
https://arxiv.org/pdf/2511.03883

Challenges In the Dark -Matter Interpretation Process:

- Requiresdeep specialized knowledge of physics and of each model.

- Software, tools, and scripts used for re-interpretation and globaklimit
production are hard to access, track, or reproduce .

- Only asmall number of experts produC*é global reinterpretation plots y
often in narrow subdomainsy resulting insignificant, often
unacknowledged effort .

- Asociological challenge emerges as a highly diverse community tries to

collaborate to build a shared understanding.
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Model Frameworks

BC1 Dark Photon Minimal
BC2 Light DM + Dark Photon

BC3 Millicharged Particles
14
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Dark Matter live

Model explorer

Minimal

How to add your results

How to add your results

Contributing

Thank you for contributing to Dark-Matter-Live. This page explains how to add new constraint curves and how to validate your data before open
ing a Pull Request.

h Basic rules

» Only add published results. Include at least one link to the published paper (arXiv, DOI, or official experiment note).
» Add one CSV and one JSON metadata file per curve.
» Keep file names clear and lowercase (use hyphens or underscores).

Folder layout

Place files under data/<model>/ — each model or model family gets its own folder. Put CSV and JSON pairs there.
File formats

¢ CSV must be a numeric two-column file with header x,y.
+ JSON must include at least the following keys:
© labelName (string)
o id (string)
o url (string) — relative path to the CSV file
o paperUrls (array) — at least one URL to the published result

Validation

Run the validator included in scripts/validate_data.py before opening a PR. It checks that JSON files parse, required fields exist, the CSV file exists,
and the CSV contains a header x,y and numeric rows.

Run (PowerShell):
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The Portals: Interaction Mechanisms

Mediators enable Standard Model < Dark Sector communication; they appear in interaction terms of the Lagrangian.

SELECTED PORTA|

Higgs Portal

Coupling to Higgs field: $\mathcal{lL} sim

iggs Portal ($H$) ambda chi~2 |H|#2$. Natural for scalar
& fermionic DM.

Dark Sector

Standard
Model Vector Portal ($A'$)

Mediator

Axion Portal ($a$) ™ Higgs ($H3$)

Key Candidate & Type

Neutrino Portal (SN$)

Scalar/Fermion WIMPs

Related Frameworks

) & Extended Higgs

Simplifted (Spin-G
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