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WORKING GROUP 4

Mandate &scope

WG4 coordinates the direct, laboratory-based hunt for very weakly interacting slim
particles — axions, axion-like particles and dark photons — across the European At a glance
community. The group maintains an updated picture of where searches stand, flags

the regions of parameter space still untested, and works toward a coherent roadmap
to discovery in which results from very different experiments can be compared on 4
common ground.

Survey Keep a revised, complete status of WISP searches and the couplings still beyond 1 3 +
reach.

Connect Interpret diverse experiments consistently and tie each result to its theoretical
model.

Discover Lay out a roadmap that disentangles competing WISP scenarios toward a first
detection.

search frontiers, from cavities to
colliders

peer-reviewed papers & proposals
contributed

WG-lead institutions across Europe
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WHO MAKES UP WG4

Members hip across Europe

WG4 is the Action’s largest direct-search community — 184 researchers enrolled, spanning 32 countries, from senior Pls to early-career students.

184

members enrolled in WG4

32

countries represented

85

based primarily in WG4*

Italy
Germany
Spain
Turkiye 13
France

Portugal

United Kingdom
Austria

Bulgaria

Czechia
Switzerland

United States

20+ more countries

*remaining members are cross-listed with WG1-WG3 - source: COST CA21106 membership roster
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32

35

38
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HOW THE WORK IS ORGANISED

Four search frontiers

Resonant cavities &haloscopes

Tunable RF cavities in strong magnets listening for dark-matter axions.

FLASH - BabylAXO - QUAX

Forces &spin precession

Searching for new axion-mediated forces via spins in atoms & traps.

Molecules - Penning traps

@ Screened scalars & dark energy

Tabletop quantum tests for chameleon, symmetron & dilaton fields.

Dilatons - neutron interferometry - Casimir

Accelerator & beam-dump

Hidden-sector probes at high-intensity beams.

NA64-e at CERN
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WHERE THE ACTION MET

Four General Meetings

Since 2023 the Action — and WG4'’s programme within it — has been reviewed at four General Meetings across Europe, with this Corfu edition the

fourth.

Ban

Italy

5-8 Sep 2023

Annual review

Is tanbul

Turkiye

3-6 Sep 2024

Annual review

Sofia

Bulgaria

9-12 Sep 2025

Annual review

Corfu

Greece

22-25 Jun 2026
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TRAINING THE NEXT GENERATION

3rd Training School - Annecy 2025

LAPTh, Annecy-le-Vieux (CNRS) - lectures across WISP theory, experiment, astrophysics & cosmology

Participants at LAPTh, Annecy — September 2025

16-19 September 2025 - four days

Up to 30 funded PhD students & early-career postdocs

CNRS campus, 40 km from CERN

Chair: F. Calore — with Genolini, Serpico & Zatini

COSMIC WISPers Prize 2025

Best three student talks at the school

@ Marta Fuentes Zamoro - IFT Madrid

@® SophiaHollick - U. Zaragoza

@ Noelia M. Sanchez Gonzalez - U. Oxford

07



BEYOND THE PAPERS

Networking & community

Working-group meetings

Joint WG sessions at Heidelberg (Feb 2025) and CERN (Feb 2026) kept
experiments aligned.

Training & eary-career

STSMs and ITC conference grants move students between labs; annual
training schools build the next generation.

Topical workshops

“The meV Axion Mass Frontier” at LNF Frascati (Oct 2025) and Dark
Universe Cosmology, Bologna.

Furopean Strategy input

WG4 fed into the CA21106 submission to the European Strategy for
Particle Physics.
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e BEYOND THE PAPERS
Networking & community

e Working-group online meetings

Jan 2026, May 2025, Sofia 2024

e Technology forums

Frascati, Bari, Sofia

- ALPS II: RESULTS
- RESNOVA

- OPENESS
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NETWORKING THAT DELIVERS

Success story: Res Nova

STEP 1
Monthly meeting

Res Nova first presented at a
CA21106 monthly online
seminar.

The takeaway: seminars = meetings = STSMs = meetings — the COST networking toolkit turning an idea into a shared result.

STEP 2

General Meeting

Taken up with the community
and refined in WG4 sessions.

How the Action’s instruments carried Res Nova forward — from a first idea to shared results:

STEP 3

STSM

A funded Short-Term Scientific
Mission enabled hands-on
work between groups.

STEP 4

General Meeting

Results brought back and
presented at a later General
Meeting.
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2026 FLAGSHIP OUTPUT

The COSMIC WISPers White Paper

** e

T T \ e g
p Cos MIC
VVISPERS Funded by the

CA21106 European Union

The COSMIC WISPers White Paper:

The physics case for
Weakly Interacting Slim Particles

Abstract

Axions and other very weakly interacting slim particles (WISPs), with masses below 1
GeV. arise naturally in many extensions of the Standard Model of particle physics. In
particular, they could offer a new framework to explain the nature of dark matter and may
help address a range of puzzling observations in astrophyvsics and particle physics. This
review provides an overview of ongoing WISP searches and outlines the prospects for the
next decade, spanning their theoretical motivation, indirect signatures in astrophysical
observations, and dedicated laboratory experiments. [t is based on the work carried on by
the EU-funded COST Action “Cosmic WISPers in the Dark Universe: Theory. astrophysics,
and experiments” (CA21106, https://www.cost.eu/actions/CA21106). This network
plays a key role in coordinating and supporting WISP searches across Europe, while also
contributing to the development of a roadmap aimed at securing European leadership in
this research area. It is emphasized that Europe is currently pursuing a rich, diverse, and
experimental program, with the potential to deliver one or more transformative

cost-effective
discoveries.

Front matter of the White Paper

arXiv:2603.03433 - 125+ authors - March 2026 - the Action’s physics-case review, with WG4 leads among the co-authors

Full physics case — A community review tying together theory motivation, indirect astrophysical
signatures and dedicated laboratory experiments.

WG4 landscape — Surveys the direct-search frontier — helioscopes, haloscopes, fifth-force & screened-
scalar tests, and accelerator probes.

A roadmap for the decade — Sets out prospects and priorities to keep European leadership in WISP
searches.

Discovery within reach — Frames Europe’s programme as rich, diverse and cost-effective, with
potential for transformative discoveries.

Interactive experiments map

Browse the WISP experiments behind the paper — by type, mass range
and location.

cosmicwispers.github.io/wisps-experiments-map
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https://cosmicwispers.github.io/wisps-experiments-map/
https://cosmicwispers.github.io/wisps-experiments-map/

INSIDE THE WHITE PAPER

Part IV—WISP Direct Searches

The WG4-led part (pp. 281-372), edited by Aybas, Ferreiro lachellini, Gatti, Karuza, Rettaroli, Ruimi & Staelens — three chapters:

CHAPTER 17

FEuropean WISP Experiments

The current landscape, by technique

* Haloscopes — cavities in strong magnets

* Helioscopes — solar-axion searches

* Pure-lab: fifth-force & spin-dependent tests
* Accelerator & beam-dump probes

* Repurposed GW & atom interferometers

CHAPTER 18
Furopean Facilities

Infrastructure behind the searches

* EMFL — high magnetic-field facilities
DESY cryoplatform, Hamburg
® LNF Frascati (INFN)

CHAPTER 19
New Experimental Schemes

Emerging ideas for the next decade

* Molecular spectroscopy for ultralight DM
* Dark photons via Rydberg-atom cavities

® Axion forces from spin precession

* Undulator WISPs; IR-spectrograph eV DM

* Paleo detectors; antiferromagnet DM
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WHITE PAPER - TABLE 29

The European lands cape, by technique &status

~70 European WISP experiments — 31 running, 25 in preparation, 14 completed — grouped by detection technique:

Haloscopes

Clocks & spin sensors
Direct-DM detectors
Interferometers
Beam-dump & collider
Light-shining-thru-wall

Cavity birefringence

Helioscopes
Dish & radio antennas
Novel schemes

GW resonant bars

WG4

m Completed m Running m In preparation

Source: White Paper Table 29 (Ch 20). Multi-site experiments counted once; “in preparation” = design, R&D, prototype, installation, commissioning or planning.

15

18
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WHITE PAPER - TABLE 29

What the experiments probe — by coupling

39 of 70 experiments target the axion-photon coupling; dark-photon mixing is the next most-covered. (Counted once per coupling probed, so totals exceed 70.)

Axion-photon Dark photon Axion-electron Axion-nucleon Scalar / dilaton Other exotic

What's inside each group: Axion-photon g_ayy, ALP - Dark photon y kinetic mixing, DP - Axion-electron g_ae - Axion-nucleon g an, g_ap, g d,EDM - Scalar/ dilatond_e, d_g (varying
constants) - Other AQN, FIPs, topological defects
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COSMIC WIS Pers

% Outlook

Consolidate the limits — Merge results across cavities, interferometry, traps and beams into one
consistent exclusion picture.

@ Maintain contact between groups

‘ New submission

Thank you —questions &discussion welcome

mkaruza@uniri.hr - claudio.gatti@Inf.infn.it - deniz.aybas@bilkent.edu.tr
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