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The WG3 at Glance

191 Participants

Group Leader:
Maurizio Giannotti (U. of Zaragoza & CAPA) mgiannotti@unizar.es

Group Co-Leaders:

Giuseppe Lucente (SLAC) lucenteg@slac.stanford.edu

Elisa Todarello (UC, Berkeley) elisa.todarello@berkeley.edu
Oscar Straniero (INAF & INFN Rome) oscar.straniero(@inaf.it

Large overlap with WG2, Dark Matter and Cosmology

Leaders: Edoardo Vitagliano, Marco Gorghetto,
Maria Benito Castano & Mathieu Kaltschmidt
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Obijectives

* Study the impact of WISPs in astrophysics.

* Identify observables.

* |dentify opportunities.

* Cross Working Groups discussions to clarify the possible detection strategies.

* Clarify the next generation needs to detect astrophysics WISP signatures.



Obijectives

Objectives: promote the studies of the signatures of WISPs in astroparticle physics and
facilitate the creation of networks to tackle these problems

- WISP oscillations into photons,

- WISP-induced energy loss in stellar systems

- WISP fluxes from astrophysics and experimental sensitivity to detect them (—
connection to WG4)

- signatures from gravitational waves and from primordial black-hole superradiance

- Astrophysical signatures of DM WISPs (e.g., DM ALP conversion in B) = connection to
WG2

- Selection of models with specific properties of astrophysical relevance (e.g.
Astrophobic models, photophilic models, etc. ) = connection to WG



Our work

1- Monthly meetings

Offer opportunities for (mostly) young researchers to present their work and to
discuss their findings with the larger community.
Create networks.

2- Organization of small workshops

Both online and in person

3- Realization of a repository of axion astrophysical fluxes

4- White Paper
Huge effort in coordination with the other WGs.



Monthly Meetings (after 3rd General Meeting)

Different topics. All the material is available at the > WG3 Agenda

November: Francisco Rodriguez Candén, ““Small Progenitors, Large Couplings: Type Ic
Supernova Constraints on Radiatively Decaying Particles’

December: Maria Jiménez Puyuelo, ““Physics Potential of IAXO for Supernova” Axions”’

February: Francesca Lecce, " Detecting light axions from supernovae in nearby galaxies’

March: Garv Chauhan, ** 511 keV Gamma-Ray Echo from Particle Decays in
Supernovae’’

April: Orion Ning, “Dark Particles and Bright Bursts: Future Stories from the Gamma-
Ray Sky with GALAXIS”

June: Victor Fonol | Rubio, *° Enhanced Stellar Production of Weakly Interacting Slim
Particles from Non-Thermal Nuclear Cascades’



Networking

Short term missions

06/09/26 — 25/09 /26: Francisco Rodriguez Candon (U. de Zaragoza), " Probing
axion-like particles with NUSTAR observations of M82 in turbulent starburst magnetic
fields”

01/09/26 —17/09/26: Theo Abounnasr (Instituto Superior Técnico), ** Axions in
gamma-ray burst’’.

27 /07 /26 — 09/08 /26: Pooja Bhattacharjee (U. of Nova Gorica), **Machine Learning
Approaches for Axion-Like Particles Searches in Astrophysical Spectra”.

01/07 /26 — 31/07 /26: Duvier Suarez Fontanella (U. de Salamanca), **Non-linear

electrodynamics constraints on axion models from Fermi-LAT observations’’.

15/04/26 - 15/06/26: Tanmay Kumar Poddar (Durham U.), *“Environmental effects on
ultralight particle-induced superradiance in compact stars’.

11/02/26 - 20/02/26: Jorge Terol Calvo (INFN), *Electrophylic MeV feebly
interacting particles and the UV excess”.

09/02/26 — 20/02/26: Francesca Lecce (U. of Bari), **Probing axion-like particles
from extragalactic Supernovae with Fermi-LAT data’.

01/02/26 — 28/02/26: Nahuel Ferreiro lachellini (U. Milano Bicocca), " Investigating
axion interactions in the RES-NOVA detector’’.



Networking

4 )
Summer School in Corfu last week

Elisa Todarello presented a set of lectures on
— Searching for ALPs with telescopes

KTu’ror Jorge Terol Calvo P

Previous Editions

-

2025: McDonald, lectures on Compact Objects
Tutor Alessandro Lella, see Lecture Notes)

2024: Calore, lectures on high energy astrophysics Tutor
Christopher Eckner, see Lecture Notes)

2023: Raffelt, lectures on stellar astrophysics
\_ Tutor Andrea Caputo, see Lecture Notes)
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Online Workshop (18 — 19 Feb 2025)

Organizers: Maria Benito, Diego Blas, Maurizio Giannotti and Oscar Straniero

DYNAMICAL TRACERS
OF THE NATURE OF

DARK MATTER

Funded by
the European Union

This online workshop is intended for extensive discussions on the distinctive features in galactic
dynamics that imprint the different empirically allowed properties of dark matter, such as its mass (e.g.,
ultra-light, axions, WDM-like, WIMP-like, PBHSs) or interaction type (FDM, SIDM, CDM). Our goal is to
further investigate the possibility of leveraging galactic dynamics as a tool to probe the nature of dark
matter, with a special emphasis on understanding how particular dynamical tracers in galaxies can be
used to constrain specific general properties of dark matter.

The workshop will last two days, each with three invited talks (30 minutes per talk). Each day will
conclude with a one-hour discussion session, bringing the total duration per day to 2.5 hours.
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In person Worksho P https://agenda.infn.it/event /48801 /

(Frascati-INFN  27-28 Oct. 2025)

The meV Axion Mass Frontier: challenges and opportunities

Abstract: The workshop will gather experts in theory, cosmology, astrophysics, and
experiment to assess the motivations, probes, and detection strategies for axions in
the meV mass range. Topics of discussion will cover cosmological and astrophysical
sources, current experimental efforts, and innovative approaches at the THz
frontier.

Local Organising Committee:

e Alessandro D'Elia (INFN-LNF) International Committee:
e Claudio Gatti (INFN-LNF)

e Ji-Hen Guo (INFN-LNF & Beihang U.) A :
* Vincenzo Fiorentino (INFN-LNF) * Maurizio Giannotti (Zaragoza U.)

* Alessandro Lella (U. Bari) ¢ Giouseppe Lucente (SLA_C)
e Federico Mescia (INFN-LNF) e Elisa Todarello (U. Nottingham)

e Vasja Susic (INFN-LNF)
e Alessio Rettaroli (INFN-LNF)
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In person Worksho o https:/ /agenda.infn.it/event /48801 /

(Frascati-INFN  27-28 Oct. 2025)

Preprints: LAPTH-006/26, BARI-TH/785-26

- *
CoS MIC Taan”
VVISPERS Funded by the

CA21106 European Union

-
L

PREPARED FOR SUBMISSION TO JCAP

Axions at the meV Crossroads:
Theory, Cosmology, Astrophysics, and
Experiments

Michele Cicoli,*® Francesco D’Eramo,? Luca Di Luzio,’ Damiano
F.G. Fiorillo,* Maurizio Giannotti',”%" Alicia Gomez,’ Diego
Guadagnoli,” Mathieu Kaltschmidt,”¢ Bradley J. Kavanagh,”
Alessandro Lella,*? Giuseppe Lucente,’ David J. E. Marsh,™
Federico Mescia,” Alessandro Mirizzi%,°? Javier Redondo,’ Nicole
Righi,”* Jaime Ruz,? Ken'ichi Saikawa,” Elisa Todarello,**"
Edoardo Vitagliano,>® Su-Yang XuV

Review document to appear on JCAP [2603.18167 [hep-ph]]
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COST White Paper  [2603.03433 [hep-ph]]

* ¥ %
* *
N — e~ \ | 2 # T
’ COoS MIC PP
\ VSPERS 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 astrophysics 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. It 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
cost-effective experimental program, with the potential to deliver one or more transformative
discoveries.

Currently under review (submitted to PLB as Special Issue).
13



COST White Paper

Astrophysics Section

III WISPs in Astrophysics: from Production to Detection
Editors: M. Giannotti, A. Lella, G. Lucente, O. Straniero & E. Todarello 161

1. Astrophysical Sources 2. Astronomical Technology

and qnd

Related bounds Opportunities

130 pages, 22 contributions

Manuscript Initial Date Status
Current Status 4

Action & : Number 4 Submitted Date 4

The COSMIC WISPers White Paper: The
; PLB-D-26-01198 physics case for Weakly Interacting Slim 05 May 2026
Send E-mail Particles - Part Ill

[View Submission] 01 Jun

2026

Required Reviews Completed

Report expected soon!
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Astrophysical Axion Fluxes
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Different sources: different main production channels and energy ranges.
Opportunities for detection 2 Characterization of axion fluxes is fundamentall
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Astrophysical Axion Fluxes
Axion Astrophysical Fluxes

A repository with data, fits and codes for axion astrophysical fluxes.

Collection of axion fluxes from
different astrophysical sources.

For each source:
data and fit of the flux

Realized by:

Giovanni Grilli di Cortona
Alessandro Lella
Giuseppe Lucente

Pierluca Carenza

View on GitHub

Table of contents

e Solar Axions

o Primakoff
o Bremsstrahlung
o Compton

e Main Sequence Axions

o Primakoff
o Bremsstrahlung
o Compton

e Red Giants Axions

o Electron-ion Bremsstrahlung

e Horizontal Branch Axions

o Primakoff

Available on Cosmic WISPers’s GitHub page
https:/ /cosmicwispers.github.io /astrophysical axion fluxes/

Together with the WISP experiments map

https:/ /cosmicwispers.github.io /wisps-experiments-map /
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e White Dwarfs Axions

o Electron-ion Bremsstrahlung
e Red Supergiants Axions

o Primakoff

o Bremsstrahlung

o Compton

e Core-collapse SN Axions

© NN Bremsstrahlung
o Pion conversion

e Binary neutron star merger Axions

o NN Bremsstrahlung


https://cosmicwispers.github.io/astrophysical_axion_fluxes/
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Solar Axions

An accurate fit of solar axion fluxes at Earth obtained after integrating over the AGSS09 solar model
[Serenelli et al. 2009, Serenelli 2010] is given by:

dq?a —C Gaz ’ E }86—(1+ﬁ)}3£0
dEa ! Gref EO ,

where the axion parameters are shown in the following Table:

Gref Co(keV 'stcm™?)  Ej(keV) B
Primakoff,
R 10712 GeV ! (2.19 £ 0.08) 10° 4.17 £+ 0.02 2.531 + 0.008
Bremsstrahlung,
R 1012 (3.847 +0.007) 10" 1.634+0.01  0.8063 % 0.000¢
Compton,
e 10~ (8.8+0.1)10" 5.10 +0.03  2.979 + 0.001

Table: Summary of the fitting parameters to reproduce the axion emission from the Sun via Primakoff (coupling
to photons g.), Bremsstrahlung, and Compton (coupling to electrons gq.), see [Hoof et al., Wu and Xu] and the
GitHub code. The uncertainty on the fitting parameters includes the most recent solar models [Magg et al. 2022].

https:/ /cosmicwispers.github.io /astrophysical axion fluxes/
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Example: Solar axions
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Red Supergiants axions

ALP production in massive stars at supergiant stages is dominated by their couplings to photons and
electrons. The dominant ALP production process induced by the ALP-photon interaction is the
Primakoff effect, v + Ze — a + Ze, corresponding to the conversion of a thermal photon into an
ALP in the electrostatic field of charged particles in the stellar plasma [Carlson].

On the other hand, axions interacting with electrons are mainly produced via Compton scattering,
v+ e — e + a [Raffelt], and the electron-ion Bremsstrahlung, e + Ze — e + Ze + a [Carenza and
Lucente].

The total amount of ALPs produced by the star is obtained by integrating the production rates over
the entire volume of the star. The Red-Giant Branch (RGB) ALP production spectrum integrated over
the star volume can be fitted as

dN, _ 102 1, L, (BN _ginmm,
dEdt keV's

E )86'
1o, (m) o—(Bo+1)E/ By

b

B
E ) Pe_(ﬁp+1)E/Eﬂ,P] :
Ep.p

7

—|—Cp9121 (

where g11 = gay/1071! GeV !, g13 = Gae/107%3, Cg/c/p are normalization constants, Eg g/c/p is
the average energy and ﬁB/C/P is the spectral index for Bremsstrahlung, Compton and Primakoff
processes, respectively.

https:/ /cosmicwispers.github.io /astrophysical axion fluxes/
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Example: Red Supergiants axions
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This Meeting

* Multi-wavelength and multi-messenger observations
* Overlap with WG2

* Increasing dialogue with astrophysics community

Status, challenges and promises of MeV gamma-ray astrophysics Francesca Calore
09:35-10:15
Cosmic Gravitational Waves and PBH: a Gateway to Early Universe Ninetta Saviano
10:15 - 10:55
WISP production in compact objects Damiano Fiorillo
11:15 - 11:55
The Equation of State of Dense Matter for Neutron Stars and Related Astrophysical Phenomena Ignazio Bombaci
11:55 - 12:35
Radio signals from axion stars Guenter Sigl
12:35 - 13:15
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This Meeting

WG3 20’ Talks this afternoon

A new method to constrain axion-electron coupling with globular cluster

Mon Repos Palace, Corfu

Galaxy clusters as cosmic lenses for HFGWs

Mon Repos Palace, Corfu

Stochastic galactic supernova flux of MeV particles: direct detection

Mon Repos Palace, Corfu

Light bosons from cold isolated NSs

Mon Repos Palace, Corfu

Coffee Break

Mon Repos Palace, Corfu (Greece)

GALactic AXion Instrument for Supernova (GALAXIS)

Mon Repos Palace, Corfu

NuSTAR as an Axion Helioscope: probing axion-nucleon and axion-electron couplings

Mon Repos Palace, Corfu

Microlensing Signhatures of Axion Stars via the Roman Telescope

Mon Repos Palace, Corfu

22

Thomas Levasseaur

15:05 - 15:25

Francesca Lecce

15:25 - 15:45

Marina Cermeno Gavilan

15:45 - 16:05

Alessandro Lella

16:05 - 16:25

16:25 - 16:40
joshua benabou
16:40 - 17:00
Tiziano Zanzarella

17:00 - 17:20

Mimoza Hafizi

17:20 - 17:40



This Meeting

WG3+WG2 20’ Talks tomorrow afternoon

The RES-NOVA capability to search for axion particles Nahuel Ferreiro lachellini
14:40 - 15:00
Axion-Like Electrophilic Portal for Pion Dark Matter Jiheng Guo
15:00 - 15:20
Fermionic Dark Matter and Electron-Capture Supernovae: Pathways to Low-Mass Neutron Stars Vishal Parmar
15:20 - 15:40
Crowdsourcing Gravitational Waves from Superradiance: Black Holes as Extreme Axion Laboratories Orion Ning
15:40 - 16:00
Coffee break
Mon Repos Palace, Corfu (Greece) 16:00 - 16:15
Gamma-ray echo from axion production in supernovae Nataly Debellis
16:15 - 16:35
Gamma-ray burst from next Galactic SN: QCD axion or ALP? Gala Musaio Somma
16:35 - 16:55
Beyond thermal approximations: precise cosmological bounds on Axion-Like Particles Luca Caloni
16:55 - 17:15
Decoherence and effective dynamics in Axion Domain Wall Networks Sig. Amedeo Maria Favitta
17:15-17:35
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WISPs from different astrophysical sources

Globular Cluster stars T. Levasseaur’s talk

D. Fiorillo, I. Bombaci, A.

Compact objects (e.g., Neutron stars & SNe) Lella’s talks

Muonic force range, \

24



Axions from supernovae

Review by D. Fiorillo this morning

tochasti lacti . ’
S oc,: as |c.g.c1 f:zc ic SL.Jpernovq flux of M. Cermeno Gavilan’s talk
semi-relativistic particles.

Possible new observables induced by SN axions N. Debellis’s talk

What can we learn from the next Galactic SN2 , ,
G. Musaio Somma’s talk

>
N W N
Y a



Multi-wavelenght observations

Radio signals

Future observations in the visible-near infrared with

the Roman Telescope

X-ray observations with NuSTAR

Gamma-ray observations with Fermi-LAT and

future telescopes (e.g., GALAXIS)

Observations across multiple wavelengths

G. Sigl’s talk

..!’%7...

M. Hafizi's talk

T. Zanzarella’s talks

F. Calore, G. Musaio Somma, N.
Debellis and J. Benabou’s talks

F. Lecce’s talk
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Direct detection

WISPs from astrophysical sources can induce a signal in underground detectors.

Examples:

Diffuse Galactic SN Axion signal in water ,
. M. Cermeno’s talk
Cherenkov neutrino detectors

RES-NOVA sensitivity to different axion N. Ferreiro lachellini’s talk

couplings

27



Gravitational waves

Review by N. Saviano this morning
High Frequency Gravitational Waves F. Lecce’s talk

GWs from superradiance as axion probe O. Ning’s talk

See also D. Blas’s talk tomorrow!

O. Ning’s slide

.a

n=s2mer=1 m =1

F. Lecce’s slide
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Other WISPs

New developments on:

* Scalars A. Lella’s talk

Fiorillo et al., Phys.Rev.Lett. 135 (2025) 21 & 2605.24094 [hep-ph]

* Millicharged particles
Fiorillo et al., 2604.02413 [hep-ph] & 2605.30422 [hep-ph]

* Dark Photons

Cheng et al., 2603.02615 [hep-ph], Fonol et al., 2605.23317 [hep-ph]

* Spin-2 particles
Garcia Cely and Ringwald, JCAP 03 (2026) 049 Hardy et al., JHEP 03 (2026) 029
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Opportunities: Axion Telescopes?
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Opportunities: Axion Telescopes?

Detecting stellar axions would allow to understand a lot about stars.

® Solar magnetic field
C. A. J. O'Hare, A. Caputo, A. J. Millar, E. Vitagliano Phys.Rev.D 102 (2020) 4

® Solar temperature profile
S. Hoof, J. Jaeckel, L. J. Thormaehlen, JCAP 10 (2023) 024

® Solar chemical composition
J. Jaeckel, L. J. Thormaehlen, Phys.Rev.D 100 (2019) 12

® Supergiant evolution
M. Xiao, et al., Phys. Rev. D 106 (2022)

® SN axions

A. Lella, F. Calore et al., JCAP 11 (2024) 009;
P. Carenza, J.A. Garcia Pascual, et al. JCAP 07 (2025), 075
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The MeV Gap

Sensitivity (erg cm™ s'l)

4 )
How do we approach this issue?
F. Calore & J. Benabou’s talks
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3 SPL compTEL
= y/
| IBIS-PICSIT I

/ EGRET MAGIC
HAWC
S RSSO St S SO SOttt eSS S M SOt ‘
...... S S HESS/VERITA
STROMEV N> RIS

IBIS/ISGRI

JEM-X

2
10

10

100 10

Fermi-LAT

3

CTA South

gl

LHAASO

llllllul L L Ll

10 100 100 100 10° 10

Energy (MeV)

32

HiSCORE

9

10

10



FUTURE

COSMIC WISPers is ending soon but the journey has been productive and impactful.

ldeas for the future?

* Organization of miniworkshops online?
* Keep on with our monthly WG3 meeting format?
* More tutorials with pedagogical material for WG32

* QOther ideas?

33



THANK YOU!
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