FOCUS WEEK
"AGN as Dark Sector Laboratories”

BLAZAR-BOOSTED DARK MATTER

Alessandro Granelli
Post-doc at IFIC, Valencia U.
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Dark matter is invisible, non-baryonic, nearly neutral. It
makes up ~ 25% of the Universe. It explains galaxy rota-
tion curves, the Bullet Cluster, large-scale structure forma-

tion and other puzzles. What it is made of remains unknown
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heory: (rich) dark sectors
see e.g. A. Abdullahi et al. [2505.05663]
o Cosmology: e.g. thermal
freeze-out, freeze-in,
asymmetric DM;
o Astrophysics: indirect hints

» GWs at PTAs
> 511 keV line

e.g. P. De la Torre Luque,
S. Balaji, M. Fairbairn, F. Sala,
J. Silk [2410.16379]

20 MeV excess at SK-Gd

see AG, S. Pascoli, S.
Rosauro-Alcaraz [2605.20162])

Neutrinos from AGNs?

Dark Matter Candidates

see A. G. De Marchi, AG, J. Nava,
F. Sala [2412.07861, 2506.06416]
o Experiments: accessible to
direct detection techniques!
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o Use lighter targets
» NEWS-G (SciPost Phys. Proc. 12 (2023) 024)
o Lower the threshold

> Phonons (1907.10635, 2205.02250, CRESST-III, ...)
> Migdal effect and bremsstrahlung (1607.01789, 1707.7258,
2302.09115, SuperCDMS, SENSEI, ...)

o Look for higher-speed DM particles at current direct

detectors and large neutrino detectors!

> solar up-scattering (1708.03642, 1709.06573);
> supernovae (1905.09284);
> evaporating primordial Black Holes (BHs) (2107.13001);
> atmospheric dark matter (ask F. Sala, S. Pascoli, F. Xotta);
> up-scatterings by cosmic and supernovae neutrinos
(2101.11262, 2104.00027);
up-scattering by Cosmic Rays (CRs) (1810.10543,
1811.00520, 2011.01939, ...);

up-scattering by blazars (AG, J.-W. Wang, P. Ullio
[2111.13644], then series of works..., A. G. de Marchi, AG, J. Nava,
F. Sala [2507.12278] topic of this talk!)
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Direct Detection

LORENTZ

DM REST FRAME
BOOST

—p

"Reverse Direct Detection”

Term quoted by C. V. Cappiello, K. C. Y. Ng, J. F. Beacom in 1810.07705
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Supermassive BH Two opposite jets
at the centre of high-energy particles
Mgu ~ 10%~°Mg

max
jet

One jet closely aligned
with the line-of-sight
~ PeVs — EeVs

Or.os S 15° — 20°
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TXS 05064056

Image Credits: NASA/DOE/Fermi LAT Collaboration

Trieste | 15/06/2026 10/ 24



este | 15/06/2026 11 /24



© Neutrinos from blazars are a signature of relativistic hadrons in their jets!
© See other talks by Matteo, Xavier, Kohta for many more details on blazars!

Image from M. Cerruti et al. 1807.04335
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Blazars are ideal DM boosters
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Blazar-Boosted DM flux

«4O0> «Fr «Z» «Z>» Q>
Trieste | 15/06/2026 14 /24



Jet Spectrum - Lorentz boost to the DM rest frame
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(Lepto-)Hadronic Model Parameters

Parameter (unit)

TXS 05064056

BL Lacertae

z
dr (Mpc)
Mgn (Mo)

D

s

OLos (°)
Ap
Qe
’Vrlnin,p
Vmax, p
’Ymin,e
Ymax, ¢
Ly (erg/s)
Le (erg/s)
¢ (s7tsr1GeVvt)
Ce (s7tsrtGeVT)

0.337
1835.4
3.09 x 108
40*

20

0

2.0

2.0

1.0
5.5 x 107"

500
1.3 x 10
2.55 x 10%8"
1.32 x 10*"
2.54 x 10%7
2.42 x 10%°

0.069
322.7
8.65 x 107
15
15
3.82
2.4
3.5
1.0
1.9 x 10°
700
1.5 x 10*
9.8 x 108
8.7 x 10*?
1.24 x 10*°
2.59 x 10%*

TXS 05064056 data from 1807.04335, BL Lacertae data from 1304.0605.

" In the blob frame.

* Mean values.
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DM spikes around blazars

Mgy =3 x 108 M,

Gondolo-Silk: ppyp o< r—7/3 — oou(r) = Zpu(r)

Ry, = 10° Ry (BMCI)

Core due to annjhilations
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Looking forward to the talks on Wednesday!
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Modelling the DM-proton interaction

Specify a model and the mediator Y, e.g., vector mediator Y = V

L:qu = ngX'YMXV;L + nga’Yquu
ELASTIC, @* < O(GeV?)
X X

DIS, @ > O(GeV?)

X

Y q,4

Maq X

I (=N

© RESONANCES?

® The flux depends slightly on the type of mediator, more prominently on its mass.
photons (see Andrea's talk)!

® The DIS can boost DM, but also disintegrate the proton and leads to neutrinos and
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EXAMPLE: vector mediato

d7® a7 mydf

100 TXS 0506+056 Vector mediator, my =500 MeV Vector mediator, my =500 MeV

Elastic E m, =10 MeV
—— Elastic + DIS J
Total, no 3C 371
3C 371

“v \ 3 s N
107! 10° 10' 10° 10* 10 102 107! 10° 10! 10* 10*
T (GeV) 7O (GeV)

Fit from A. Keivani+ 1807.04537 for TXS, fit from X. Rodrigues+ 2307.13024 for 324 blazars
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Limits and sensitivities of large neutrino detectors

Vector mediator, my =500 MeV/

Blazar sample Vector mediator, my =5 GeV
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WARNING: DM arrives with a delay w.r.t photons!

108
10°
10*
10%
102
10!
10°

1072 107! 10° 10! 10%

® the DM spectrum seen at detector is a time-integred of the history of the blazar
activity.

® flaring activity is aggressive — steady-state blazar activity more reliable at the cost
of lowering L,
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WARNING: D

deplete

Vector mediator, my

he spike over the time scale of spike accretion
500 MeV

5064056

Vector mediator, my

500 MeV

BMCI
BMCII

© The blazar sample considered and BMCII (right panel) are safe from spike depletion
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Outlook

o Blazars are ideal dark matter accelerators.

o Blazar-boosted dark matter can be searched for
at large neutrino detectors.

o Blazars are multi-messenger sources, we include dark matter to the

picture.

o Blazar-DM signals are affected by intrinsic limitations (propagation delays
w.r.t to photons and the spike depletion),
other neutrino signals from DM around blazar do not.

o Astrophysical uncertainties dominate the predictions.
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