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Indirect Dark Matter Searches

HAP / A. Chantelauze

mDM & <σv>

Image Credit: N. L. Rodd



Dimitrios Kantzas | MuMeNTA 2026 5

Image Credit: Nick Risinger

Dark Matter Halo Radial Profile

see e.g., Quinlan et al. 1995; Gondolo & Silk 1999; 
Gorchtein et al. 2010, Lacroix et al. 2015

Kantzas et al. 2026

https://arxiv.org/pdf/2509.18850
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Image Credit: Nick Risinger

Dark Matter Halo Radial Profile

see e.g., Quinlan et al. 1995; Gondolo & Silk 1999; 
Gorchtein et al. 2010, Lacroix et al. 2015

from Marasco et al. 2021

and  c200 = r200/rs 

from Ishiyama et al. 2021 simulations

Kantzas et al. 2026

for Mbh=1.9 x 108 M
☉

https://arxiv.org/pdf/2509.18850
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DM Halo Radial Profile for Markarian 421

Miscalculation of MDM can lead to overestimation of the DM density !

Kantzas et al. 2026

https://arxiv.org/pdf/2509.18850
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DM-CR Interactions

Bringmann & Pospelov 2019, Ema et al. 2019, 
Alvey et al. 2019, Bondarenko et al. 2020, 
Wang et al. 2022, Granelli et al. 2022, Cui et al. 2022, 
…

Kantzas et al. 2026

Previous constraints imposing

https://arxiv.org/pdf/2509.18850
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BHJet: a multi-zone model (Lucchini…, DK et al. 2022)

Semi-analytical, Multi-zone Jet Model

Image Credit: T. Revolta

jet acceleration 
and collimation

9

particle acceleration

Blandford & Königl 1979; 
Hjellming & Johnston 1988; 
Falcke & Biermann 1995; 
Markoff et al. 2001, 2005; 
Maitra et al. 2009;
Crumley et al. 2017;
Lucchini et al. 2019, 2022;
Kantzas et al. 2021, 2022, 2023a, 2026;

https://arxiv.org/abs/2108.12011
https://arxiv.org/abs/2010.08501
https://arxiv.org/abs/2201.02379
https://arxiv.org/abs/2301.06382
https://arxiv.org/pdf/2509.18850
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Semi-analytical, Multi-zone Jet Model
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particle acceleration
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Hjellming & Johnston 1988; 
Falcke & Biermann 1995; 
Markoff et al. 2001, 2005; 
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R0: jet base radius

zdiss: particle 
acceleration region

Ljet: jet power

σ=B2/4πρc2: 
magnetization

Γmaxbulk Lorentz 
factor

https://arxiv.org/abs/2108.12011
https://arxiv.org/abs/2010.08501
https://arxiv.org/abs/2201.02379
https://arxiv.org/abs/2301.06382
https://arxiv.org/pdf/2509.18850
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Nonthermal Particle Acceleration

12

Jokipii 1987

12

Kantzas et al. 2026

https://arxiv.org/pdf/2509.18850
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Nonthermal Particle Acceleration

13

Jokipii 1987
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Kantzas et al. 2026
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https://arxiv.org/pdf/2509.18850
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Nonthermal Particle Acceleration
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Kantzas et al. 2026

Jokipii 1987

https://arxiv.org/pdf/2509.18850
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Application to Markarian 421 
with and without DM

Kantzas et al. 2026 & Kantzas et al. in prep

https://arxiv.org/pdf/2509.18850
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Markarian 421
2009 2013Bartoli et al. 2016

Fermi-LAT (GeV)

Swift-BAT

ARGO-YBJ (TeV)

RXTE-ASM

Swift-UVOT

OVRO (15 GHz)

S1 F1-3 F4 F5 F6-7S2
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Markarian 421 Spectrum  WITHOUT  DM
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Bartoli et al. 2016

Kantzas et al. 2026

and 
σ=0.02, Γmax=25, fsc=10-6, and p=2

https://arxiv.org/pdf/2509.18850
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Markarian 421 Spectrum  WITH  DM

18

Bartoli et al. 2016

Kantzas et al. 2026

Fixing the jet parameters leads to too optimistic results !

and 
σ=0.02, Γmax=25, fsc=10-6, and p=2

fixed: ❌

https://arxiv.org/pdf/2509.18850
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Constraints on DM-e scattering

19

Kantzas et al. 2026

https://arxiv.org/pdf/2509.18850
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Towards joint fits …
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Improving the Best Fits of Markarian 421 – S1

vs

Kantzas et al. in prep
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Spectrum  WITHOUT  DM – S1
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Bartoli et al. 2016

Kantzas et al. in prep
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Spectrum  WITHOUT  DM – S2
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Bartoli et al. 2016

Kantzas et al. in prep
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Interpretation of New Results
S1 F1-4 S2

Kantzas et al. in prep
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Take home message

❏ Self-consistent DM halo profile

❏ Combination of DM with more physical 

jet model (BHJet)

❏ Assessing the impact of uncertainties of 

the dynamical properties

❏ More robust results compared to 

``timescale approach’’ and fixed jet

❏ Further analysis of multiple states in prep

25

Kantzas et al. 2026

❌

https://arxiv.org/pdf/2509.18850
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Extra Material
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More about DM Halo

27

Kantzas et al. 2026

Previous works

https://arxiv.org/pdf/2509.18850
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Elastic CR-DM Collisions in Other Sources

28

Herrera & Murase, 2024

CR protons + DM CR electrons + DM


