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Solid evidence since 1970-’80sSolid evidence since 1970-’80s
Gravitational evidences of dark matter
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Bergstrom 00, superim posing RC  from 
Corbelli&S alucci 99 an d NED op tical image

Still under debate Still under debate 



  

Bright signalBright signal
withwith bright bright
background?background?

Where to look for non-gravitational DM signal

Heywood+ 2022, MeerKAT telescope, 1.28 GHz

oror Dark  Dark  
systems?systems?
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Via Lactea project



  

Radiative emissions from DM

WIMPs

synchrotron

         Topics in Astroparticle and Underground Physics 2023  -  30 August 2023                            Marco Regis 

What is theWhat is the equilibrium distribution equilibrium distribution (spatial profile and  (spatial profile and 
energy spectrum) of the energy spectrum) of the ee++-e-e-- injected by DM? injected by DM?

Inverse Compton



  

Confinement and radiative emission

g
e+

Confinement length << halo size
 → morphology following DM

Confinement length ~ halo size
 → morphology reshaped

Confinement length >> halo size
 → significant fraction of power carried away

= WIMP annihilation

g
e+

ge+
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MR+, JCA P 2014



  

Main idea of the work
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The motion of charged cosmic-rays 
generates irregularities in the magnetic field

  → lower limit on magnetic turbulence 
from the e+-e-  injected by DM

→ SELF CONFINEMENT 



  

Turbulence from dark matter
DIFFUSION EQUATION

              Spatial                      Advection                 Energy      DM
             diffusion                                                   losses    source

TURBULENCE EQUATION

           Turbulent cascade        Advection        Source
           (diffusion in k)                              (resonant streaming instability)

Source of turbulence:

         Topics in Astroparticle and Underground Physics 2023  -  30 August 2023                            Marco Regis 



  

Examples of solution of the diffusion equationExamples of solution of the diffusion equation

Electron distribution
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Spatial diffusion coefficient
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with



  

Radio Radio 
observationsobservations

GMRTGMRT
TelescopeTelescope

@ 650 MHz@ 650 MHz
(noise level(noise level

~10 ~10 mmJy/beam)Jy/beam)

looking for looking for 
DM-induced DM-induced 

synchrotron emissionsynchrotron emission

The case of Draco dSph

         Topics in Astroparticle and Underground Physics 2023  -  30 August 2023                            Marco Regis 



  

DM bounds
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- advection is negligible (unless assuming unrealistic vA > 103 km/s)
- since ne~ B-2 and Psynch~ B2, there is little dependence of the bounds on B

 → data driven bounds!



  

Electrons and positrons injected by DM Electrons and positrons injected by DM 
can induce a non-negligible level of turbulencecan induce a non-negligible level of turbulence

 → → minimum (unavoidable) confinement time minimum (unavoidable) confinement time 
in any DM structurein any DM structure

  
  →  → robust bounds on WIMPs    robust bounds on WIMPs    
from synchrotron emissionfrom synchrotron emission

 → → being able to exploit thebeing able to exploit the wealth of  wealth of forthcoming radio data forthcoming radio data 
        (LOFAR2.0, ASKAP, MeerKAT, SKAO, …)(LOFAR2.0, ASKAP, MeerKAT, SKAO, …)

MR+, JCAP08(2023)030, [arXiv:2305.01999]MR+, JCAP08(2023)030, [arXiv:2305.01999]  

Conclusions
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Examples of synchrotron emission at 650 MHz in a dSph Examples of synchrotron emission at 650 MHz in a dSph 

Backup
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 Psyn ~ B0
2 
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