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Dark Matter in the Universe

> Qiky Way:

> Satellite galaxies

» Clusters of galaxies
» Cosmic web
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Multimessenger search

Messengers produced by annihilation or decay of DM particles:
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Photon searches

. INTEGRAL/SPI
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Annihilation channels

3 annihilation channels: yy — ete”
XX — uru”

Yy — mhtm”

Kinematically open: m, > m; i =eum
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Total Flux

bror = Orsg + Praa + Pics

X
Inverse Compton Scattering

XX — WUy FSR xx — (..) > ete”
XX — up” Rad e +y—> e +y

L. et V.V, v
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Final State Radiation and Radiative Decay
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Inverse Compton Scattering

xx — (..) > et e”

hoton =Y

3 kinds of photons:
« CMB

e Infrared (dust) g - —
« Optical (starlight) electron
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low-energy x-ray f
Ee hoton f
Y = m,
~ 2 . ¥
E, = 4y“E| -
electron
Ee
Type E 0 [eV] E e [GeV] E]/ [keV]
X rays
IR 1072 0.5 40
Opt 10 0.05 400
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Inverse Compton Scattering

INTEGRAL
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Number density
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INTEGRAL Space Telescope

Operational time: 2003-2009

Energy range: 20 keV ~ 8 MeV

« Hard X rays

« Soft gamma rays

INTEGRAL:
INTErnational Gamma-Ray Astrophysics Laboratory
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Photon Spectra
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Angular profile

5 energy bands:

« 27-49 keV

« 49-490 keV

« 100-200 keV
« 200-600 keV
« 600-1800 keV

Flux [cm™2s 'sr™]
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Angular profile
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Constraints from FSR, Rad, ICS
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Constraints on sub-GeV Dark Matter
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Constraints on sub-GeV Dark Matter
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Constraints on sub-GeV Dark Matter
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Constraints on sub-GeV Dark Matter
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Astrophysical background

Diffusive inverse Compton scattering:

« Supernova remnants
* Interstellar medium

« Active Galatic Nuclei

. (..)

low-energy
hoton

: ’ ‘ g " Supernova Remnant
electron ’ o ' ' ‘ Credit: NASA/CXRO
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Optimistic constraints

10—23
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Conclusions

* X-ray data from INTEGRAL telescope
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Conclusions

* X-ray data from INTEGRAL telescope
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