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« Goal

Detect signatures of the particle nature of dark matter
(Is dark matter a weakly interacting massive particle?)

« Tools

Identity gamma rays sourced by dark matter annihilation/decay
(Dark matter particles may emit photon through their annihilation or decay.)

» Challenges
How to get rid of the astrophysical background?
(Cross-correlate gamma-ray anisotropies & weak gravitational lensing.)
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Cvidence for Dark Matter

- What do we learn from gravitational pieces of evidence for dark matter?
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Cvidence for Dark Matter

- What do we learn from gravitational pieces of evidence for dark matter?

- Galaxies
Collisionless (suppressed electromagnetic & strong interactions)

- Galaxy clusters
Dissipasionless (very weak self-interactions)

- Large-scale structure
Non-relativistic (bottom-up hierarchy)

- Cosmology
Non-baryonic, stable, thermally produced
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Dark Matter Particles

- Weakly interacting massive particle (WIMP)

« WIMPs have weak—but non-negligible!—interactions with ordinary matter

Production

Scattering

DM

Annihilation
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Dark Matter Particles

- Weakly interacting massive particle (WIMP)

« WIMPs have weak—but non-negligible!—interactions with ordinary matter

Stefanc Camera

Production

Scattering

Indirect detection
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Dark Matter Particles

- WIMPs are sources of high energy cosmic and gamma rays

Low-energy photons Positrons

Quarks e~ o
e » -

Electrons

Medium-energy

\ gamma rays

Neutrinos

Leptons

Supersymmetric

neutralinos Bosons Wrotons

Decay process )

Stefano Camera  Detecting WIMPs by Creas-Correlating Gamma Rays & Weak Terving  TAUP6 - 1X-15



MANCHESTER
1824

WIMPs & Gamma Rays

NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky

Credit: NASA/DOE/Fermi LAT Collaboration
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WIMPs & Gamma Rays

- Constraints on annihilating DM

° amina-ray ener Spectrum
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WIMPs & Gamma ‘Rays

- Constraints on annihilating DM

[SC, Fornasa, Fornengo & Regis, Apj Lett. 2013]
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‘Weak §ravitational 1ensing

distorted light-rays
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‘Weak §ravitational 1ensing
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‘Weak §ravitational 1ensing
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- Cross-correlation between gamma-ray anisotropies and cosmic shear
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+ The window functions, WX(z), encode the relative magnitude of the signals and
the overlap in the observed redshift range

 The source power spectrum, Ps(k,z), represents the three-dimensional
correlation between the large-scale gravitational potential—the lensing source
tfield—and the processes at the origin of astrophysical and WIMP-sourced
gamma rays
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- Benchmark DM model (dominant final state bb)
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* Decaying DM: mass 200 GeV, decay rate 3.3 - 10-27 s-1

+ Annihilating DM: mass 100 GeV, (thermal) ann. rate 3 - 10-26 cm?3 s-1

- Astrophysics: star-forming galaxies, blazars, misaligned ANGs
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DARK ENERGY Gamma-ray
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- Exploit the tomographic & spectral information
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« 5/10 redshift bins for DES/Euclid & 6/8 energy bins for Fermi-LAT/Fermissimo
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Gamma Rays & Coamic shear

- Exploit the tomographic & spectral information

« 5/10 redshift bins for DES/Euclid & 6/8 energy bins for Fermi-LAT/Fermissimo

[SC, Fornasa, Fornengo & Regis, 2015]
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« 5/10 redshift bins for DES/Euclid & 6/8 energy bins for Fermi-LAT/Fermissimo

[SC, Fornasa, Fornengo & Regis, 2015] [SC, Fornasa, Fornengo & Regis, 2015]
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- CMB lensing angular power spectrum
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[Planck Collaboration, 2015]
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- Cross-correlation between gamma-ray anisotropies and CMB lensing
|[Fornengo, Perotto, Regis & SC, Ap]J Lett. 2015]
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summary

- The cross-correlation of extragalactic gamma-ray background
anisotropies with weak lensing appears promising!

« Weak lensing window function nicely overlaps with that of ann./dec. DM,
whilst this happens at intermediate to high redshift for astrophysical sources

» Both gravitational lensing and WIMP-induced gamma rays are stronger for
larger haloes, their cross-correlation is more effective compared to that of
astrophysical sources

+ The combination of Fermi with weak lensing surveys like DES or Euclid, and the

exploitation of energy and redshift tomography, can thus potentially provide
evidence for WIMPs

«  First measurement of the cross-correlation between gamma-ray anisotropies and CMB lensing!
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‘Thank you!

‘Detecting WIMPs by Croas-Correlating Gamma Rays & Weak lenving  TAUP6 - 1X- 15



