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The Plan

1. Astroparticles
2. Cosmic-rays
3. Neutrinos

4. Gamma-rays



Gamma-rays

and other wavelengths
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Any electrically charged particle may interact with photons
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Photon Physics




Maxwell’s equations

Unified description of phenomena related to Electricity and Magnetism

v.E="
€0
V-B=0
0B
E=-_—_
VX ot
OE
VXB:NOJ‘FNOE/‘OE

They describe most of the classical aspects of modern physics




Quantum electrodynamics

A description of the quantum nature of inferactions between
electromagnetic fields and electric charges.

_ 1
L= (iy" Dy —m)$ — 5 Fu F™

p,s s

[ j kA KN
p,s kA

Y jp, &

One of the foundational column to build the Standard Model




Cosmic Microwave Background

Cosmic Microwave Background Spectrum from COBE
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The CMB is very homogeneous but...
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Photon propagation

Photons follow a straight line



Photon propagation .

- Diffuse emission due to:
Cosmic rays interaction

Dark Matter halo




Photon propagation

Extra Galactic emission:
Dark Matter
AGN

Blazars



Photon flux

Since photons propagate in straight line, the flux comes from the cumulative
contributions from sources
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Gamma-ray observatories

Fermi-LAT (low orbit) HESS (Namibia), MAGIC (Spain),
Calorimeter CTA (Spain and Chile)
Atmosphere Cherenkov

HAWC (Mexico)
Water Cherenkov
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Searches |
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Searches in gamma rays
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Searches in gamma rays S

Optimized dark matter searches in deep observations of Segue 1 with MAGIC, arXiv:1312.1535
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earches in gamma rays ..,
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JCAP10(2013)029. arXiv:1308.3515
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Searches in gamma rays cec., SR
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Observation done with HESS indicate a signal compatible with DM at the TeV range



Searches in gamma rays

W

High \Itltu(le Water Cherenkov

ramma-Ray Observatory

HAWC Collab. ICRC 2013
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Synchrotron radiation

Haslam map @ 408 MHz



Emission Power [Erg/sec/MHz| x 1074

Synchrotron radiation
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Galactic DM radio emission

g0, Lineros, Regis, Taoso (2011) Fornengo, Lineros, Regis, Taoso (2011)
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Conservative: direct comparison Obs and DM
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30 GHz (Panck LF1)

Galactic DM radio emission

| 1420 MHz

| 44 GHz (Planck LFI)

T0 GHz (Planck LFI)

Cirelli et al.
arxiv: 1604.06267

9 data sets

From 22 MHz to 70 GHz

Frequency | Source and Reference | Sky coverage
22 MHz Roger et al. [3§] 73%
45 MHz Guzman et al. [39] 96%
408 MHz Haslam et al. [10] 100%
820 MHz Berkhuijsen [11] 51%
1420 MHz | Reich et al. [12-14] 100%
2326 MHz Jonas et al. [17] 97%
30 GHz PLANCK-LFI [10] 100%
44 GHz PLANCK-LFI [40] 100%
70 GHz PLANCK-LFI [40] 100%




Temperature T [K] = (v/IMHz)?®

Galactic DM
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DM mass and annihilation spectra reveals the multi-frequency constraining capability



Galactic DM radio emission
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Egorov et al.

DM I'(]dio emission in M3'| arxiv:1304.0517
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M31 is expected to be very similar to the
Milky Way

Analysis based on the central region of
M31at frequencies:

74, 325, 1400, and 4850 MHz




DM radio emission in M3
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DM radio emission in M3
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After including uncertainties from DM distribution and magnetic field



Regis et al

RCIC“O From CJSPI‘] Using ATCA arxiv:1407.4948
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Radio from dSph using ATCA
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Constraints from dSph could be very strong with future observation like SKA



The Smith’s Cloud

image: NRAO, Wikipedia
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High Velocity Cloud (hydrogen) at ~12.4 kpc from Sun ~2.9 kpc below the Galactic Plane



N. Leite et al.

The Smlfhls ClOUCI arxiv:1606.03515
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Projected LOFAR limits for 8hrs observation time. LBA = 60 MHz, HBA = 150 MHz



Thermodynamic Temperature (K)

Isotropic radio background

Wavelength (cm)
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Isotropic radio background

PRL 107,271302 (2011), arxiv:1108.0569
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DM can provide the missing signal

Alternative explanations

Faint quasars

Radio-quite AGNs

Star forming galaxies
Unresolved galactic sources(?)

More details:
Gervasi et al. arxiv:0803.4138
Singal et al. arxiv:0909.1997



Fornengo et al.

Isotropic radio background ancv:1112.4517
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Constraints on the DM contribution can
be obtained via
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|sotropic I’CICIIO background
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| _—» Experimental uncertainties
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Galactic modeling
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Estimation from Source Counts
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Extragalactic Background Light (EBL)

Cooray arXiv:1602.03512

« The whole EM spectrum
carries information about the
non thermal history of the
Universe

* Important input fo understand
UHECR propagation



Extragalactic Background Light (EBL)

10?1
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This work: GeV+TeV+IGL
GeV only

Biteau & Williams 2015
. Abdalla et al. 2017
pus v Driver et al. 2016 (IGL) ‘
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Desai et al. arXiv:1903.03126

« The intensity indicate the
radiated power

« Optical depth of the Universe



Other phenomena

» Sunyaev-Zeldovich effect

* X-ray from keV Dark Matter
« Axion-Photon conversion

e Black holes

o Pulsar physics

» Gamma-ray bursts

» and many more



That's all
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