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Overview:
n Introduction: Dark Matter measurements
n Heavy neutral leptons
n Axion Like Particles (ALPs)
n Weakly Interacting Massive Particles (WIMPs)
n Positron and anti-protos excess in cosmic rays
n Super Heavy Dark Matter (SHDM)
n Conclusions 

n Seminar: gamma-ray optical depth
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Dark Matter 
measurements
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• Rotation Curves of galaxies
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• Red Region: X Ray

• Blue Region: 
Gravitational lensing

Clusters of Galaxies



MEPHI, Lecture: Gamma-ray astronomy: Dark Matter

• Large Scale Structure

• The N-body 
Simulation of Dark 
Matter Universe

• Structure: Core, 
Filament and 
Cosmic Void.
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•What we know about DM particles so far ?

• neutral

• cold (part of it can be warm)

• weak interaction (with itself and with ordinary 
matter) ?  Maybe!

• profile (around us rc»0.3GeV/cm3 V » 220 km/s)



MEPHI, Lecture: Gamma-ray astronomy: Dark Matter



MEPHI, Lecture: Gamma-ray astronomy: Dark Matter



MEPHI, Lecture: Gamma-ray astronomy: Dark Matter

Heavy neutral 
leptons
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ALPs
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Fermi search for ALPs
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Thin lines in EBL spectrum

•A. Korochkin et al., 1906.12168
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eV axion-like particles

•A. Korochkin et al., 1911.13291

•Need good spectrum  from below 100 GeV  to several TeV 
•and good EBL knowledge
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WIMPs
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•2022/2/22 •40

The detection of dark matter 

n Direct detection：
PandaX， CDEX，
Xenon, CDMS, DAMA, 
COGENT and so on

n Indirect detection ：
Pamela ,ATIC, Fermi, 
HESS，AMS02，
DAMPE and so on

n Collider: LHC

•c•c

•c •c•p

•e+ •n

•g•_



MEPHI, Lecture: Gamma-ray astronomy: Dark Matter

Neutrinos from annihilations     
in the core of the Sun 

Gamma Rays from annihilations 
in the galactic halo, near the 

galactic center, in dwarf galaxies, etc.

Positrons/Antiprotons from annihilations 
throughout the galactic halo

Synchrotron Radiation from 
electron/positron interactions with the 
magnetic fields of the   inner 

galaxy 
•From Dan Hooper

Indirect Detection of Dark Matter
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•Cosmic Ray Propagation
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•Deep 
extragalactic 
space and early 
Universe

•Sun

•Galaxy

•Galaxy Cluster

•Baltz et al. 
2008

•!"#$%&'(&)(*%&%+&(*"#,(-"&&%#(
."#&/+0%'
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•Fermi gamma-rays can provide good test of the DM models

n Galactic center
n Galactic halo
n Dwarf galaxies

• Clusters

• Extra-galactic diffuse

• Line search

•Credit: NASA/DOE/Fermi 
collaboration



MEPHI, Lecture: Gamma-ray astronomy: Dark MatterThe gamma-ray sky map produced by 
dark matter annihilation in our Galaxy

•The J-Factor of different dark
matter profile models.

•The Galaxy center is the best
region to detect dark matter.
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The GeV Excess

•Daylan et al. 2015
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The GeV Excess

•Fermi collaboration 2015
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GeV excess in Fermi Pass 8 data
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The GeV Excess

Simona Murgia, ARNPP Vol 70 p.455
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The GeV Excess
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GeV Excess in the dwarf galaxies?

•Shang Li 
1511.09252
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•(Li, S. et al. 2016)

•GeV Excess in the Dwarf Galaxies?

•Tuc III: 
25 kpc
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Positron and anti-
proton excess 
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Positron to (electron + positron) 
ratio by PAMELA, Fermi, AMS-2
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Anti-protons by AMS-2
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Dipole anisotropy of cosmic 
rays

• G.Di Sciascio and R. Iuppa, arXiv: 1407.2144 
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Anisotropy and flux from 2 Myr SN

• V.Savchenko, M.Kachelriess, and D.Semikoz, arXiv:1505.02720

•A=3/2 R/T
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Grammage to create 
secondaries 
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Positron to (electron + positron) 
ratio
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Positron flux  PAMELA/AMS-II

• M.Kachelriess, A. Neronov and D.Semikoz, arXiv:1504.06472
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Positron flux  PAMELA/AMS-II



MEPHI, Lecture: Gamma-ray astronomy: Dark Matter

Antriprotons
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Ratio 1.8 between anti-proton and positron fluxes 
is prediction of Standard Model
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Nearby SN from Fe60 in ocean 
crust

•Knie et al. ‘99, ’04, Fry et al. ‘15
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Super-Heavy Dark 
Matter
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AGASA experiment 1990th
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•V.Kuzmin and V.Rubakov, 1997
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For SHDM galactic flux dominates 
in neutrinos and gamma-rays

•V.Berezinsky, M.Kachelriess and A.Vilenkin, 1997
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Modern constraints on SHDM 

• M. Kachelriess, O. E. Kalashev and M. Yu. Kuznetsov, 1805.04500 
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IceCube + Fermi LAT 
Dark Matter m=5 PeV

•A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983
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Sky map E> 1TeV 
no galactic plane |b|> 10 deg 
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Conclusions:
n Gamma-ray astronomy works
n Gamma-ray astronomy helps to restrict dark 

matter candidates
n Axion-like particles
n WIMPs 
n SHDM 
n Other DM candidates



Seminar: 
Gamma-ray optical 
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Dmitry Semikoz
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Electromagnetic cascade
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Diffuse backgrounds
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Electromagnetic cascade

γ +γB ⇒ e− + e+

e± +γB ⇒ e± +γ
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Gamma-ray optical depth
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Cross section 
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Gamma-ray travel distance
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