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What’s the particle nature? 
—remain a puzzle 
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What is Dark Matter? 

Tangent points 
of the local arm 

Galactic ridge High latitude (halo?) 

Inter-arm region 

WIMP:  Neutralino (10GeV-TeV) 
               Kaluza-Klein (TeV) 

Light dark matter (MeV)�
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Nearby 
Sources (~1kpc)s 

Earth 
Detectors 

 propagation 

P. Salati 
Glactic Model 
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Student: Wei Liu 

French advisor: Pierre Salati (LAPTH & Université de Savoie) 

Chinese advisor: Xuelei Chen (National Astronomical Observatory of China) 

Duration: one year 

We propose to carry out research on modeling the propagation of the cosmic 
ray particles, especially positrons and electrons, and use such model to 
investigate the signature of dark matter and other possible astrophysical 
sources. This is one of the major research area of P. Salati. We believe that this 
could be a very fruitful area of collaboration supported by the FCPPL_CSC 
program. 
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Yin, et al. 0811.0176 
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WMAP Haze  

D. Hooper astro-ph/0705.3655 

B=10mGs @ Galactic center 

DM annihilation 

Dashed----Moore 
Solid -------NFW 
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Annihilation rate ∝ρ2!

Density profile of dark halo 

Where to probe? 
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Possible local DM annihilation sources 

 Nearby galaxies clusters:  
             cluster as the largest bound containers of DM 

 Dwarf galaxies: 

                   dominated by DM both in central regions and outskirts 
                   close to be a pure dark halo 
                   local group satellites 

Annihilation rate ∝ρ2!
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Source spectrum:  

Diffuse transport equation of electrons (positrons) produced by DM annihilation 

Energy spectrum of       produced by DM annihilation 

Diffusion coefficient: 

Energy loss term: 
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Qualitative Electrons equilibrium spectrum 

Stationary transport equation: 

time scales: 
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Large Scale 
Hot gas 
Diffusion irrelevant 

Small scale 
Lack of gas 
Diffusion dominant  

Draco dwarf�
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Clusters �
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Thermal SZ effect 

CCAT 

Clusters with hot/warm gas 

DSphs? 

ALMA 

SPT 
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( Ensslin&Kaiser: astro-ph/0001429  
Colafrancesco: astro-ph/0211649……) 

Spectral shape 

Compton parameter 
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S. Colafrancesco et al.  
astro-ph/0507575 

Q. Yuan et al.  
arxiv:0902.4294 
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<σv>(1MeV/m)2~10-30cm3/s�
         (PRL, 2004, 92, 101301) 511keV emission @GC 
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Dwarf Galaxies 
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SZ effect induced by neutralino annihilation 

Only highly cusped dark halos produce mK signal  
Larger distortion expected in  the case of Light Dark Matter 
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<σv>(1MeV/m)2~10-30cm3/s�
         (PRL, 2004, 92, 101301) 

SZ effect induced by Light DM annihilation 

511keV emission @GC 
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Nearby dSphs: satellites of Milky Way 
High latitude 
Highest mass/light 

Name         Year Discovered 
LMC " "1519!
SMC " "1519!
Sculptor "1937!
Fornax " "1938!
Leo II " "1950!
Leo I " "1950!
Ursa Minor "1954!
Draco " "1954!
Carina " "1977!
Sextans " "1990!
Sagittarius "1994!

Canis Major "2003!
Ursa Major I "2005!
Willman I "2005!
Ursa Major II "2006!
Bootes " "2006!
Canes Venatici I "2006!
Canes Venatici II "2006!
Coma " "2006!
Leo IV " "2006!
Hercules "2006!
Leo T " "2007 !

Census of Milky Way Satellites (Circa 
2007)!
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Parameters of the halo profile is determined by M_vir  

Halo size is assumed to be the tidal radius which determined by 
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NFW 

B=1mGs 

Typical neutralino: 

Flux increases with frequency decreasing 

Mc=100GeV 
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Radio emission in dSphs:  
diffuse and weak 

       ~90% of the total flux is from the central region of 2 degree 
~50% is within central 50 arcmin  region. 

What’s the implication for observation? 
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Fomalont et. al. with VLA at 4.885GHz in 1979 

                   very center region (within 4arcmin ) 
                no detectable radio emission (<2mJy ) 

                      Updated observation required 

           Diffuse emission  --------    large field view 
           weak emission     --------     high sensitivity 
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Proposed ATA observation�



Crucial factor: local magnetic field B 

B is smaller 

Non-detection 

Dark matter 

GLAST: gamma ray 
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Synchrotron radio emission from nearby dIrrs: 

Radio: Cosmic Ray e- accelerated by  
SNe from massive star 

B_dIrr > B_dSph � Stronger radio flux_DM from dIrrs 

Contaminated by 

Star formation rate 

FIR:  UV radiation from young star 
re-emitted in the surrounding dust 

Tight and universal FIR-radio 
correlation in normal galaxies 
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Possible explanation for such a trend 
is that either the FIR are 
overestimated in low luminosity 
galaxies or another kind of non-
thermal contribution should be 
considered. 
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