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Astrophysical search for DM

• Cosmology
• DM candidatesDM and LSS

• Signals
• Targets
• Detectability

Search for DM

• Dark galaxies (dwarfs)
• DM–baryon offset clusters

Optimal laboratories

Coma - 1ES0657-556 • Constraints
• Experimental outlineMW Dwarf Sph. galaxies



5

Viable DM candidates
Light (MeV) DMNeutralinos Sterile ν’s

Unstable

Radiative decay: line

νs → να + γνs → να + γ

WMAP (95%)

E
xc

lu
de

d
by

B
B

N

Bremsstrahlung

in-flight annihilation

SNe

e- anomalous magnetic moment 

E
xc

lu
de

d
by

B
B

N
No C

osm
olo

gica
l D

M



6

DM candidates: signals
Light (MeV) DMNeutralinos

Annihilating MeV DM
• Continuum: HXR/γ-rays
• Line: e± annihilation

Radiative decay: line

νs → να + γνs → να + γ

511 keV
Ms

Mχ

Inverse Compton scattering
Bremsstrahlung

Synchr.

Bremsstrahlung

π0

Sterile ν’s
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SUSY neutralino DM
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Gamma rays
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ICS

χ

χπ±

π0 γ+γ

Gamma rays
(π0 decay)

p

e±

SZ effect
ICS

Radio emission
Synchrotron

B

e±
e±

γCMB

p

e±γCMB

X-rays
bremsstrahlung

ICS

High frequencyHigh frequency

Hadronic

Hadronic

processes

processes

Low frequencyLow frequency

Leptonic

Leptonic
processes

processes



9

Covering the whole e.m. spectrum
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DM signals: multi-ν Best Labs.

[Colafrancesco 2005, 2007]
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Neutralino DM: γ-rays



12

The γ-ray DM sky

[Kuhlen et al. arXiv:0704.0944]

http://babbage.sissa.it/abs/0704.0944
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The GLAST sky
SC2 simulation (55 days) Angular power spectrum
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DM halos: multi−ν messengers

−+WW_
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Mχ=40 GeV
_
bb

Dwarf galaxies DRACO

[Colafrancesco, Profumo & Ullio 2006, 2007]

Galaxy clustersCOMA

GLAST
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DM signals: multi-frequency

π0 → γγ ~ 10-11 10 2 ~ 6

ICS ~ 10-13 10 6 ≥ 10 3

Synchrotron ~ 10-14 1016 ≥ 104

F 
(erg/s cm2) counts S/N
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Neutralino DM: low-ν
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Leptons: e± equilibrium spectrum
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Solution: qualitative
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DM halos: multi−ν messengers
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Dwarf galaxies DRACO

[Colafrancesco, Profumo & Ullio 2006, 2007]
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Dwarf Galaxies at multi-ν: a DM survey
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F1.4 <  3.5 mJy S=13 pho; bkg=11 pho

F4.9 <  2 mJy S=1 pho; bkg=1 pho

F1.4 <  3.5 mJy S=4 pho: bkg=2 phoF2keV <
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F5 < 15.2 mJy F2keV <

F1.4 <  3.5 mJy S=2 pho; bkg=3 pho

No NVSS coverage
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F1.4 = 0.54 mJy (HI line) F2keV <

F2-38 <  4 mJy S=2 pho; bkg=3 pho

F1.4 <  3.5 mJy S=2 pho; bkg=3 pho
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Fornax

O

LeoII

LeoI

O



24

Neutralino DM: radio emission
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DM halos: Synchrotron radio emission

[Colafrancesco, Profumo & Ullio 2006, 2007]

Dwarf galaxies DRACOGalaxy clustersCOMA
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Clusters of galaxies: χ properties
Radio halo
• brightness distribution (@ 1.4 GHz) 
• integrated spectrum (30 MHz-5 GHz)

[Colafrancesco, Profumo & Ullio 2006]

sub-halos

sub-halos

ComaComa
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Dwarf galaxies: avoiding the B-trap
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Neutralino DM: ICS of CMB (SZE)
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SZE: probe of leptonic atmospheres
[Colafrancesco 2007, New Astr.Rev., 51, 394][Colafrancesco 2007, New Astr.Rev., 51, 394]
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SZE: general derivation [Colafrancesco & al.  2003, A&A, 397, 27][Colafrancesco & al.  2003, A&A, 397, 27]
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SZE in DM halos [Colafrancesco 2007, New Astr.Rev., 51, 394][Colafrancesco 2007, New Astr.Rev., 51, 394]

SZthSZth

SZrelSZrel

SZDMSZDM

SZkinSZkin

SZwarmSZwarm

A structure with:

• Hot gas
• Warm gas
• Rel. Plasma
• DM
• Vr > 0
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SZE in DM halos

SZthSZth

SZwarmSZwarm

SZrelSZrel

SZDMSZDM

A structure with:

• Hot gas
• Warm gas
• Rel. Plasma
• DM
• (Vr ≈ 0)
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SZE in DM halos

SZthSZth

SZwarmSZwarm

SZDMSZDM

A structure with:

• Hot gas
• Warm gas
•
• DM
• (Vr ≈ 0)
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SZE in DM halos [Colafrancesco 2004, A&A, 422, L23][Colafrancesco 2004, A&A, 422, L23]
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Draco dSph.
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SZDM in Draco Diffusion effects
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The cluster 1ES0657-556

DM clump A)
M = 1015 M
DM clump A)
M = 1015 M

Gas clump A)
T = 14 keV
Gas clump A)
T = 14 keV

Gas clump B)
T = 6 keV
Gas clump B)
T = 6 keV

DM clump B)
M = 6 1013 M
DM clump B)
M = 6 1013 M
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SZE in 1ES0657-556: avoiding the θ-trap

gas SZE

DM SZE



39

Isolating SZDM at ∼223 GHz [Colafrancesco et al. 2007][Colafrancesco et al. 2007]
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1ES0657-556 @ various frequencies

SymbolXSymbolXSKA SKA 

[Colafrancesco & Ullio 2006]

GLAST GLAST 
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Sterile neutrino DM
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Sterile neutrino DM: line
Hot gasDark Matter

νs → να + γνs → να + γ

expectationexpectation
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Sterile neutrinos: limits

[Watson et al. 2006 (astro-ph/0605424)]
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Coma constraints from
20-80 keV emission

[Yuksel et al. 2007]
[Colafrancesco 2007]
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DM search thru the e.m. spectrum

Synchrotro
n

SZ
 E

ffe
ct

IC
S

Brem.+ICS+π 0

Brem.+ICS

ICS

χχ
annihilation

products

SKASKA
LOFARLOFAR

PLANCKPLANCK
OLIMPOOLIMPO

Simbol-XSimbol-X
NEXTNEXT

GLASTGLAST
HESSHESS

ALMAALMA

SZ exp.SZ exp. GRIGRI CTACTA



46

THANKS

for your attention !
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