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Dark Matter Evidences

Rotation CurvesBullet Galaxies



Dark Matter evidences
 Other Evidences from a wide range of 

astrophysical observations 

Lensing    Clusters     BBN       SN1a    LSS

! Each observes dark matter through its 
gravitational influence 

! Still no (reliable) indications of dark matter’s 
particle nature



!Axions, Neutralinos, Gravitinos, Axinos, 
Kaluza-Klein Photons, Kaluza-Klein 
Neutrinos, Heavy Fourth Generation 
Neutrinos, Mirror Photons, Mirror Nuclei, 
Stable States in Little Higgs Theories, 
WIMPzillas, Cryptons, Sterile Neutrinos, 
Sneutrinos, Light Scalars, Q-Balls, D-Matter, 
Brane World Dark Matter, Primordial Black 
Holes, …

The Dark Matter Candidate 
Zoo

?



 WIMPs 
(Weakly Interacting Massive Particles)

!  Thermal production---freeze out

<!> ~ pb

•Generic weak interaction yields:
<!> ~ "2 (100 GeV)-2 ~ pb

Jungman, Kamionkowski and Griest, 
Phys. Rep. 267 (1996) 195.



Detection of  WIMPs
!   Direct Detection:

Erecoil ~ 10 KeV

Effective
Lagrangian



!   Indirect Detection:

•   With Anti-Matter

PAMELA ATIC/Fermi LAT

•   With gamma rays (Fermi)



•   With Neutrinos

#

~109cm ~ 0.01 Rsun



The evolution of the WIMP population is governed by the equation

Capture of Neutrinos at the Sun



Detection of Neutrinos at the Earth

up
down

neutralino signal
• 30 GeV < M# < 5000 GeV
• vertically upward (Earth)

horizontal (Sun)

atmospheric background
• muons 
 ~O(109) events/year 

 

 downward going

• neutrinos 
 ~O(103) events/year

 

 all directions



IceCube Detector



!  Here we consider the case that DM+DM → νν
Thus the neutrinos are monochromatic.

 

Average velocity of the DM particles in the Sun

We expect the spectrum on neutrinos remain monochromatic



Losc is of the order of the variation of Earth-Sun distance over a year

Observable seasonal effects should be seen



Average over the production point

rDM  ~  0.01 Rsun



Widening of the wave packet

!  Thermal widening

!  Gravitational widening

!  Natural width of the neutrino wave packet

And 



!  Widening due to scattering

NC inter.

Matter density in the Sun falls as: 

ratio of neutrinos 
undergoing neutral current
interactions should be of 

the order of

For Eν = 500 GeV

The ratio will be 35 %



We define:

Seasonal Variation



Electron neutrinos at the Sun

Muon neutrinos at the Sun
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We consider the flavor oscillation, matter effect inside the Sun, 
absorption and tau neutrino regeneration

Backgrounds:
Through-going events: ~ 6/year

DeepCore events: ~ 3/year
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 DM+DM→ νeν ̄e

 DM+DM→ νeν ̄e

 θ13 = 0 

 θ13 = 7◦ 

mDM = 270 GeV

mDM = 270 GeV
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One more observable in the IceCube
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One more observable in the IceCube

Muon-track events

CC interaction of 
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One more observable in the IceCube

Muon-track events

CC interaction of 

CC interaction of 
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One more observable in the IceCube

Muon-track events

CC interaction of 

CC interaction of 
Leptonic
Decay
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Shower-like events
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Shower-like events

NC interaction of 
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Shower-like events

NC interaction of 

CC interaction of 
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Shower-like events

NC interaction of 

CC interaction of 

CC interaction of 

Hadronic
Decay
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DM + DM → νeνe
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DM+DM→ νμνμ



Summary
!  In neutrino telescopes such as ICECUBE, the 

direction of muon-track can be reconstructed by 
amazing precision of 1 degree which means 
neutrinos from the Sun can be singled out.

! Measurement of the spectrum of neutrinos is going 
to be challenging

! Thus, two situations 
    can be considered

" Spectrum can be reconstructed

"Spectrum cannot be reconstructed



"  If spectrum cannot be reconstructed

!  "  0 A sharp feature should be present
in the spectrum of neutrinos 

"  If spectrum can be reconstructed

If the spectrum contains a sharp line, 
generally we expect ! to be nonzero

If a sharp line is observed
 in the spectrum but ! = 0



Seasonal Variation


