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Dark Matter  

ÅOrdinary matter 
contribute only 4% 
of the total energy of 
the universe 

ÅThe bulk of the 
universe is made up 
of dark matter and 
dark energy  



Evidences for Dark Matter  

ÅRotation curve  

ÅThe observed stars 
and galaxies move 
faster than luminous 
objects can support. 
F. Zwicky (1933) 



Evidences for Dark Matter  
ÅThe Bullet Cluster 
ÅTwo clusters of galaxies 

moving away from each 
other after collision. 
Clowe, et. al. (2006) 

ÅRed region 
(visible)Čordinary 
matter (hot gas)  

ÅBlue region 
(invisible)Čmore gravity 
(dark matter)  

ÅHowever, Lee & Komatsu 
(2010) claims it is 
incompatible with ƯCDM 
model  
 



Evidences for Dark Matter  
ÅCosmic Microwave 

Background Radiation 
(CMBR) 

ÅCMBR is almost 
perfect black body 
radiation with 
T=2.728K  

ÅIsotropic with 
anisotropy at the level 
of 10^( -5) 

ÅCMB power spectrum 
shows  



Dark Matter  

ÅAll the evidences for DM are via 
gravitational interaction  

 

ÅWe do not know the nature of DM  

 

ÅIf DM is WIMP, it allows the particle 
physics explanation, direct/indirect 
detection, and its creation at LHC  

 



WIMP miracle 

 



Relic density 

ÅBoltzmann eq.  

 

ÅIntroduce Y  

 

ÅConservation of entropy  

 

ÅThe Boltzmann eq. becomes  

Bertone, et. al. 0404175 



ÅNow introduce a variable x:  

 

 

ÅFor heavy WIMP, we can expand  

 

ÅThen in terms of  

 



ÅNow we can solve the Boltzmann eq.  

 

 

ÅThe current relic density  

 

 

 

 

ÅThe freeze-out temperature  



WIMP DM Searches 

 



Direct Detection  

ÅThe event # of WIMP -nucleon scattering 
per unit time, per unit detector mass  

Jungman, et.al. (1996) 

scattering angle in the CM frame  



The FF is a Fourier tranf. of the nucleus distribution function:  

Fermi distribution function  

micrOmegas (2009) 



Effective operators for direct 
detection  

Åv=10^( -3), q(max)=100MeV 

ÅCross section is calculated q=0 limit  

ÅFor SI (spin-independent) cross section 
(Majorana DM) 

 

 

 



Effective operators for direct 
detection  

ÅFor Dirac DM  

 

 

 

ÅScalar DM 

 

ÅVector DM  

+: WIMP, -: anti-WIMP 



WIMP-quark scattering  

 



Indirect Detection  

ÅProportional to DM annihilation rate  

 

ÅGalactic center, Center of Sun(Earth) may 
be good place to look for DM 
annihilation signals.  

ÅObserved flux  

spectrum of photon (neutrino)  



Evidences for Dark Matter  
ÅCosmic Ray Searches 

ÅPAMELA satellite observed striking increase in 
the positron spectrum  







Indirect Detection  

1203.1312, 1204.2797, 1303.1798 

If confirmed, it may be a clear signal for 130 GeV DM. 



Hidden Sector DM and Higgs Portal  

ÅOne possible WIMP DM scenario is the 
framework of ŗHidden SectorŘ DM 

ÅDM may be singlet under the SM gauge 
groupČhidden  

ÅHidden sector is generic in SUSY or 
superstring models  



Hidden Sector DM and Higgs Portal  

ÅThe renormalizable  Higgs can mediate 
the interaction between the SM and 
hidden sector  

SM HS(DM) 



DM physics 
ÅGIM-type cancellation occurs in the DM annihilation 

and scattering cross section  

Č0 for degenerate Higgs  



Direct detection  

ÅXENON100(2012) 


