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Some puzzles - dark matter

• Rotation curve on galaxy, gravitational lensing by clusters, etc 
→ deficit of mass (when only visible objects are counted) 
→ presence of dark matter
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Some puzzles - dark energy

• Observation of flux from SN (standard candle with known L) 
 
 
 
→ information for Ωm and ΩΛ 
→ DM~30% and DE~70%
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• On the other hand, we may ask 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• Strategy 
→ one or two problems in particle physics 
    & DM candidate or DE candidate simultaneously?
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Some puzzles

• Not necessary, but hope that DM&DE tell us something about 
an extension of the SM


• On the other hand, we may ask 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Why so small? - ν mass

• A number divided by a large number 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Dark Matter Candidates in B-L models

• Additional gauge symmetry on top of SM gauge group? 
→ U(1)B-L  
→ With 3 RH neutrinos, can be gauged!


• 3 RH neutrinos → 1. need for tiny active neutrino mass 
(seesaw mechanism)


• 3 RH neutrinos → 2. the out-of-equilibrium decay of 
 RH neutrinos (leptogenesis ΔL)  
→ ΔL conversion to ΔB at EWPT by sphaleron transition 
→ can explain baryon asymmetry
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Dark Matter Candidates in B-L models

• Particle contents: SM + 3 RH neutrinos  
                             + U(1)B-L gauge boson A’ 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Dark Matter Candidates in B-L models

• Particle contents: SM + 3 RH neutrinos  
                             + U(1)B-L gauge boson A’ 
                             + φ inducing SSB of U(1)
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Dark Matter Candidates in strong CP problem

• Non-zero neutron EDM → CP violation
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Dark Matter Candidates in strong CP problem

• Non-zero neutron EDM → CP violation


• In QCD, we have ~θ F Λ F  
→ dn ~ 10-16θ e.cm < 10-26 e.cm 
→ θ < 10-10


• Why so aligned? 
Why so small θ? (theoretically no reason)


• Axion (PQ mechanism) dynamically relaxes the angle. 
→ good candidate for dark matter! 
→ axion energy density ~ a-3
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• w = P/ρ = (KE-PE)/(KE+PE) → -1 for DE → KE~0 

• If mq~H0~10-33eV, then slow-roll today → KE~0


• Axion with fq~MP  can be DE  
→ ΛDE2 = (2meV)2 ~mqfq        


• Why so small mass?


• ΛDE4 ~ (2meV)4 ~ MP410-120


• For SU(2)L in SM,  
Λa4~MP4e-Sinst → MP4e-(-2π/(1/44)) →MP410-130   



Probing dark radiation using CMB power spectrum
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• Different decoupling time td 
→ CMB phase shift at a horizon scale at td
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• Probing PeV-SUSY breaking (m3/2~100eV-1keV) 
→ too much gravitinos 
 
 
 
 
 
→ needs to be diluted (the only solution) 
 
→ Q. how to probe?
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• Probing PeV-SUSY breaking (m3/2~100eV-1keV) 
→ too much gravitinos 
→ suppression of inflationary GW spectrum  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