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Cold Dark Matter (CDM)

• CDM is widely believed to be an 
important part of the universe based 
on a large number of observations:

a. Dynamics of galaxy clusters.
b. Rotation curves of galaxies.
c. Abundance of light elements.
d. Gravitational lensing.
e. Anisotropies of the CMBR.
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      The QCD Axions

To solve the strong CP problem, one 
introduces the         symmetry  which 

is spontaneously broken  

                   relaxes to zero during 
QCD phase transition.
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The million dollar question:

If the QCD axions contribute to a  
major part of CDM, 

what is the mass?
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There are two cosmic axion 
populations:  hot  and  cold.

The hot part was created in the thermal bath, and the cold part is believed to be 
created by the realignment mechanism.
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CDM Axions produced by vacuum 
realignment 
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Cold axion properties

•   density

•   density fluctuation 
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The energy of axions are 
transferred from the QCD 

sector

•   
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Axion fluctuations are correlated to the CMB 
fluctuation.

• The observed CMB isocurvature 
fluctuation is small
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    The axion field acquires a fluctuation 
during the inflation .

   For a moderate small HI~1010 GeV (low 
scale inflation)
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Inflation

 
The classical window may require the PQ 
symmetry breaking happened after 
Inflation or a very low scale inflation.

If the PQ symmetry breaking happened after inflation, 
we have domain wall, cosmic string etc....

12



we may need to consider both windows.

If we find dark matter QCD axion in the 
anthropic window. 

We live in an atypical Hubble volume (dark 
matter detection may prove multiverse 

scenario).  
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Dark matter axion induced quantum transitions
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The axion spectrum density Ia is high

The interaction term in non-relativistic limit is:

The transition rate is
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Hydrogen 1S state transitions
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Hydrogen atoms are idea targets for the 
classical window
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Hydrogen atoms are also idea targets for the 
anthropic  window



A particular set-up

19



20


