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CDM
• Accounts 23% of total energy density of 

universe while baryonic matter accounts 
4%.

• Properties:
     a. Pressureless

     Primordial velocity is very small , at most 
 ~            today .
 b.Collisionless
   Cold dark matter is weakly interacting (so 
dark),   except for gravity.
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Misalignment Mechanism
PQ symmetry breaking
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Misalignment Mechanism
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Why resonant cavity?

The resonance matches 
forced oscillator and on  
resonance achieves a large  
axion-induced excitation.
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The isocurvature perturbation
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The isocurvature perturbation
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Axion field existed before inflation 
induce isocurvature perturbation

Axion field existed after inflation 
produce topological defects



History of the Universe 
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The quantum properties of the Horizon 
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The quantum properties of the Horizon 
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Parametric resonance

Mathieu equation:

 

Non-linear, different from the 
forced resonance
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Parametric resonance
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The Adiabatic fluctuation: 
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The Equation of Motion 
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The respective Mathieu equation 
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The parametric resonance condition
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The non-linear effect
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The effective density 
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Benefit 
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no isocurvapoture perturbation

possible enlarged parametric space

solves the topological defects issue

 
 

 

 



future works and outlook
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numerically simulations

does the scenario produce 
observable cosmological signals 

 

 

 



Other effects
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apply to dark photons, 

modulis,

heavier axions can be 
substantial part of dark matter.
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Hydrogen atoms are also ideal targets for the 
anthropic  window


