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W 6� �0 LQD + �00 UDD + µHuHd
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After S Gets a VEV=fA 
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Dark Matter Abundance 
1.  Axion Dark Matter 
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Dark Matter Abundance 

2.  Axino Dark Matter 
Ø  Not from Freeze-Out 
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Freeze-Out 

https://inspirehep.net/record/811844/files/freezeout.png 

Thermal 
Bath 
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Dark Matter Abundance 

2.  Axino Dark Matter 
Ø  Freeze-In Production 

L � �fA
M

eS eHH = �fA
M

kp
2

eSe�1h
0

~ x	
  
ã	
  

h	
  Thermal 
Bath 

Slide 14/22	
  



Dark Matter Abundance 

2.  Axino Dark Matter 
Ø  Freeze-In Production 

L � �fA
M

eS eHH = �fA
M

kp
2

eSe�1h
0

f
A

� 2⇥ 1014 GeV

✓
kp
2

◆⇣ µ

103 GeV

⌘⇣ m
axino

25 GeV

⌘1/2
✓
300 GeV

me�1

◆1/2 ✓ 102

g⇤(mB1)

◆3/4

~ x	
  
ã	
  

h	
  

L. Hall et al, arXiv:0911.1120 

Thermal 
Bath 

Slide 14/22	
  



LHC Signals 
Neutralino Decay  
to Axino and Higgs 
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Dilution from Inflaton Decays 
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Collider Signals 
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Work in Progress 

Saxion Cosmology 
Ø  Can saxion decays provide the necessary dilution? 

Ø  Will saxion decays overproduce axion dark matter? 
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Conclusion 

Ø  Strong CP Problem- Axion decay constant from 
dimension transmutation. 

Ø  R-Parity- a direct consequence of PQ charges. 
Ø  μ Problem- generated from S vev. 
Ø  Neutrino mass- using see-saw mechanism. 
Ø  Dark matter abundance- axino Freeze-In. 
Ø  LHC displaced vertices- neutralino decays. 
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Thank you! 

•  Similar axion models: (1) Murayama et al Phys.Lett. B291 (1992) 
(2) Stewart et al hep-ph/9603324 
(3) Choi et al [hep-ph/9608222] 

•  Freeze-Out during MD: (1) J. McDonald Phys. Rev. D 43, 1063 (1991) 
(2) Chung et al [hep-ph/9809453] 
(3) Giudice (2001) [hep-ph/0005123]  
 

•  Axino FI during MD: (1) L. Covi  et al [hep- ph/0101009] 
(2) E. J. Chun et al [arXiv:1104.2219 ]  
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