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The Dark Energy-Neutrino Coupling 

A simple form of an interaction by DE-neutrino coupling is: 

, with      the parameterization of the preferred frame 
associated with the cosmic expansion.      

The matrix parameterizing the DE-induced neutrino physics is: 

In this example: 



The Dark Energy-Neutrino Coupling 

Effective Hamiltonian in mass base:  

, 

<=>	



The Dark Energy-Neutrino Coupling 

Effective Hamiltonian in mass base:  

, 

<=>	 , 



Neutrino Oscillations 

Oscillation probability: 
² 3 new mixing angles 
² 1 extra CP-violating phase 
² 2 independent effective mass parameters 
	

Implications of the Hamiltonian: 
² Different sign for neutrinos and anti-neutrinos 
² DE-induced mixing is energy-independent 
² DE-induced mixing is frame dependent  
	



Behavior of the probability 



Behavior of the probability 

ϑDE12 =0.25 π  
ϑDE13 ,ϑDE23 = 0	
	

Meff21 = 0.5*Meff31 = 10-26 GeV 

Dark Energy oscillation

is dominant



Behavior of the probability 

ϑDE13 =0.25 π  
ϑDE12 ,ϑDE23 = 0	
	

Meff21 = 0.5*Meff31 = 10-26 GeV 



Behavior of the probability 

ϑDE23 =0.25 π  
ϑDE12 ,ϑDE13 = 0	
	

Meff21 = 0.5*Meff31 = 10-26 GeV 



Behavior of the probability 

ϑDE12 ,ϑDE13 ,ϑDE23 
=0.25 π  
	
	

Meff21 = 0.5*Meff31 = 10-26 GeV 



CP violation 

δDE = 0.25 π  

Maximal mixing: ϑDE12 = ϑDE13 = ϑDE23 = 0.25 π	
	Meff21 = 0.5*Meff31 = 10-26 GeV 



CP violation 

δDE = 0.5 π  

Maximal mixing: ϑDE12 = ϑDE13 = ϑDE23 = 0.25 π	
	Meff21 = 0.5*Meff31 = 10-26 GeV 



CP violation 

δDE = 0 

Maximal mixing: ϑDE12 = ϑDE13 = ϑDE23 = 0.25 π	
	Meff21 = 0.5*Meff31 = 10-26 GeV 



Sensitivity in experiments 

IceCube Experiments sensitive 
to UHE neutrinos 

ϑDE13 ,ϑDE23 = 0	
	



Directional dependence 

Smoking gun for a DE-effect would be the directional 
dependence  
² Directional dependence in oscillations of cosmogenic 

neutrinos 
²           ~10-3  



Summary 

² If DE is a dynamical field, effects could arise in neutrino 
oscillation similar to matter effects 

² This effect is small, but independent of energy and will 
become significant in neutrinos with high enough energies 

² The effect manifests at E*Meff ~ 10-20 GeV
² Current and future experiments are sensitive to Meff up 

to 10-27 to 10-31 GeV 
² Discovering the directional dependence would be the 

smoking gun for DE-neutrino coupling 


