
Neutrinos	  in	  Medium	  





Coherently propagating 
active neutrinos acquire effective masses 
(like index of refraction) via forward scattering 
on particles that carry weak charge. 



Consider	  neutrino-‐electron	  
charged	  current	  forward	  exchange	  scaEering	  
as	  a	  source	  of	  neutrino	  index	  of	  refrac-on,	  
effec-ve	  mass:	  
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The current-current Lagrangian  
for neutrino-electron scattering 

From this we can define a potential  
stemming from the electron background: 

The neutrino Lagrangian is then: 

The equation of motion (Dirac equation) 
corresponding to this is . . . 

 and the dispersion relation is . . . 
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zero if electron distribution is isotropic 




