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Lensing of CνB vs CMB

• Both (shall) have anisotropy and 
would be lensed by foreground 
gravitational potential

Similar: Difference:

Thought Experiment!



Lensing of CνB vs CMB

• Both (shall) have anisotropy and 
would be lensed by foreground 
gravitational potential

• Neutrinos from the early universe 
will be non-relativistic today 
(massive neutrinos)  

• Larger angles of deflection 

• Closer surface of last scattering 
(compared to the cosmic 
microwave background)  

• Could form multiple lensed 
images [Strong gravitational 
lensing] 

Similar: Difference:

Image Credit:1) Planck 
2) ESA/NASA, Hubble



Cosmic Neutrino Last 
Scattering Surface

Dodelson & Vesterinen (PRL, 2009) 



Cosmic Neutrino Last 
Scattering Surface



Strong lensing of cosmic 
neutrino

• Angle of deflection 
for cosmic neutrino 
(post-Newtonian)

Slides credit: Sherry Suyu



Einstein Radius: function of 
neutrino velocity/ Distance to Lens

Neutrinos momentum distribution

SIS lens model: σv = 1000 km/s



Mass eigenstates splitting 
via gravitational potential

Gravitational Lens:
Spectrometer

Neutrino source (flavor)

Mass eigenstates

Mass eigenstates
 splitting



Spectrometer: 
Stern–Gerlach experiment



Mass eigenstates splitting 
via gravitational potential

Source: νe 
Detector: νe 



Discussion & Summary

• Strong lensing of CνB could be the largest Stern–Gerlach 
experiment in our universe

• Neutrino oscillations are not relevant in this case, as the mass 
eigenstates get dispersed in angular space 

• Time evolution of the halo could also be probed

• Interesting, with extremely rich source of information: strong 
lensing, neutrino mass, quantum properties
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Thank you!
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