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Lensing problem
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Notation :

(yLz)

(xLy)
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Deflection angle

Geodesic equation Deflection angle
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Lorentz factor :
Integrated

potential along dz :
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neutrino term correction
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Geometric

Shapiro

Time delay
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between deviated and non deviated paths
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Actual observables : time delay between images



Detected neutrino flavour depend on their travel time

Gravitational lensing creates multiple images with time delays
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Connecting with neutrino flavours

Time delay appears as the time in the oscillation probability
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Conclusion and outlook

Quantum properties : interference effects

Multi messenger astrophysics
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Time delays induced by gravitational lensing can help constrain neutrino masses, provided

that the elements of the PMNS matrix are known with sufficient precision

Some ideas to pursue :
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Neutrinos

Sensitive only to weak interaction

Interact very little with matter

Flavour oscillations 
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Flavour

Mass

Neutrino oscillations
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Mixing matrix “PMNS”
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Transition probability (in vacuum)

Observables :
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Mass constraint :Energie E 
Travel time t
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Lens equation

Célia CoutuM1 Astro-CCP Université de Montpellier

Lens equation :
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Point lens
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O, L and S aligned : Einstein ring
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Point lens
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O, L and S no aligned : 2 images

12



Célia CoutuM1 Astro-CCP Université de MontpellierCélia CoutuM1 Astro-CCP Université de Montpellier

Source : D. Vignaud. Comment la masse vint aux neutrinos. 2004. ⟨in2p3-00022196⟩
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Source : D. Vignaud. Comment la masse vint aux neutrinos. 2004. ⟨in2p3-00022196⟩
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