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Lensing problem

Notation :
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Deflection angle

Geodesic equation Deflection angle
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Actual observables : time delay between images
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Connecting with neutrino flavours

e Detected neutrino flavour depend on their travel time

e Gravitational lensing creates multiple images with time delays

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

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 : e Quantum properties : interference effects

e Multi messenger astrophysics

M1 Astro-CCP Celia Coutu Université de Montpellier



Neutrinos

Standard Model of Elementary Particles
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Neutrino oscillations

Mixing matrix “PMNS”
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Transition probability (in vacuum)

Am2.
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Observables: e Energie E Mass constraint : Amz, = m; — mj

e Travel timet
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Lens equation

Lens equation :
f=06-a()
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1 2
Point lens I 3

O, L and S aligned : Einstein ring
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1 2
Point lens I 3

O, L and S no aligned : 2 images
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Observable Valeur actuelle Perspective proche
(95% C.L.)
023 45° £+ 10° P(v, — v,) - MINOS et CNGS
01 33° + 3° SNO (NC) et KamLAND
013 < 13° si Amis =2 x 107° | Réacteurs (P(7z — 7¢)) et Long baseline (P(v, — ve))
Amis (2.0 —2.54+1.0) x 1077 eV~? P(v, — v,) - MINOS et CNGS
Signe de Amis, ? P(v, — ve) et (P(v, — ve))- Long baseline
Am?Z, (7.3+1.0) x 107° eV? KamLAND (P (7 — 72))
Signe de Am3, | Connu via effet MSW : +
o (CP) ? P(v, — ve) et (P(v, — ve))- Long baseline
Majorana 7 ? Expériences 330v
oy ? Expériences (G0v (peut-étre)
O ? Sans espoir !
my >my < 1 eV Cosmologie, Désintégration 530v, Désintégration (3

Source : D. Vignaud. Comment la masse vint aux neutrinos. 2004. <in2p3-00022196)
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0.79 —0.86 0.00—-0.61 0.-—0.16
U=1024-0.52 044 —-0.69 0.63—0.79
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