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Violation of Equivalence Principle (VEP)

General Relativity
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Testing the Equivalence Principle
can guide toward complete theory
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VEP-induced oscillations

duv UM?*U" o
———+ V £ 2¢pUTU" | V

2p
Flavor basis / VEP term

Mass term Matter term

U PMNS matrix

p neutrino momentum

¢ gravitational potential (in natural units)

Damiano Fiorillo



VEP-induced oscillations
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VEP-induced oscillations

Conventional
oscillations
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VEP and atmospheric neutrinos

Cosmic rays
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Model of atmospheric fluxes from Honda et al., 2006
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VEP and atmospheric neutrinos

Model of atmospheric fluxes from Honda et al., 2006 No VEP

Cosmic rays
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VEP and atmospheric neutrinos

Model of atmospheric fluxes from Honda et al., 2006
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Constraints from atmospheric neutrinos

V21> Y31 have same signs V21> Y31 have opposite signs
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Gravitational basis

Simple benchmark choice: gravity

. -
couples (diagonally) to mass eigenstates What happens for different choices:

U connects gravitational and flavor eigenstates
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VEP and astrophysical neutrinos

VEP effects depend on gravitational field structure
Minakata et al. 1996

Simple scenario model independent
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VEP and astrophysmal neutrinos

Conventional scenario
Source (pion beam)
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VEP and astrophysmal neutrinos

VEP-dominated scenario
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Gravitational=Flavor
Already in tension
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Conclusions

4+ VEP in the neutrino sector can be tested by IceCube observations

4+ Complementarity between two approaches

4+ Atmospheric neutrinos constrain at the level of y¢p ~ 107>’ for some
choices of the gravitational basis

4+ Astrophysical neutrinos constrain at the level of y¢p ~ 107! for other
choices of the gravitational basis
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VEP and high energy neutrinos

Why does VEP influence neutrinos? U, I/ﬂ U,
~ Gravitational
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Simple benchmark case: mass eigenstates couple differently to gravity
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