Light propagation in Horndeski
vector-tensor Eheorv

Juan P. Belkran Almeida
Departamento de Fisica
Faculkad de Ciencias
Universidad Antonio Narino

URN

UNIVERSIDAD
ANTONIO NARINO

Worlke " progress??” (RO16-2777) wikh Cyril Pitrow,
Jean-Philippe Uzan and Pierre Fleury,
Based on arXiv: xxxxxxxx [gr-gc]. Coming “soon”

@

Mayo 31, 2019
CoCo 2019: Cosmmwg?a en Colombia




Some mokbkivakions

To conclude the unfinished projects!

Understand the basics of Light propagation in
modified gravity models.

Search for observational consequences of
modified gravity models.

Study Horndeskis model which is a well
motivated model tnvolving vector-tensor

couplings.



U(1) gauge symmetric action with 1st order derivatives
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U(1) gauge symmetric action with 1st order derivatives
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Wave effecks are irrelevank:
No interference, no diffraction, Light ray trojectories.

ALr < dp > dala
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Typical Lems&h scales The phase varies much
of the system quicker than the amplitude

I' —> a single length scale in flak space.,

Small wavelength, Geometric Large wavelength, Wave
optics Limit, effects are important.



Wave effecks are irrelevank:
No interference, no diffraction, Light ray trojectories.
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curvature

We need an additional
parameter of length: spacetime curvature!
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Dispersion relation: k'k, = 0.
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Action and @.qu&&c}m c:-{f motion
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1. Derived from and action prmaipt@

2. Second order equations.

3. Conserved U(1) charge.

4. Reduce to standard EM in flat space.

Gregory Walter Horndeski, Journal of Mathematical
Physics 17, 19%0 (1976).
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We have a parameter with units of lenqth: I
A priori we dont have any criteria to neqglect
conkribuktions Froporﬁonat o L
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CGrravitational birefringence

Crravikakional “susaepﬁbit&%v” makrix

Eigenvalues Frobtem
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Grravitational birefringence

Schwarzschild space

ds’ = [—f(r)dt? + F~1(ndr? + r’(d6? + sin’ 8dpp?)], f(r) = 1
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Anqular deflection

AM 47
O@ = R




Effective or induced metric
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Photons follows null qeodesics in the
induced mekric!




Effective or induced mekric

Photon flux density
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Photons flux density is conserved!



A few words about EM tensor
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Maxwell “Greomebrical”
physical EM (dieleckric) EM




Conclusions and Remarkes

Light propagation in presence of hon minimal couplings
to gravity is a subtle issue.

Hordeski vector-tensor model is trivially scale
tvariant, so, no “rainbow” frequency dependent effects
are expected.

Polarization dependent effects.

Induced effective metbric is useful to calculate things
but is hard to interpret.

Energy conditions results crucial to understand/
interpret the causal flow of energy in non minimally

f:oupiec& models.



