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Evidence of dark energy

Supernova Cosmology Project
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The cosmic coincidence problem
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The cosmic coincidence problem has different insight in scalar fields dark energy.



Cosmological scaling solutions

during the epochs of radiation domination (RD) or matter domination (MD).
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Cosmological scaling solutions

with non-minimal coupling to gravity. Uzan (1999)
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Scaling solutions are found in both power-law and exponential potentials.

In the case where the non-minimal coupling term dominates the potential:
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Cosmological scaling solutions

with negative potentials induced by the non-minimal coupling to gravity.

1
Verr(¢) = —§£R¢2 By (w,€) = —2(1 —w) £ \/%u — w)? + 3¢(1 — 3w)
d2¢ 3 do B

gb(N) = C+€6+N + C_eﬂ_N

The effective potential becomes negative for & > 0
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Cosmological scaling solutions
| £E>0
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Scaling phase (RD & MD):
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De Sitter expansion: 0 < & < 3/2
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Asymptotic universe:
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with flat potentials.
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with flat potentials.
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Cosmological scaling solutions  with flat potentials.
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Stability with negative energy density
£>0
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Observational constraints with fiat potentials.

TABLE I. Priors for cosmological parameters. TABLE II. Constraints on cosmological parameters (95% C.L.)
Parameter Prior Parameter £=0.1 £§=03 ACDM
Baryon density 0.5 < 100Q,h2 < 10 Baryon density || 100Q,h% = 2.21 4 0.05/100Q,h% = 2.217503| 100Q,h% = 2.227004
CDM density 1073 < Q.h% < 0.99 CDM density Q:h? = 0.11970003 | Q.h? = 0.11870903 |Qch? = 0.118 £ 0.003
Neutrino mass 0.0l < ¥m, <2eV Neutrino mass Ym, < 0.245 eV Ym, < 0.245 eV Ym, < 0.211 eV
Spectral index 0.9 <ng < 1.1 Spectral index ns =0.964+0.011 | ng=0.964T3010 | ns=0.963"00%
Tensor-to-Scalar ratio O<r<<1 Tensor-to-Scalar ratio r < 0.116 r < 0.118 r < 0.125
Potential Vo/ps = 1.01870:528 |V /py = 1.0661 0002 -
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Summary for the moment

- We study the cosmological evolution of a scalar field with negative
(effective) potentials induced by the non-minimal coupling to gravity.

For a constant potential, the negative potential exhibits an unique
scaling solution that gives negative energy density to the scalar field
when € > 0.

We show that the negative energy density does not leads to instability
on super-horizon scales, and that the asymptotic universe is of a
power-law expansion.

Observational constraints to the curvature-induced negative potential
are investigated.




