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*Building the Wheeler-DeWitt Equation
*The Wheeler-DeWitt Equation as a Sturm-Liouville problem

Distorting Gravity in a MSS approach for a FLRW model.

*The Cosmological Constant as a Zero Point Energy
Computation in the Gravity’'s Rainbow context

*Conclusions and Outlooks
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Relevant Action for Quantum Cosmology




Relevant Action for Quantum Cosmology

ADM Decomposition




Wheeler-De Witt Equation

- Gjju Is the super-metric,

- R Is the scalar curvature in 3-dim.
Example:WDW for Tunneling

FIG. . (a) Tunneling and (b} Hartle-Hawking wave func-
tions for the one-dimensional minisuperspace model describing
a de Sitter space. The “potential” Ula) is shown by a solid
line and the wave functions by dashed lines.

Formal Schrodinger Equation with zero eigenvalue whose solution is a linear combination of
Airy’s functions (q=-1 Vilenkin Phys. Rev. D 37, 888 (1988).) containing expanding solutions




Wheeler-De Witt Equation

E=0 is highly degenerate <—> Sturm-Liouville Eigenvalue Problem
- Variational procedure




Distorting Gravity
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Doubly Special Relativity

G. Amelino-Camelia, Int.J.Mod.Phys. D 11, 35 (2002); gr-qc/001205.
G. Amelino-Camelia, Phys.Lett. B 510, 255 (2001); hep-th/0012238.

Curved Space Proposal - Gravity’'s Rainbow
[J. Magueijo and L. Smolin, Class. Quant. Grav. 21, 1725 (2004) arXiv:gr-qc/0305055].




Gravity’s Rainbow == Application to Horava-Lifshitz theory

[R. Garattini and E.N.Saridakis, Eur.Phys.J. C75 (2015) 7, 343; arXiv:1411.7257 [gr-qc]]

Lp,=Ny/g {%H-_l + 1R+ 1 (2R + g3 RV Ry)

+12 (gaR® + gsRRV R, + ge R:RLR* + g:RV>R + ggv.i_RjW‘*‘-R:”ﬂ) }

i _ 6 2k C24k% | \
Lp=Nyg [E?DH- Yo T (892 1+ g3 an (994 + 395 + Qﬁ)] :
) 1 ; 1

392 + g3 =0
994 + 395 + g6 = ¢




Gravity’s Rainbow ——, Application to Horava-Lifshitz theory

[R. Garattini and E.N.Saridakis, Eur.Phys.J. C75 (2015) 7, 343; arXiv:1411.7257 [gr-qc]]

EXNING




Gravity’s Rainbow == Application to Horava-Lifshitz theory

[R. Garattini and E.N.Saridakis, Eur.Phys.J. C75 (2015) 7, 343; arXiv:1411.7257 [gr-qc]]

Potential part of the

Projectable Horava-Lifshitz theory
without detailed balanced
Condition z=3

c1 = 16bm and

It is possible to build a map also for a SSM

Applying the Rayleigh-Ritz procedure we can find candidate eigenvalues

depending on the combination of the coupling constants
[R. G., P.R.D 86 123507 (2012) 7, 343; arXiv:0912.0136 [gr-qc]]
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10 1.017 246.29
20 1.012 481.46

A Brief Mention to VSL

[R. Garattini and R.G. and M.De Laurentis, arXiv:1503.03677]




Gravity’s Rainbow == Application to Inflation

[R. Garattini and M. Sakellariadou, Phys. Rev. D 90 (2014) 4, 043521; arXiv:1212.4987 [gr-qc]]
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Generalization

From Mini-SuperSpace to Field Theory in 3+1 Dimensions

The Cosmological Constant as a Zero Point Energy Calculation

Induced
Cosmological
“Constant”

Solve this infinite dimensional PDE with a Variational
Approach without matter fields contribution
Y is a trial wave functional of the gaussian type
Schrodinger Picture
Spectrum of A depending on the metric
Energy (Density) Levels




Eliminating Divergences using
Gravity's Rainbow

[R.G. and G.Mandanici, Phys. Rev. D 83, 084021 (2011), arXiv:1102.3803 [gr-qc]]

One loop Graviton Contribution We can define an r-dependent radial wave number
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The WDW equation can be considered as a Sturm-Liouville Problem->
Rayleigh-Ritz Variational procedure.

In ordinary GR, the MSS approach does not produce a cosmological
constant.

In ordinary GR, we need a cut-off or a regularization/renormalization
scheme.

A distorted GR (Gravity’s Rainbow, VSL Cosmology, G.U.P.) produces a
non trivial cosmological constant as an eigenvalue of a Rayleigh-Ritz
variational procedure.

In distorted GR, for example in Gravity’s Rainbow we can compute
divergent quantum observables without a Regularization/Renormalization
procedure. This also happens in NonCommutative geometries. We have a
tool for ZPE Computation.

A connection between Horava-Lifshitz theory without detailed balanced
condition and with projectability and Gravity’s Rainbow seems possible, at
least in a FLRW metric. (It works also for a SSM!!!)

The WDW equation in distorted GR can be used also when a Naked
singularity is considered. Many other applications....




