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Background is the -dimensional de Sitter spacetime, which is
described by open coordinates foliated with time slices having constant
negative curvature

Spacetime curvature Curvature radius

 -dimensional dS spacetime as a hyperboloid

in -dimensional Minkowski spacetime with the line element
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Inflationary coordinates
(planar)

Hyperbolic coordinates

Conformal time

Static spacetime foliated by constant 
negative curvature spatial sections Conformally flat form
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 dS invariant function
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 Hyperbolic (H-) vacuum

 Bunch-Davies (BD) vacuum

 Field equation ( )2 0m Rξ ϕ+ + =
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Ref: A. A. Saharian and T. A. Petrosyan, Phys. Rev. D 104, 065017 (2021).

K. A. Milton and A. A. Saharian, Phys. Rev. D 85, 064005 (2012)Ref:
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 H-vacuum

 BD vacuum
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Hadamard function corresponding to static spacetime

 Further simplifications for odd and even values of D

 H-vacuum

 BD vacuum
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Final expression

Using the relations 

We obtain

H-vacuum

BD vacuum
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finitedivergent
BD vacuum is maximally symmetric does not depend on spacetime coordinates

1. Even D

Expressed in terms of Riemann zeta function
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2. Odd D

3. General D

fractional part of
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Minkowski spacetime

Line element

Massless scalar field

Fulling-Rindler
vacuum

Minkowski
vacuum

A. A. Saharian, Class. Quantum Grav. 19, 5039 (2002)Ref:
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VEV of the field squared

(for FR vacuum)
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covariant derivative operator

Ricci tensor for the dS spacetime

Finite

Renormalization is not required

Problem symmetry is a function of the time coordinate alone
Isotropic vacuum stresses

Continuity equation
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BD vacuum

Determined by the trace anomaly

1. Even D Trace anomaly is absent

2. Odd D

E. J. Copeland, D. J. Toms, Class. Quantum Grav. 3, 431 (1986)Ref:
(for odd D)
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 H- vacuum

1. Even D

2. Odd D

Riemann zeta functionSpecial case:

Special cases:

J. D. Pfautsch, Phys. Lett. B 117, 283 (1982)Ref:
(for              )

3. General D

Energy density in the H-vacuum is smaller than that for the BD vacuum
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H-vacuum

Number of states in the energy range

Density of states

BD vacuum is a thermal state with respect to H-vacuum with the temperature
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Density of states for spin-0 massless particles in Minkowski spacetime

For even D the average number of particles is given by Fermi-Dirac distribution
Minkowski vacuum is a thermal state with respect to Fulling-Rindler vacuum

dS spacetime
Conformal relation

Minkowski spacetime (in Rindler coordinates)

Coordinate transformations

H-vacuum Fulling-Rindler vacuum conformal counterpart 
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flat spacetime limit Milne universedS spacetime (hyperbolic coordinates)

H-vacuum Conformal vacuum
BD vacuum Minkowski vacuum

Assuming that the renormalizing VEVs in the Minkowski vacuum are zero,

Ref:
(for conformal vacuum)

A. A. Saharian, T. A. Petrosyan, Symmetry 12, 619 (2020).
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Early stages of the cosmological expansion

Late stages of the expansion

Ref: P. R. Anderson, W. Eaker, S. Habib, C. Molina-Paris, E. Mottola, Int. J. Theor. Phys. 40, 2217 (2001)

BD vacuum is the future attractor for 
cosmological solutions
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VEVs of the field squared and of the energy-momentum tensor are investigated for a scalar
field prepared in the H-vacuum of dS spacetime, for the general number of spacetime
dimensions

Hadamard function is decomposed into two contributions:
BD vacuum contribution + Correlation of the vacuum fluctuations in two vacua

Renormalization of the VEVs for the H-vacuum is reduced to the renormalization for the BD
vacuum state

 Important special case is considered:
Conformally coupled massless field

BD vacuum is a thermal state with respect to H-vacuum
Thermal distribution is of Fermi-Dirac type for even D, and of Bose-Einstein type for odd D
At late stages of expansion the difference between the VEVs in the H- and BD vacua is

exponentially suppressed
At early stages of expansion the VEV of energy-momentum tensor is large and the

backreaction of quantum effects on the spacetime geometry should be taken into account

Ref: A. A. Saharian, T. A. Petrosyan, V. S. Torosyan, Ann. Phys. 437, 168728 (2022)
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