Basic concepts of modern
standard cosmology:
The three cosmic scalars!

The universe 1s a spacelike homgeneity

Cosmic matter density varies inversely
proportional to the spacelike volume!

The universe 1s characterized by a globally
1sotropic curvature; 1.e. K= 0; or = (+/-)1 !

The cosmic vacuum energy density 1s
constant!



Present-day standard cosmology with
K=Lambda=const!

Kosmologische Konstante

Die Einstein-Gleichung kann formal einen weiteren Term enthalten:
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wobel die kosmologische Konstante A zeitlich konstant sein muss, damit
die Blamci-ldentitaten erfilit sind. Damit sehen dann die Gleichungen fiir
I und R folgendermalien aus:
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Alternative forms of cosmic
expansion:

Scala of the Unbverse
Relatve to Today's Scale

Perlmutter, Physics Today (2040:3)
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The Big-bang Universe with K=0!:

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. | Galaxies, Planets, etc.
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1st Stars
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Big Bang Expansion
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What constitutes the world 1n terms
of Omega's:

Atoms

Dark

4.6% Energy
Dark ‘G
Matter

23%




The problem with a constant vacuum energy density:

(A = const.)
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The anthropic Lambda-miracle:
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Fig. 7. Ewvolution of 2y and 2, in the Abar and ACDM
models (Models 1 and 6 in Figs. 2 and 3). Time is set to
zero at the present epoch: ftgep., the time of the big bang,
is calculated using he = 0.9 for Abar (bottom scale) and
fig = 0.7 for ACDM (top scale). Compare Fig. 3.



Do we have the physical concepts
right in FLRW-cosmologies?

Is the mass of the universe conserved?
What 1s the effective cosmic density?

How 1s gravitational binding energy
entering the ART field equations?

Is 1sotropic cosmic curvature reasonable?

How all of this 1s reflected in changes of the
vacuum energy density?




What 1s the absolute reference
system for centrifugal forces?

Fig. 1: Newton's Bucket in a rotating universo



The total universe as the cosmic
reference system!
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U can be calculated as:
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Hoyle's creation theory
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A curved universe with metrical reactions to
potential energy density (E.Fischer,1993):
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Curvature energy and mass creation:
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Qobertson-Walker Kosmo®



What 1s the effective cosmic mass

density?
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The effective cosmic mass density
(high density limait):

i
ot — NA %po R]3%,8
S S
VES VES
'?'_{TT(;IH{} 5 *S‘HH R ES R ES .
Eps = 4/ — Rps = — Rps = — = —— <1
Bs = \/ 3@ fies = gt 5. g
53
. ES
P = Lo

%[alc sinégs — Ergy/ 1 — Eps?]




The local spacetime and the expansion of
the
Einstein-Straus vacuole
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The local world embedded 1n a vacuum-
energy-loaded universe
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Towards more realistic universes:
The 2-phase structured universe
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General-Relativistic spacetime averages
and GRT FRW equations

(R) = (f dg;rv’ det Sg’}{'[t,xj) JVI(t)
D

with V(t) = Jr,‘D d?z+/det 33. The important lesson of Buchert averaging is
that time evolution and averaging to do not commute.® Generally for any
scalar W,
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The fact that the r.h.s. of (1) does not vanish. as is the case for the FLRW
cosmologies, is a manifestation of backreaction.

Applied to the equations of cosmic evolution one obtains the exact
Buchert equations
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The back-reaction of curvature averages
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Redshift-magnitude relation 1n
different universes
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FIG. 1: The apparent magnitude difference as a function of
redshift between SHCDM and ACDM models compared to
a model empty universe. The SHCDM models from top to

bottom are for Ve = —1.0, —0.75, —0.5, and — 0.25, while
the ACDM models from top to bottom are for €2, = 0.8, 0.7,
and 0.6 {all with w = —1). Also indicated is the CDM model
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Structured cosmic matter in a 2-phase
universe as analogy to vacuum energy
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Vacuum action in GRT?

dU — _pVach

dUZQ Vac CQdW
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Fig. 6 Equation of state of the vacuum. As the vacuum does work
to push out the piston, it creates more vacuum inside the chamber,
increasing its internal energy. Ordinary intuition fails here if we : w— o ¥y
imagine the piston in a typical laboratory environment, surrounded ' Vac -_— Vac C
by high—pressure gas. In cosmology, there is no container, and no

“outside” at all
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A rational concept of empty space
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INo photon redshift in empty space!
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A photon will thus experience contir
interaction with ermpry space at a rate




The ,,zero energy* universe:
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O — Pb + Oa + Pvac

and the total pressure 1s given by

P — Pvb + Pa + Pvac

In the present phase of the evolution of the universe,
baryonic and dark matter can be considered as cold and
pressure-less,i.e., pp + pg = 0. Assuming, furthermore,
a general dependence of pyyc ~ S77 (see Fahr and Heyl

2006b). one then obtains p = pyac = — 3% pyacc® and
finds
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The ,,Zero-Energy* universe
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We could get the physical concepts
right,...1f....!

Is the mass of the universe conserved?

There 1s mass creation due to vacuum decay!
What is the effective cosmic density?

It 1s the metrically modulated proper density!

How 1s gravitational binding energy entering the
ART field equations?

It reduces the effective density!

How changes the vacuum energy density?

It decays inversely proportional to the square of S
!
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But all over the world doubts
come up......

SCIENTIFIC = "
AMERICAN £+

DARK EI"h.IEHG"‘nIIr

Does it really exist?
O doeiis Efih SOy B Yy

LR pi-n--unl..'-nur':-'ln" e
- #

Color Vision ,.l "-'.




