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Introduction Hubble tension Improving accuracy Comment on DDE models The Model

...denotes discrepant values for H, derived from CMB and local measurements

Measurements of H,,

o CMB-based measurements

o CMB data is extrapolated to the present
by applying a cosmological model

o Local measurements

o are not depending on cosmological
models

o yield higher values than the CMB-based
measurements
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...the customary computational procedure for the expansion history in major cosmological codes

Measurements of H,, the customary “fixed H," approach

o Densities are evolved back in time, using the
energy conservation equation, starting with
Peiro determined by the provided value of H,

o CMB-based measurements

o CMB data is extrapolated to the present
by applying a cosmological model

A 4

O ... used in the Friedmann equation yielding

the expansion history
o Local measurements

o are not depending on cosmological o Modified model parameters vary the early

densities, but /, remains unmodified

models
o yield higher values than the CMB-based o ... by construction it cannot provide a solution
measurements to the Hubble tension

... relegates it to measurements
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...the limitation of the customary computation procedure possibly biases the analysis of data

Planck and DES-Y3 claimed to have confirmed the
cosmological constant, by comparing it to a CPL-
model of dynamical DE  EIEER¥F?

wla)=w,+(1-a)w,

w,-w_-degeneracy in the computation procedure!

— an infinite number of models in the green region
agree to ACDM'’s results!

... they seem to be affected by this issue

w,-W_-degeneracy

DES-Y3 Fig. 4

10.09.2025
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...the limitation of the customary computation pr

(,l;\”]u]tlult al

Planck and DES-Y3 claimed to have confirmed the
cosmological constant, by comparing it to a CPL-
model of dynamical DE  EIEER¥F?

wla)=w,+(1-a)w,

w,-w_-degeneracy in the computation procedure!

presented at DEéI Session at the APS Global Physics
— an infinite number of models in the green region Summit, March 2025

agree to ACDM'’s results!

... they seem to be affected by this issue

... DESI reported a similar degeneracy in the | 2.0 —1.0 —0.5
. . , w,-W_-degeneracy
CPL-plane, attributed to their data DES-Y3 Fig. 4 wo

10.09.2025
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C nNMUDL ' v
...the complementary computational procedure

the complementary

“fixed early densities” approach .
<+«—|(Cs fixed

forward integratio

o can provide a solution to the Hubble

tension problem
g time-dependent

EoS parameter

/

o the resulting H, can be checked to
observations in the local Universe

energy density

constant EoS parameter/._

scale factor

10.09.2025
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C NMUpC ' v
...the complementary computational procedure

the complementary

“fixed early densities” approach o _
ICs fixed in the early universe

o can provide a solution to the Hubble
tension problem

o the resulting H, can be checked to
observations in the local Universe

forward integratio

energy density

o early densities are determined by CMB
measurements

derived under the assumption
of a cosmological constant

scale factor

10.09.2025
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...the complementary computational procedure

Planck based value of H,, ... consistency check for cosmological models!

v’ Computation of EDs with concordance | | _
parameters ICs fixed in the early universe

v’ Forward-integration, starting at computed
EDs

v’ ...using the model parameters

“local” value of H,

>
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%2}
c
Q
©
>
bo
p.
)
c
w

v’ Backward-integration, starting at H,, using
the model parameters

_ derived under the assumption
... for any locally measured H, we can find of a cosmological constant

a DDE model, yielding identical results
in forward and backward computation

scale factor

10.09.2025



Introduction Hubble tension Improving accuracy Comment on DDE models The Model

...the complementary computational procedure

Planck based value of H,, Extended MCMC procedure for determining model parameters
v’ Computation of EDs with concordance

parameters Step 1
v’ Forward-integration, starting at computed o Perform backward evolution of the sampled cosmological model using

EDs the sampled H,,
v’ ...using the model parameters Step 2

o Forward evolution of the sampled cosmological model using Planck

“local” value of H, based H, to determine the early densities
v’ Backward-integration, starting at H,, using Step 3

the model parameters o Compare expansion histories, CMB temperature spectra and matter

power spectra for consistency

... for any locally measured H, we can find
a DDE model, yielding identical results
in forward and backward computation

o Only consistent parameter sets are considered in the computation of the
probability distribution

W 00 e s
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alysi proving uracy

...exemplary MCMC analysis of two sampled models

CPL parameterization w(a) =w, + (1-a) w,

increasingw i . . | decreasingw
‘ Wo = -0-9
w,=+0.1

+ BAO+RSD+SN :

D 3
Bl 5.0 RSDSN _
— FI Planck+BAO+SN:
. All data .

—0.9 —0.8 —0.7

DES-Y3 Fig.4 DES-Y3 Fig.5

10 10.09.2025
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— ACDM
= DES-Y3IT|

AT DM
— DES-Y3T| sampled
18.68 value

Hy=67.56 1 ' How67.56 1§

computed
value

d
1
1
4

TS I Sa—— T = B
scale factor a scale factor a

— ACDM — ACDM

computed wcOMvia CPLT sampled = wCDM via CPLY
low-z BAO value Hom67.56 7 value s
data based |
-0.90
+0.10

T ——— ——————
scale factor a scale factor a
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Improving accuracy

Introduction Hubble tension

1I'c
forward backward E—
DES-Y3 v _
W, 2.- 0,95 § $
w, = - 0.4 § 10~ %
10
10 10
scale factor a scale factor a
only those parameter sets providing compatible results in
low-2 BAO . forward/backward evoIU|on re considered
data based | ‘e il
W, = - 0.90
w,=+0.10
| Ofo-s 10-3 10~ T0-1 0° >0 03 10~
scale factor a scale factor a
10.09.2025
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Introduction Hubble tension Improving accuracy

mproving the Accuracy
forward backward E—
DES-Y3 ~
W, =.-0.95 g : ., inagreement with
Wa =-0.4 % : '\,\t:\*lOW-Z data
ults in
low-z BAO ;
t . . :
Slva f bgsgeg Providing a possible solution to the
o=~ Y : :
w, =+ 0.10 Hubb.Ie tension with
w decreasing from -0.8 to -0.9
—1.0 —0.9 —0.8 —0.7
DES-Y3 Fig. 5 wo
10.09.2025
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Comments on the results of Planck, DES and Dark Energy Spectroscopic Instrument (DESI)

/ N

they claimed to have ruled out DDE models  they favor a model of DDE
and confirmed the cosmological constant

presented at DESI Session at the APS Global Physics
Summit, March 2025

\ J
|

... with increasing EOS parameter (w, < 0)
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Comments on the results of Planck, DES and Dark Energy Spectroscopic Instrument (DESI)

/ N

they claimed to have ruled out DDE models  they favor a model of DDE
and confirmed the cosmological constant

presented at DESI Session at the APS Global Physics
Summit, March 2025

\ J
|

... with increasing EOS parameter (w, < 0)

Our result is not in agreement with their DDE models!
... we favor a decreasing EOS parameter (w, > 0)
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"~ Comment on Dynamical Models of DE

Comments on the results of Planck, DES and Dark Energy Spectroscopic Instrument (DESI)

Their DDE models are phantom
energy in the early Universe ...

wvsa

.. also, in the late stages of the
evolution their DDE models =
have an increasing EOS parameter ‘110 |—finear in seate factor

CPL parametrization!

.. increasing wy, from -1 to -0.827

since z = 0.45 (e.g. DESI) presented at the DESI Session
APS Global Physics Summit, March 2025

16
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Comments on the results of Planck, DES and Dark Energy Spectroscopic Instrument (DESI)

Their DDE models are phantom
energy in the early Universe ...

.. also, in the late stages of the
evolution their DDE models 110 linear in scale factor

CPL parametrization!

have an increasing EOS parameter

.. increasing wy, from -1 to -0.827
since z =~ 0.45 (e.g. DESI)

17
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I , :

Comments on the results of Planck, DES and Dark Energy Spectroscopic Instrument (DESI)

Their DDE models are phantom
energy in the early Universe ...

.. also, in the late stages of the
evolution their DDE models
have an increasing EOS parameter

.. increasing wy, from -1 to -0.827
since z =~ 0.45 (e.g. DESI)

10

—> Let us consider the physics of the | ' " scale factor a
Friedmann equation in the late stages 3 a4
of the evolution of the Universe!

-=> this is in accordance with our

computational approach

18 10.09.2025
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Comments on the results of Planck, DES and Dark Energy Spectroscopic Instrument (DESI)

S

o Supernova Cosmology
Project

e High-Z Supernova
Search

S

Their DDE models are phantom
energy in the early Universe ...

27
//J( b

Mass density

® Hamuy et al.

.. also, in the late stages of the
evolution their DDE models
have an increasing EOS parameter

RELATIVE BRIGHTNE

.. increasing wy, from -1 to -0.827
since z =~ 0.45 (e.g. DESI)

8
=
Z
S
=
=
=
=
&
&
n
2
o

Decelerating
universe

.. this means, increasing deceleration

; 0.4 0.6 1.0
A decreasing expansion rate is not compatible with the REDSHIFT 2

0.8 0.7 0.6 0.5
LINEAR SCALE OF THE UNIVERSE RELATIVE TO TODAY

accelerated expansion in the late stages of the evolution © Nature
discovered by Perlmutter, Schmidt and Riess!

19 10.09.2025
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Comment on DDE models The Model

omment on vynamica

odels o

Comments on the results of Planck, DES and Dark Energy Spectroscopic Instrument (DESI)

Their DDE models are phantom
energy in the early Universe ...

.. also, in the late stages of the
evolution their DDE models
have an increasing EOS parameter

.. increasing wy, from -1 to -0.827
since z =~ 0.45 (e.g. DESI)

... this means, increasing deceleration

A decreasing expansion rate is not compatible with the
accelerated expansion in the late stages of the evolution
discovered by Perlmutter, Schmidt and Riess!

... decreasing w4 from O to =~ -0.7
... this means, decreasing deceleration

20

10726 107% 1n-13pr01%?£4tlm1en—[gyr]
1.00

0.67

0.33

10712 1010 108 10°°
scale factor a
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density above;,c’r/iiE dénsi The FLRW metric
ﬂ/ ‘/ A\

o The Robertson-Walker metric brings Milne’s concept of a
kinematically determined Universe to GR

o Geometry is flat, open or closed (k)

density below.critical density o The expansion is described in the reference frame of a
\/" comoving observer — moving on a geodesic (i.e. free-falling)

o We are considered comoving observers
equal to critical densit

10.09.2025
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The FLRW metric

o The Robertson-Walker metric brings Milne’s concept of a
kinematically determined Universe to GR

o Geometry is flat, open or closed (k)

density belowcritical density o The expansion is described in the reference frame of a
\ T A comoving observer — moving on a geodesic (i.e. free-falling)

o We are considered comoving observers

o| Irrespective of the geometry > Q, =0

equal to critical densit
g o| the initial conditions are defined by the initial density in relation to

the initial expansion rate H,

N
ini*

10.09.2025
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vated DAE ' v ] S
02,=0
we perceive
flat space

...the wCDM model

incorporate H,

ini

into ACDM ' ). Wde = 5{2phys,0 —
formalism

empty Qm= 0 Wde= '1 — Qm — 6.0 Qo‘e [ 5 Wo‘e _ 0.33 0.0 empty
Q,,=1.0 Qg = 0.0 Wy = —0.33 0.1
0, =03 Que=0.7 Wyge = —0.80 0.2

— Qn‘; :0.0 Qo‘e: 1.0 Wo‘e _— _1.0 0'3 (ACDM)

— () =0.30,=0.7 ACDM 0.4
0.5

0.6
0.7
0.8
0.9
1.0 EdAS
2.0
3.0
4.0
5.0
6.0

wCDM Q_= 0.3 w, = -0.8

N
o

o2 2
o c
)

. 3
L 1.5 N
fJ) b
© I
9 -

=
o

o
wu

0.0 -15.0-10.0 —5.0 0.0 5.0 10.0 15.0 20.0

cosmic time [Gyr]

26 10.09.2025
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...the wCDM model

incorporate H, ,
into ACDM
formalism

empty Q=0 wg=-1

wCDM Q_= 0.3 w, = -0.8

27

Vo C U JUC y ) o = |
0Q,=0
we perceive geometry term
flat space

1 =0+ Qo+ QLepmo + ko + 24eo Wde = ..-ﬂialmn —

scale factor a
= = N
o (9] o

©
wu

o | 7B 0.0 empty v' the DE component describes a
0, =1.0 Qo= 0.0 Wy = —0. 0.1 kinematic effect by the curvature
Qm=0.3 Qge=0.7 Wge = —0. 0.2 of an auxiliary Riemannian space

_ - 0.3 (ACDM)
m— On=0.0 Qge=1.0 Wee .
—_—0 —03 Q;:OJ e oM 0.4 Robertson & Walker (1936)

0.5
0.6
0.7
0.8
0.9
1.0 EdAS
2.0
3.0

4.0 v’ it does not contribute to the energy

5.0
6.0 momentum tensor

v’ relativistic adaptation term from
Newtonian to general relativistic
kinematics
Robertson (1936)

matter density

15.0-10.0 -5.0 0.0 5.0 10.0 15.0 20.0
cosmic time [Gyr] v' the Universe has subcritical density

10.09.2025
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/dilC(d 1110(C ' 111 CEeIMmMpiricdl resu

components of
our model

Lphys,0 —

00 t in the non-linear regime of structure

.0 empty 3 :

_ formation, we found a minor
Qmn=1.0Qu=0.0 wg = —0. 0.1 i i :

Q= 0.3 Quo= 0.7 Wy . 0.2 backreaction onto the expansion history

— 07 =0.0 Qge=1.0 wge= — 1. ' 0.3 (ACDM) from voids dominating the volume of

— () =0.30,=0.7 ACDM 0.4 ;
" " 05 the Universe

0.6
0.7
0.8
0.9
1.0 EdAS
2.0

2'8 using data from Cautun et al. 2014 who

50 analyzed results of the Millenium
6.0 simulation, we found

empty Q=0 wg=-1

wCDM Q_= 0.3 w, = -0.8

o Waeearly When a < 1/6
Wae(@) = et
(Lja—1)=51 A O
Wde,early T [?] (Wde,early T 0.9)

matter density

M
—
o]
)
[ &)
(18]
y—
@
1y
[
wn

when a > 1/6

15.0-10.0 -5.0 0.0 5.0 10.0 15.0 20.0

ic ti toticall
cosmic time [Gyr] asymptotically

converging towards -1

> w,=-0.8...-0.9

28 10.09.2025
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" A physically motivated model explaining our empirical results

...the wCDM model in the non-linear regime of structure formation

components of

our model 1 =0+ o+ Qepmo + ko + aeo > Wy.=-0.8...-0.9

wCDM

CMEB dipole

o dipole due to our peculiar motion against
the CMB

o the dipole offsets us from a perfectly
comoving observer

o Q,=0isonlyvalid in the reference frame
of a perfectly comoving observer

wesmm— 3354 uK_CMB

29 10.09.2025
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A pBysica"y motivated model explaining our empirical results

...the wCDM (6) DTk Eieity

components of
our model

wCDM

)ole due to our peculiar motion against
» CMIB

» dipole offsets us from a perfectly
oving observer

0 is only valid in the reference frame
a perfectly comoving observer

Qph2

o N 5
0.02 0.04 0.06 \ N 0.1 02 03 04 05

Hu and Dodelson 2002

30 10.09.2025
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A pBysica"y motivated model explaining our empirical results

...the owCDM model

components of ; Y
our model .

b0 + 2cpmo + ko + Qdeo

Q2 = —0.0197

we fit wCDM to the
ACDM spectrum and
Planck PR4: 2, =-0.012 + 0.010
to H,=73.04 inferred '
from measurements in
the local Universe

Tully et al. (2014)

- owCDM

4000

SGX (km)s)
12000 10000 -B000 6000 4000 2000 0 2000 4000 6000 8000 10000 12(|)00

compatible with local attractive environmeni

31 10.09.2025




Introduction Hubble tension Improving accuracy Comment on DDE models The Model

...the owCDM model

components of
our model

we fit wCDM to the

ACDM spectrum and This model is probably not the final answer to DE and the

Hubble tension, since we derived the parameterization of
to H,=73.04 inferred the DDE component from simple approximations and the
from measurements in results of the Millennium simulation.

the local Universe

> owCDM It could be seen as a first step in a promising direction.

Future observations will provide high-precision data for
reconstructing the EoS of DE

and falsify/confirm our approach.

32 AL
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Articles

The Hubble tension

Astronomy & Astrophysics

doi: 10.1051/0004-6361/202348955

A proposal to improve the accuracy of cosmological
observables and address the Hubble tension problem

The physically motivated model

Frontiers in Astronomy and Space Sciences
doi:10.3389/fspas.2025.1627777

The importance of GR’s principle of equivalence for
understanding kinematically determined FLRW Universes

arXiv:2412.04126

A ANCDM Extension Explaining the Hubble Tension and the
Spatial Curvature Q, , = -0.012 £ 0.010 Measured by the
final PR4 of the Planck Mission

Summing up

a) The novel complementary two-step forward integration
procedure for cosmological models enables to increase the
accuracy of MCMC derived parameters of DE.

b) DDE models with a decreasing EoS parameter can provide a
solution to the Hubble tension. DDE models with an increasing
EoS parameter seem to be not compatible with the observed
late-time accelerated expansion of the Universe.

c) Our owCDM model, based on the idea of a kinematically
determined universe, describes DE as a kinematic effect, due to
the initial conditions consisting of p, ., and H, ... The model

provides a possible solution to the Hubble tension.

d) The time-dependence of DE’s EoS and the observed “local”
curvature of space are both effects of the non-linear structure
formation.
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.1 he degeneracy in the CPL-plane

T TTTTTT T IIIIIII| T
— NACDM

=== DES pure via CPL

Hp=67.56

Ho=67.56

H [1/Mpc]

Lol |
103 1072 101
scale factor a

T T T T T T T T T T TTTT
— ACDM

[ === DES pure via CPL

DES 3x2pt

DES 3x2pt
+BAO+RSD+5N

Planck
All data

9 ;
—2.0

10! 10? 103

DES-Y3 Fig. 4 . |
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Eonsequences Ol d Elme-aepenaenE EU!

..Schematic for comparing time-dependent vs constant EoS parameter

«—Cs fixed A Pi < a is valid only,
if w, is constant

time-dependent v'Otherwise, forward integration of
g EoS parameter energy conservation equation is
] / necessary
oo
(]
¢ constant EoS parameter v'A decreasing EoS parameter shifts

the value of H, to a higher H,,

v'An increasing EoS parameter shifts
the value of H, to a lower H,

scale factor

36 10.09.2025
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Improving accuracy

Hubble tension

Introduction

onscquences o1 a time-aepenacn

...No shift of H, by constant EoS parameter

e 314w ) P .
A Pi < a M is valid only,

if w, is constant

v'For a constant EoS parameter
forward and backward integration

yield identical results

>
x
0
[
[}
©
>
oo
—
()
C
(&)

v'Used in ACDM!
Results do not differ

v'"We can determine ICs by
backward integration!

scale factor

10.09.2025
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Eonsequences Ol d Elme-aepenaenE Eﬂg

..the customary procedure with concordance H,,

—y = .8 — = wia) -3 T
0 (a) v pi X a (14+w;)

ICs fixed in the early universe

is valid only,
if w. is constant

wrong ICs! 3((14+wo+wq)-log(1/a)+waq(a—1))

mmal Ocpl X €Xp

v'Backward integration gives
wrong ICs!

>
x
(%]
c
Q
©
>
[e]4]
o
(]
c
()

scale factor
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Hubble tension Improving accuracy

Introduction

Characteristic signatures

H [1/Mpc]

T T
m— ACD
= ACDM local
Ho=72.82
Ho=67.56

Ll Lo
1072
scale factor a

T
— AC
=== |CDM via CPL E = CDM via CPLH
Hp=75.25 E Hp=72.82 i

IOW‘Z BAO ; o - Ho=67.56 g o - Ho=67.56 3
data based - s
WO - _ 0.90 - scale factor a

w, =+0.10 :
. . —H++ T )‘. | -+ T u PrOV|d|nga pOSS|bIe SO|UtI0n tO the
< .| Hubble tension (w=-0.8 ... -0.9)

.
1072 1071 10°
scale factor a

.
1072
scale factor a

These characteristic signatures provide a tool to discriminate

individual dynamic models of DE and a cosmological constant
10.09.2025
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Y,

CMB with Planck

Balkenhal et al, (2021), Planck 201845PT+ACT : 67,49 £ 0,53
Pogosian et al, (2020), eBOSS+Planck Q,H*: 69,6 £ 1.8
Aghanim et al, (2020), Planck 2018: 67,27 = 0,60

Aghanim et al, (2020), Planck 2018+ CMB |ensing: 67,36 £ 0,54
Ade et al, (2016), Planck 2015, Hy=67,27 £ 0,66

CMB without Planck

Dutcher et al, (2021}, SPT: 68,82 1.5

Aiola et al, (2020), ACT: 67,9+ 1.5

Aiola et al, (2020), WMAPI+ACT: 67.6 1.1
Zhang, Huang (2019), WMAPS+BAO: 68,3627 27
Hinshaw et al, (2013), WMAPY:; 70,0 = 5

Mo CMB, with BBN

O’ Amico et al, (2020}, BOSS DR12+BBMN: 68.5 2.2
Colas et al, (2020), BOSS DR12+BBN: 68,7 £ 1,5
Philcox et al, (2020}, /+BAD+BBN: 686 +1.1
Ivanow et al, (2020), BOSS+BEN: 67.9+1,1

Alam et al, (2020}, BOS5+eBOSS+BEN: 67,35 £ 0,97

P/(k) + CMB lensing
Philcox et al. (2020), Pilk}+CMB lensing: 70.622]

T T TTTT] T T T TTTT
= ACDM

(DM
Hy=72.82
Hy=67.56

. |
@ why so close to Planck?
h

Indirect
Direct

IIIII“ TTI

HHHH |
T
Camarena and Marra(2

— m Riess et al.(2022)

Cepheids — SNla
Riess et al. (2020}, R20: 73.2 +1.3
Breuval et al, (2020): 72,8 +2.7
Riess =t al, (2019}, R19: 7T40+1.4
Camarena, Marra (2019): 75,
Burns et al, (2018): 7:
Dhawan, Jha, Leibundgut (2017}, NIR: 7;
Follin, Knox {200 7):
Feenay, Mortlock, Dalmasse (2017):
Riess et al, (2016}, R16:
Cardona, Kunz, Pettoring (2016}, HPs:
Freedman et al, (2012} ?43

102
scale factor a
Providing a possiple soiution to the
‘ | Hubble tension (w=-0.8...-0.9)

102 "10- 102
scale factor a scale factor a

These characteristic signatures provide a tool to discriminate
individual dynamic models of DE and a cosmological constant

10.09.2025
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does not avoid physically implausible universes
- empty universe

Radius of
the

Universe Open Universe — continued expansion

Flat Universe — expansio

Closed Universe — the Big Crunch

© Keith Gibbs 2020 Time since the Big Bang

curvature and
deceleration
without gravity!

41
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does not avoid physically implausible universes
- empty universe
- Einstein de Sitter universe

Radius of
the

Universe Open Universe — continued expansion

EdS Universe

Flat Universe — expansion but slowing

Closed Universe — the Big Crunch

© Keith Gibbs 2020 Time since the Big Bang

There is decelera-
tion due to gravity
without curvature!

10.09.2025
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Improving accuracy

Introduction Hubble tension

Ho=67.56

We do observe a flat
geometry of space!

H [1/Mpc]

10_5—14 -12 -10 -8 —6 -4
10 10 10 10 107° 10
scale factor a

There is decelera-
tion due to gravity
without curvature!
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GR’s equivalence principle

positive curvature -

It is the key-concept the
FLRW metric is based on

—

negatlve curvature

o The equivalence of the gravitational
and the inertial mass

o Acceleration is equivalent to gravity

Free-falling observers feel no gravity

o ..they move on geodesics and
reside in a local inertial frame

@)
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GR’s equivalence principle

It is the key-concept the
FLRW metric is based on

—

negatlve curvature

we are comoving observers

o The equivalence of the gravitational
and the inertial mass
Comoving observers perceive flat o Acceleration is equivalent to gravity
space in a non-flat Universe! Free-falling observers feel no gravity
o ..they move on geodesics and
reside in a local inertial frame

@)
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GR’s equivalence principle

It is the key-concept the
FLRW metric is based on

—

negatlve curvature

we are comoving observers

o The equivalence of the gravitational
and the inertial mass
Comoving observers perceive flat o Acceleration is equivalent to gravity
space in a non-flat Universe! Free-falling observers feel no gravity
o ..they move on geodesics and
reside in a local inertial frame
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Irrespective of the geometry 2 Q, =0
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...determine the geometry term

retaining the we have broken this connection!

NACDM formalism

we perceive flat space
Q,=0
space-isTlat
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" The Curvature of Space and the Geometry of the Universe

...determine the geometry term

AnGG
(plt) + aplt))

1 =0+ Qo+ Qepmo + i

we perceive flat space
Q,=0
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definition of &

lfp < pcrit
lfp = pcrit
lfp > Perit

at any point in time

integration constant

determined by initial conditions!
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" The Curvature of Space and the Geometry of the Universe

...determine the geometry term

AnGG definition of k
(plt) + aplt))

- lfp < pcrit
lfp = pcrit
lfp > Perit

a0

at an initial point in time

integration constant

determined by initial conditions!

we perceive flat space
Q,=0
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...determine the geometry term
geometry term

retaining the ) . /
ACDM formalism 1 =80+ Qo+ Qepmo + ko + © INLEERayigAIEOTISLEN

A 4

the initial conditions are defined
by the initial density in relation to
the initial expansion rate H. .!

ini*

we perceive flat space
0,=0
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! p“yswa“y mo!wa!ea mOHEI explammg our emplrlcal resu“s
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...transforming Newtonian kinematics to relativistic kinematics 0,=0

Newtonian kinematics

1 =0+ Qpo + Qepmyo
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o corresponds to relativistic picture
o no center of gravity (Lemaitre, 1927)
o homogeneous gravitational field

corresponds to Newtonian picture

center of gravity
homogeneous distribution of energy density
the curvature term can be interpreted as E,,

Or N ) ©)
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Wp ysically motivated model explaining the empirical results

...the owCDM model

components of ; . . _ . ]
T 1 =0+ 0+ Qepmo + ko + geo

wCDM

o dipole due to our peculiar
motion against the CMB
background is not considered
in the spectrum

o Q=0 in the reference frame
of a perfectly comoving
observer

o the dipole offsets us from a
perfectly comoving observer
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