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Tension between late and early Universe
Evidence of New Physics

JWST: early massive BHSs...

Hubble tension: Riess et al, 2019...
Planck: Hgiova= 67.4 +- 0.5 km s/ Mpc;

HST : Hiocca= 74.03 +- 1.42 km s/Mpc.

Modified gravity: two Hubble flows:
Gurzadyan and Stepanian, A&A, 2021;

Gurzadyan, Fimin and Chechetkin, A&A, 2022; 2023a; 2023b



Newton’s shell theorem

Universal gravitation (Principia, 1686):
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Theorem (shell): The gravitational field of a sphere acting on external
objects is equivalent to that of a point mass located at its center; force-

free field inside a shell.

According to historians, Newton postponed P’s publication for 20 years to

prove this statement.



Lambda as a physical constant;
Two-constant gravity

Theorem: the general function for the “sphere - point” equivalence

TuaEe CosmoLocicaL CONSTANT IN THE McCrReEaA-MILNE
COSMOLOGICAL SCHEME

By V. G. Gurzadyan
Yerevan Physics Institute, Yerevan, Armenia, USSR

A natural way of introducing the cosmological constant into the
equations of motion in the McCrea-Milne approach is demon-
strated.

Observatory (UK), 105, 42, 1985

Crucial difference from Shell theorem: non-force-free inside a shell.



General Relativity

Einstein: cosmological constant (1917) to get static universe
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Weak field limit of GR (Schwarzschild-de Sitter):
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McCrea-Milne cosmology with Lambda
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Local Hubble flow: within non-relativistic limits due to the Lambda-term
and not as a result of residuals of the expansion of the Universe.

Zeldovich, 1981:

“paradoxical that the Newtonian theory of expansion was
discovered only after the achievement of Friedmann”.
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Hubble tension and absolute constraints on the local Hubble
parameter

V. G. Gurzadyan'* and A. Stepanian’

Two flows with A: local and global
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when Lambda-term dominates.
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Dark sector and constants

In the GR equations, A is considered to describe the accelerated expansion

of the Universe.

Planck satellite data
A=1.11x10"°2m 2

Weak field GR attributed to galactic scales
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Observations: galactic halos determine the disk's properties.



Galaxy groups

For galaxy groups of the Hercules-Bootes region
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Planck units

9. Ueber das Gesetz
der Energieverteilung im Normalspectrum;
von Max Planck.

(In anderer Form mitgeteilt in der Deutschen Physikalischen Gesellschaft, -
Sitzung vom 19. October und vom 14. December 1900, Verhandlungen
2. p. 202 und p. 237. 1900.)

Planck natural units (1900)

Hieraus und aus (14) ergeben sich die Werte der Natur-
constanten:

(15) h=6,55.10-2erg. sec,
(16) k= 1,346.10-16 &

grad

Planck: “retain their meaning for all times and for all cultures, even
extraterrestrial and non-human ones”.



| = (h G/ cA3)”1/2, t = (hG/ cA5)~1/2,  m = (hc/G)~1/2

For Planck units no dimensionless combination emerging.

Drastic change when:
A is considered as the 4th fundamental constant:

[c] = LT~ (G4 = M~ LT3, h] = ML*T~*,
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Cosmological constant as a fundamental constant”
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A sequence of dimensionless combinations is produced

Bekenstein bound (1981) for de Sitter Universe, a=1, 3w coefficient
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information of de Sitter event horizon (Gibbons, Hawking 1977)




Generalization to d-dimensions

Gravitational field of a single point at d-dimensional space.

For potential
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general form of gravitational potential
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d-dimensional Gauss law
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The Newtonian gravitational constant is dimension-dependent and

matter-coupled, while the cosmological constant in neither
dimension-dependent nor matter coupled.

Einstein (1917, 1918): Lambda as “universal constant”.



Penrose’s Conformal Cyclic Cosmology

The conformal boundary of FLRW universe, sequence of aeons.



Rescale of fundamental constants from one aeon to
another

As invariant of conformal transformation

g
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the ratios

For all quantities Q the final (de Sitter) and initial (Planck) eras of an

aeon will remain invariant under conformal transformations.



constants can be rescaled from one aeon to another
C— aic, h — ash. G — as3G, A — agA. a; € RT,

keeping satisfied the condition
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Difference between the role of Lambda and of other constants.

Since Lambda is absent at Planck era scales, by fixing Lambda’s value,
the values of other constants will be fixed at each aeon.
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Abstract. Within the scheme of conformal cyelic cosmology (CCC), information can be transmitted from
aeon to aeon. Accordingly, the “Fermi paradox” and the SETT programme —of communication by remote
civilizations— may be examined from a novel perspective: such information could, in principle, be encoded
in the cosmic microwave background. The current empirical status of CCC is also discussed.




Satellites to test General Relativity

Einstein, to Thirring (1918): “what a pity the earth has no moon just
outside its atmosphere”.

Ginzburg 1956

Possibility of Using Artificial Earth Satel-
lites for the Experimental Verification of the
Theory of General Kelativity

V. L. GINZBURG
P. N. Lebedev Physical Institute,
Academy of Sciences, USSR

(Submitted to JETP editar October 2, 1955)
J. Exper. Theoret. Phys. USSR 30, 213-214
(January, 1956)

Ginzburg 1979: “(L-T) hardly possible in forthcoming future”.



Mach principle, 1872, 1883
Einstein, General Relativity, 1916

Lense-Thirring, weak-field frame dragging, 1918

The precession, with rate £} _1, of the longitude of the nodal line of a
test-particle, that is, of its orbital angular momentum vector, is:




High precision tests of General Relativity in space

: Shift of satellite’s orbital plane in the
‘ field of rotating massive body (Earth)

LAGEOS, LAGEQOS-2, 15%,
Ciufolini, Pavlis, 2004

Nodal line 4 / .
of LAGEOS 2 / ,

Combination of the nodal
lines of LAGEOS and LAGEQOS 2



¢ LAGEOS
LAGEOS orbital plane

Size of largest
error source due to 6J,

ense—Thirring drag

Earth spherical harmonic J,
(degree 4 and order 0)

The Lense-Thirring effect and J_4 error box on the orbital plane of
LAGEQOS satellite.
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LARES (LAser etii Satellite, ASI, ESA)
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A spherical satellite covered with 92 reflectors, radius 182 mm.

Made of tungsten alloy, 387 kg, the highest mean density body
in the Solar System.
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Node shift due to Earth frame-dragging: 118.4 milliarcsec/y on
LARES (green, longer arrow) and 30.7 milliarcsec/y on LAGEOS
satellites (red, shorter arrow).
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Lense-Thirring effect, LARES data.




Earth’s tidal perturbations on the satellites
Perturbative celestial mechanics.

Earth’s gravitational potential
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The perturbations of the Moon and Sun are the
dominant ones for the Earth’s tides.

Tidal theory: Laplace, G. Darwin.

Tidal mode classification: Doodson (1921).



Table 1. Amplitudes Af? and periods of perturbations for the LARES satellite
generated by Moon and Sun induced tides of the Earth.
Mode Love number Period(days) Ui
)5 0.315416 6798.3636 0.02793
0.313178 3399.1818  -0.00027

Af2(mas)
5359.6967
-25.7223
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0.307390
0.305946
0.305896
0.305174
0.302920
0.302709
0.302709
0.302699

365.2596
182.6211
177.8438
121.7493
31.8119
27.6667
27.5546
27.4433

-0.00492
-0.031
0.00077
-0.00181
-0.00673
0.00231
-0.03518
0.00229

-49.4353
-155.0024
3. 7487
-6.0183
-5.8038
1.7313
-26.2600
1.7024

We fitted for the six largest tidal signals of LAGEOS,
LAGEOS 2, and LARES, and for a secular trend, which pro-
duced

po=(0.994 = 0.002) £ 0.05 (1)

Fiz. 4 Fit of the cumulative combined nodal residuals of LARES,
LAGEQOS, and LAGEOS 2 with a linear regression plus six periodi-
cal terms corresponding to six main tidal perturbations observed in the
orbital residuals
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Arianespace | Vega-C |

LARES-2 (Maiden flight)

July 13, 2022

LiftOff Time 5 ;0 2022 - 13:13:17 UTC | 10:13:17 GFT

LAUNCH STATUS Success

Ay
!
b

i
,l

| f |

¥




LARES

Sir Roger Penrose,
Rome

LARES-2

Kourou
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LARES-2 satellite’s separation.



Conclusions

Hubble tension:
Tension between late (local) and early (global) Universe?
Two Hubble flows?

Gravity defined not one but by two constants,
G and Lambda, describe galaxy groups, clusters, Hubble
tension.

The cosmological constant is dimension-independent and

matter-uncoupled, so even more universal constant than
€}

Satellite tests of GR, more coming soon...



