
Hubble tension, modified gravity and 
satellite testing General Relativity

Vahe Gurzadyan

Center for Cosmology and Astrophysics
Alikhanian National Laboratory, Yerevan



Tension between late and early Universe

Evidence of New Physics

JWST: early massive BHs…

Hubble tension:

Planck: Hglobal= 67.4 +- 0.5 km s/ Mpc; 

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

Riess et al, 2019…

Gurzadyan and Stepanian, A&A, 2021;

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

Modified gravity: two Hubble flows:



Newton’s shell theorem

Universal gravitation (Principia, 1686): 

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 

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

Weak field limit of GR (Schwarzschild-de Sitter):



McCrea-Milne cosmology with Lambda

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”.



McCrea-Milne + Lambda

Friedmann

when Lambda-term dominates.

Absolute constraints for local 
Hubble parameter.



Dark sector and constants

Planck satellite data

Weak field GR attributed to galactic scales



Observations: galactic halos determine the disk‘s properties.



Galaxy groups

For galaxy groups of the Hercules-Bootes region 



Planck units

Planck natural units (1900)

Planck: “retain their meaning for all times and for all cultures, even 

extraterrestrial and non-human ones”.  



is considered as the 4th fundamental constant:

Drastic change when:

l = (h G/ c^3)^1/2 ,          t = (hG/ c^5)^1/2,       m = (hc/G)^1/2

For Planck units no dimensionless combination emerging.



A sequence of dimensionless combinations is produced 

Bekenstein bound (1981) for de Sitter Universe, a=1, 3𝜋 coefficient 

information of de Sitter event horizon (Gibbons, Hawking 1977)

𝐼𝐵𝐵 ≤
2𝜋𝑅𝐸

ℏ𝑐𝑙𝑛2
,



Generalization to  d-dimensions

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

For potential 

general form of gravitational potential 



d-dimensional Gauss law 

Einstein’s constant

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
˜

𝜇𝜈 = Ω
2
𝑔𝜇𝜈

the ratios 

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

aeon will remain invariant under conformal transformations.



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.





Satellites to test General Relativity

Einstein, to Thirring (1918): “what a pity the earth has no moon just 

outside its atmosphere”.

Ginzburg 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



High precision tests of General Relativity in space

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

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



The Lense-Thirring effect and J_4 error box on the orbital plane of 
LAGEOS satellite.



LARES (LAser Relativity Satellite, ASI, ESA) 

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. 



European Space Agency spaceport, Kourou, French Guiana, 2012 



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).



Lense-Thirring effect, LARES data.



Earth’s tidal perturbations on the satellites

Perturbative celestial mechanics.

Earth’s gravitational potential

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).











Arianespace | Vega-C | 

LARES-2 (Maiden flight)

July 13, 2022 

LAUNCH STATUS Success

Lift Off Time
13 July 2022 – 13:13:17 UTC | 10:13:17 GFT



LARES

Sir Roger Penrose,
Rome

LARES-2

Kourou



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  

G.

Satellite tests of GR, more coming soon…


