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Extending PPN to different energy ranges

A system of tests to constrain an extended 
gravity theory on different energy scales with 

astronomical data





•Galaxy clusters scales: ways to explain dark 
energy & comparing with ΛCDM.

•Shadows of black holes: deviations from GR.
•Gravitational wave astronomy: deviations from 
GR. 

•Binary pulsars: deviations from GR.
•Solar system: Newtonian limit and deviations 
from it.

•Large Hadron Collaider: gravity at TeV scale.  



Turnaround radius
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A. Chernin et al, MNRAS, Vol.449 , P.2069 (2015),  
C.А., Б.Латош, В.Ечеистов, ЖЭТФ, т.152, с.1271 (2017),
S.A., K.Kovalkov, IJMP A, v.35, p.204057 (2020).



Idea: 

• To calculate gravitational potential . At turnaround radius                
.

• To use astronomical data on gravitational lensing for the 
experimental estimation of turnaround radius value.

• At 1st step to use ΛCDM asymptote for estimation. 

NOTE: Calculations of are based on metrics  one can compare 
different models.



Horndeski theory (see O.Zenin’s talk for details)
Constrainss from turnaround radius (О.Зенин, СА, ЖЭТФ, принято к печати (2025)) 
                           +
Constrains from GW200115 (E.Babichev, C. Charmousis, M. Hassaine and N. Lecoeur, PRD 108, 024019 (2023)) 
                            + 
Constrains from PSR  (P. Dyadina, N. Avdeev, SA, MNRAS 483, 947 (2019))

Additional separate constrains on α4, α5, η



DGP model (see O.Zenin’s talk for details)

Constrainss from turnaround radius (О.Зенин, СА, ЖЭТФ, принято к печати (2025)) 
                           +
Constrainss from solution by itself (R. Gannouji, EPJ C 78, 318 (2018))

Confirmation of DGP (4+)D regime at high scale (near Vainstein radius)                



•Galaxy clusters scales: ways to explain dark 
energy & comparing with ΛCDM.

•Shadows of black holes: deviations from GR.
•Gravitational wave astronomy: deviations from 
GR. 

•Binary pulsars: deviations from GR.
•Solar system: Newtonian limit and deviations 
from it.

•Large Hadron Collaider: gravity at TeV scale.  



Constraints on gravity models from black hole shadows

A. F. Zakharov, Sov. Phys. JETP, 64, 1 (1986).
A. F. Zakharov, A. A. Nucita, F. De Paolis, G.  Ingrosso, New Astron. 10,  479 (2005)
A. F. Zakharov, IJMP D 54, 2340004 (2023)
A.Zakharov, Phys. Rev. D, Vol.90, P.062007 (2014)                   
V.Prokopov, SA, O.Zenin, JETP, Vol.135, p.842 (2022) ...
С.А, А. Байдерин, А.Немтинова, О.Зенин, ЖЭТФ 165, 508 (2024)

Pic is taken from https://www.eso.org/public/images/shadow-evt/



Idea:
• The general form of spherically-symmetric metrics:

• Equation of motion: 

• Introduce: 

• To calculate the shadow size one has to find maximal root of 





Constraints on gravity models from black hole shadows

Pic is taken from https://www.eso.org/public/images/shadow-evt/



Newman-Janis algorythm (NJA) --> Approved NJA 



Horndesky theory
The dependence of the shadow 

size  against rotation 

SA, A.Baiderin, O.Zenin, submitted to JETP



Horndesky theory
The dependence of shift  and distortion  

against rotation 

SA, A.Baiderin, O.Zenin, submitted to JETP



Bumblebee model
The dependence of the shadow 

size  against rotation 

 SA, A.Baiderin, O.Zenin, submitted to JETP



Bumblebee model
The dependence of shift  and 
distortion  against rotation 

 SA, A.Baiderin, O.Zenin, submitted to JETP



Loop Quantum Gravity
The dependence of the shadow size 

 against rotation  

SA, A.Baiderin, O.Zenin, submitted to JETP



Loop Quantum 
Gravity

The dependence of 
shift  and distortion 

 against rotation  

SA, A.Baiderin, O.Zenin, submitted to JETP



f(Q) gravity
The dependence of the shadow size 

 against rotation 

SA, A.Baiderin, O.Zenin, submitted to JETP



f(Q) gravity
The dependence of 
shift (up case) and 
distortion (down 

case) against 
rotation 

SA, A.Baiderin, O.Zenin, submitted to JETP



 

•This conclusion matches the previous one at 
non-local gravity models study: extended 
gravity theories by themselves correct the 
effect of rotation in both directions. This fact 
seems to be important as the accuracy of 
shadow images permanently increases. 



Сomment on the Newman-Janis algorithm status
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Thank you 
for your 

attention!


