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Common issue in the literature
Example with a Yukawa suppression of gravity

Modified Newtonian potential:

Modified equation of motion:

Perihelion advance per orbit (assuming 2 bodies only):
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Common issue in the literature
Example with a Yukawa suppression of gravity

Perihelion advance per orbit (assuming 2 bodies only):

Deduction of λg from uncertainties:
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Common issue in the literature
Example with a Yukawa suppression of gravity

Correlations in INPOP17b:

Bernus et al. [2019]
∼ 400 parameters to adjust!

Olivier Minazzoli Septembre 2025 Workshop Théorie Univers Gravitation 2025 7 / 23



A typical literature example of what not to do
First issue: correlations

Second issue: perihelion advances are not measured
Third issue: it is more complicated than just the dynamics

ARTEMIS (OCA)

Another example of correlation: between J2 and β

Milani et al. [2002]

Olivier Minazzoli Septembre 2025 Workshop Théorie Univers Gravitation 2025 8 / 23



A typical literature example of what not to do
First issue: correlations

Second issue: perihelion advances are not measured
Third issue: it is more complicated than just the dynamics

ARTEMIS (OCA)

Correlations: why?
All motions ∈∼ ecliptic plane & ∼ small eccentricities
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Correlations: why?
Spread in methods, data types and accuracies
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Correlations: why?
Temporal spread: accurate observations are rarely simultaneous
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Effect of correlations
Example with a Yukawa suppression of gravity

Standard deviation without readjusting model parameters:

Bernus et al. [2019]
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Effect of correlations
Example with a Yukawa suppression of gravity

Absorption of the effect of λg during the fit:

Bernus et al. [2019]
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Perihelion advances are not measured
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The whole picture

The post-Newtonian framework is not only about the
equations of motion!

• Dynamics of massive bodies
• Conserved quantities from Lagrangian or Hamiltonian of

motion
• Shapiro effect on electromagnetic wave propagation
• Production of coordinate time for synchronisation between all

clocks
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Conclusion: The whole picture

Beware of correlations between parameters!
• Parameters must be adjusted in a novel theoretical framework

• Perihelion advances are deduced from the ephemerides
(i.e., they are model-dependent).

The post-Newtonian framework is not only about the
equations of motion!

• Dynamics of massive bodies
• Conserved quantities from Hamiltonian of motion
• Shapiro effect on electromagnetic wave propagation
• Production of coordinate time for synchronisation between all

clocks
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Accuracy of ephemerides
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The whole picture
Dynamics: coordinate acceleration of massive bodies

Olivier Minazzoli Septembre 2025 Workshop Théorie Univers Gravitation 2025 23 / 23



A typical literature example of what not to do
First issue: correlations

Second issue: perihelion advances are not measured
Third issue: it is more complicated than just the dynamics

ARTEMIS (OCA)

The whole picture
Dynamics: Lagrangian, Hamiltonian and first integrals
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The whole picture
Dynamics: light rays and the Shapiro delay
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