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Overview and motivation
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Figure from Shankaranarayanan et al. (2022) (arXiv: 2204.06533) 

Lovelock’s theorem 

GR is the only theory of gravity in which:

• EoM are given by second order derivative of the 

metric;

• The only degrees of freedom are given by ;

• Spacetime is in 4 dimensions;

• The theory is covariant. 

gμν
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The zoo of Extended Theories of Gravity
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ℓU ∼ 1026 mℓPL ∼ 10−35 m

Figure from Bergé J. (arXiv: 1809.00698)
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 Figure from Hees et al. 2017 (arXiv: 1705.07902)
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U = −
GM

r (1 + |α |e−r/λ)

Current constraints on | | for  α λ > 1 cm



U = −
GM

r (1 + |α |e−r/λ)

 : force mediated by 
massive scalars

α > 0

 : force mediated by 
massive vectors

α < 0

(Moffat 2016)
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Dark matter

Dark energy

Yukawa-like correction: behavior of the acceleration



Available Data for S2 

Astrometry  

• NACO & SHARP from 1992 to 2019 

( );

• GRAVITY data from 2016 to 2022 

( ).

σ ∼ 0.5 mas

σ ∼ 50 μas

Spectroscopy   

(Radial velocity measurements)

• SINFONI data from 2000 to 2022 

( ).
σ ∼ 10 − 20 km/s
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Figure from GRAVITY Coll. et al. 2020

Dataset
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•Newtonian effect: the Roemer delay due to finite value of .c

•Relativistic ff

•1st Post Newtonian (PN) correction

Schwarzschild precession has been detected on S2 motion at  confidence level 

(GRAVITY Coll. 2024) 

10σ

a1PN = fSP
GM∙

c2r2 [( 4GM∙

r
− v2) r

r
+ 4·rv]

•Solar  

with  fSP = 1

(β = γ = 1)

Corrections to the Keplerian model in the fit  
(GRAVITY Coll. 2018, Alexander 2005)



Posterior distributions of  for fixed |α | λ

Black curves: 1PN term 
included (assuming )γ = β = 1

Red curves: only Kepler model
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Results:  minimization and MCMC analysis χ2
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Posterior distributions of  for fixed |α | λ
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Results:  minimization and MCMC analysis χ2

U = −
GM

r (1 + |α |e−r/λ)

≈ −
GM

r

rs2 ∼ (1013 − 1014) mλ < rs2



Posterior distributions of  for fixed |α | λ
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Results:  minimization and MCMC analysis χ2

Δφ ∼ 0.13°αBF ≈ 0.0026

(ΔφSP ∼ 0.20 )°

Kepler + Yukawa λ ∼ rs2



Posterior distributions of  for fixed |α | λ
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Results:  minimization and MCMC analysis χ2

|α | ≲ 10−3 at confidence level95 %

Kepler + Yukawa + 1PNλ ∼ rs2



Posterior distributions of  for fixed |α | λ
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Results:  minimization and MCMC analysis χ2

|α | ≲ 0.075 at confidence level95 %

U = −
GM

r (1 + |α |e−r/λ)
≈ 1

≈ −
GM (1 + α)

r

(λ ≳ 1015 m)

M∙ = (4.29 ± 0.01) ⋅ 106 M⊙

Kepler + Yukawa + 1PNλ ≫ rs2



14

Conclusions
• Investigated the presence of a fifth force at the GC via the introduction of a Yukawa-

like potential in S2 equations of motion;


• For the first time we used GRAVITY data and included the 1st PN correction;


• Found no constraints on  for ;


• Much stringent constraints for ,  at 95% confidence 
level;


• Good constraints for ,  at 95% confidence level (still to fully 
understand why). 

|α | λ < 1013 m

1013 ≤ λ ≤ 1014 m |α | ≲ 10−3

λ ≥ 1015 m |α | ≲ 10−1

Thank you for your attention!


