Testing the presence of a fifth force at the
Galactic Center
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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 g,,;

 Spacetime is in 4 dimensions;
: ¢ The theory is covariant.

Figure from Shankaranarayanan et al. (2022) (arXiv: 2204.06533)
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Figure from Bérgé J. (arXiv: 1809.00698)
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Figure from Hees et al. 2017 (arXiv: 1705.07902)
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U=—G—M(1+\a\e_’”/’1)

I

A=50M

— Yukawa att. (a=1)

—— Newton a > 0 : force mediated by
—— Yukawa rep. (a= — 1) :
massive scalars

a < 0 : force mediated by
massive vectors

(Moffat 2016)
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Available Data for S2

O Astrometry
* NACO & SHARP from 1992 to 2019

(0 ~ 0.5 mas);

 GRAVITY data from 2016 to 2022

(c ~ 50 pas).

O Spectroscopy

(Radial velocity measurements)
* SINFONI data from 2000 to 2022
(c ~ 10 — 20 km/s).
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Figure from GRAVITY Coll. et al. 2020



(GRAVITY Coll. 2018, Alexander 2005)

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

* Relativistic effects: the Doppler shift and the gravitational redshift.
* Solar System motion, from Reid & Brunthaler (2020)

* 1{st Post Newtonian (PN) correction

Schwarzschild precession has been detected on S2 motion at 106 confidence level
(GRAVITY Coll. 2024)

GM, 4GM, o\ T .
apN = Jfsp 2,2 - v - + 47y with fSP =]

(p=r=1)



Probability density p(a|D)

Posterior distributions of | o | for fixed A
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Posterior distributions of | a| for fixed A
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Posterior distributions of | a| for fixed A
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Posterior distributions of | a| for fixed A
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Posterior distributions of | a| for fixed A
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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 |a| for A < 10"° m;

Much stringent constraints for 101° <1 < 10"%m, || < 1077 at 95% confidence
level;

Good constraints for 4 > 10° m, || < 107" at 95% confidence level (still to fully
understand why).

Thank you for your attention!
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