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Outline of my talk

• Trajectories of bright stars near the GC as a tool 
to evaluate a gravitational potential   (Kepler –
Hooke – Newton – Rutherford potential 
reconstruction for the GC)

• Massive graviton theories

• Graviton mass evaluation for GW signal

• Graviton mass evaluation from S2 star trajectories

• Conclusions
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F. Dyson expressed a skepticism in paper
“Is a graviton detectable?” (International 
Journal of Modern Physics A Vol. 28, No. 25 
(2013) 1330041 (14 pages))

In spite of difficulties to detect a graviton there 
are different ways to evaluate its mass

(A. S. Goldhaber, M. M. Nieto, 2010; C. 
DeRham et al. 2017)

















The VLT, Very Large Telescope
4 european 8 m telescopes at Cerro Paranal in Chili

λ/D @ 2 µm = 60 mas (600 a.u. or 0.003 pc)



Going beyond boundaries thanks to accurate 
spatial information

• Bring the ultimate evidence that Sgr A* is a black hole: the mass is 
contained in the Schwarzschild radius.

• Understand the nature of flares.

• Use the black hole as a tool to study general relativity in the strong 
field regime

• Study relativistic effects on nearby stars

• Understand the nature of S stars and their distribution

Scale ~ 1 Rs 10 µas

Scale ~ 100 Rs 1 mas



AFZ, A.A. Nucita, F. De Paolis, G. Ingrosso, PRD 76, 062001 
(2007)
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D. Borka, V. Borka Jovanovic, P. Jovanovic, AFZ

From an analysis of S2 orbit one can find signatures 
of Yukawa gravity (JCAP, 2013)











Massive graviton theories

• M. Fierz and W.Pauli-1939   

• Zakharov; Veltman, van Dam – 1970

• Vainshtein  - 1972 

• Boulware, Deser -- 1972

• Logunov, Mestvirishvili, Gershtein et al.  

• Visser – 1998 (review on such theories)

• Rubakov,  Tinyakov – 2008

• DeRham --2016



Massive graviton theories 
(constraints)

• A. S. Goldhaber and M. M. Nieto 
(2010): model dependent 
astrophysical constraints    

• C. Will – 1998, 2014

• V(r) = (GM/r) exp(-r/λg)

• λg > 2.8 x 1012 km (Will, 1998, 2014) 
from GW signal, delays, chirp















• One of the goals of advanced LIGO, VIRGO is 
not only GW’s detection but also to obtain 
constraints on  graviton mass (Will, 2014)

• mg < 1.2 x 10-22 eV (see, B. P. Abbott et al. 
(LIGO Scientific Collaboration and Virgo 
Collaboration), PRL 116, 061102 (2016))



May 4, 2016 -- The Gruber Foundation has announced the award 
of the 2016 Gruber Cosmology Prize to LIGO's Ronald W.P. 

Drever (Caltech), Kip S. Thorne (Caltech), and Rainer Weiss (MIT) 
for the detection of gravitational waves.

http://gruber.yale.edu/cosmology/press/2016-gruber-cosmology-prize-press-release


Massive graviton theories 
(constraints)

• Sazhin (1978) GW’s could be 
detected with pulsar timing 

• Lee et al. (2010) array of pulsars and 
timing 60 pulsars – 5 years with 
accuracy 100 ns  -- λg > 4 x 1012 km 

•







• S.S. Gershtein , A.A. Logunov , M.A. 
Mestvirishvili, N.P. Tkachenko  (PAN, 2003):

• mg =1.3 x 10-66 g (no contradiction with LIGO

• and our estimates)

• S.S. Gershtein, A.A. Logunov, M.A. 
Mestvirishvili  (Doklady-Physics, 2003)

• mg =3.2 x 10-66 g (95% c.l.)
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A couple of our papers have been quoted in the second paper.











•On June 2, 2017 LIGO  (Abbott et al. PRL 118, 21101 
(2017)) reported about the discovery of the third 
GW event from merging the BHs with 31 and 19 
solar masses at redshift z=0.19

•mg < 7.7 x 10-23 eV



• Conclusions

• Constraints of graviton mass have been obtained

• The  graviton mass constraints are found with other 
observational data

• Our constraints are consistent with LIGO’s ones

• The constraints could be improved with GRAVITY, E-ELT, 
TMT



• Thanks for your kind attention!

•



Constraints on graviton mass from 
S2 trajectory

• AFZ,  D. Borka, P. Jovanovic, V. Borka 
Jovanovic gr-qc:  1605.00913v;    
JCAP (2016) :

• λg > 2900 AU = 4.3 x 1011 km with 
P=0.9  or

• mg < 2.9 x 10-21 eV =5.17 x 10-54 g


