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TESTS ALREADY ACHIEVED WITH LARES 

• A test of gravitomagnetism and frame-
dragging with less than 2% accuracy: 

Eur. Phys. J. C 2019

• A test of the weak equivalence principle with 
accuracy of about one part in a billion using 
previously untested materials, Tungsten and 
Brass, at a previously untested range of about 
10000 km: Nature-Scientific Reports 2019
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GRAVITOMAGNETISM

There is a interesting analogy of weak-
field and slow-motion General Relativity
with electromagnetism

Magnetic field B, gravitomagnetic
field H and the precession of a 
magnetic dipole m and of a gyroscope S
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More on frame-dragging,
gravitomagnetism and 
General Relativity
can be found in this
monography



LARES
(LAser RElativity Satellite)

LARES was successfully launched and very
accurately injected in the nominal orbit on the 
13th of February 2012 with the VEGA launching
vehicle. 
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Frame-dragging and Kerr metric can play a key role in
the computer analysis of the detection of gravitational
waves by LIGO due to the coalescence of two spinning
black holes to form a Kerr spinning black hole
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The LARES tests of frame-dragging have been used by 
cosmologists and theoretical physicists to put limits on 
theories of gravity alternative to General Relativity, 
such as the Chern-Simons theory of gravity equivalent
to a type of String Theory that may explain the riddle
of dark energy and of the accelerating universe



FISP - Fundamental Physics in Space. 
Centro Fermi, 11-12 November 2019.

11

Computer simulation of the collision of two
black holes detected by LIGO in 2015 by their emission of 

gravitational waves, the silver arrows represent frame-dragging. 
Kip Thorne NSF 2016 presentation
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LARES 2/LAGEOS 3

The LARES 2 (LAGEOS 3) satellite for test of frame-

dragging with accuracy at the 0.2% level and other tests

of General Relativity and Fundamental Physics (and space

geodesy and geodynamics).
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The idea of the LARES 2/LAGEOS 3 experiment: I.C. Phys. Rev. Lett. 1986, I.C.

Ph.D. dissertation 1984, I.C. IJMPA 1989, B. Tapley, I.C. et al, NASA and ASI studies 1989, J. Ries 1989).
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LARES 2/LAGEOS 3
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LARES 2: what is new with respect to LAGEOS 3?

1) The Earth gravity field and the even zonal harmonics are today
extremely improved thanks to the GRACE space mission (and the GRACE 
Follow On space mission.)
The Earth quadrupole moment, J2, is improved by a factor of more than
100 with respect to the Earth gravity field determinations in 1984! 
The satellite can be injected into the orbit supplementary to LAGEOS 
with better accuracy than in 1984. 

2) The knowledge of other orbital perturbations, such as the Earth’s tidal
perturbations, is quite improved with respect to 1984.

3) The satellite structure is quite improved with respect to all the other
laser-ranged satellites: using the new 1 inch retroreflectors we can today
reach less than 1 mm precision in ranging!
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1.5 inches CCR (LAGEOS, LAGEOS 2, LARES and 1 inch CCR LARES 2
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A New Test of the 
Weak Equivalence Principle

with LAGEOS, LAGEOS 2 AND LARES
We obtained a new confirmation to approximately one part in a billion of the

weak equivalence principle (“uniqueness of free fall”) in the Earth’s

gravitational field, obtained with the three laser-ranged satellites LAGEOS,

LAGEOS 2 and LARES, at previously untested range and with previously

untested materials:

Range: from about 7820 km to 12220 km

Materials: Aluminum and brass (LAGEOS and LAGEOS 2) versus sintered

tungsten (LARES)
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Conclusions

Frame-dragging was measured in 2019, using about 7 years of data, 

with less than 2% accuracy using LARES + LAGEOS + LAGEOS 2.

Using LAGEOS, LAGEOS 2 and LARES we obtained a test of the 

equivalence principle with an uncertainty (systematic errors) of about

10-9

LARES 2 will be launched in 2020 and after about 3 years of data we

may reach an accuracy of about 0.2% in testing frame-dragging, plus 

other tests of fundamental physics (under study).

FISP - Fundamental Physics in Space. 
Centro Fermi, 11-12 November 2019.

21



Last year publications
• I. CIUFOLINI, A. Paolozzi, E.C. Pavlis, G. Sindoni, J. Ries, R. Matzner, R. Koenig, C. Paris and R. Penrose, An improved test of the general 

relativistic effect of frame-dragging using the LARES and LAGEOS satellites. THE EUROPEAN PHYSICAL JOURNAL C, 79, 872 (2019).

• I. CIUFOLINI, Matzner, R., Paolozzi, A., Pavlis, E.C., Sindoni, G., Ries, J., Gurzadyan, V. and Koenig, R., Satellite laser-ranging as a probe of 
fundamental physics. SCIENTIFIC REPORTS-NATURE, 9, 1-10 (2019).

• A. Paolozzi, Sindoni, G., Felli, F., Pilone, D., Brotzu, A., CIUFOLINI, I., E. C. Pavlis, and C. Paris. Studies on the materials of LARES 2 
satellite. JOURNAL OF GEODESY, 1-10 (2019). 

• Pearlman, M., Arnold, D., Davis, M., Barlier, F., Biancale, R., Vasiliev, V., I. CIUFOLINI, Paolozzi, A., Pavlis, E. C., Sośnica, K. and Bloßfeld, M. 
Laser geodetic satellites: a high-accuracy scientific tool, JOURNAL OF GEODESY, Springer Verlag, 2019, pp. 1-14

• I. CIUFOLINI, Paolozzi, A., Pavlis, E. C., Matzner, R., König, R., Ries, J., Sindoni, G., Paris, C. and Gurzadyan, V. Tests of General Relativity 
with the LARES Satellites Relativistic Geodesy. Fundamental Theories of Physics, Springer, Cham, 2019, pp. 467-479

• König, R., I. CIUFOLINI, Measurement of Frame Dragging with Geodetic Satellites Based on Gravity Field Models from CHAMP, GRACE and 
Beyond, Relativistic Geodesy. Fundamental Theories of Physics, Springer, Cham, 2019, pp. 453-465

• R. Koenig, S. Glaser, I. CIUFOLINI and A. Paolozzi, Impacts of the LARES and LARES-2 satellite missions on the SLR terrestrial reference 
frame, Proceedings of the IX HOTINE-MARUSSI SYMPOSIUM, in print, Rome, 18-22 June, 2018,  (International Association of Geodesy 
Symposia, Springer 2019).

• I. CIUFOLINI, Matzner, R. A., Feng, J. C., Paolozzi, A., Rubincam, D. P., Pavlis, E. C., Ries, J. C., Sindoni, G. and Paris, C. A new laser-ranged 
satellite for General Relativity and space geodesy: IV. Thermal drag and the LARES 2 space experiment THE EUROPEAN PHYSICAL 
JOURNAL PLUS, Springer Verlag, 2018, Vol. 133

• Felli, F., Brotzu, A., Pilone, D., Paolozzi, A. and I. CIUFOLINI Fracture behaviour of alloys for a new laser ranged satellite PROCEDIA 
STRUCTURAL INTEGRITY, 2018, Vol. 9, pp. 295-302

• Paolozzi, A., I. CIUFOLINI, Sindoni, G. and Paris, C. The LARES 2 satellite: new challenges for design and ground test AEROTECNICA, 
MISSILI E SPAZIO, 2018, Vol. 97, pp. 135-144

• Paolozzi, A., Felli, F., Pilone, D., Brotzu, A., Paris, C. and I. CIUFOLINI Development and analysis of a new alloy candidate for LARES 2 
satellite Proceedings of 69th International Astronautical Congress (IAC), Bremen, Germany, 1-5 October 2018 International Astronautical 
Federation - IAF, 2018

• I. CIUFOLINI, Pavlis, E. C., Ries, J., Matzner, R., Koenig, R., Paolozzi, A., Sindoni, G., Gurzadyan, V., Penrose, R. and Paris, C. Reply to “A 
comment on “A test of general relativity using the LARES and LAGEOS satellites and a GRACE Earth gravity model, by I. CIUFOLINI et al.”” 
THE EUROPEAN PHYSICAL JOURNAL. C, Springer New York LLC, 2018, Vol. 78

FISP - Fundamental Physics in Space. 
Centro Fermi, 11-12 November 2019.

22


