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Abstract. We point out that some of trans-Neptunian binaries are a natural laboratory for testing the existence of an 

anomalous gravitational field as weak as 10-11 m/s2 (with the next generation of telescopes the anomalous 

gravitational field of the order of   10-12 m/s2 might be revealed). The method is based on the measurement of the 

perihelion precession of the orbit. The unrivalled advantage of tiny trans-Neptunian binaries is that they are the best 

available realization of an isolated two body system with very weak external and internal Newtonian gravitational 

field. As a consequence, the known Newtonian precession might be dominated by anomalous perihelion precession. 

While these measurements are significant independent of any theory they were initially proposed as a crucial test of 

a new model of the Universe based on the hypothesis that quantum vacuum fluctuations are virtual gravitational 

dipoles. According to the new model, the only content of the Universe is the known Standard Model matter (i.e. 

matter made from quarks and leptons interacting through the exchange of gauge bosons) immersed in the quantum 

vacuum “enriched” with virtual gravitational dipoles. Apparently, what we call dark matter and dark energy can be 

explained as the local and global effects of the gravitational polarization of the quantum vacuum by the immersed 

baryonic matter. 

1. Introduction 

     Precession of orbits is a universal phenomenon; more or less, all orbits precess. The Newtonian 

precession is zero only in an ideal binary system (i.e. an isolated binary system composed of two point-

like bodies).  

     Any non-zero precession in an ideal binary system is a signature of new physics. More precisely, 

precession in an ideal binary system exists only if the gravitational acceleration g caused by a point-like 

body of mass bM is not equal to the Newtonian value Ng  (with the famous magnitude
2rGMb ). Hence, 

the precession in an ideal binary system means the existence of an anomalous acceleration ag  so that

aN ggg  . Let us note that that the anomalous acceleration can exist even without violation of 

Newton’s law; as shown in a series of papers [1, 2, 3, 4, 5] the anomalous acceleration may be a 

consequence of the quantum vacuum as a “forgotten” source of gravity (see also the paper “Quantum 

vacuum as the cause of the phenomena usually attributed to dark matter” in this Proceedings). 

     If the magnitude of the anomalous acceleration is small with respect to the magnitude of Newtonian 

acceleration there is a general solution for the perihelion shift per orbit which can be found in Reference 

[6]. The simplest case is a radial anomalous acceleration of constant magnitude ag ; the corresponding 

perihelion shift per orbit is given [3] by the following proportionality: 
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Here, Mb and m denote the mass of the primary and the mass of the satellite (secondary), while a and e are 

the semi-major axis and the eccentricity of the orbit. In general, the proportionality (1) allows us to look 

for anomalous accelerations by measuring the perihelion shift.  

     It was recently suggested [1, 2, 3, 4, 5] that what we call dark matter and dark energy, can be explained 

as the local and global effects of the gravitational polarization of the quantum vacuum by the immersed 

Standard Model matter. This result appears as the consequence of the working hypothesis that by their 

nature quantum vacuum fluctuations are virtual gravitational dipoles. In the region of saturation (i.e., a 

large region around the body in which gravitational dipoles are completely aligned) quantum vacuum is 

the source of an additional anomalous acceleration towards the center, characterized with a constant 

magnitude: 

max4 gqva GPgg                                                                               (2) 

where maxgP  is a universal constant of the quantum vacuum:  the maximum magnitude of the 

gravitational polarization density. Assuming a small eccentricity, equations (1) and (2) lead to 
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This simple proportionality permits the possibility of determining the universal constant of quantum 

vacuum related to its gravitational properties) by simple measurement of perihelion precession. 

     The most plausible theoretical estimates (waiting the eventual astronomical confirmation) are 

  21122
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                        (4) 

     Of course the ideal binary system doesn’t exist. However, the unrivalled advantage of tiny trans-

Neptunian binaries is that they are the best available realization of an isolated two body system with very 

weak external and internal Newtonian gravitational field. As a consequence, in some binaries, the known 

Newtonian precession might be dominated by anomalous perihelion precession. Hence, as will be more 

clear from the feasibility study in the next section, some of trans-Neptunian binaries are a natural 

laboratory for testing the existence of an anomalous gravitational field as weak as 10-11 m/s2 (with the next 

generation of telescopes the anomalous gravitational field of the order of  10-12 m/s2 might be revealed). 

2. Study case: UX25 
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