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Gravitation of vacuum fluctuations in three regimes: The effect on measurement of the Newtonian gravitational constant

There are perhaps four primary observational uncertainties that question the foundations cosmology, known as: the Hubble tension, dark matter, dark energy, and the predictive phenomenology of modified Newtonian dynamics (MOND). While available empirical evidence corroborates general relativity, precise measurement of the Newtonian gravitational constant and a complete theory of quantum gravity remain elusive.

We assume firstly that the equivalence principle applies identically to matter and anti-matter vacuum fluctuations. Secondly, that on a sufficiently large scale in vacuum, the mass density of fluctuations is isotropic everywhere. From isotropy it follows at large scale the resultant gravitational field of vacuum fluctuations is zero. On addition of attracting mass matter and anti-matter fluctuations accelerate and are displaced identically. Gravitational displacement of the vacuum induces a small resultant mass and energy density-without assuming gravitational vacuum polarisation.

Given conservation of gravitational four-momentum vacuum fluctuations form a virtual fluid at large scale. From a model relativistic Lagrangian density only gravitational displacement orthogonal to the directional of fluid flow are effective. Thus, the resultant vacuum effect is reduced in the Solar System and can possibly explain large discrepancies in measurement of the Newtonian gravitational constant on Earth.

.

Introduction

It was proposed in 2007 that gravitational polarisation of the vacuum could explain discrepant astrophysical and cosmological dynamics, without further assumptions [START_REF] Blanchet | Gravitational polarization and the phenomenology of MOND[END_REF][START_REF] Blanchet | Dipolar particles in general relativity[END_REF].

The phenomenology of MOND is described by a modified Poisson equation [START_REF] Famaey | Modified Newtonian dynamics (MOND): Observational phenomenology and relativistic extensions[END_REF], suggesting a gravitational analogue of a polarised dielectric medium [START_REF] Blanchet | Phenomenology of MOND and gravitational polarization[END_REF]. In contrast to the quantumelectrodynamic (QED) screening of charge, gravitational polarisation would result in the anti-screening of mass. A relativistic model of a hypothetical gravitational dipolar medium approximates the ΛCDM model at cosmological scales, MOND phenomenology at galactic scales and dark energy in the form of a cosmological constant [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF]. An alternative approach is a phenomenological theory of gravitational anti-screening from the Solar System to the cosmological scale [START_REF] Penner | A proposed experiment to test gravitational anti-screening and MOND using sun-gas giant saddle points[END_REF][START_REF] Penner | Gravitational anti-screening and predictions within the Solar System[END_REF][START_REF] Penner | Gravitational anti-screening and binary galaxies[END_REF].

If matter and antimatter mutually repel by gravitation [START_REF] Villata | CPT symmetry and antimatter gravity in general relativity[END_REF][START_REF] Villata | Reply to "Comment to a paper of M. Villata on antigravity[END_REF], then gravitational polarisation of virtual particle-antiparticle pairs possibly explain dark matter [START_REF] Slavkov | Is dark matter an illusion created by the gravitational polarization of the quantum vacuum?[END_REF][START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF]. However, theoretical arguments and indirect empirical evidence support the weak equivalence principle (WEP) for antimatter [START_REF]Description and first application of a new technique to measure the gravitational mass of antihydrogen[END_REF][START_REF] Ulrich | Antimatter gravity: Second quantization and Lagrangian formalism[END_REF]. The gravitation of antimatter is to be directly tested by experiment with decisive results expected towards the end of 2021 [START_REF] Banik | Solar system limits on gravitational dipoles[END_REF]. Furthermore, the gravitational dipole theory in its current form [START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF][START_REF] Slavkov | Gravitational polarization of the quantum vacuum caused by two point-like bodies[END_REF] appears limited in application to the MOND weak field regime (g a 0 = 1.2 • 10 -10 m s -2 ) at galactic and cosmological scales [START_REF] Famaey | Modified Newtonian dynamics (MOND): Observational phenomenology and relativistic extensions[END_REF], possibly unable to satisfy both galaxy rotation curve and Solar System constraints. The essential problem is a sharp decrease of the effect from the galactic to the Newtonian regime [START_REF] Banik | Solar system limits on gravitational dipoles[END_REF][START_REF] Slavkov | Gravitational polarization of the quantum vacuum caused by two point-like bodies[END_REF][START_REF] Blanchet | Model of dark matter and dark energy based on gravitational polarization[END_REF][START_REF] Iorio | A comment on "Can observations inside the Solar System reveal the gravitational properties of the quantum vacuum?[END_REF][START_REF] Slavkov | Concerning impact of the quantum vacuum on orbits of planets[END_REF].

In addition, there are large discrepancies or 'dark uncertainty' between laboratory measurements of the Newtonian gravitational constant G [START_REF] Merkatas | Shades of dark uncertainty and consensus value for the Newtonian constant of gravitation[END_REF]. While gravitation is the weakest fundamental interaction and considered the most difficult to measure [START_REF] Chao Xue | Precision measurement of the Newtonian gravitational constant[END_REF], these discrepancies are reduced by extrapolation of MOND phenomenology to the terrestrial scale [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF].

This study is based on known physics without new particles or modified laws. An auxiliary assumption is that virtual pair production is characterised by the quantumchromodynamic (QCD) vacuum [START_REF] Slavkov | Is dark matter an illusion created by the gravitational polarization of the quantum vacuum?[END_REF][START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF]. Limitations are that cancellation of the gravitational field is derived at large-scales, without considering the possible effect of non-linear gravitational back-reaction or cancellation at microphysical scales [START_REF] Gabriel | Can the quantum vacuum fluctuations really solve the cosmological constant problem? Euro[END_REF].

The structure of this article is as follows. Section 2 defines the method followed by results partitioned into three regimes with increasing magnitude of an external gravitational field. In Section 3.1, the resultant zero gravitational field of the quantum vacuum is deduced at large scales. In Section 3.2 an attracting mass is introduced to the vacuum and non-relativistic expressions for the induced mass and energy density are derived. A virtual fluid follows from the conservation of gravitational four-momentum at large scales. Section 3.3 defines a model of relativistic fluid, where the mathematical expressions and results follow those by L. Blanchet and A. Le Tiec [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF], including the standard cosmological model and MOND. In particular, the non-relativistic limit recovers the model of Section 3.2. Finally, Section 3.4 estimates the effect of the resultant gravitational mass density of the vacuum on experimental measurements of G.

Method

The scientific method is founded on ethical principles, including a willingness to expose ideas to independent testing by others [START_REF]Statement 99.6 "What is Science?[END_REF]. This article presents new analysis, with two factors that would obscure here. Firstly, as physicists we learn from classical electromagnetism to associate field permittivity with polarisation of a dielectric medium. More generally, the divergence of a vector-field defines an associated charge. The vector-field can represent the polarisation density of a medium or the displacement of particles in fluid flow. In this article, a displacement vector-field satisfying Gauss' equation defines a generalised charge, or mass-without polarisation. Secondly, we learn of the Robertson-Walker (RW) metric, derived for a curved (then possibly closed) and expanding universe. Rather, given a quantum vacuum isotropic everywhere at large scales it is found the metric is without curvature, that is spatially flat.

In addition, the generalised correspondence principle is especially important here: a new theory is to explain the results of preceding theories, where the latter has been well confirmed by tests [START_REF] Post | Correspondence, invariance and heuristics: In praise of conservative induction[END_REF]. In this article correspondence is indicated between gravitational displacement and two preceding phenomenological theories of gravitational polarisation [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF][START_REF] Slavkov | Is dark matter an illusion created by the gravitational polarization of the quantum vacuum?[END_REF][START_REF] Blanchet | Model of dark matter and dark energy based on gravitational polarization[END_REF][START_REF] Slavkov | Quantum vacuum and dark matter[END_REF][START_REF] Slavkov | Virtual gravitational dipoles: The key for the understanding of the universe?[END_REF]. With correspondence between the mathematics of gravitational displacement and polarisation the essential results of these references follow.

The outcomes of this work include testable hypotheses, the method is a form of abduction or 'inference to the best explanation' [START_REF] Douven | Inference to the Best Explanation: What Is It? And Why Should We Care[END_REF]. We commence by partitioning the domain into three regimes: the large-scale quantum vacuum; weak fields at galactic and cosmological scales; and a semi-classical Newtonian regime within the Solar System and on Earth.

Measurements of G on Earth are corrected here for gravitation of vacuum fluctuations. The method is that of reference [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF], where measurements of G were corrected by MOND phenomenology. A difference is that the numerical analysis required for correction of the 'static deflection' method of Quinn et al. (2014) [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF] was implemented in a Python script with the Euler-Cromer numerical method.

Results and discussion

The large-scale quantum vacuum (g = 0)

Consider a limiting principle: on a sufficiently large-scale with a uniform distribution of vacuum fluctuations, the resultant gravitational field of the quantum vacuum is everywhere zero. This proposition is demonstrated firstly by an elementary appeal to symmetry, and secondly a more general derivation from the RW metric for a spatially homogeneous and isotropic distribution of matter.

Firstly, it is convenient to assume the mass density of virtual particles and antiparticles is uniform in the absence of matter. That is, for a scale of length large compared with the characteristic Compton wavelength of vacuum fluctuations. Thus, the gravitational acceleration of a test mass in the vacuum is zero, as the special Euclidean group of transformations SE( 3) is a symmetry group of the physical system. In other words, for a mass density homogeneous on R 3 , the gravitational acceleration g is constant for every position and direction in R 3 , therefore g = 0.

The RW metric derives from the symmetry of an assumed homogeneous and isotropic three-dimensional space, without recourse to the Einstein equations [START_REF] Robertson | Kinematics and world-structure[END_REF][START_REF] Walker | On Milne's theory of world-structure*[END_REF]. Furthermore, isotropy everywhere implies spatial homogeneity [START_REF] Ellis | Editorial note to: HP Robertson, relativistic cosmology[END_REF]. The RW metric has the form

ds 2 = dt 2 -R 2 (t) dr 2 1 -kr 2 + r 2 dθ 2 + r 2 sin 2 θdφ 2 , ( 1 
)
where: t, r, θ, φ are the time and spherical coordinates; and R(t), k are respectively the scale factor and constant curvature of space. Now for the quantum vacuum at large scales assume isotropy everywhere. By way of contradiction suppose the curvature k = 0. Then by the principle of equivalence there is a corresponding non-zero local gravitational field g = 0. With g non-zero there is a locally preferred direction in space, contradicting the assumed isotropy everywhere. Thus, considering isotropic vacuum fluctuations and neglecting anisotropy of real matter it follows that the metric curvature k = 0, consistent with the observed spatially flat universe [START_REF]Planck 2018 results[END_REF]. With this result the next task is to consider the effect of an attracting mass on quantum vacuum fluctuations.

Galactic and cosmological scales (g a 0 )

By the WEP virtual particles and antiparticles accelerate toward a mass with gravitational field g. Denote the displacement of virtual particles from x to x by the 3-vector d ≡ xx parallel to g. Then define the vector field

Π ∝ N md, (2) 
non-relativistic for g a 0 , where N is the number of virtual particles of mass m per unit volume. By Gauss's law for the vector field Π infer a gravitational charge density of the vacuum

∇ • Π = -4πρ v , (3) 
positive definite in accordance with the WEP. The displacement of virtual particles by gravitation creates an effective gravitational mass density ρ v . There is an associated potential energy density

W(Π, g) = Π • g ∝ N mg • d. (4) 
Note the correspondence with polarisation density: Π → P. Each of these vector fields satisfies Gauss's equation [START_REF] Famaey | Modified Newtonian dynamics (MOND): Observational phenomenology and relativistic extensions[END_REF] and has an associated flow [START_REF] Frankel | The Geometry of Physics: An Introduction[END_REF].

To illustrate equation (3), consider a spherical surface ∂V bounding an arbitrary volume V ⊂ R 3 . If an attracting mass M is introduced into the centre of V , then virtual particles accelerate a distance |d| toward M with displacement density Π(r). Integrating equation [START_REF] Famaey | Modified Newtonian dynamics (MOND): Observational phenomenology and relativistic extensions[END_REF] gives

δM = V ρ v dV = 1 4π ∂V |Π(r)|dS = r 2 |Π(r)|. (5) 
Thus δM represents an effective increase of the central attracting mass M , an effect known as anti-screening. A supplementary assumption is that virtual pair production is characterised by the QCD vacuum, where pions (composed of a quark and an antiquark) are the elementary free states [START_REF] Slavkov | Is dark matter an illusion created by the gravitational polarization of the quantum vacuum?[END_REF][START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF]. With correspondence between gravitational displacement and polarisation density: Π → P g , the essential results of [START_REF] Slavkov | Is dark matter an illusion created by the gravitational polarization of the quantum vacuum?[END_REF] (for example) follow within the galactic and cosmological regime. From quantum-field theory the volume occupied by a virtual particle-antiparticle pair is λ 3 , where λ is the non-reduced Compton wavelength. Thus, the gravitational acceleration produced by a pion at a distance of its Compton wavelength is a π ∼ a 0 [START_REF] Slavkov | Virtual gravitational dipoles: The key for the understanding of the universe?[END_REF], identified here as the characteristic acceleration of gravitational displacement. The constant for proportional relations (2) and ( 4) is A = 1/2π, according to the corresponding derivation by D. S. Hajdukovic for gravitational polarisation [START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF][START_REF] Slavkov | Virtual gravitational dipoles: The key for the understanding of the universe?[END_REF].

For maximum displacement of virtual pions by a field g, gravitation of the vacuum creates an energy density

W max A mgλ λ 3 = 2πλ 3 c g, (6) 
as derived from equation ( 4) by following references [START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF] and [START_REF] Slavkov | Virtual gravitational dipoles: The key for the understanding of the universe?[END_REF], where A = 1/2π and the range of virtual particles |d| λ. As W max ∝ g [START_REF] Penner | A proposed experiment to test gravitational anti-screening and MOND using sun-gas giant saddle points[END_REF], a first approximation of the gravitational potential energy density of vacuum fluctuations follows if g is minimised in the absence of real matter. In vacuum g ∼ a 0 , thus

Λ Λ 0 ≡ 8πG c 4 W max (g)| g=a 0 = 4G λ 3 c 5 a 0 ∼ 10 -54 m -2 , ( 7 
)
as compared with the observed value: Λ = 1.088(30) • 10 -52 m -2 [START_REF]Planck 2018 results[END_REF].

In addition to understanding the observed value of the cosmological constant, there are two further questions: why is the cosmological energy density the same order of magnitude as matter in the current epoch? [START_REF] Cormac O'raifeartaigh | One hundred years of the cosmological constant: from 'superfluous stunt' to dark energy[END_REF]; and why do vacuum fluctuations seem to gravitate in atomic environments and not in vacuum? [START_REF] Massó | The weight of vacuum fluctuations[END_REF][START_REF] Moffat | Ultraviolet complete quantum gravity[END_REF]. The essential insight described here is that gravitation of the quantum vacuum is zero at large scales (Section 3.1). Moreover, there is a small resultant gravitational mass and gravitational potential energy density of the vacuum associated with matter [START_REF] Famaey | Modified Newtonian dynamics (MOND): Observational phenomenology and relativistic extensions[END_REF][START_REF] Blanchet | Phenomenology of MOND and gravitational polarization[END_REF][START_REF] Penner | Gravitational anti-screening and binary galaxies[END_REF].

The Solar System and terrestrial scales (g a 0 )

The time and distance scales of these systems are large compared to the duration and range of vacuum fluctuations, respectively. On a sufficiently large-scale, the number density of virtual particles approximates that of a continuous medium. In addition, the gravitational energy-momentum of virtual particles is a conserved quantity. If the vacuum is defined as the state with zero energy and momentum [START_REF] Streater | PCT, Spin and Statistics, and All That[END_REF], then annihilation of a virtual particle implies creation of another to conserve gravitational four-momentum. Hence, with conservation of gravitational four-momentum the continuous medium forms a virtual fluid. The model relativistic fluid follows the formalism of [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF][START_REF] Blanchet | Model of dark matter and dark energy based on gravitational polarization[END_REF], without polarisation. Rather, define the four-vector displacement of the virtual fluid in an external gravitational field as ξ µ -with the dimension of length as for the dipolar theory [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF].

We now summarise the primary mathematical definitions of [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF] in terms of new physics: the gravitational displacement and virtual flow of vacuum fluctuations. The internal time-like four-velocity of the virtual fluid is u µ , with rest-mass density σ and mass current J µ = σu µ . The mass current is conserved ∇ µ J µ = 0, where ∇ µ is the covariant derivative with associated metric g µν . The action S = d 4 x √ -gL of the virtual fluid is to be added to the Einstein-Hilbert action for gravity. The Lagrangian density for the virtual fluid is then

L = -σ + J µ ξµ ⊥ -W(Π ⊥ ), (8) 
where ξµ ≡ Dξ µ /dτ = u ν ∇ ν ξ µ is the proper time derivative of the displacement field. Both J µ and ξ µ are considered dynamical variables, varied independently when applying the principle of stationary action [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF]. The density orthogonal to the fourvelocity is Π ⊥ = σξ ⊥ , where ξ ⊥ = ⊥ µν ξ µ ξ ν is space-like and ⊥ µν = g µν + u µ u ν . With correspondence between gravitational displacement and the formalism of a relativistic dipolar medium [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF], results of the latter are recovered. The crucial point emphasised by [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF], is the only physical degrees of freedom of ξ µ are the three independent components of the space-like vector ξ µ ⊥ . The action depends only on displacement ξ µ ⊥ orthogonal to the virtual fluid's four-velocity [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF]. Thus, the Lagrangian density ( 8) is expressed in terms of ξµ ⊥ rather than ξµ . In the non-relativistic limit of fluid velocity v c the gravitational equation follows from [START_REF] Penner | Gravitational anti-screening and binary galaxies[END_REF] including the effect of baryons [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF] ∇

• (g + Π ⊥ ) = -4π (ρ b + ρ v ) . ( 9 
)
Further, approaching the MOND regime fluid velocity v → 0 and a displacement density Π ⊥ → Π aligns with the local gravitational field g and equation ( 3) is recovered.

In general, the standard cosmological model and MOND are recovered following the mathematics of L. Blanchet and A. Le Tiec [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF], Section III, including the non-relativistic limit c → +∞. Observational evidence for MOND phenomenology is described in, for example, the review by B. Famaey and S. McGaugh [START_REF] Famaey | Modified Newtonian dynamics (MOND): Observational phenomenology and relativistic extensions[END_REF]. Within the Solar System where the Sun's gravitational field g predominates virtual fluid streams radially toward the Sun. Let orthogonal displacement density by a planetary field be Π ⊥ . Then equation ( 9) excludes radial displacement of vacuum fluctuations by g , reducing the vacuum effect by orders of magnitude as compared with the MOND prediction (see especially [START_REF] Banik | Solar system limits on gravitational dipoles[END_REF] regarding constraints on gravitational polarisation [START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF]).

Measurement of G in the quantum vacuum

On Earth, Cavendish-type experiments measure G typically with an acceleration of ∼ 10 -6 -10 -8 m s -2 in the horizontal plane, orthogonal to the far greater vertical acceleration by earth's gravitational field [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF]. Thus, a larger quantum vacuum effect is expected for these experiments, as compared those aligned along the vertical axis.

Analysis of MOND corrections for seven measurements of G are available [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF]. For the six Cavendish-type experiments the large vertical component of earth's local gravitational field is fully compensated by vertical alignment of the torsion pendulum: 'With regards to the assumed interpretation of MOND, the analysis shows strong evidence that MOND effects can indeed be observed in the presence of a gravitational field which is much larger than Milgrom's acceleration parameter a 0 , as long as the dynamical degrees of freedom are confined to a 2D plane with normal vector strictly parallel oriented to the local external gravitational field [...]' [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF].

And regarding the one non-Cavendish experiment included in the study, a beam-balance with measurements aligned along the vertical axis: 'In the framework of the MOND interpretation being used for the analysis of G experiment it remains questionable whether the G values from this experiment needs any MOND correction at all' [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF].

As these remarks demonstrate qualitative agreement with the model [START_REF] Penner | Gravitational anti-screening and binary galaxies[END_REF], it remains to quantify the vacuum effect. From equation [START_REF] Villata | CPT symmetry and antimatter gravity in general relativity[END_REF], in the horizontal plane

∇ • Π ⊥ = -4πρ v , ( 10 
)
where for spherical symmetry there is a resultant gravitational mass δM = r 2 |Π ⊥ (r)| [START_REF] Blanchet | Dipolar dark matter and dark energy[END_REF].

For the linear theory, the gravitational acceleration measured by experiment (g e ) is the sum of a Newtonian field of an attracting mass M (g M ), and the resultant gravitational field of the vacuum (g v )

g e = g M + g v . ( 11 
)
Now, from equations (2, 5) the field g v has source mass δM = r 2 |Π ⊥ (r)| = r 2 AN m|d ⊥ |.

As for equation [START_REF] Penner | A proposed experiment to test gravitational anti-screening and MOND using sun-gas giant saddle points[END_REF], N 1/λ 3 and A = 1/2π for virtual particles of mass m displaced a distance |d ⊥ |. Hence, on substitution of δM equation [START_REF] Slavkov | Is dark matter an illusion created by the gravitational polarization of the quantum vacuum?[END_REF] gives

|g e | |g M | + Gk v , k v := m|d ⊥ | 2πλ 3 , ( 12 
)
where k v is a constant dependent on the vacuum fluctuations. Now, define G c , as the experimental value of G based on classical theory prior to correction for the vacuum effect, by

G G c := |g M | |g e | 1 - Gk v |g e | , ( 13 
)
using equation [START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF]. Note that g M /g e = M/(M + δM ) from Newtonian gravitation. Solving for G and defining a function F v (|g e |) gives

F v (|g e |) := G G c |g e | |g e | + G c k v . ( 14 
)
From quantum field theory virtual particles have a maximum range |d ⊥ | λ. In addition, the elementary states of the QCD vacuum are expected to have mass slightly greater than the charged pion rest-mass including quark and gluon condensates, that is m v m π [START_REF] Slavkov | Virtual gravitational dipoles: The key for the understanding of the universe?[END_REF]. Then if m ∼ h/cλ, equation ( 14) yields an upper limit

G G c |g e | |g e | + G c k v , k π = h 4π 2 cλ 3 π k v , ( 15 
)
where k π is a constant dependent on the pion rest-mass.

The sample of G c values considered here comprise seven measurements previously corrected with MOND phenomenology [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF]. As MOND is recovered from the Lagrangian of Section 3.3, it is expected that corrections to G based on a MOND function F Klein also be recovered by substitution of the theoretical first approximation F v [START_REF] Ulrich | Antimatter gravity: Second quantization and Lagrangian formalism[END_REF], where the G c and acceleration g e values are from Table 1 by N. Klein (2020) [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF]. As the mass of vacuum fluctuations is uncertain, the constant k v is regarded as a free-parameter to obtain a best-fit correction with minimum standard deviation of the sample. There are five experiments: Li et al. (2018) [START_REF] Li | Measurements of the gravitational constant using two independent methods[END_REF] with measurements using the time-of-swing (ToS) and 'angular acceleration feedback' (AAF) methods; Newman et a. (2014) [START_REF] Newman | A measurement of G with a cryogenic torsion pendulum[END_REF] with the ToS method; Quinn et al. (2014) [START_REF] Quinn | The BIPM measurements of the Newtonian constant of gravitation[END_REF] with 'static deflection' (SD) and 'electrostatic servo' (ESS) methods; [START_REF] Schlamminger | Measurement of Newton's gravitational constant[END_REF]) [START_REF] Schlamminger | Measurement of Newton's gravitational constant[END_REF] with a beam balance (BB) method and [START_REF] Gundlach | Measurement of Newton's constant using a torsion balance with angular acceleration feedback[END_REF] with the AAF method [START_REF] Gundlach | Measurement of Newton's constant using a torsion balance with angular acceleration feedback[END_REF].

The result is that whereas the uncorrected G c measurements have a relative standard deviation of 87.9 ppm, with the vacuum correction [START_REF] Ulrich | Antimatter gravity: Second quantization and Lagrangian formalism[END_REF] this is reduced to 15.0 ppm, as compared with 12.5 ppm for G MOND values [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF]. The effect of the vacuum correction on experimental G values is shown in Figure 1, to be compared with the corresponding MOND corrections shown in Figure 6 of reference [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF]. The average value of G found here is 6.67 419 • 10 -11 m 3 kg -1 s -2 as compared with 6.67 422 • 10 -11 m 3 kg -1 s -2 from MOND phenomenology [START_REF] Klein | Evidence for modified Newtonian dynamics from Cavendish-type gravitational constant experiments[END_REF]. For minimum standard deviation of the corrected G values the parameter k v 1.50 k π . Given the vacuum correction is a first approximation, the maximum effective mass of vacuum fluctuations is ∼ 1.14 m π ± , from the definition of k v [START_REF] Slavkov | On the gravitational field of a point-like body immersed in a quantum vacuum[END_REF] with m v ∼ h/cλ. This result is in accord with the prediction that on inclusion of QCD quark and gluon condensates the mass of vacuum fluctuations be slightly greater than the charged pion mass [START_REF] Slavkov | Virtual gravitational dipoles: The key for the understanding of the universe?[END_REF].

Conclusion

We have considered quantum vacuum effects at large scales, as partitioned into three distinct regimes: the vacuum itself (g = 0); galactic and cosmological scales (g a 0 ); Solar System and terrestrial scales (g a 0 ). There are three corresponding hypotheses: the gravitational field of the vacuum is zero at large scales; gravitational displacement of vacuum fluctuations can explain dark matter, dark energy, cosmological constant problems and MOND phenomenology; and the effect depends only on gravitational displacement orthogonal to the direction of local virtual flow in the Solar System and terrestrial regime. Thus, the gravitational displacement and virtual flow of vacuum fluctuations provide a possible link between gravitation at large scales and microphysics of the quantum vacuum-in accordance with quantum field theory, general relativity and the equivalence principle applied to antimatter.

There is strong experimental evidence the gravitational effect of quantum vacuum fluctuations can be observed in the laboratory. The value of G corrected for the gravitational vacuum effect is 6.67 419•10 -11 m 3 kg -1 s -2 with a relative standard deviation of 15.0 ppm, reduced from 87.9 ppm.

Figure 1 :

 1 Figure 1: Comparison of experimental G values with those corrected for the gravitation of vacuum fluctuations. The vertical line represents the average corrected G value of 6.67 419 • 10 -11 m 3 kg -1 s -2 with a relative standard deviation of 15.0 ppm. The average value and standard deviation have been calculated without weighting by the given uncertainties. This figure has been prepared for comparison with the MOND corrected G values shown in Figure 6 of reference [22].
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