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ABSTRACT 

 

The theory of gravitational anti-screening is an alternative to the current theory of 

dark matter. It is based on a model of the analogous screening of electric charges 
by virtual electric dipoles that is found in QED. Applying the same model to 

gravitation leads to anti-screening and results in the apparent mass of a galaxy 
having the same functional dependence on the galaxy’s baryonic mass and the 
observation distance that is found with the Baryonic Tully-Fisher Relationship. The 

screening of electric charge as found in QED and the larger apparent masses of 
galaxies and galactic clusters would therefore appear to be two sides of the same 

coin. In this chapter the theory of gravitational anti-screening and the cases where 
it has been applied will be reviewed.  This includes first applying the theory to the 
rotational curve of the Galaxy, to spiral galaxies in general, and to the Coma cluster. 

The theoretical results are found to be in good agreement with the corresponding 
astronomical observations. The theory is then applied to binary galaxies where it is 

shown that there is a relationship between the line-of-sight velocity difference of 
the pair and the individual rotational velocities of the galaxies. The theory is in 
excellent agreement with the observations taken by multiple researchers for the case 

of the binaries being on radial orbits. The theory will then be applied to the structure 
of the universe itself. Using a model of the distribution of superclusters, the overall 

density parameter of the universe, as determined by the theory, is  = 1.08 ± 0.19 
consistent with a geometrically flat universe. In addition, the energy density which 

falls out from the theory has a negative pressure associated with it. This leads to an 
acceleration of the universal expansion without the requirement of dark energy. 
Finally, the theory will be applied to the solar system where it will be shown to be 

compatible with planetary ephemerides.  
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1. Introduction 

The theory of gravitational anti-screening which will be presented in this chapter is an 
alternative to the theory of dark matter. As will be demonstrated the application of the theory has 

led to outstanding agreement with a variety of astronomical observations.   

A complication to any alternate theory is that dark matter is intertwined with other 

constituents in the current CDM model of cosmology.  In the CDM model of cosmology, the 

three primary constituents of the universe are ordinary baryonic matter, dark matter, and dark 
energy with dark energy, another mystery, most commonly taken to be a constant vacuum energy 

density that fills all space and which has a negative pressure associated with it. The relative 

contributions that each of these three constituents in the CDM model makes to the overall energy 

density of the universe stems primarily from the following observations. 

i) Measurements of CBR anisotropies by Ade et al (2014) have determined 

that the density parameter for baryons, B,O, is given by 

 

B,O = 0.0482 ± 0.0016       (1) 

  
for their determined Hubble constant of 

 
 HO = (67.80 ± 0.77) km s-1 Mpc-1.      (2) 

 
Models of BBN and observations of the abundance of the light elements are in 

agreement with this value. 
 
ii) The existence of dark matter is inferred from observations of the rotational 

velocities of stars and gas clouds in the outer regions of spiral galaxies. These 
velocities are found to be much greater than what is predicted from the baryonic 

mass of these galaxies. Although it is difficult to determine exactly how much 
additional mass is needed, it would appear that an order of magnitude more mass 
than what is provided by the baryonic mass is required. The velocity dispersions of 

galaxies in galactic clusters also indicate that approximately an order of magnitude 
more mass than what is provided by the baryonic mass is required to keep the 

clusters bound. The additional mass required by clusters is confirmed by shear 
measurements and by observations of the X-ray emission of the intra-cluster gas 
which is the dominant baryonic component of clusters. 

 
iii)  The inclusion of dark energy stems from observations of the light curves 

and redshifts of type Ia supernovae at high z which indicate that the expansion of 
the universe is accelerating. 
 

iv) Measurements of CBR anisotropies by Hinshaw et al (2013) have 
determined that the universe’s overall density parameter is given by 

 

   = 1.0027 ± 0.0039        (3) 

 



Other theoretical considerations also seem to indicate that  must be almost exactly 

equal to   
 

A best fit provided by Ade et al (2014) of the CDM model to these observations leads to the 
following contributions that the three constituents make to the overall density parameter; 

 

Baryonic matter:  B,O = 0.0482,      (4a) 

Dark matter:   DM,O = 0.2586,     (4b) 

Dark energy:   ,O = 0.692.      (4c) 

 
For these values, the deceleration parameter, qO, with the equation of state parameter, wi, for both 

baryonic and dark matter being set equal to 0 and for dark energy being set equal to -1, is given by 
 

 qO = 
1

2
  ∑ Ωi,O(1+3𝑤𝑖) = -0.539.      (5) 

 

Although the CDM model of cosmology with its fitted parameters does provide an 
answer to the above and other observations it does suffer from some serious problems. The primary 

ones are as follows: 
 
i)  Dark matter is usually taken to consist of currently undetected non-baryonic 

particles. The prime candidates for dark matter include weakly interacting massive 
particles (WIMPs) predicted by supersymmetry models and low mass axions. 

Direct detection experiments have attempted to observe low-energy recoil of nuclei 
induced by interactions with particles of dark matter, which should be passing 
through the earth. A multitude of experiments in various underground laboratories 

have been undertaken to observe such interactions. So far there is no confirmed 
detection of any dark matter particles. Indirect detection experiments searching in 

outer space for the emission from dark matter annihilation or decay have been at 
best inconclusive. Experiments with the Large Hadron Collider have not produced 
any candidates for dark matter. The simplest explanation for these negative results 

is that dark matter particles as hypothesized do not exist. 

ii)  Although having dark matter as a major component of galaxies does explain 
the greater rotational velocities the model does not agree with the details. The 

modeling of the expected dark matter distribution in a galaxy leads to the formation 
of cusps of dark matter in the central regions of galaxies and a slowly decreasing 

rotation curve in the outer regions. Observations do not support such cusps of 
matter in the central regions and indicate that galactic rotational velocities approach 
a constant value in the outer regions with little indication that they will eventually 

fall off.  

iii) An empirical relationship exists between MB, the baryonic mass of a galaxy, 
and vr, the galaxy’s constant outer rotational velocity. This is referred to as the  

Baryonic Tully-Fisher Relationship (BTFR) (McGaugh et al 2000, McGaugh 2012) 
and is given by 

 MB = A vr
4         (6a) 



           with  

A = (47 ± 6) M⊙ km-4 s4.       (6b)  

The  BTFR can also be  expressed  as the following  relationship between  M, the       

apparent mass of the galaxy, its baryonic mass, and the observation distance r, by 
substituting GM/r for vr

2 in (6a); 

 

 M = (G2A)−1 2⁄ r MB
1 2⁄ .                   (7) 

The BTFR implies a strong correlation between baryonic matter and dark matter.  

The standard dark matter model does not provide a natural explanation for this 
observation. 

iv) The CDM cosmological model requires two independent unknown 

constituents, dark matter and dark energy, to make up over 95% of the energy 
content of the universe in order to get agreement with the observations. Requiring 

dark energy in addition to dark matter in order to explain observations would seem 
to indicate a fundamental lack of understanding. 

The flattening out of galactic rotation curves and the BTFR are the primary motivat ing 
factors behind alternatives to the theory of dark matter. The main alternative to the existence of 

dark matter is modified Newtonian dynamics (MOND). In MOND it is postulated that the inertia 
of an object varies with acceleration such that when placed in a gravitational field, g, the 

acceleration of a mass, aMOND, will be given by 

aMOND = 
g

µ(x)
         (8) 

where (x) is function of x =│aMOND│/aO with aO being a constant to be determined. Different 

functions for (x) have been proposed. In the weak field limit, g << aO, these functions are such 

that (x) → x, and lead to 

  MB = (aO G)-1 vr
4        (9) 

in agreement with the BTFR as given by (6a). Beyond explaining galactic rotational curves and 
the BTFR, MOND is limited in explaining the other dark matter related observations. Modified 
gravitational theories that are extensions of general relativity have also been invoked to explain 

the observations. The success of these theories is primarily again in producing galactic rotation 
curves and producing the BTFR as with MOND.  

 Another, less well known, alternative to dark matter is based on the hypothesis that mass 

dipoles exist throughout the cosmos. These dipoles become gravitationally polarized in the 
presence of an external gravitational field which leads to an anti-screening of the baryonic mass. 

Several models have previously been put forth based on this hypothesis. These models differ in 
what the mass dipoles actually are and the details of how they behave in a gravitational field.  

Blanchet (2007a) initially hypothesized a mass dipole wherein one particle has positive 
gravitational mass while the other has negative gravitational mass and with both having positive 

inertial masses. An external gravitational field is taken to exert a torque on the dipole moment 
causing the dipoles to align with the gravitational field. This was followed up with further models 



(Blanchet 2007b, Blanchet & Le Tiec 2008) in which a hypothesized particle has a passive 
gravitational mass equal to its inertial mass but the active gravitational mass not equal to its inertia l 

mass. The monopole component of the active mass is taken to be negligible but the particle has an 
active gravitational dipole moment which is what provides the contribution to the gravitationa l 

field.  Hajdukovic (2011a-c, 2012a-b) hypothesized that antiparticles have negative gravitationa l 
mass but a positive inertial mass and therefore will be gravitationally repelled by normal matter. 
Virtual particle-antiparticle pairs that arise within the vacuum are taken then to align in an external 

gravitational field. The specific particle-antiparticle pairs that were considered were virtual pions. 
The author (Penner 2011, 2012) also hypothesized that virtual particle-antiparticle pairs with equal 

and opposite energy or gravitational mass but positive inertial mass are the source of gravitationa l 
polarization although the author no longer considers the particular models used correct. 

In general, these models of mass dipoles violate GR and/or relativistic quantum theory. 
However, the application of a mass dipole model to the determination of the rotational curve for 

the Galaxy (Penner 2013a), the general behaviour of rotational curves for spiral galaxies (Penner 
2013b), and the dynamics of the Coma cluster (Penner 2013c) did show that a theory of the 

gravitational polarization of the vacuum agrees very well with these observations.  

This chapter will not be proposing another model of a mass dipole. Instead it will look at 
the possibility of mass dipoles and the anti-screening of a baryonic mass from a different 

perspective. It will review the work previously presented by the author (Penner 2013a-c, 2016a-b, 
2017) and specifically where a model of the anti-screening of baryonic masses was developed from 
the analogous case of the screening of electric charges in QED. In this chapter however a different 

function for the dipole polarization will be used. The anti-screening model will then be used to 
determine the theoretical rotational curve of the Galaxy, the general rotational curves of spiral 
galaxies, the theoretical velocity dispersions for the Coma cluster, the dynamics of binary galaxies, 

the overall density parameter of the universe and the accelerating expansion. In addition in this 
chapter the theory of gravitational anti-screening will now also be applied to the solar system.  

2. Theory 

2.1 Model of Electromagnetic Screening 

 The idea of gravitational anti-screening comes from the field of electromagnetism. In 

classical electromagnetism dielectric materials become polarized in the presence of an external 
electric field. The electric polarization PE, defined as the resulting electric dipole moment per unit 

volume, is given by 

  PE = Np.         (10) 

where p is the average electric dipole moment per molecule and N is the number of molecules per 
unit volume. It is found in the classical theory that the resulting electric field due to the dielectric 

can be determined from the induced surface and volume charges. These induced surface,  and 

volume, V, charge densities are given respectively by (Lorrain & Corson 1970) 

   = PE∙n         (11) 

and  V = -∙PE,         (12) 



where n is perpendicular to the surfaces of the dielectric. If the relationship between the molecular 
electric dipole moment and the local electric field is linear then the relationship between the 

electric polarization and the total electric field is also linear and is given by 

  PE =  o E         (13) 

where  is a dimensionless constant known as the electric susceptibility of the dielectric. As an 

example consider the case of a positive point charge QO located in a central cavity of a dielectric 
sphere. The resulting polarization of the dielectric results in a total negative surface charge on the 

walls of the cavity of 

  QS = − (
χ

1+χ
) QO        (14) 

and in the case of the linear relationship given by (13) a volume charge density equal to 0. The 
apparent charge, Q, observed outside the cavity, but still within the dielectric, is therefore given 

by 

  Q = QO + QS = (
1

1+χ
) QO .       (15) 

The dielectric therefore provides a screening effect so that outside the cavity the apparent charge 
of the given particle is reduced.  Only when the cavity is entered will the observed charge be its 

actual value of QO. The magnitude of this effect can be very large with the apparent charge being 
an order of magnitude or more less than the actual charge. This by itself leads one to consider if 

an analogous effect is responsible for the large difference between the actual baryonic masses of 
galaxies and clusters and their apparent mass. Although in the gravitational case the effect is 
opposite with the apparent mass being much greater than the baryonic mass. 

Although the theory of dielectrics would only seem to have a role in classical 
electromagnetism the idea can be carried over to the quantum world. In quantum electrodynamics 
(QED) the interaction of electric charges is mediated by the exchange of virtual photons. Given 

the long range nature of the electric force, each charged particle is surrounded by a cloud of these 
virtual photons. What is however of prime importance with respect to the theory of gravitationa l 

anti-screening is the second order effect in QED or what is also referred to as the vacuum 
polarization effect. A virtual photon has a certain probability of being dissociated into a pair of 
virtual particle-antiparticles of equal and opposite charge. The net charge of the pair is therefore 

zero but the pair will have an electric dipole moment. In addition, the virtual particle with charge 
opposite to that of the particle has a greater probability of being closer to the particle than the 

virtual particle of like sign. In essence the vacuum behaves like a dielectric medium. As with the 
classical model of a point charge within a dielectric discussed above, the virtual electric dipole 
pairs within the vacuum provide a screening effect so that beyond a certain distance the apparent 

charge of the particle is greatly reduced. In QED it is the apparent charge of an electron at r >> c 
that is equal to value of -e. However as the electron is approached the screening effect provided 

by the virtual dipoles is reduced thereby resulting in the apparent charge of the electron increasing. 
Indeed the real charge of the electron in QED goes to infinity as r →∞. 

The goal now is to model this QED second order effect by the classical dielectric model 

that was discussed. In this QED modeled version, p in (10) will be the average electric dipole 
moment of the virtual pairs, which would be expected to depend not only on their charge and 



separation but also on their lifetime, and N is the density of the virtual pairs. Equation (13) provides 
a connection between the classical model of electric fields and this QED model of virtual photons 

and virtual particle-antiparticle pairs. The linear relationship fundamentally corresponds to the 
density of the virtual dipole pairs, and correspondingly the density of the virtual photons, being 

directly proportional to the magnitude of the classical electric field. 

In general, the resulting volume charge density of the vacuum, v, surrounding a given 
particle will be given by (12) and the resulting electric field contribution, EV, due to this polarized 

vacuum will in turn be given by 

EV =  
1

4πϵo
 ∫

ρv r̂

r2𝑉
 dV.       (16) 

In the case of spherical symmetry, or in the far field limit where r →∞, (16) with the use of (12) 
simplifies to 

EV = - 
1

ϵo
 PE.         (17) 

As stated above in the classical dielectric model a surface charge, , will also exist on a cavity 

which is taken to surround the given point charge. The total electric field, E, surrounding a particle 
of charge QO will therefore be given by 

  E = EQ  + EV + ES .        (18) 

where EQ is the electric field due directly to the charge QO and ES is the electric field due to the 
cavity’s surface charge.  

If the vacuum polarization follows the linear relationship given by (13) we arrive at the 
same result as previously, with the volume charge density being equal to zero and a surface charge 

on a surrounding cavity leading to (14). Although this model can lead to the QED result, i.e. let  
→ ∞, the idea of a cavity and the discontinuous jump from apparent charge Q to the real charge 

QO is problematic. The reason for the discontinuous jump is that (13) is taken to continue to apply 
even as r→ 0 or as E → ∞. In order for this model to lead to a continuous transition in the screening 

effect as the electric field increases, PE must fall off of the linear relationship that is given by (13). 
To get the proper behavior therefore requires  

  PE → ϵoE as E → 0 and      (19a) 

  PE  <  ϵoE as E → ∞ .       (19b) 

The specific function chosen to model this behavior is found to have only a secondary effect. For 
our purposes, the following function, which has the behavior given by (19), will be used; 

PE = ϵoE e−E Eo⁄         (20) 

where EO is a constant. 

 For the dependence of PE on E as given by (20), PE→ 0 as E → ∞ or as r → 0 and the 
resulting surface charge Qs → 0, eliminating the need for any sort of cavity. However for the 

nonlinear dependence that PE now has on E the volume charge density will no longer be equal to 
zero. In addition the volume charge density will have a charge opposite to that of the particle.  



From (17), (18), and (20) the magnitude of the total electric field surrounding a point charge will 
be given by 

  E (1 +  e−E Eo⁄ ) = EQ .       (21) 

Substituting 

  EQ = 
1

4πϵo
 
Qo

r2
  and         (22) 

  E = 
1

4πϵo
 

Q

r2
         (23) 

into (21) then leads to 

  Q (1 + χe−Q (4πϵoEo𝑟2)⁄ ) = QO  .      (24)  

To simplify further the constant EO can be set to  

  EO = 
1

4πϵo
 

e

ro
2
         (25) 

where rO is a reference distance. This then leads to 

  Q' (1 + χe−Q′ /r′2
) = QO'        (26) 

where Q' = Q/e, QO' = QO/e and r' = r/ro. Figure 1 shows the resulting dependence that the apparent 

charge Q' has on the observation distance r' for QO' = 1 and for various values of . As is seen the 

apparent charge rapidly falls to a value of Q' = (1/1+)QO'. The model of the screening is in 

qualitative agreement with the general results found in QED. As a classical model, it of course has 
limitations. However, classical or not, in order to have the apparent charge of a particle observed 

at great distances being constant and increasing to its true charge value as r → 0, as shown in 
Figure 1, requires the behavior of the dipole moment density as given by (19). Again the particular 
function used, i.e. (20), to model this dependence has only a secondary effect on the results. 

 Consider now the hypothetical case where the electric force is such that like charges attract 
and unlike charges repel. In this case, the virtual particle with the same charge as that of the particle 
will, on average, be closer to the particle than the virtual particle of unlike sign. One will now have 

an anti-screening effect with the vacuum volume charge density now of the same sign as that of 
the particle. As such, the total electric field will be increased and the apparent charge will be greater 

than its true value. To apply the model to this anti-screening just requires negative values for to 

be used. By the use of (21), Figure 2 shows the dependence that the apparent charge has on 

observation distance for QO'= 1 and for various negative values of . As can be seen, the behavior 

in this anti-screening case is much different with the apparent charge not approaching a constant 

but increasing with the observation distance. Of particular interest is the case where = -1 where 

at large observational distances the value of the apparent charge increases linearly with observation 
distance. This is the same type of behavior that is found with the BTFR. 

 



 

   

Figure 1. The dependence that the apparent charge Q' has on the observation 

distance for QO' = 1 in the case of screening where is positive. 

 

Figure 2. The dependence that the apparent charge Q' has on the observation 

distance for QO' = 1 in the case of anti-screening where  is negative. 



This dependence that the apparent charge has on both observation distance and on the real 

charge QO can be found by considering the far field limit of (24) with = -1. To 2nd order, where 

r/rO >>1, (24) becomes 

  Q (
Q

4πϵoEor2)= QO .        (27) 

which simplifies to  

Q = (4πϵoEo)1 2⁄  r QO
1 2⁄ .       (28)  

This analysis shows that the same dependence of PE on field strength leads to two very different 
outcomes for these two possible types of long range forces. For long range forces where unlike 

charges attract, the screening effect reduces the value of the apparent charge with the apparent 
charge for large observational distances being constant. For long range forces where like charges 

attract, and specifically in the case where = -1, one has anti-screening where at large 
observational distances the apparent charge has the dependence on the observation distance and  

the true charge as given by (28). Again the particular function used for PE in the model plays a 
secondary role and in the case of the far field limit will typically only effect the coefficient in (28). 

2.2 Model of gravitational anti-screening 

The agreement between equations (28) and (7) leads to the speculation that the various 

astronomical observations currently attributed to dark matter may actually be due to a quantum 
gravity effect. The screening of electric charge as found with QED and the larger apparent mass 
of galaxies and clusters would appear to be two sides of the same coin. Carrying this connection 

further leads to the following hypothesis:  

Baryonic masses interact through the exchange of virtual gravitons. As a second 
order quantum effect these virtual gravitons spend part of their existence 

dissociated into virtual entities. These virtual entities have no net mass but do have 
a mass dipole moment. The dependence that the virtual mass dipole moment density 
has on the gravitational field is similar to the dependence that the virtual electric 

dipole moment density has on the electric field in the QED model presented above.  

Whether the hypothesized entities are related to any of the problematic mass dipole models 
mentioned in Section 1 or are something completely different will not be speculated on.  

Given the above hypothesis the results of the previous section can easily be carried over to 

the gravitational case. The only modifications to the model of anti-screening required are basically 

with respect to the constants, i.e. replacing ϵo  with 1/G. With this substitution, equations (19a) 

and (19b) thereby become 

PG  → 
1

4πG
 g     as g → 0 and      (28a) 

  PG   <   
1

4πG
g      as g → ∞       (29b) 

with PG being the virtual mass dipole moment density and g being the total gravitational field. 

Equations (20), (21) and (24) become respectively 



  PG =  
1

4πG
 g e−g go⁄         (30) 

  g (1 +  e−g go⁄ ) = gB     and       (31) 

  M (1 + χe−MG gor2⁄ ) = MB         (32) 

where gB is the gravitational field due to the baryonic mass and gO is a constant to be determined. 

Setting = -1 in (31) then leads to the same far field dependence for the gravitational field that 

was found in the modeled electrodynamic case;  

  M = (
go

G
)

1 2⁄

r MB
1 2⁄ ,        (33) 

which of course is the BTFR. In this case however we can obtain the value of the constant gO from 
the observations. Equating the coefficient of (33) to that of the BTFR (6b) leads to the following 

value for gO; 

  gO = 
1

GA
 = (1.6 ± 0.2) x10-10 m s-2.      (34) 

Although the prime motivation behind the theory of gravitational anti-screening is the 
agreement between (33) and the BTFR, the theory does more than just provide a natural 

explanation for the BTFR. To show the theory in action it will now be applied to a range of 
astronomical observations where dark matter has been evoked.  

3. Applications of the theory 

3.1 Extended baryonic mass distributions 

To determine the contribution of the polarized vacuum to the gravitational field for a 

baryonic mass distribution in general requires (30), with  set equal to -1, along with the following 
gravitational equivalents of (12) and (16); 

  V = -∙PG and        (35) 

gV =  - G∫
ρv r̂

r2𝑉
 dV        (36) 

with gV being the gravitational field due to the polarized vacuum. An iterative technique is used 
where the initial estimate of the total gravitational field is taken to be solely that due to the baryonic 

mass. The value of PG and the resulting induced mass density distribution of the polarized vacuum 
is then determined by (30) and (35). From the induced mass density distribution the gravitationa l 

field contribution is determined from (36) and for the next estimate the total gravitational field is 
taken to be equal to the sum of the fields due to the baryonic mass and the polarized vacuum. This 
iterative process is repeated until the resulting values of the total gravitational field obtained after 

a given iteration vary by < 1% from the previous iteration.  

The results presented in the following Sections 3.2 through 3.6 are a rework of some the 
authors previous results (Penner 2013a-c, 2016a-b, 2017). However, for the results presented here 

a new PG, i.e. (30), is used. The reason for using the new PG will be given in section 3.7. 

 



3.2 Rotation curve for the Galaxy 

As the first application of the theory of gravitational anti-screening the expected rotational 
curve of the Galaxy was generated. This required the baryonic mass distribution of the Galaxy. 

Flynn et al (2006) provide estimates of the stellar mass of the Galaxy based on measurements of 
the volume luminosity density and surface luminosity density generated by the local Galactic disk. 

The stellar mass determined is a function of the assumed exponential disk scalelength, RD, and 
ranges from 48.5 – 55 x 109 M⊙ for 2 kpc ≤ RD ≤ 5.5 kpc. The total gas mass is estimated at (9.5 

± 3) x 109 M⊙  thereby yielding a total baryonic mass for the Galaxy of (61 ± 6) x 109 M⊙. The 
relative contributions from the disc and the bulge is also dependent on the scalelength. For an RD 

of 3.0 kpc the ratio of the stellar mass in the disc to that of the bulge is found to equal 1.92. Using 
as an approximation that the distribution of the gas follows that of the stellar mass and using a 
value for RD of 3.0 kpc then leads to the following baryonic mass contributions for the Galaxy: 

MB = (61 ± 6) x 109 M⊙       (37a) 

  MDISC = (40 ± 4) x 109 M⊙       (37b) 

  MBULGE = (21 ± 2) x 109 M⊙.       (37c) 

The gravitational potential in cylindrical coordinates corresponding to the exponential disc 
profile is given by 

  DISC(r,z) = - 
2G

π
 
MDISC

RD
2  ∫

x e
−

x
RD  K(√

4xr

q2 )

q

∞

0
 dx    (38a) 

where 

  q = (z2 + (x+r)2)1/2        (38b) 

and K is the complete elliptic integral of the first kind. For the bulge component of the Galaxy the 

following Hernquist model, which is a good approximation to deVaucouler’s law for the surface 
brightness of a galactic bulge, was used; 

  BULGE(r) = - 
GMBULGE

r+a
        (39a) 

with 

  a ≅
RB

1.82
         (39b) 

where RB is the radius that encloses half of the total bulge luminosity. For the Galaxy the value of 
RB was set to 0.60 kpc corresponding to a RB/RD of 0.20. The resulting baryonic gravitational field 

is then determined from 

  gB = - DISC - BULGE .       (40) 

Following the procedure described in Section 3.1, the resulting induced mass density 
profile for the Galaxy was generated. As the baryonic distribution is not spherically symmetr ic 

neither is the induced mass density distribution. As such, Figure 3 shows the induced mass density 
profile along both the plane of the Galaxy and perpendicular to the plane. For large r both  



 

Figure 3. The induced mass density profile along both the plane of the Galaxy (o) and 
perpendicular to the plane (∙∙). 

  

Figure 4. The theoretical rotational curve for the Galaxy along with the contributions 
from the disc, bulge, and the polarized vacuum. 

 



distributions fall off as 1/r2. From the generated gravitation field, in the plane of the galaxy, the 
theoretical rotational curve for the Galaxy was then determined. This is shown on Figure 4 along 

with the specific contributions from the baryonic mass components and the polarized vacuum. As 
is seen, the polarized vacuum contribution starts to dominate for r > 10 kpc. The theoretical 

rotational velocity at 8 kpc (the position of the Sun) is found to be 213 km s-1. The galactic 
rotational velocity is then found to slowly fall from this value as it asymptotically approaches a 
value of 190 km s-1. This corresponds to the BTFR value. Included on Figure 4 is the compilat ion 

of results as provided by Sofue (2012) scaled to the IAU recommended value of 220 km s-1 at the 
Sun’s location. Although the observational results would seem to indicate that the baryonic mass 

distribution is more complex than the baryonic mass model used for the theory, overall the 
agreement is quite good. It needs to be stressed that there are no free parameters being used, i.e. 
there is no fitting of theory to observations. The only parameter in the theory is the value of gO as 

given by (34) which is determined observationally via the BTFR, i.e. (6b). The theoretical 
rotational curve of the Galaxy as shown in Figure 4 is determined by its baryonic mass distribution. 

However, the specific function used for PG does play a secondary role and for the author’s previous 
function that was used for PG, the rotational value at the location of the Sun was found to be 223   
km s-1 (Penner 2016a). 

3.3 General rotational curves of spiral galaxies 

 Instead of looking at rotational curves for specific galaxies this section will determine the 
general types of rotation curves for spiral galaxies that are generated from the theory of 
gravitational anti-screening. The procedure again follows from Section 3.1. As a first step the 

baryonic mass distribution of spiral galaxies is needed. Galaxies are typically classified according 
to their morphologies with the most famous classification scheme being the Hubble sequence 
which divides galaxies into ellipticals, spirals, lenticulars, and irregulars. The more elaborate 

deVaucoulers system for classifying galaxies is a widely used extension to the Hubble sequence 
and in this scheme numerical values are assigned to each class of galaxy. This numerical value, 

labeled T and referred to as the Hubble stage, runs from +1 to +7 for spiral galaxies. For spiral 
galaxies the Hubble stage is primarily correlated with the appearance of the arms, specifically how 
tightly wound they are. As such the correlation between the Hubble stage and the baryonic mass 

distribution of galaxies is not very strong. However, for the purposes of this chapter, baryonic mass 
distributions will be determined for what can be considered as representative T =1, 3 and 5 spiral 

galaxies. From these modeled baryonic mass distributions sample rotational curves are then 
generated. 

 The relationship between m, the average magnitude difference between the luminosity of 

the bulge (B-Band) and the total luminosity of the galaxy, and the Hubble stage is given by (Simien 
& deVaucouleurs 1986); 

m = 0.800 + 0.145T + 0.0284T2 +0.00267T3.    (41) 

If the approximation is made that the baryonic mass distribution traces the luminosity distribution, 

which implies the same mass to light ratio in both the bulge and the disc, equation (41) then leads 
to the following median MBULGE/MDISC ratios for the three modeled galaxy stages;  

  T = 1  〈MBULGE/MDISC  〉 = 0.686     (42a) 

  T = 3  〈MBULGE/MDISC  〉 = 0.311     (42b) 



  T = 5  〈MBULGE/MDISC  〉 = 0.104     (42c) 

 
The scatter in the values of MBULGE/MDISC for any particular stage is found to be very large with a 

wide overlap between the stages. From the relationships given by Courteau et al (2007) the 
relationship between the exponential disc scale length RD and the galaxy rotation velocity was 

obtained for spiral galaxies. Equating the galaxy rotation velocity to the BTFR velocity then leads 
to the following relationships between the median disc scale lengths and MB, the total baryonic 
mass of a galaxy; 

  T = 1  〈RD〉 = (3.98 x 10-5 kpc) (
MB

Mʘ
)

0.454

     (43a) 

  T = 3  〈RD〉 = (1.35 x 10-3 kpc) (
MB

Mʘ
)

0.320

    (43b) 

  T = 5  〈RD〉 = (2.33 x 10-3 kpc) (
MB

Mʘ
)

0.301

    (43c) 

As with MBULGE/MDISC ratios, the values given by (43a-43c) are median values and the scatter and 
overlap between stages is again very large. In MacArthur & Courteau (2003) the following 
relationship between the median value of RB/RD and the Hubble stage for spiral galaxies is 

provided; 

   〈
RB

RD

〉 = 0.200 – 0.013 (T-5).       (44) 

Equation (44) leads to 

  T = 1  〈
RB

RD

〉 = 0.252       (45a) 

  T = 3  〈
RB

RD

〉 = 0.226       (45b) 

  T = 5  〈
RB

RD

〉 = 0.200.       (45c) 

Again as with the MBULGE/MDISC ratios and the disc scale lengths, the scatter and overlap between 

stages is very large.  

 Theoretical rotational curves were generated for galaxies of total baryonic masses of 180 
x 10 M⊙9, 60 x 109 M⊙, and 20 x 109 M⊙ for each of the three Hubble stages, T = 1, 3, and 5, with 
parameters equal to the median parameters as determined from (42), (43), and (45). Figure 5 shows 

all nine generated theoretical rotational curves for these representative spiral galaxies. On Figur e 
5 the distance corresponding to 3 disc scale lengths is also indicated. With respect to this position 

there are two general conclusions that can be made with regards to the theoretical rotation curves: 

i) The behavior of the inner rotation curves, i.e. r < 3RDISC, is primarily 
determined by the baryonic mass distribution of the galaxy, with the bulge being 
the dominant contributor to the rotational curve in the very inner regions, i.e. r ≤ 

RDISC. The strong dependence of the inner rotational curve on the bulge contribution 



is very evident in Figure 5 as one moves from the T=1 galaxies with MBULGE/MDISC 

of 0.686 to T=5 galaxies with MBULGE/MDISC of 0.104. 

ii) The behavior of the outer rotational curves, i.e. r > 3 RDISC, is very similar 

for all the galaxies and is primarily determined by the contribution from the 
polarized vacuum. Figure 5 shows that all the rotational curves slowly approach 

their asymptotic rotational velocity as per the BTFR.  

Comparing Figure 5 to the corresponding figures in Penner (2013b) where a different function for 
PG was used it is seen that the specific function used has only a minor effect on the generated 

curves.  
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Figure 5. Theoretical rotation curves, v(km/s) vs r(kpc), for representative spiral galaxies. 

The contributions from the bulge, disc, and vacuum are also shown. The arrow indicates a 
distance of 3 RDISC. 

 



    

   

   

   
                    

Figure 6. Observational rotational curves, v(km/s) vs r(kpc), for different spiral galaxies.  

To compare the theoretical rotational curves to actual observations requires complete 

rotation curves. Obtaining complete central-to-outer rotation curves for galaxies is however a 
significant challenge and typically requires a combination of different observational wavelengths. 
Fortunately examples of such complete central-to-outer galactic rotational curves have been 

provided by Sofue et al (1999a-b). In Figure 6 are shown a subset of these, specifically those spiral 
galaxies whose rotational velocities have been measured outwards to the greatest distances. The 

observed rotational curves shown in Figure 6 have been arranged from a) to i) according to their 
apparent bulge contribution. Ignoring the individual dips and bumps, which are most likely due to 
observational uncertainties and secondary baryonic mass features such as arms and bars, the 

observed rotational curves of Figure 6, both in the inner and the outer regions, are in good 
agreement with the expected curves from the theory of gravitational anti-screening that are shown 

on Figure 5. Given that the theoretical rotational curves only cover a subset of the different 
possibilities, and considering the wide scatter in parameters that is found with galaxies, the overall 
agreement between the general behavior of the theoretical rotational curves and those shown in 

Figure 6 is indeed very good. It is therefore concluded that rotational curves generated by the 



theory of gravitational anti-screening can readily produce observed features in the rotational curves 
of spiral galaxies.  

3.4 Coma cluster 

As an example of applying the theory of gravitational anti-screening to a cluster, the Coma 
cluster will be considered. In this case, there are three major components of the baryonic mass. 
The intra-cluster gas (ICG) is the dominant baryonic component. Observations of the X-ray 

emissions find the ICG distribution to be approximately spherically symmetric about the cluster 
centre. If the gas in the Coma cluster is taken to be isothermal, the gas density profile is given by  

GAS = GO (1 + (
r

rc
)

2

)
−

3

2
 βgas

.      (46) 

with rC = 0.309 Mpc, gas = 0.75, and the central gas density GO = 6.49x10-24 kg m-3 (Briel et al 

1992, Lokas & Mamon 2003). If this profile is taken to be valid out to 3 Mpc, corresponding to 
the radial extent that X-ray emission has been detected, the total ICG mass within 3 Mpc is 2.0 x 

1014 M⊙.   

After the ICG the second most important contributor to the baryonic mass of the Coma 
cluster are the stars within the cluster’s galaxies. Lokas and Mamon (2003) fitted a NFW profile 

to the surface luminosity data for the Coma cluster, and for their estimated mean mass-to-light 

ratio of 6.43 M⊙/ L⊙ , the following stellar mass density profile, STARS, then follows; 

  STARS = 
ρso

(
r

rs
)(1 +

r

rs
)

2         (47) 

where SO = 1.54x10-24 kg m-3 and rS = 0.424 Mpc. This distribution results in a total stellar mass 

of 2.6 x 1013 M⊙ within 3 Mpc and a total stellar mass of 3.9 x 1013 M⊙ within 6 Mpc. The total 
stellar mass of the galaxies is therefore approximately one order of magnitude less than the 

estimated ICG mass.  

The third contributor to the baryonic mass of the cluster is the gas localized around the two 
giant elliptical galaxies, NGC 4874 and NGC 4889, which are found near the centre of the cluster. 
From measurements of the sub clustering around the two ellipticals (Mellier et al 1988) and their 

X-ray luminosity (Vikhlinin et al 1994) it is estimated that the total amount of gas concentrated 
around NGC 4874 and NGC 4889 is 1.5 x 1013 M⊙ (Penner 2013c). This 1.5 x 1013 M⊙ of 

additional gas is modeled to be distributed symmetrically around the centre of the cluster, which 
is taken to be at the location of NGC 4874, with the following Gauss profile; 

 GAS2 = 
ρGO2  e

−
1
2

(r
σ

)
2

(
r

σ
)

2          (48) 

where GO2 = 1.92 x 10-23 kg m-3 and the standard deviation  is set at 150 kpc. This distribution 
will result in 95% of the additional 1.5 x 1013 M⊙ of gas being located to within 300 kpc of the 

cluster’s centre which corresponds to the projected distance of NGC 4889. 



 The overall baryonic density profile for the Coma cluster will therefore be given by 

  B = STARS + GAS + GAS2       (49) 

and the resulting gravitational field due to the baryonic mass will be  

gB =  - G∫
ρB𝐫

r2𝑉
 dV.        (50) 

Following the procedure described in Section 3.1, the density profile for the induced mass 
contribution was determined. This along with the baryonic mass density profile and the total mass 

density profile are shown on Figure 7. As is seen the contribution from the polarized vacuum 
dominates for r >> 100 kpc. Figure 8 shows the dependence that the baryonic mass and the total 
apparent mass have on observation distance. As is seen the baryonic mass of the cluster only 

contributes approximately 10% to the apparent mass of the cluster. Also included on Figure 8 are 
various estimates of the virial mass of the Coma cluster (Hughes 1997, 1989, Briel et al 1992, 

Ballard & Blanchard 1995, Kent & Gunn 1982, Geller et al 1999, The & White 1986, Merritt 1987, 
Lokas & Mamon 2003, Kubo et al 2007, Gavazzi et al 2009) as given in Penner (2013c). As is 
seen, the theoretically determined mass profile is consistent with these estimates. Theoretical shear 

values for the Coma cluster generated by the theory are given in Penner (2013c) albeit using a 
different PG. Again the theory of gravitational anti-screening is found to be in good agreement in 

this case with observations. 

 

   

Figure 7. The baryonic mass density profile, induced mass density profile, and the total 
theoretical mass density profile for the Coma cluster 



 

Figure 8. The dependence that the baryonic and the total apparent masses have on 
observation distance. Included are viral mass estimates based on:  x – X-ray observations, 
o – velocity dispersion observations, + - gravitational shear measurements.  

 

Figure 9. The theoretical velocity dispersions for the galaxies of the Coma cluster in the 

case of both radial and isotropic orbits. Observational values from: o – Lokas and Mamon 
(2003) and x - Merritt (1987).  



The corresponding theoretical velocity dispersions for the galaxies of the Coma cluster 
were also calculated from the gravitational field generated. These are shown on Figure 9 in the 

case of the galaxies being on both radial and isotropic orbits. Details of the derivation of these 
velocity dispersions are given in Penner (2013c). Included on this figure are the observed velocity 

dispersions as given by Lokas & Mamon (2003) and Merritt (1987). The theoretical results are in 
agreement with the galaxies in the Coma cluster being on radial or near radial orbits.  
Again, it needs to be stressed that, as with the galactic rotational curves, there are no free 

parameters involved. As with the galactic rotation curves the only true parameter in the model, gO, 
is determined by the coefficient of the BTFR. This coefficient and the baryonic mass distribution 

are the only inputs required in the determination of the dynamics of both galaxies and clusters.  

3.5 Binary Galaxies 

The analysis of binary galaxies would seem to be an excellent way of testing the current 
theory of dark matter or alternatives to it such as gravitational anti-screening. Observations of 

binary galaxies typically provide vLOS, the line-of-sight velocity difference between the two 
galaxies, sP, their projected separations, and their luminosities. The uncertainties and resulting 
scatter in the data sets are typically large. Analysis of different selected sets of binary galaxies 

typically consists of looking for relationships among these observables and comparing these results 
to various models. The models used in the previous analyses are all based on the concept of dark 

matter halos surrounding each individual galaxy. Typically, it is taken that the dark matter halos 
do not interact and the galaxies can be treated as point masses executing Keplerian orbits. The 
analyses then tries to answer the question; “Does such a model agree with the observations and if 

so what combination of orbital eccentricities and galaxy masses best fit?”. The analysis becomes 
quite complex and statistical in nature and the correlations between the observables and 
agreements between the various models and observations are generally marginal if there at all.  

A summary of the major conclusions that have been reached by different researchers 
(Turner 1976a-b, Turner & Ostriker 1977, White 1981, White et al 1983, Peterson 1979a-b, Van 
Moorsel 1982, 1983a-c, 1987, Schweizer 1987a-b, Chengalur et al 1993,  Honma 1999) based on 

six different sets of binary galaxies is provided in Penner (2017). There is almost as much variety 
in the conclusions reached regarding the types of orbits and the extent of any dark matter halo as 

there are studies. The problem is partially related with the scatter in results and the difficulty in 
selecting a representative set of binary galaxies but it is also with the theoretical models being 
used. The researchers are trying to fit the observations to models where galaxies have dark matter 

halos of set size executing Keplerian orbits. In the author’s opinion, researchers are trying to adapt 
a flawed model to the observations. As will be demonstrated in this section, the theory of 

gravitational anti-screening will lead to results that are consistent with all six sets of binary 
galaxies.  

In the theory of gravitational anti-screening the ultimate source of the gravitational field 
are the baryonic masses. The baryonic masses will therefore fundamentally determine not only the 

rotational velocity of the individual galaxies, vr1 and vr2, but also the value of vLOS. Applying the 
theory of gravitational anti-screening to binary galaxies therefore leads to a relationship between 

the line-of-sight velocity difference and the rotational velocities of the pair. In Penner (2017) a 

parameter   = vLOS/vr1 was defined, where vr1 is the far field rotational velocity of the larger galaxy. 

The analysis then determined what the expected probability function would be for in the case of 
gravitational anti-screening. 



The baryonic model used in the case of binary galaxies is that the separation of the two 
galaxies is great enough such that they can be treated as point masses. The method then proceeds 

as described in Section 3.1. As an example Figure 10 shows the resulting induced mass distribution 
around a pair of galaxies with baryonic masses MB2 = MB1 = 60 x 109 M⊙ and with the two galaxies 

separated by s = 100 kpc. In the figure the induced mass density distribution is only shown out to 
where it has dropped below 10-24 kg m-3. The distribution associated with a particular galaxy or 
with a given pair does not terminate as with dark matter halos but will extend to as far as to where 

the gravitational field from the given baryonic mass is dominant. As the pair’s separation changes 
the distribution changes. For observational distances r >> s the induced mass distribution morphs 

into one corresponding to that of a single baryonic mass equal to MB2 + MB1. It needs to be stressed 
that Figure 10 is not showing “halos” interacting as with dark matter. The induced mass 
distribution that is induced from the vacuum is solely dependent on the local gravitational field as 

per (35) and (36).  

                

Figure 10. The induced mass distribution around a pair of galaxies with MB1 = MB2 = 60 x 
109 M⊙ and with the galaxies separated by s = 100 kpc. The induced mass density ranges 
from 10-24 kg m-3 to 10-22 kg m-3 as one moves from the outer solid line to the inner solid 

lines. (The secondary features along the vertical axis are not real but are computational 
artifacts.)  (Reprinted by permission of Springer Ap&SS, Gravitational anti-screening and binary 

galaxies, Penner, 2017)             

 

In the analysis to determine the probability function for  , P(), the two extreme 
relationships between the galactic baryonic masses were considered, i.e. MB1 >> MB2 and MB2 = 

MB1. Results obtained from these two extreme cases would be expected to determine the bounds 
of the more general case. The analysis then determined (Penner 2017) the following probability 
functions for these two extreme cases and for both circular and radial orbits:  



i) MB1 >> MB2  

Circular orbits: P() = 1  with 0 ≤   ≤ 1    (51a) 

   β̅ = ∫ β P(β)dβ
1

0
 = 0.50     (51b) 

Radial orbits:  P() = - (
1

2π
)

1 2⁄

 [Ei (−
β2

2
)]    (52a) 

β̅ = ∫ β P(β)dβ
1

0
 = (

1

2π
)

1 2⁄

 ≅ 0.40   (52b)  

ii) MB2 = MB1  

Circular orbits: P() = 
1

𝛾
  with 0 ≤   ≤       (53a) 

β̅ = 0.50        (53b)  

Radial orbits:  P() = - (
1

2π
)

1 2⁄
1

𝛾
 [Ei (−

β2

2𝛾2)]   (54a) 

    β̅ = (
1

2π
)

1 2⁄

 ≅ 0.40 .    (54b) 

The function Ei is the exponential integral and the value of  is a correction to the effect of 

approximating that the induced mass distributions of each galaxy, in the case of  MB2 = MB1, 

remains undisturbed up to the mid-point of the pair. The value of was found from simulations to 

be relatively constant with a value of approximately 1.25. The theoretical value of β̅ for MB2 = MB1 

therefore ranges from 0.625 for circular orbits to 0.50 for radial orbits. The theoretical probability 

functions for   for all four above cases are shown on Figure 11. As is seen on the figure there is 

little difference between the distributions for MB2 << MB1 and MB2 = MB1. As such the average of 

the two distributions, determined by setting  = 1.125 in (53) and (54), for both circular and radial 

orbits will represent the theoretical distributions when comparing theory to the results.  

In order to compare the different sets of observations with the theory, the rotational velocity 
of the larger galaxy of a given pair is required in addition to vLOS. Both Petersen and Chengalur et 
al provided H1 profile widths corrected for inclination for their 65 galaxy pairs. In both these cases 

the rotational velocity of each galaxy was taken to be one-half of the profile width. In the case of 
van Moorsel the maximum rotational velocity of each galaxy is directly provided for the 14 galaxy 

pairs. The values of   for each of these 79 pairs were therefore able to be determined directly. For 
the Turner/White, Schweizer, and Honma sets neither the H1 profile widths nor the rotational 

velocities of the galaxies were provided. In these cases, the values for vr and   were determined 
indirectly by using the Tully-Fisher relationship for spiral galaxies (Sakai et al 2000); 

vr = 200 km s-1 (
L

2.97 x1010Lʘ
)

0.277

      (55) 

where L is the V-band luminosity of the galaxy. This resulted in 30 binary galaxies for Schwizer, 
53 pairs for Turner/White, and 46 pairs for Honma.  



             

              

Figure 11. The theoretical probability functions for   for radial and circular orbits for the 
cases where MB2 << MB1 (−) and MB2 = MB1 (∙∙∙). (Reprinted by permission of Springer Ap&SS, 

Gravitational anti-screening and binary galaxies, Penner, 2017) 

Table 1 lists each of the six sets of binary galaxies along with their resulting β̅’s. As is seen 

the values of β̅ are consistent across the sets except for that belonging to Chengalur et al who had 

considered pairs of much greater separation than the other groups. The value of β̅ for all 208 binary 

galaxies of the six sets is 0.512. This value of β̅ is however very sensitive to outliers, which are 

most likely due to chance projections. Out of the 208 binary galaxies, two values of exceeded 3. 

If these two outliers are removed the value for β̅ for the remaining 206 pairs drops to 0.488. Overall 

the values of β̅ are in excellent agreement with the range of values determined from the theory of 

gravitational anti-screening.  

      Set # of pairs   β̅   

Petersen       33 0.505 

Chengalur  et al       32 0.300 

van Moorsel       14 0.531 

Schweizer       30 0.550 

Turner/White       53 0.552 

Honma       46 0.588 

      All     208 0.512 

              

Table 1: The value of β̅ for each of the six sets of binary galaxies. (Reprinted by permission of 

Springer Ap&SS, Gravitational anti-screening and binary galaxies, Penner, 2017)             



 

               

Figure 12. The combined probability function for all six sets of binary galaxies along with 

the theoretical P() for radial and circular orbits. .)  (Reprinted by permission of Springer Ap&SS, 

Gravitational anti-screening and binary galaxies, Penner, 2017)             

To determine the nature of the orbits the probability function P() was determined for each 

of the six sets of binary galaxies individually and the combined probability function for all the 
pairs (Penner 2017). Figure 12 shows this combined probability function for all six sets of binary 

galaxies along with the theoretical P() for both radial and circular orbits. The resulting probability 

distribution function for is in excellent agreement with the observations taken by mult ip le  

researchers for the case of the binaries being on radial orbits. Indeed, if the different research 
groups had all used the gravitational anti-screening model in their analysis they would most likely 
would have all had the same conclusion. Unfortunately, they used models based on fixed size dark 

matter halos resulting in marginal fits at best and a wide range of conclusions. 

Further observational evidence for binary galaxies being in radial orbits also comes from 
the one pair of galaxies where the velocity vector v is known. Van der Marel et al (2012) 

determined the velocity vector of M31 with respect to the Galaxy. They found a radial velocity of 
M31 with respect to the Galaxy of -(109.3 ±  4.4) km s-1 and a tangential velocity of 17.0 km s-1. 

They concluded that the velocity of M31 is statistically consistent with a radial (head-on collis ion) 
orbit towards the Galaxy. With a value for vr1 ≅ 250 km s-1 (corresponding to the rotational 

velocity of the larger M31) resulting in v/vr1 = 0.44, M31 and the Galaxy would appear to be a 
very typical binary.  

3.6 Density parameter 

 As was stated in the introduction the role of dark matter has gone beyond a theory 
attempting to explain the dynamics of galaxies and clusters. It is now an integral part of the overall 



CDM model of cosmology. In the CDM model baryonic matter accounts for 4.82% while dark 

matter accounts for 25.86% of the energy content of the universe. Baryonic matter and dark matter 
together therefore result in a density parameter 0.307.  

To determine what density parameter falls out from gravitational anti-screening theory first 
requires a model for the baryonic mass distribution of the universe. Observations show that the 

galaxies in the universe are not uniformly distributed but are typically found in groups and clusters. 
These groups and clusters are in turn part of superclusters separated by large sparsely populated 

voids. From the results of various researchers (Bahcall & Soneira 1984, Bahcall 1996, Broadhurst 
et al 1988, Einasto et al 1997) it is estimated (Penner 2016b) that the current average separation of 
superclusters is  

DSC,O = (120  ± 20)h-1 Mpc.       (56a) 
 

and for the Hubble constant as given by (1) 

 
  DSC,O = (177  ± 32) Mpc.       (56b) 

 
This separation is also approximately equal to the diameter of an average void (Tully 1986, 
 Batuski & Burns 1985, Einasto et al 1997).  

 
As a simplified model of the baryonic mass distribution of the universe, it was taken that 

the baryonic mass is lumped together at the location of uniform sized superclusters currently 
separated by DSC,O. Each model supercluster will be taken to be the dominant source of the 
gravitational field for distances within RSC,O of the superclusters centre where 

 
 RSC,O = DSC,O/2 =(89 ± 16) Mpc.      (57) 
 

The total baryonic mass associated with these modeled superclusters was then set such that the 
average baryonic density parameter within RSC,O is as given by (1). This leads to each modeled 

supercluster having a total baryonic mass of approximately 3 x 1016 M⊙.  Although this 
supercluster model is very simple, the dominant contribution that the polarized vacuum will make 
to the overall energy density of the universe will come from the voids. It is the behavior and values 

of the gravitational fields within the voids that is of greatest importance. In this case, the above 
model of baryonic mass would result in gravitational fields within the voids that would be expected 

to be in reasonable agreement with actual values. 
 

With the given model the total mass, M, within a distance of RSC from a supercluster with 

a baryonic mass of MB is from (33) given by  
 

 M = (
g0

G
)

1/2

 RSC MB
1/2.        (58) 

 

Equation (58) can also be expressed in terms of B, the average baryonic density, and , the average 
overall energy density, i.e. 

  = (
3g0 c2

4πG
)

1/2

 (
εB

  Rsc
)

1/2

.       (59) 



 
In terms of density parameters (59) then becomes  

 

  =  (
2g0

H2
)

1/2

(
ΩB

  Rsc
)

1/2

.       (60) 

 
Substituting (1), (2), (34), and (57) into (60), the current value of the density parameter due to the 

baryonic matter and the induced mass contribution as given by the theory of gravitational anti-
screening is 

 

   = 1.08 ± 0.19.        (61) 

 

The resulting value is far from the value of 0.3068 of the CDM cosmological model. In the theory 

of gravitational anti-screening it would appear that no additional contributor to the energy content 
of the universe such as dark energy is required to explain observation iv as given in Section 1.  
 

Of course, the primary reason for invoking dark energy was to explain the acceleration of 

the expansion of the universe. As stated in Section 1, a best fit of the CDM model by Ade et al 

(2014) leads to a deceleration parameter qO is equal to -0.539. In the author’s gravitational anti-
screening theory the baryonic mass and polarized vacuum are coupled together with a total energy 

density given by (59). Substituting  
 
 RSC = a RSC,O         (62) 

and 

  B = B,O a-3         (63) 

 
into (59) results in the following dependence that the overall average energy density has on the 

scale factor;  

   = (
3g0 c2

4πG
)

1/2

 (
εB,O

  Rsc,O
)

1/2

a-2.      (64) 

 

Given this dependence on scale factor the equation of state parameter for the model is w = -1/3 
which, as with dark energy, leads to a negative pressure. By equation (5) the deceleration parameter 
for this single component model will therefore equal 0 and the universe will expand at constant 

velocity. From the Friedmann equation, ȧ, the velocity of this expansion will equal HO. 

  
Having the deceleration parameter equal to zero is of course not equal to the observed 

negative value and the resulting acceleration. However, the simple model of the baryonic mass 

distribution of the universe presented assumes that the baryonic distribution of the universe is 
static, i.e. as the universe expands the superclusters are just moving farther apart. If superclusters 
are, in general, at least partially unbound systems then the baryonic mass of the individua l 

superclusters would be expected to decrease over time, i.e. the universal expansion is pulling the 
gravitationally unbound clusters away. As an example of the effect that this would have on the 

deceleration parameter, consider the simple model where RSC stays constant in time with the 
baryonic mass of the individual superclusters decreasing such that the average baryonic energy 
density continues to follow (63). This will correspond to the size of the voids remaining constant 



as the number of modeled superclusters increases with time. For the case of a constant RSC, by (63) 
and (59), the dependence that the overall average energy density has on the scale factor is given 

by 

 = (
3g0 c2

4πG
)

1/2

 (
εB,O

  Rsc
)

1/2

a-3/2      (65) 

 
For this dependence on scale factor the equation of state parameter is w = -1/2, resulting in a 
deceleration parameter of qO = -0.25. The magnitude of the deceleration parameter for this example 

is smaller than the observed value, but given the simplicity of the model the difference is not 
surprising. In general, if the baryonic mass distribution of the universe is static then the 

deceleration parameter is equal to 0 while if the baryonic mass is dispersing the deceleration 
parameter will be negative. The key point is that an accelerating expansion falls out of the theory 
of gravitational anti-screening without the need of dark energy. The baryonic mass and induced 

mass contribution by itself leads to both a density parameter (61) that is consistent with a flat 
universe and an accelerating expansion. 

 
3.7 Solar System 

 

Of course, questions arise, what impact will gravitational anti-screening have in the solar 
system and can its impact be observed? Unlike the applications of the theory that have so far been 

presented in this chapter, within the solar system g >> gO. For example, at the position of Neptune, 
the value of g due to the Sun is 6.6 x 10-6 m s-2. This is over four orders of magnitude greater than 
the value of gO. In the case where g >> gO the specific function used for PG is crucial in determining 

the effect of gravitational anti-screening.  
 

In previous work (Penner 2016a, 2016b, 2017) the following function for the virtual dipole 
moment density was used 
 

𝐏𝐆
′  =  

1

4πG
 go′ (1 - e−g go

′⁄ ) �̂� ,      (66) 

where the parameter gO', determined as with gO from the observational BTFR, is given by  

 

  gO' = 
1

2GA
 = (0.80 ± 0.10) x10-10 m s-2.     (67) 

 

For this function the induced virtual dipole moment density saturates and has a magnitude of  
1

4πG
 

gO′ for g >> gO'. As shown in Penner (2016b) this function leads to the following dependence that 

the apparent mass has on MB and the observation distance r; 
 

  M = MB  + 
go

′

G
 r2  (1 − e−GM go

′r2⁄ )      (68) 

 
For the induced virtual mass dipole moment density function that has been used in this chapter, 

i.e. (20), PG → 0 for g >> gO. The difference in the behavior for g >> gO between these two functions 
for the virtual mass dipole moment density leads to dramatically different results. In the weak field 

limit, where g << both gO and gO', both models of the virtual mass dipole moment density lead to 



the same weak field dependence that the apparent mass has on MB and the observation distance 
(33), and to similar results for Sections 3.2 to 3.6.  

  
 To determine the resulting impact that the difference between these two functions for the 

virtual dipole moment density has in the case where g >> gO and gO' the value of M, the induced 
mass contribution, was found for both. These were determined by using the approximation that for 

g >> gO and gO' the apparent mass M ≅ MB in both (32) and (68). The resulting M’s determined 
are given by; 

  M = e−GMB gor2⁄  MB    for PG       (69) 
and  

  M = 
go

′

𝐺
 r2   for 𝐏𝐆

′
.        (70) 

The results for the two models of PG out to a distance of 1000 AU from the Sun, where g is still 

over a magnitude greater than both gO or gO', are shown in Table 2. In the table values for both M 

and g, the resulting additional acceleration towards the Sun due to the polarized vacuum, are 
given. 

 

 PG PG 𝐏𝐆
′  𝐏𝐆

′ 

       r (AU) M (M⊙) g (m s-2) M (M⊙) g (m s-2) 

          1    < 10-100   < 10-100  1.35 x 10-8  8.00 x 10-11 

         10    < 10-100   < 10-100  1.35 x 10-6  8.00 x 10-11 

        100    < 10-100   < 10-100  1.35 x 10-4  8.00 x 10-11 

       1000  7.97 x 10-17  4.72 x 10-25  1.35 x 10-2  8.00 x 10-11 

 
            Table 2 

 
As seen from the table, for the function of PG used in this chapter the additional mass and 

acceleration due to the polarized vacuum are to all intents and purposes equal to 0 within the Solar 
system and indeed out to 1000 AU. For the function used in the previous work, i.e. 𝐏𝐆

′ , the 

additional induced mass contribution leads to a constant additional acceleration of gO' towards the 
Sun. Previously this function was used to seek an explanation for the Pioneer anomaly. As an 

explanation is no longer required is the reason for now using the simpler function for PG in this 
chapter. 

Any observational deviations from current gravitational theory are best provided by the 

analysis of the ephemerides of solar system bodies. Positional observations of planets and 

spacecraft, Pitjev & Petjeva (2013), have determined that any unaccounted for mass, M, within 

Saturn’s orbit (~10 AU) is < 1.7 x 10-10 M⊙. Wallin et al (2007) considered Trans-Neptunian 
Objects (TNO’s) orbiting between 20 and 100 AU from the Sun to place limits on deviations from 

gravitational theory. They found that g = - (8.7 ± 16) x 10-11 m s-2 for the TNO’s, i.e. g is 

pointing away from the Sun and is equal to 0 within the uncertainty. These results eliminate the 
function 𝐏𝐆

′  as a possibility for the behavior of the density of the virtual dipole moments. However 

the function PG used in this chapter is still viable. 

To determine at what distance from the Sun there would be a possibility of detecting the 

effect of gravitational anti-screening, the resulting M in case of the function PG obtained from 
(32) for distances > 1000 AU are plotted on Figure 13. The impact of the gravitational anti-



screening rises rapidly beyond 1000 AU with the induced mass contribution due to the polarized 
vacuum being equivalent to the mass of Jupiter at 2100 AU and equivalent to the mass of the Sun 

at approximately 10,000 AU. Although these values are only for the specific function for PG used 
in this chapter the results indicate that only at great distances will the effects of gravitational anti-

screening be observable. Hopefully in the not too distant future distant bodies will be discovered 
at these very great distances which will provide further validation of the theory.  
 

              

Figure 13. The induced mass contribution within the solar system. 
 

4. Conclusion 

The theory of gravitational anti-screening is an alternative to the current theory of dark 

matter and, indeed, to the current CDM cosmological model. As Section 3 has shown, the theory 

is in very good agreement with the observations for the cases it has been applied to. It is important 
to stress that there are no free parameters in the theory. The same program that is used to calculate 
galactic rotation curves is used to calculate the apparent mass distribution and the galaxy 

dispersion profile for the Coma cluster and the dynamics of binary galaxies. The input in all cases 
is the baryonic mass distribution. The specific function used for the virtual dipole moment density 

has only a minor effect on the results as these applications are all in the weak field. Only within 
the strong gravitational field of the solar system is the specific function used crucial. 

The theory of gravitational anti-screening is somewhat similar to dark matter theory in that 
it is an additional mass density that is responsible for the increased gravitational fields that are 

found around galaxies and clusters. However, this is not due to exotic nonbaryonic particles but is 
induced from the vacuum. The theory of gravitational anti-screening is also connected to the theory 

of dark energy in that a negative pressure falls out of the induced vacuum contribution. However 
it is only the induced contribution from the vacuum that is responsible to the observations 



attributed to both dark matter and dark energy. Overall, not only does the theory lead to better 
agreement with observations but it is much simpler. 

Of course, the theory has a major problem with the concept of mass dipoles. This would 

seem to need particles of negative mass which is in disagreement with current physical theory. The 
model put forth of gravitons dissociating into virtual mass dipoles is speculation. The symmetry 

of this model with the dissociation of photons into virtual electric dipoles is however attractive. It 
would indicate a fundamental symmetry between the two known long range forces. It also needs 
to be pointed out that a solution in GR does exist for the case of negative mass. Bondi (1957) 

showed that if a particle exists which has a negative inertial mass as well as negative active and 
passive gravitational masses there is a solution in GR but only if the particle is paired up with a 

particle with all of its masses positive. By itself a negative mass particle can’t exist but as part of 
a dipole it is allowed in GR. A complication is that Bondi’s solution finds that this mass dipole 
can’t exist by itself but must be paired up with another like mass dipole of opposite orientation. 

Whether Bondi’s solution is related to the concept of the graviton dissociating into virtual entities 
is unclear. It may also be that the graviton is not dissociating into virtual entities like in QED but 

that it is by another mechanism by which gravitons are responsible for the existence of virtual mass 
dipoles throughout the cosmos. To answer this question a proper theory of quantum gravity would 
seem to be what is needed. 

Although there is a lack of a proper theory on the existence of virtual mass dipoles, the 
results of gravitational anti-screening should not be dismissed. The agreement with observations, 
especially as relates to binary galaxies, is too good to be dismissed. Assuredly with further 

applications of the theory the scientific community will be convinced that mass dipoles are the 
solution to the dark matter and dark energy problem. 
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