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Abstract: There is growing enthusiasm for the position that no single particle solves the 

puzzle of dark matter in the cosmos, a shift in perspective to include alternate ideas may offer 

part of the answer. Here, we advocate the (less than conventional, but not totally new) idea 

of negative mass as one possible contributor to the solution. We address the subject by 

empirically constructing a unified potential valid from the macro-gravity scales through the 

quantum scales that is non-symmetric between positive mass and negative mass particles. 

We discuss the similarities and differences between well-known potentials for traditional all-

positive-mass particles, and, address the possibility that the Newtonian potential could be a 

first-order approximation to a sine function. Our fully unified potential (VU) agrees with 

current data-consistent potentials from the largest macro scales down to quantum scales. 

Unlike Newton’s potential which is only a function of mass, VU is a function of mass, and 

the square-root of mass which impacts the negative mass behavior. The positive mass 

characterization is discussed here. In the macro-scale’s far field, VU has the usual 1/r decay. 

However, it also shows an oscillating transition between quantum-scales and macro-scales 

where the Casimir effect is seen. The super-massive scales also show this oscillating 

quantum-like behavior in the near-field region.  

 

Keywords: negative mass, negative energy, alternate gravity, composite elementary 

particles, cosmic inflation. 
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1. Introduction 

One of the most consuming focuses of human intellectual activity throughout history has been 

the need to discover the nature of our universe and its contents. In ancient times, that activity was 

centered prominently on the observed bodies in the heavens, along with an extensive philosophical 

debate on the composition of the observed matter, both astronomical and the small-scale stuff-of-

everyday-life. The nature of that matter was largely unknown.  

Today, most of what we know about matter in the cosmos is based on theoretical models, fed by 

measurements and requiring some initial assumptions [1]. Currently, the predominating consensus is the 

DM (dark matter) and DE (dark energy) paradigm [2], dividing the universe as: DE (identity unknown), 

~73%; DM (identity unknown), ~23%; other non-luminous matter (gasses, neutrinos and super-massive 

black holes) and luminous matter (stars, gasses and radiation), ~4%. Numerous possible candidates have 

been proposed for DM [3], but to date, the search for these candidates has not been successful [4].  

Simulations indicate the expected influence of DM on normal matter, leading to the strong 

suspicion that no single type of DM is sufficient. Several possibilities, including numerous types of 

particles (in addition to WIMPS and axions which have not been abandoned) and a variety of forces that 

act only on DM, are now on the table; and, there is growing favor with the idea that new ideas need to 

be considered until an answer is found [2, 5]. One direction this message leaves open is considering the 

dark sector – such things as parallel universes, or more unconventionally, negative mass particles (which, 

for the most part, until now, have been only a hypothetical concept).  

The going-in assumption to most models has been that mass can only be positive. This is true, in 

part, because, traditionally, observed mass is the stuff we can see, and, it is unsettling to think about the 

opposite of what we can see. (Schiff argued in favor of assuming that all particles of matter and anti-

matter have positive rest mass and positive passive gravitational mass [6, 7], a position that was later 

reiterated by Weinberg [8]). Also, there have been few measurements that might be interpreted as 

negative mass. This is starting to change, and, a paradigm shift that allows the serious consideration of 

negative mass as a real possibility. 

The negative mass concept is not consistent with the SM as currently configured; however, it is 

not a unique idea in theory. Newtonian mechanics is based on a gravitational potential that is proportional 

to mass. There is nothing in the expression prohibiting either the active source mass (ms) or the passive 

responding test mass (mt) from being negative. Newton [9] reflected on the fact that we gain information 

about matter through observations by our senses, and, that knowledge (of “sensible bodies”) might then 

be applied universally to all bodies. But, he cautioned that there are bodies beyond the range of our 
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senses – perhaps inferring the existence of the sub-atomic world or cosmic DM that was not obvious in 

his time, or the real possibility of negative matter particularly DM and DE. 

In his book, Jammer [10] describes some of the earliest considerations of Newton’s laws and 

concept of negative mass. He notes that Pearson (1885) spoke of the attractive and repulsive gravitational 

forces in the context of bodies in a fluid medium. Seerliger (1895) considered Newton’s law not 

rigorously accurate and needing supplementary terms as applied to the universe as a whole; while, A. 

Foppl (1897) introduced the notion of negative mass as a possible solution. 

Bondi [11] stated that in Newtonian physics the law of action and reaction implies the equality 

of active (ms) and passive (mt) gravitational masses, but, the equality of inertial mass (mi, that responds 

to non-gravitational forces) with ms and mt is a separate empirical fact. He noted that negative matter 

does not respond like ordinary (positive) matter to non-gravitational forces, producing repulsive 

gravitational fields. He observed that when considering relativity as a purely gravitational theory, mt and 

mi do not appear, and, ms occurs only as an integration constant that could be either positive or negative. 

He went on to develop a non-singular solution to Einstein’s equations showing a repulsive force between 

bodies with mass densities of opposite sign. 

Bonner [12] considered mechanics in a universe with negative mass and the influence of the 

negative mass on the Schwarzschild black hole solution. Hoyle, Burbidge and Narlikai [13] noted that 

allowing only positive mass results in the standard hot Big Bang model. They developed a scale-invariant 

form of the gravity equations that reduce to general relativity under the right conditions and leads to the 

creation of equal numbers of positive-mass and negative-mass particles (pairs) during creation events, 

providing an alternate explanation for the cosmological observations [14].  

Chang [15] explored the force of negative mass and its potential relation to DM, using single-

metric field equations describing repulsive interactions. In another approach, Petite and his colleagues 

[16] present a bimetric (Janus) model of the universe. Their theoretically model, based on Einstein’s 

equations, considers the interaction of positive and negative masses where the two types of matter have 

different light speed. Their twin-universe system of coupled equations shows like-mass-types attracting 

and unlike-mass-types repelling, and includes both positive-energy photons and negative-energy 

photons.  

In a slightly different vein, FRACEP (the Fractal Rings and Composite Elementary Particles 

model) [17] heuristically develops composite versions of the Standard Model (SM) elementary particles 

and anti-particles (the “Bright Universe”) having mostly positive mass; but it also includes an additional 

set of dark particles and dark anti-particles (the “Dark Universe”) having mostly negative mass. The 

FRACEP mass types interact like the Petit-model masses, but unlike the Petite model, FRACEP 
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considers the mixed-mass-type internal structure of the elementary particles. The mathematical basis of 

this particle construction has yet to be developed. 

Further, experiments are beginning to address the negative-mass question. Simone Giani [18] 

examined the impact of superluminal velocities on particle interactions, noting that, in such cases, the 

square of the particle mass needs to be negative to allow conservation of energy and momentum. His 

analysis of the SN1987A supernova data indicated a possible signature for superluminal neutrino bursts 

[19], and experiments later reconfirmed that possibility [20].  

Takahashi and Asada [21] used the results of the Sloan Digital Sky Survey Quasar Lens Search 

to determine an upper limit on the number of negative-mass objects and Ellis wormholes. Since they are 

not luminous because there is no matter accretion as a result of the repulsive force, gravitational lensing 

was used as an observation tool to probe for these exotic objects.   

Mbarek and Paranjape [22] showed that for certain conditions in an ideal fluid, there is an exact 

solution to Einstein’s equations in a de Sitter space-time that is not asymptotically flat, indicating that 

any plasma of positive-negative particle pairs in the early universe would screen gravitational waves 

below the plasma frequency. In a related idea, Khamehchi, et al. [23] experimentally demonstrated that 

with a properly engineered dispersion relation in a Bose-Einstein condensate, spin-orbital coupling 

exhibited behavior consistent with effective negative mass, showing that the modified dispersion 

resulted in soliton trains, shock waves and other non-linear effects. 

Finally, the ALPHA collaboration at CERN [24] is considering the negative-mass idea from a 

different perspective. Big Bang theory indicates that, during the creation event, equal amounts of matter 

and anti-matter should have been created. They, in turn, should have annihilated each other; but, an 

excess of matter has survived, indicating that the laws of nature, as we understand them, do not apply 

equally to matter and anti-matter. The ALPHA collaboration is experimentally exploring that puzzle. 

Specifically, assuming the hydrogen atom is purely positive mass, is the anti-hydrogen atom purely 

positive (with opposite characteristics), or is it partly negative mass causing it to violate the expected 

gravitational attraction because there is a difference in the behavior of matter and anti-matter? Their 

initial efforts [25] created sufficiently stable anti-hydrogen, and further experiments are planned to more 

completely answer the question. 

Because of the current uncertainty in the nature of dark cosmic-matter, we assume the possibility 

of both partially negative-mass and totally negative-mass particles [17], which requires a potential to 

describe their interaction with each other and with normal (positive-mass) particles. In the following 

sections, we describe the considerations for constructing a fully unified potential VU that can address the 

differences between positive-mass and negative-mass particles at all scales. We then present a potential 

form and a comparison of the VU with the two well recognized potentials (Newton and the neutron-
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neutron scattering potential). A mathematical basis for this empirically constructed VU has yet to be 

developed. 

 

2. Consideration for Constructing a Unified Potential 

VU is a unified potential that is intended to address Planck-length scales to the largest macro-

scales of astronomical bodies. It characterizes both positive-mass sources and negative-mass sources. 

Focus is on the strong force and gravity as a way of defining the nature of VU’s influence in the two 

regions where the characterization is well-known and accepted, empirically matching the behavior of 

the known. 

Because the data available to develop VU is for positive mass only, the derived potential function 

needed a broad-scale base in order to recognize the impact of negative mass on the potential form. To 

address the negative mass, VU does not assume a simple replacement of “–m” for “+m” in any of the 

current potential forms. Instead, it uses current data at nuclear scales as an intermediate step between the 

smallest scales-of-interest and the largest macro-scale to provide a unified function that is extrapolated 

down to its smallest particles. 

The well-known potential functions for the strong force (the SM neutron-neutron scattering 

potential) and for gravity (Newtonian potential VN) are different, but, they have some characteristic 

similarities. This leads to the conclusion that there might be a common rule applying to the quantum and 

the macro (gravity) scales, implying a single, multi-term function where all terms are not simultaneously 

significant at all scales. 

The functional form obtained is proportional to the product of a sine function and a decaying 

exponential. VU demonstrates an oscillating transition between the quantum and gravity scales, even 

showing a near-field oscillating (quantum-like) behavior at the very largest mass scales. VU’s smallest 

possible r is 3.3x10−35 m. The negative mass characterization was not deliberately modeled – it 

automatically arises out of the unified functional form. 

 

2.1. Familiar Macro-Scale Potential 

Newtonian physics is based on a potential between two masses that decays monotonically with 

r,  

 

VN = −Gmtms /r.                                                                                 (1) 

 

Experiments [26] show that VN reflects nature to sub-millimeter r. For smaller r, it becomes 

difficult to distinguish between measurement uncertainty and possible variations in G. As r approaches 

zero, VN grows infinitely large; but, it is uncertain if nature necessarily follows this rule. Further, general 
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relativity (GR) provides a correction (−3mt(Gms/c)2/r2) [27] that resolves VN’s perihelion advance 

inadequacy at cosmic scales. 

With the appropriate assumptions, GR yields the same results as Newton's action-at-a-distance 

force. However, GR's effects also extend to super massive scales which Newton’s expression does not 

adequately model. It also allows for repulsive energy which leads to accelerated expansion of the 

universe – an effect Newton cannot address. Neither Newton nor GR extend adequately to the sub-

atomic levels.  For that, the probabilistic formulation of quantum mechanics is required.  

  

2.2. Familiar Quantum-Scale Potential 

The nuclear force is based, to first order, on the well-known Yukawa potential VY = − g2 e−br/r, 

where the b = mc/h-bar, h-bar is Planck’s constant divided by 2π, and g is analogous to the Newtonian 

gravitational constant G. To completely describe the nuclear force, VY is modified by several terms that 

model specific physical effects [28].  The form for neutron-neutron scattering is: 

 

VY-mod ~ A VY [1 + S(r){1 + 3/(m
 
r) + 3/(m r)2}] – δ(mπ, r),                                      (2) 

 

where, S(r), δ(mπ, r) and A are empirically determined and mπ is the mass of the pi-meson exchange 

particle (one of the particles acting as the focus of the strong nuclear force). The usual range for current 

models is between ~0.3 fm to ~2.5 fm. The constant b in the exponential of VY varies depending on the 

mass of the exchange particle: for pi-meson exchange, b ~ 0.7082/fm where r > 0.3 fm; for the rho and 

the omega exchanges, b ~ 4.054/fm where r < 0.3 fm.  

VY-mod has an oscillating character that is exponentially damped with increasing r, converging to 

zero by ~10 fm, making it inconsequential at macro distances. For r < 0.5 fm, it grows exponentially 

becoming infinitely large as r approaches zero. Like VN, it is not obvious that nature follows this rule.  

 

2.3. Common Characteristics of Quantum- and Macro-Scale Behavior 

VU reproduces VN’s behavior at macro scales, and it agrees with the shape and magnitude of       

VY-mod at quantum scales. But, it also extends to the smallest scales without producing a singularity for 

positive mass sources.  Several observations contributed to the construction of VU. First, both VN and   

VY-mod, to first order, have a 1/r decay. Second, VY-mod’s damped oscillation is suggestive of a stretched 

spring, pegged at one end, and increasingly compressed in amplitude along its length. The damping is 

explicitly represented by an exponential decay function. The stretched oscillation is produced by the 

modification terms. This oscillatory effect is determined empirically in VU by fitting to VY-mod using a 

sine function. For 1/r, the sine function expansion is: sin(1/r) = 1/r – (1/r)3 (1/3!) + (1/r)5 (1/5!) – …. 
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(1/r)2n+1 (1/2n+1!). This hints that the observed 1/r behavior in VY-mod could be the first order 

approximation to a sine function. It could also explain the 1/r behavior in VN under the right conditions. 

 

3. The Unified Potential (VU) 
 

The functional form of VU was empirically determined based on the above considerations, and 

the numerical coefficients were determined by the best fit to the known potentials: 

 

VU = mt [A0(M) + B0(√M)] sin[S(r, M) + T(r, √M)] E0(r, M);                                                              (3a) 

 

A0 = 1 / (0.18 M),   

B0 = 9.2095×10−8 √M, 

E0 = exp{−2.4 r |M| / [M2 +  (mGp /mπ)] };                                                                         (3b) 

 

S(r, M) = K1 + Kf, 

K1 = −150 (π/180) 0.09 (r
 
/M)2 E1, 

E1 = exp[−67 (mGp /mπ) / |M|], 

Kf  = −(π/180)
 
0.000092

 
[M / 8×1060]2  [1.496×1026/r] 3;                                                                    (3c) 

 

T(r, √M) = K2 + K3 + K4, 

K2 = −150 (π/180)
 
(0.00006/mπ) √M / r, 

K3 = 150 (π/180) E1
 
/ √M,  

K4 = K3 / r.                                                                                                  (3d) 

  

M = ms / mπ where ms is the source mass for which the potential is computed, mπ = 139.57 MeV/c2 

(the mass of the pi-meson). The mt is the responding test mass, and mGp = 1.72×10-22 MeV/c2 (the 

hypothesized “smallest” particle). The calculation units are: masses in MeV/c2, r in fermis, and VU in 

MeV. The macro-scale conversion to these units are: 1.7826915×10−33 MeV/c2 per kg; 1015 fm/m; 

1.496×1011 m/AU; 1.6022×10-13 J/MeV; and 63240 AU/ltyr; 1 SU = 1.99×1030 kg. 

T(r, √M) becomes imaginary when M is negative because of the √M factor in (3d), giving VU an 

imaginary component. This is not true of VN which is always real, retaining the same function but 

changing sign. We assume an absolute value for M in E0 and E1. This guarantees VU decays at large 

distances when M < 0. 
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Figure 1. Shown is the characteristic behavior at the quantum scale. The solid red line is VU and the 

broken blue line is VY-mod. There are no values for VY-mod in the lower (smaller r, near-field) or upper 

(larger r, far-field) tail regions. The r-values between ~0.5 and 2.0 are the usual values for VY-mod for the 

pi-meson interaction ranges. The VU’s near-field oscillation (r < 0.25) approaches its maximum 

amplitude (+1.234 GeV) where VY-mod increases exponentially. The VU’s damped oscillation in the far-

field (r > 2.5) is shown on an exaggerated scale. (ms = mt = mπ). 

 

 

3.1. Quantum-Scale Behavior of VU 

At quantum scales, the dominating terms in VU are the K1 (3c), and K3 and K4 (3d). As the r 

increases, the K1 and K4 terms reverse rolls in their dominance. VU exhibits the same behavior for all 

quantum-scale source masses down to the smallest possible mass.  

The pi-meson (Figure 1) is a typical example of the characteristic behavior of VU at the quantum 

scale down to the smallest possible masses. Values for the neutron-neutron interaction with pi-meson 

exchange, VY-mod, were taken graphically from Figure 3.3 [28]. In this region, VU agrees reasonably well 

with VY-mod in shape and amplitude (RMS ~20%, mean ~ 2%) for the usual range for the pi-meson 

interactions (~0.3 fm to ~2.5 fm). Although the central region agrees, the tails have different behavior. 

In the near-field region, VU oscillates as r decreases (r < ~ 0.5 fm), asymptotically approaching a 

maximum of ~1.234 GeV. VY-mod, however, appears to exponentially grow without oscillation (but, the 

function is not considered valid below ~0.3 fm). In the far-field region, both VY-mod and VU damp 

exponentially as r increases, approaching zero as r → ~10 fm. However, VU oscillates, while VY-mod 

appears to monotonically approach zero. At the limits of measurement ability in this region, both VU and 

VY-mod would appear approximately the same. 
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Qualitatively, the oscillation of VU serves the same purpose as it does for VY-mod. There, the region 

of changing slope indicates adjacent areas of repulsion and attraction that keep the quarks inside a proton, 

not-too-far but not-too-close to each other, thus maintaining a stable particle configuration. It is the ever 

increasing frequency of oscillation of VU at the smallest particle interactions that provide a mechanism 

to shield the particles and prevent them from collapsing into each other. Also, it keeps the near-field 

potential from growing without bound, thus, protecting the integrity of the space-time fabric. The 

damped oscillation of VU at larger r provides the basis of the transition to the 1/r behavior at macro-scale 

distances.  

 

3.2. Macro-Scale Behavior of VU 

The macro behavior of gravity is a very wide-ranged effect, covering everything from the 

ordinary scales of every-day life to the largest cosmic scales. At macro scales, the dominating terms in 

VU are the K2 (3d) and Kf (3c), and the characteristic behavior is the same at all macro scales whether the 

source mass is small (ordinary scales) or cosmic in magnitude. 

Figure 2 shows an example of the characteristic behavior at ordinary scales, for separations from 

thousands of meters down to the transition to quantum scales. In this range, VU is equal to VN before it 

begins oscillating. The horizontal axis plots the natural log (ln) of r because of the wide range covered 

(3×10−7 m to 9×103 m). Similarly, the vertical axis is plotted on a log scale where the potential (in 

Joules) is divided by the Newton’s gravitational constant G. Since the logarithm function is not valid for 

negative arguments, the absolute value of the argument was plotted with the sign of the potential. In the 

log-log format the 1/r behavior becomes a straight line, so ln(|VN|/G) takes on positive values for              

VN < G, but a negative value for VN > G. 

For r > ~0.001 m (ln(r) ~ 7) with the masses shown, VU is an attractive potential that agrees with 

VN (to within the uncertainty in VN, ±0.00135%). At sub-millimeter ranges (ln(r) < −7), as r decreases, 

VU begins to diverge from VN. The break-point shifts to shorter ranges with decreasing mass (roughly as 

Δln(m) / Δln(r) ~ 2). It is at this point that a transition from ordinary 1/r macro-scale behavior begins to 

take place, and VU begins to oscillate. This oscillating transition (beginning at the first oscillation peak) 

is evident even at the larger cosmic scales. 

Figure 3 shows a detail of the transition to oscillation for the 55 kg case. The oscillatory behavior 

is similar to what was seen in the quantum case. Here, the maximum amplitude in the oscillation is 

reached almost immediately, differing slightly from the quantum case which builds to its maximum more 

slowly. As the mass and range combination approach the quantum case, the transition region evolves 

into the maximum limits seen in the quantum-scale behavior.  
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Figure 2. Shown is the characteristic behavior at ordinary macro scales. The solid red line is VU and the 

broken blue line is VN. There is exact agreement between VU and VN before VU begins oscillation 

(between attractive and repulsive behavior) in its transition to the quantum scales. Both are attractive 

potentials to that point. (G = 6.67432×10-11, mt = 1 kg). 

 

 

 

 

Figure 3. This shows a detail of the comparison of the VU and VN in the transition region between macro 

scales down to quantum scales for the 55 kg source mass. The solid red line is VU and the broken blue 

line is VN. (G = 6.67432×10-11, mt = 1 kg). 

 

We draw another analogy between the macro and quantum cases regarding the effective purpose 

of the oscillation. The quantum case provides particle stability and a protection for the integrity of the 

fabric of space. We hypothesize here that, for the macro case, the oscillation transition keeps objects 

from breaking the surface barrier of solid objects. This, in effect, prevents them from tunneling into one 

another while, at the same time, allowing them to be in apparent contact. 
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Even though VN and VY-mod both have some 1/r–like behavior, the connection between gravity 

and quantum mechanics has not yet been definitively established. We propose that VU’s oscillating 

transition represents this connection, and is seen in the Casimir force.  

The Casimir force was first proposed in the 1940’s by Hendrik Casimir [29], and is identified as 

a quantum mechanical effect, resulting from “zero-point electromagnetic fluctuations”. In the very tiny 

space between the two plates, virtual electrons pop into and out of existence at times too short to be 

measured. This constantly fluctuating charge and mass in the space gives rise to a weak force that is not 

related to any currents that might be induced in the two plates. Usually, the weak force is attractive.  But 

a weaker repulsive force has also been observed in the nanometer range [30, 31], and Asorey et al. have 

analyzed the boundary conditions for the attractive-repulsive nature of the effect [32]. It is this range 

where VU sees the oscillating transition in its potential. 

The example of VU, at cosmic scales is seen in Figure 4. With a source mass equal to our sun,           

ms = 1 SU, VU agrees with VN (plus the GR correction) to <0.001% over the planetary orbit ranges. The 

departure of VU from VN occurs well within the orbit of Mercury with the oscillation beginning outside 

the Sun’s surface (if you could get close enough, you would feel the adjacent repulsive and attractive 

regions in the potential before actually crossing to the Sun’s interior.  

 

 

 

Figure 4. Shown is the characteristic behavior at cosmic (solar system) scales. The solid red line is VU 

and the broken blue line is VN. VU and VN agree perfectly at the typical planetary distances. VU diverges 

from VN as it begins its oscillation phase well inside the orbit of Mercury (A). The vertical broken 

black line at r = 0.0047 AU indicates the Sun’s radius.  The bullets indicate the planetary obits: A = 

Mercury at 0.387 AU; B = Venus at 0.723 AU; C = Earth at 1.0 AU; D = Mars at 1.524 AU; E = 

Asteroid Ceres at 2.77 AU; F = Jupiter at 5.203 AU; G = Saturn at 9.359 AU. (ms = 1 SU, and mt = 1 

kg). 
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It should be noted for the sake of purity that the straight-forward application of Newton’s law 

assumes a point source relative to the test mass. In reality, the Sun is actually an extended source 

compared to the size and distance of Mercury. The source mass in this comparison is assumed to be 

concentrated within a sufficiently small space relative to the orbit locations on the plot.  This is true for 

most of the planets. 

Oscillatory behavior in VU is evident even for the largest masses, beginning “at the surface” 

and continuing for some distance. The transition from oscillation to 1/r is the point referred to here as 

the “first oscillation peak”. Table 1 shows the first oscillation peak for several cosmic bodies. The 

neutron star and the black hole, here, are representative examples. For a typical not-too-massive black 

hole, VU does not take on the 1/r form of Newton until well outside the black hole’s event horizon 

(~15×106 m).  

 

 

Table   1. Shown are examples of the range for the first oscillation peak as r decreases. Our Solar System 

is ~2×109 AU from the center of our Milky Way galaxy – outside of the expected oscillation region for 

the Galaxy’s potential assuming most of the mass is in the central core. 

 

Source Body 

Mass  

(SU) 

Radius  

(AU) 

First Oscillation Peak  

(AU) 

Neutron star 3×10−5 ~1.08×10−7 3×10−5 

Black Hole (BH) 1.5×10−4 ~3.2×10−8 9×10−5  

Sun 1.0 0.0047 ~0.0093 

SgrA−*BH ~4×106 1 253 

Milky Way Galaxy ~6×1011 ~2×1010 6×105  

 

 

This oscillation in the potential could be interpreted as the source of the quantum-like behavior 

predicted in the space surrounding the black hole [33]. 

We take our Milky Way Galaxy as an example of a larger cosmic scale. It is classified as a spiral 

galaxy, with a central core (a bar-shaped bulge), surrounded by a flattened disk, and enclosed by several 

spiral rings. The roughly elliptically-shaped rings are higher density bands of dust and stars separated 

by relatively dust-free regions, but, the ring-area contains negligible mass relative to the bulge and disk. 

The Galaxy’s mass includes this inner region (6x1010 SU, 8 kps ~ 2x108 AU) plus a surrounding spherical 

halo of dark (non-visible) matter that has the gravitational effect of additional mass. 

The Galaxy is believed to have a super-massive black hole at its center (SgrA−*, Sagittarius A-

star). It is about the mass of 4 million Suns, and ~200 times the size of our Sun. VU indicates an oscillation 
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in its potential that extends as far as 253 AU (about six times the distance of Pluto to the Sun). The first 

oscillation peak is outside SgrA−*’s event horizon, but within the more extended central Galaxy bulge.  

Assuming the bulk of the Galaxy’s mass is contained within a relatively small region of the core, 

VU indicates that its first oscillation peak occurs at ~6×105 AU. The potential converges to Newton’s 1/r 

decay by ~2×108 AU (1 kilo parsec), still within the Galaxy’s core region. To our nearest neighbor, 

SgrDEG (Sagittarius Dwarf Elliptical Galaxy), at ~5×109 AU (~25 kpc), the Galaxy’s potential would 

be the expected 1/r attraction as predicted by Newton. 

A primary tool in determining the Galaxy’s mass distribution is its “rotation curve” which 

indicates the rotation speed of stars at any radial distance. The radial velocity is determined by balancing 

gravity (generally based on the monotonically decreasing potential of Newton) with the centrifugal force. 

This produces a smooth curve with a large bump around the core region where rotation speed is fastest, 

and then settles to a flat tail in the outer regions [34]. Matter-density shock waves and kinematic 

interactions with orbiting satellite galaxies provide much of the explanation for the observed structure 

[35, 36]. 

Sofue [37] notes that the calculated rotation curve agrees well with the observed data except for 

the wavy, small-scale variations in the observed curve which cannot be attributed to the basic mass 

distribution, and may indicate some other underlying structure There is a possibility that matter-density 

waves generated within the VU oscillating region might offer additional information about the wavy 

behavior seen in the rotation curve. This requires further study. 

An additional cosmological effect that VU might address is the recent discovery of multiple, well-

defined concentric ring in the proto-planetary disks around young Kepler stars [38, 39]. Models of 

planetary formation [40] include effects such as, gravitational interactions between embryo-planets, 

collisions forcing bodies into trapped resonances, and dust trapping in radial pressure bumps.  Results 

around the Kepler stars detected disk behavior as close as Mercury is to our Sun, and as far out as Jupiter 

and beyond, but without the detection of planetary bodies. The stars were considered too young for the 

observed ring formation, and it was suggested that a collision-based disk-sculpting mechanism might 

explain the effects. The possibility that events generated within the VU oscillating region might contribute 

to early ring formation, and, requires further study. 

   

4. Conclusions 
 

This initial effort produced a universal potential characterizing both the smallest quantum scales 

through the macro (and cosmic) scales. As developed, it was not intended to model specific mechanisms, 

simply an operational characterization of the field behavior in general. VU reproduces the oscillatory 

behavior characteristic of particle confinement at quantum scales, and the 1/r behavior of macro scales. 
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It also demonstrates a transition between the two regions that occurs at approximately the same region 

as the Casimir effect. (This could imply that the Casimir effect is a true transition between the macro 

and quantum scales). The VU is the potential that was developed for the FRACEP model described in 

[17]. 

Oscillatory behavior also shows up at the cosmic scales. The small radius with a large mass 

produces oscillations that could be interpreted as quantum effects at cosmic scales, as expected around 

black holes. Such effects are not predicted by Newtonian gravity or GR – they require quantum gravity 

models. Further, the oscillation region might offer some additional insight into the structural detail 

observed in both galactic and planetary system formation.  

The data for the analysis was based on the traditional understanding of the nature of matter, that 

is, all mass is positive. We show that the characterization of negative mass evolves naturally from the 

function required to satisfy both the quantum and the macro-gravity scales in the form of terms with the 

square-root of the source mass. These terms provide an imaginary component to the potential when the 

mass becomes negative, implying behavior that is not totally symmetric between the positive-mass 

source and the negative-mass source. This asymmetry might offer some insight into the nature and 

behavior of dark matter and dark energy generally accepted as present in the universe.  
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