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The Gravitational Segregation of Matter and Antimatter
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If matter and antimatter appeared in equal amoaintise creation of the universe, where is the aattien? | offer a new
hypothesis for the segregation of matter and atténédased on the assumptions that matter hasygositass, antimatter
has negative mass, and that the gravitational msasqual to the inertial mass. This hypothesisetbasn CPM (charge-
parity-mass) symmetry, predicts that matter woutdhet both itself and antimatter, while antimatteyuld repel both itself
and matter. The overall effect would be for matteaccumulate and for antimatter to surround gdme kind of dispersed
state with an equilibrium between attraction toteraaind repulsion from itself. If antimatter actsan absorber when its
temperature is greater than that of the backgramdlis nonluminous, as predicted by CPM symmetmmn tantimatter,
defined by having a negative mass, has the cogragitation and radiant properties to be a conteffalethe title of the

missing hidden matter known as dark matter.

1. Introduction

According to Goldhaber [1], symmetry argues that
matter and antimatter were created in equal
amounts in the big bang and that that neither matte
nor antimatter can have a preferred position in the
universe. However, if matter and antimatter were
co-localized, they would annihilate each other
transforming their co-localized masses into
radiation. As a result there would be neither an
observable universe nor any observers. However,
mechanisms that could segregate matter and
antimatter through a dravitational force of
repulsion between atoms and anti-atoms—in short,
by anti-gravity, as opposed to the gravitational
attraction that operates between atom and atom of
antimattef’ were discounted because they appeared
to contradict the Theory of General Relativity [2].
Burbidge and Hoyle [2] wrotet‘is upon this rock
that anti-matter ideas have foundered. For the idea
of anti-gravity cannot be accepted without
destroying basic principles of the general theofy o
relativity.” A gravitational separation mechanism
is possible however if one considers antimatter to
have a negative mass [3]. Hermann Bondi has
shown that negative mass is consistent with the
Theory of General Relativity [4].

In order to explain the asymmetry in the
visibility of matter and antimatter in the universe
without the possibility of macroscopic separation,
Andrei Sakharov suggested that there may be an
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inherent asymmetry in the creation or decay of

matter and antimatter. Such a suspension of the
symmetry in the conservation laws would result in

a dearth of antimatter [5]. However, the observed
preponderance of matter and a paucity of antimatter
in the visible universe may only be apparent.

Predictions of equal amounts of visible matter
and anti-matter are based upon the assumption that
“anti-matter should look exactly like ordinary
matter [2]. But what if this assumption is false? Is
it possible that the asymmetry between matter and
antimatter is not a result of an asymmetry due to
the inexactness in the laws of nature proposed by
Sakharov, but is a result of an asymmetry in the
luminosity of matter and antimatter as opposed to
an asymmetry in its presence?

Symmetry holds an important place in the laws
of physics for describing and explaining the ndtura
world [6,7]. The standard model of physics (SMP)
is based on CPT (charge-parity-time) symmetry,
which assumes that matter and antimatter have
positive masses, and that antimatter behaves like
matter going backwards in time [8,9]. | have
proposed a discrete symmetry called CPM (charge-
parity-mass) symmetry that defines matter as
having positive mass and antimatter as having
negative mass—both classes of mass participating
in processes that proceed forward in time [10].
Using CPM symmetry, | have generalized the
Second Law of Thermodynamics to describe and
predict the order of events in time that take place
reversible thermodynamic systems [11]. | have also
applied CPM symmetry to model the photon [12]



The African Review of Physics (2016):0003

and to describe irreversible radiation systems
characterized by the Stefan-Boltzmann law,
Planck’s blackbody radiation law, and Einstein’s
law of specific heat [13].

Deficiencies in the ability of the SMP to explain
the observed matter-antimatter asymmetry in the
universe, dark matter, and other phenomena [14]
have led to the proposal of supersymmetries [15]
for the new physics that go beyond the standard
model (BSM). An alternative to the proposals of
supersymmetries, is the proposal to question the
veracity of the fundamental symmetries upon
which the root of the SMP is founded. This is the
route | have taken.

CPT symmetry would hold that at a given
temperature greater than that of the cosmic
microwave background radiation (CMBR), hot
blackbodies made of matter would act as emitters
forward in time and hot blackbodies made of
antimatter would act as emitters backwards in time.
Using CPM symmetry, | concluded that at a given
temperature greater than that of the cosmic
microwave background radiation (CMBR), hot
blackbodies made of matter act as emitters and hot
blackbodies made of antimatter would act as
absorbers [13]. Such absorbers would appear as
nonluminous substances commonly known as dark
matter. While the thermodynamic predictions of
CPT and CPM symmetry are identical, CPM
symmetry helps to frame the problem with
observations that take place forward in time.

The best characterized property of dark matter
is its ability to interact gravitationally with ntat
[16]. According to Feng [17]5all solid evidence
for dark matter is gravitationdl Given that CPM
symmetry predicts that antimatter characterized as
having negative mass will appear nonluminous
[13], it is vital to ask, what are the gravitatibna
properties of antimatter predicted by CPM
symmetry?

2. Resultsand Discussion

There is no question that the inertial mass and the
gravitational mass of matter are both positive and
equal to each other. The equality of the
gravitational and inertial mass is known as the
equivalence principle and it is known to be
accurate to less than one part it?a8]. There is

an attractive gravitational forc&{ > 0) parallel to

the unit distance vectof*) between a material test
mass and the earth as given in the following
equation:

Memg ~

Fy=G=52%>0 1)
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Where,M,(> 0) is the mass of the earth, (> 0)
is the mass of the test body made of matids, the
gravitational constant,r is the distance between
the earth and the test mass, ahdbe the unit
distance vector pointing from the test mass to the
earth. The acceleratiorng) of the test mass is
obtained by equating the gravitational force with
the inertial force given by Newton’s Second Law:
Fy=F, =mg 2
SinceF is positive,F; is positive and sincey; is
positive, g must be positive and the test mass,
whether an apple or the moon, accelerates toward
the earth parallel to the unit distance vector [19]
There is a question as to the signs of the masses
of antimatter [2,9,20,21]. It is possible that the
inertial mass of antimatter is positive but the
gravitational mass is negative [9,22], consistent
with the original definition of “anti-gravity” [23]
or that the inertial and the gravitational massks o
antimatter are both negative [24], consistent with
the equivalence principle. The answer to this
question is forthcoming as the ratio of the
gravitational mass to the inertial mass of
antihydrogen is now being tested [25]. The result i
far from conclusive, but it is more consistent with
the proposal that the gravitational and inertial
masses have the same sign than the proposal that
they have opposite signs. If the gravitational mass
of antimatter were negative, there would be a
repulsive force E, < 0) between an antimaterial
test mass and the earth as given in the following
equation:

Memg

F,=G r<o

9 r2

®)

Where, M, (> 0) is the gravitational mass of the
earth andn, (< 0) is the gravitational mass of the
test body made of antimattelf. the inertial mass
(m; > 0) were positive, the acceleratiog)(of the
antimaterial test mass would be given by:
ng Fizmig <0 (4)
SinceF, is negativeF; is negative and since,; is
positive, g must be negative and the test mass
would accelerateaway from the earth antiparallel
to the unit distance vector. This is the charastieri
of antigravity, where opposites move away from
each other and like substances move toward each
other [23,26,27].
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On the other handf the inertial massnf; < 0)
were negative, the acceleratiqy) (of the test mass
would be given by:

ng Fizmig<0 (5)

Since F, is negative F; is negative and since
m; IS negativeg must be positive and the test mass
would accelerate towards the earth parallel to the
unit distance vector. Thus overall, antimatter wioul
behave just like matter even though it has negative
gravitational and inertial masses which means that
the details of the gravitational interaction differ
That is, matter falls because the force of graiaty
attractive and positive mass accelerates in the
direction of the attractive force while the antiteat
falls because the gravitational force is repulsive,
and since the test body has a negative mass, it
accelerates in the direction antiparallel to the
repulsive force. The definition of antimatter as
having negative gravitational and inertial masses
consistent with the equivalence principle has been
productive in the formation of a model of the
photon and in explaining the importance of the
gravitational force in propelling the photon [12].
Because of this explanatory power, | consider this
definition to be the correct one.

In order to complete the symmetry, let's assume
that there is an “antibody” such as an “antistar” o
“antiearth” with a negative massv{< 0). The
gravitational force between an antiearth and a
negative test massm{ < 0) will be attractive
(Fg4 > 0) as given in the following equation:

Memg
Fg =G r—zgr >0 (6)
The acceleration g) of the negative test mass
(m; < 0) is obtained by equating the gravitational
force with the inertial force given by Newton’s
Second Law:

ng Fizmig>0 (7)

SinceF, is positive,F; is positive and sincer; is
negative,g must be negative and the test body with
negative mass, accelerates away from the antiearth
antiparallel to the unit distance vector.

Continuing with the assumption of an
“antibody” such as an “antistar” or “antiearth” it
a negative masdy,.< 0), there will be a repulsive
force F, < 0) between a material test body with a
positive massrf, > 0) and the antiearth as given in
the following equation:
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Memg ~

F " <0 (8)

g=G
The acceleration g) of the positive test mass
(m; < 0) is obtained by equating the gravitational
force with the inertial force given by Newton’s
Second Law:

Fg=FL~=mL~g<O (9)

SinceF, is negativeF; is negative and sinoa; is
positive,g must be negative and the test body with
positive mass, accelerates away from the antiearth
antiparallel to the unit distance vector.

Considering all  possible  gravitational
interactions between matter with positive
gravitational and inertial massea=m; > 0) and
antimatter with negative gravitational and inertial
masses 1, = m; < 0), | predict that the matter
would tend to aggregate or clump as a result of its
gravitational interaction with other matter while
antimatter would tend to disgregate or dispersa as
result of its gravitational interaction with other
antimatter. Gravitational bodies composed of
matter would also attract nearby antimatter,
although this antimatter and the matter it touches
will annihilate upon contact. The larger material
bodies that would be minimally affected by
annihilation would be selected over the smaller
material bodies that may be annihilated by the
antimatter. The radiation pressure caused by
annihilation would tend to separate the remaining
matter and antimatter. As a result of gravitational
interactions, the condensation of material bodies
made of positive mass would tend to increase over
time. On the other hand, as a result of gravitaion
interactions, the condensation of antimatter would
tend to decrease over time. As a result of
gravitational interactions, matter would condense
and solidify and antimatter would disperse and
gasify. The gravitational condensation of matter
and the gravitational dispersal of antimatter would
be mitigated by the thermal expansion of matter
and the thermal condensation of antimatter [11].

If matter and antimatter exist within the same
universe or the same galaxy, why do they not
totally annihilate each other? The likely answer to
this question is that they are too far apart. el
known that the amount of material in the universe
is sparse as highlighted by Olber's paradox [28].
Indeed, the average separation of clusters of
galaxies is of order 10,000,000 parsecs, the agerag
separation between galaxies in a cluster is several
millions of parsecs, and the average separation
between mutually-gravitating stars in a galaxy like
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our own that has a diameter of order 100,000
parsecs is a little greater than a parsec, where 1
parsec = 3.26 light years = 3.08 x'4f. That is,
matter with a positive mass and antimatter with a
negative mass can be partially segregated by
gravity.

Additional segregation of ionized matter and
antimatter by electromagnetic fields could have
resulted because of the differing charge-to-mass
ratios of the constituent particles and antipaeticl
as described by Hannes Alfvén and others [29-35].
An electron, has a charge-to-mass ratio of -1.76
x10" C/kg, a proton has a charge-to-mass ratio of
+9.58 x10 C/kg, a positron or antielectron has a
charge-to-mass ratio of +1.76 *1@/kg and an
antiproton [36] has a charge-to-mass ratio of -9.58
x10’ C/kg. With CPM symmetry, the positron or
antielectron is considered to have a negative eharg
(xg) and a negative massny, which gives the
observed positive charge-to-mass ratio, and the
antiproton is considered to have a positive charge
and a negative mass, which gives the observed
negative charge-to-mass ratio [10].

Antimatter defined to have a negative mass has
the ability to interact gravitationally with matter
Since ‘all solid evidence for dark matter is
gravitational' [17], it is reasonable to include
antimatter defined to have a negative mass as a
contender substance for dark matter.

The above scenarios will occur even when the
matter and antimatter are at thermal equilibrium
with the background radiation and the gravitational
interactions dominate over radiation effects,
including light pressure [37,38]. However,
according to the generalization of Planck’s
blackbody radiation law [13], the temperature
difference between the background radiation and
matter or antimatter determines where the
substance will act as an emitter or as an absorber.
Matter with a positive mass will act as an emitter
when its temperature is greater than the
temperature of the background and as an absorber
when its temperature is less than the temperafure o
the background. By contrast, antimatter with a
negative mass will act as an emitter when its
temperature is less than the temperature of the
background and as an absorber when its
temperature is greater than the background.
Currently, when the background radiation has a
temperature of about 2.7 K [39], matter with a
positive mass, including brown dwarfs [40], act as
emitters and appear luminous, antimatter with a
negative mass is predicted to act as absorbers and
appear dark [13].
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The signs of the mass and energy of a photon
depend on the sign of the mass of the absorber [13]
The effective mass and energy of the photon is
positive when measured with positive mass
detectors, negative when measured with negative
mass detectors, and zero when measured equally
with symmetrical detectors composed of matter or
antimatter [13]. Matter with a positive mass is
known to bend the trajectory of photons towards
itself and act as a converging lens [41]. Antinratte
defined as having a negative mass is predicted to
bend the trajectory of photons away from itself and
act as a diverging lens.

Antimatter defined as having a negative mass
interacts gravitationally with light and matter aibd
is possible that some of the dark matter is
synonymous with antimatter considered to have a
negative mass. In the SMP based on CPT
symmetry, antimatter is predicted to behave like
matter going backwards in time. Perhaps it would
be more perspicacious and insightful to consider
the order of events of all interactions going fordva
in time.

The analysis presented here is based on CPM
symmetry, which was developed upon the laws of
thermodynamics, and interprets matter and
antimatter to travel forward in time (FIT). The
predictions differ from those given by CPT
symmetry, which was developed upon the Special
Theory of Relativity. There are two versions of
CPT symmetry. The standard interpretation states
that matter travels forward in time and antimatter
travels backwards in time (BIT) [42]. Recami and
coworkers [43-47] have developed an alternative
CPT symmetry using the principle of
reinterpretation (RIP) to extend the Special Theory
of Relativity. They consider matter to have a
positive rest mass that travels forward in time and
antimatter to have a negative rest mass that savel
backwards in time. However, due to their principle
of reinterpretation (RIP), which asserts that
physical signals are transported only by objecis th
appear with positive energy travelling forward in
time, two negatives make a positive and antimatter
is experienced as positive mass traveling forward i
time. To my knowledge, CPT symmetry based on
extended or non-restricted special relativity has n
been applied to gravitational phenomena.

3. Conclusions

Experiments on the response of antimatter to
gravity are underway [25,48]. The direction of
movement of antimatter in space and/or time has
been thought-provoking since the discovery of the
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antielectron [positron] in cosmic rays by Carl
Anderson [49], who wondered if the tracks he
observed in the cloud chamber showeddinary
electrons (of negative charge) moving upward, or
some unknown lightweight particles of positive
charge moving downwardn the spirit of scientific
conservatism, I[Carl Anderson]tended at first
toward the former interpretation, namely, that
these particles were upward-moving negative
electrons. This led to frequent discussions between
the Chief[Robert Millikan] and myself, in which he
repeatedly pointed out that cosmic ray particles
travel downward. This quote emphasizes that
predictions concerning the appearance of antimatter
in space and time are model-dependent.

Burbidge and Hoyle [2] state thasymmetry
arguments demand that if anti-matter exists both
matter and anti-matter must be created in equal
amounts. The evolutionary theory would require
that the original nucleus from which the universe
expanded must have contained both kinds of matter
in equal parts”. The fact that quantities of
antimatter equivalent to the quantities of matter i
the universe have not been seen has not been
adequately explained. On the other hand, the
existence of dark matter in the universe has been
widely accepted. According to Rubin et al. [16],
“The conclusion is inescapable that non-luminous
matter exists beyond the optical galdxyhis non-
luminous matter is known as dark matter, but it is
possible that the dark matter is just known
antimatter considered to have a negative mass?

While most cosmologists consider the universe
to be devoid of antimatter as a result of an
asymmetry in the laws of physics [50], Gary
Steigman [51] suggested that thdailure to
construct consistent, symmetric cosmologies may
indicate either a lack of antimatter or a lack of
imagination.” It is possible that the lack of
consistent symmetric cosmologies can be traced
back to the assumption that antimatter has a
positive mass—an assumption that is based on
Dirac’s interpretation of the vacuum [52], which
posits that the vacuum has an infinite number of
occupied negative energy states, which oddly
enough give the vacuum many characteristics of
the historical aether. According to Dirac [52]He
above theory does provide a way out from the
negative-energy difficulty, but it is not altogathe
satisfactory. The infinite number if electrons titat
involves requires one to deal with wave functions
of very great complexity and leads to such
complicated mathematics that one cannot solve
even the simplest problems accurately, but must
resort to crude and unreliable approximations.
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Such a theory is a most inconvenient one to have to
work with, and on philosophical grounds one feels
that it must bevrong.” With a like mind Pauli [53]
wrote, ‘a correct theory should neither lead to
infinite zero-point energies nor to infinite zero
charges, that it should not use mathematical tricks
to subtract infinities or singularities, nor shouid
invent a ‘hypothetical world’ which is only a
mathematical fiction before it is able to formulate
the correct interpretation of the actual world of
physics’

In resolving the negative energy difficulty in
finding a correct theory, one can make the
mathematically-equivalent assumption that time
itself can flow in the positive or the negative
direction or that mass can be either positive or
negative [10]. CPT symmetry assumes the former
and CPM symmetry assumes the latter. The
predictions made in this paper assuming the
validity of CPM symmetry are at odds with the
predictions made assuming the validity of CPT
symmetry. CPT symmetry predicts that matter and
antimatter are both self-attractive while matted an
antimatter repel each other [9,42,54,55]. CPM
symmetry has been useful in understanding entropy
and the nature of the photon [12,13] as well as the
vacuum, which is predicted to be devoid of virtual
particles [10]. | have recently suggested that
radiation friction due to real photons is equivalen
to the apparent mass given to a massless particle b
the Higgs field [56] and that dark energy that
results in the acceleration of the expansion of the
universe is equivalent to a decrease in radiation
friction [57]. CPM symmetry may provide a way of
explaining some of the mysteries of the natural
world in terms of substances that are already
known.

References

[1] M. Goldhaber, Scienc&4, 218 (1956).

[2] G. Burbidge and F. Hoyle, Scientific Amer.
198(4), 34 (1958).

[3] L. I Schiff, Proc. Natl. Acad. Sci. USA5,

69 (1958).

[4] H.Bondi, Rev. Mod. Phy£9, 423 (1957).

[5] A.D. Sakharov, JETP Let, 24 (1967).

[6] O. Castafios, AIP Conference Proceedings
1271, 65 (2010).

[71 F. lachello, AIP Conference Proceedings
1488, 402 (2012).

[8] R. Feynman, inElementary Particles and
the Laws of Physic€Cambridge University
Press, Cambridge, 1987) p.1.

[9] M. Villata, EPL94, 20001 (2011).



The African Review of Physics (2016):0003

[10]
[11]
[12]

[13]
[14]
[15]
[16]
[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]
[28]

[29]
[30]

[31]

[32]
[33]
[34]
[35]
[36]

[37]

R. Wayne, Turk. J. Phy86, 165 (2012).

R. Wayne, Turk. J. Phy87, 1 (2013).

R. O. Wayne, in Handbook of
Photosynthesjs third edition, Ed. M.
Pessarakli (CRC Press, Taylor and Francis,
Boca Raton, 2015) in press.

R. Wayne, Turk. J. Phys. in press (2015).
J. Womersley, Symmetg(1), 22 (2005).

J. D. Lykken, arXiv 1005.1676 (2010).

V. C. Rubin, W. K. Ford Jr. and N.
Thonnard, Astrophysical J. Part 238, 471
(1980).

J. L. Feng, Annu. Rev. Astron. Astrophys.
48, 495 (2010).

C. W. F. Everitt, T. Damour, K. Nordtvedt
and R. Reinhard, Adv. Space R8g, 1297
(2003).

I. Newton, The Mathematical Principles of
Natural Philosophy (B. Motte, London,
1729).

T. Goldman and M. M. Nieto, Phys. Lett.
205, 221 (1982).

T. Goldman and M. M. Nieto, Phys. Reports
112B, 437 (1991).

B. Lehnert, Revised Quantum
ElectrodynamicgNova, New York, 2013).

A. Schuster, Naturg8, 367 (1898).

R. Wayne, Light and Video Microscopy
(Elsevier/Academic  Press, Amsterdam,
2009).

ALPHA Collaboration; A. E. Charman,
Nature Communicationg, 1785 (2013).

C. J. Kevane, Sciend&3, 580 (1961).

P. Morrison, Amer. J. Phy26, 358 (1958).

E. R. HarrisonCosmology. The Science of
the Universe(Cambridge University Press,
Cambridge, 1981).

H. Alfvén, Rev. Mod. Phys37, 652 (1965).

N. A. Vlasov, Soviet Astronomy-A8, 715
(1965).

H. Alfvén, Worlds-Antiworlds. Antimatter in
Cosmology(W. H. Freeman and Co., San
Francisco, 1966).

B. Lehnert, Astrophys. Space Sdb, 61
(2977).

B. Lehnert, Astrophys. Space SBB, 459
(1978).

S. Rogers and W. B. Thompson, Astrophys.
Space Sci82, 409 (1980).

H. Alfvén, Cosmic Plasma(D. Reidel
Publishing Co., Dordrecht, Holland, 1981).
M. Hori, Journal of Physics: Conference
Series467, 012006-1 (2013).

L. Spitzer Jr., Astrophysical J93, 369
(1941).

[38]
[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]
[55]
[56]

[57]

16

F. L. Whipple, Astrophysical J104, 1
(1946).

D. J. Fixsen, Astrophysical JI07, 916
(2009).

V. Joergens (Ed.)50 Years of Brown
Dwarfs: From Prediction to Discovery to
Forefront of Research (Springer
International ~ Publishing,  Switzerland,
2014).

R. Wayne, The African Review of Physics
7, 183 (2012).

M. Villata, Astrophys. Space Sc&37, 15
(2012).

R. Mignani and E. Recami, Lett. Nuovo
Cimentoll, 421 (1974).

E. Recami and G. Ziino, Nuovo Cimento
A33, 205 (1976).

P. Caldirola and E. Recami, Epistemologia
1, 263 (1978).

E. Recami and W. A. Rodriques Jr.,
Foundations of Physic®, 709 (1982).

E. Recami, Revista del Nuovo Cime&ol
(1986).

P. Pérez et al., Hyperfine Interact. Hyperfine
Interact. DOl 10.1007/s10751-015-1154-8
(2015)

C. D. Anderson, The Discovery of
Antimatter. The Autobiography of Carl
David Anderson, the Youngest Man to Win
the Nobel Prize (World Scientific,
Singapore, 1999).

H. R. Quinn and Y. NirThe Mystery of the
Missing Antimatter (Princeton University
Press, Princeton, 2008).

G. Steigman, Annu.
Astrophysicsl4, 339 (1976).
P. A. M. Dirac, Proc. R. Soc. Lond #80, 1
(1942).

W. Pauli, “Exclusion principle and quantum
mechanics”, Nobel Lecture, December 13,
1946.

M. Villata, Astrophys. Space ScB39, 7
(2012).

M. Villata, Astrophys. Space ScB45, 1
(2013).

R. Wayne, The African Review of Physics
8, 283 (2013).

R. Wayne, The African Review of Physics,
10, 361 (2015).

Rev. Astro.

Received: 30 September, 2015
Accepted: 23 March, 2016



