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ABSTRACT  

 

Based on Dirac’s negative energy, we propose and study the negative matter. Bondi’s results are wrong. First, the negative matter 

can be the simplest model of unified dark matter and dark energy. Next, we discuss various possible theories of the negative 

matter: some field equations, similar electrodynamics, field equations with non-symmetry, etc. Third, the quantum theory of 

negative matter is researched. Matter surrounded by dark-negative matter corresponds to an infinitely deep potential trap in 

quantum mechanics and forms a base of the universal wave-particle duality and quantum mechanics. Fourth, we propose the 

mechanism of inflation as the origin of positive-negative matters created from nothing. Fifth, assume that dark matter is 

completely the negative matter, and we may calculate an evolutional ratio between total matter and usual matter from 1 of 

inflation and the radiation-dominated universe to 7.88 of the present matter-dominated universe. It agrees with the observed 

value 6.36~7. Sixth, we research the relativity of the negative matter and theory in Lobachevskian geometry. Seventh, we propose 

a judgment test of the negative matter as dark matter is opposite repulsive lensing and other eight possible tests. Eighty, we 

propose a figure on the unification of the four basic interactions in three-dimensional space, in which the “running” coupling 

constants of strong and weak interactions transform each other. The negative matter as a candidate of unification of dark matter 

and dark energy is not only the simplest, and may explain inflation and be calculated and tested. 
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INTRODUCTION 

Now investigation of dark matter and dark energy is a basic 

problem and focus in astronomy, astrophysics, cosmology and 

total physics. General hypothesis is that dark matter and dark 

energy are two different concepts. The dark matter in the 

Galaxy, in group of galaxies and cluster of galaxies, in the 

universe, is confirmed by the mass-to-light ratio and the 

galactic rotational curves, etc. (Binney & Tremaine, 2011; 

Kahn & Woltjer, 1959; Zwicky, 1937).  

The dark matter seems to have mass and may become huge 

conglomeration. Cosmologists compute that the gravitational 
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conglomeration of these dark matters is a key function for the 

process formed galaxies from general matter.  

The dark matter is possibly the weakly interacting massive 

particles (WIMP), the models of dark matter include neutrino 

with mass, baryonic dark matter and nonbaryonic dark matter 

(Copi, Schramm, & Turner, 1995; Gerhard & Silk, 1996), 

monopole, supersymmetric dark matter (Jungman, 

Kamionkowski, & Griest, 1996), axion (Shellard & Battye, 

1998), supersymmetric neutralino, KK particle (Hooper & 

Profumo, 2007), etc., or due to modification of Newtonian 

dynamics (MOND). Cosmologist divides the candidate of the 

dark matter into three types: hot, warm and cold dark matter. 

Chevallier and Polarski (2001), searched accelerating 

universes with scaling dark matter. Clowe et al. (2006), 

discussed directly an empirical proof of the existence of dark 

matter. 

The simplest kind of dark matter model is to add phenomenally 

a real scalar field   as the dark matter field in the standard 

model (Barger, Langacker, McCaskey, Ramsey-Musolf, & 

Shaughnessy, 2008; McDonald, 1994). Dark matter particles 

have typical characteristics of WIMP, and can have clear 

theoretical predictions. So far, small mass dark matter has 

almost been ruled out by experiments. Cold dark matters are 

the nonrelativistic particles. 

The dark energy as a huge repulsive force is proposed in order 

to explain the accelerating Universe discovered from observes 

of supernovae (Peebles & Ratra, 2003; Perlmutter et al., 1998; 

Riess et al., 1998), and may unify many different results of 

observations. The dark energy seems to be the energy of 

vacuum, and be zero mass. It distributes uniformly in the 

whole space, and its interactions are repulsive. Usually assume 

that the dark energy connects with the cosmological constant 

𝛬 (Weinberg, 1989), and is a dynamical scalar field 

(quintessence model) in which the pressure-density ratio 𝑤 >

−1, 𝑤 < −1 for phantom model, in Quintom model (The 

Quintom scenario is a hypothetical model of dark energy) 

evolution can pass through 𝑤 = −1. When 𝑤 = 0, universe 

moderates, 𝑤 = −1/3 does not accelerate or decelerate, only 

𝑤 < −1/3 can accelerate expansion.  

Dark energy in the dynamic scalar field exists usually 

evolution. Dark energy as the modified general relativity can 

explain many effects of the dark energy, but cannot explain the 

dark matter. In the parameterization of dark energy, 8 basic 

parameters for density are too much.  

Mortonson, Hu, and Huterer (2010), predicted the testable dark 

energy from current data. Scherrer (2004), proposed a new k-

essence models in which the Lagrangian 𝑝 is a function only 

of the derivatives of a scalar field. In the model the universe 

fills a kind of invisible fluid, and the models can serve as a 

unified model for dark matter and dark energy. Soleng (1995), 

discussed dark matter and non-Newtonian gravity from 

general relativity coupled to a fluid of strings. But, the tests of 

some known theories are very difficult. 

In the universe the dark matter has about 24% and the dark 

energy has about 72%, only 4% is visible matter. For new data, 

usual matter is 4.84%, total matter is 30.8%, and dark energy 

is 69.2% (Adam et al., 2016; Tanabashi et al., 2018).  

Recently, Elahi and Khatibi (2019) discussed multi-

component dark matter in a non-Abelian dark sector. Kim, 

Lane, Lee, Lewis, and Sullivan (2020), searched dark photons 

with maverick top partners. 

It is well-known that in 1928 Dirac predicted anti-particles and 

the negative energy state from his equation, and he 

emphasized: “we cannot ignore the negative energy states” (P. 

A. M. Dirac, 1930).  

In order to prevent to jump continuously from positive energy 

state to negative energy state in the quantum theories, and keep 

the stability of world, Dirac proposed that as long as suppose 

that all the states of negative energy are occupied except 

perhaps a few of small velocity. The vacuum of the realistic 

world has already been filling with all negative energy state, 

such the Pauli Exclusion Principle will come into play and 

prevent more than one electron going into any one state, and 

avoid this jumping difficulty.  

It is namely the well-known Dirac negative energy sea and 

whose vacancy or hole is an anti-particle (or opposite particle). 

From this the annihilation and creation between positive and 

opposite particles may be predicted. There is exact description 

in The Principles of Quantum Mechanics (P. Dirac, 1958).  

But, it prevent only jump of fermions, but cannot be applied to 

bosons. Therefore, the stability problem exists still. In fact, the 

negative energy state appears in all relativity theories as
2 2 2 4E p c m c   , even also in the classical theory. 

Moreover, according to the gravitational force, 

 

1 22

G
F m m

r
          (1) 

 

its potential energy 
1 2( ) /V Gm m r   is negative, and mass is 

2

1 2( ) /Vm Gm m rc  . We proposed the negative matter 

developed the Dirac negative energy state may unify dark 

matter and dark energy (Chang, 2007b, 2011, 2013b, 2014a, 

2017, 2019).  

We think the anti-(opposite) matter and the negative matter are 

different. The anti-matter is that some properties of matter are 

opposite, for instance, charge, baryon number, lepton number, 

strangeness number and so on, but their masses and total 

energy are still positive. These particles include positron and 

various anti-particles. The existence of these particles is 

already verified. Both positive and opposite matters meet to 

annihilate to photons with conservation of energy and zero-

charge. The negative matter has a negative mass and total 

energy. The creation of negative matter is difficult, but its 

existence will be stable. 

For negative mass Bondi (1957) proposed three kinds of mass: 

inertial, passive gravitational, and active gravitational mass, 

and there are four cases. But, this is a question: Bondi believes 

that the positive body will attract the negative one (since all 

bodies are attracted by it), etc. It is a fallacy with 

contradictions. According to the principle of equivalence in 

general relativity, inertial mass and gravitational mass must be 

equal always.  

Therefore, there are only three cases of interactions: positive 

and positive matters, positive and negative matters, negative 

and negative matters (Chang, 2007b, 2011).  

In this paper, we research various theories of the negative 

matter as unified dark matter and dark energy, and propose the 

mechanism of inflation, and nine tests on existence of negative 

matter. 
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NEGATIVE MATTER IS THE SIMPLEST MODEL OF 

UNIFIED DARK MATTER AND DARK ENERGY 

Based on Dirac’s negative energy state, we proposed the 

negative mass, and a basic axiom (the no-contradiction of 

natural laws) and two foundational principles:  

 

1. The negative matter obeys the same natural laws of usual 

matter, including classical, relativistic and quantum physics.  

 

2. There is usual gravitational force between negative-negative 

matters, but it is universal repulsive force between the positive 

and negative matters based on the general formula (1) (Chang, 

2011). Such the positive and negative matters are two regions 

of topological separation in general case by different 

interactions (Fig.1), so the negative matter is invisible. This is 

the simplest candidate of dark matter, and can be unified dark 

energy due to the repulsive force between the positive and 

negative matters. It may explain their some phenomena of dark 

matter and dark (Chang, 2007b, 2011, 2013b, 2014a, 2017, 

2019). O is a balance point between gravitation and repulsion, 

and may form a balance equipotential surface in space-time. 

The negative matter should be a necessary development of 

Dirac theory. Fig.1 may be simulated by two repulsive 

magnets. 

 

 
Fig. 1 The hyperboloid of two sheets 

 

We researched the field equations of repulsive force between 

positive-negative matters. The field equations of general 

relativity on the negative matter are, 

 

8 ( ' )G k T T    ,      (2) 

 

i.e.,  

 

8 ' 8G kT kT G g             (3) 

 

So the cosmological constant   corresponds to the negative 

matter, and is 

 
28 ' / [ ' ( '/ )]( / ) 'kT g p c u u g p              

 (4) 

 

On the other hand, the gravitational field equation with the 

cosmological constant is extended to 

 

8 8 ( )G kT k T g            (5) 

Here g  corresponds to the negative energy state and 

vacuum energy, i.e., Dirac Sea. 

The negative matter determines the cosmological constant, and 

is consistent with conformal gravity theory (Mannheim, 

1992). The Friedmann equation is 

 

 2

1 2 1 2

4
( ) [( ) 3( ) / ] ( )

3
R t G p p c R t          (6) 

 

in which 2

1 2 1 2( ) 3( ) /p p c     is effective mass density. 

 

2 2

1 2

8
( ) 2

3
R G R C         (7) 

 

in which 0 0( )R t H  is the Hubble constant. The density 

parameter is 

 

0 0

0 2

0

8

3 c

G

H

  


   , 

0 1 2        (8) 

 

It is an observed density. The accelerating expansion of the 

universe shows 

 
2

1 2 1 2( ) 3( ) /p p c    <0    (9) 

 

i.e., 

 

  2 2

2 2 1 1(3 / ) (3 / )p c p c       (10) 

 

The negative matter is more than the positive matter. But, the 

negative matter cannot yet explain the apparent increase of 

mass due to dark matter. 

Caldwell (2002), proposed phantom as cosmological 

consequences of a dark energy component with super-negative 

equation of state, whose cosmic energy density has negative 

pressure. Then phantom becomes an important dark energy 

model. Piao and Zhang (2004), researched phantom inflation 

and primordial perturbation spectrum. Hong, Lee, Lee, and Oh 

(2008), considered a higher dimensional gravity theory with a 

negative kinetic energy phantom field and a cosmological 

constant. Scherrer and Sen (2008) examined phantom dark 

energy models produced by a field with a negative kinetic 

term. Chimento, Forte, Lazkoz, and Richarte (2009), discussed 

the dark energy density derived from the 3-scalar phantom 

field, and its negative component plays the role of the negative 

part of a classical Dirac field. Gonzalez and Guzman (2009), 

presented the full nonlinear study of a phantom scalar field 

accreted into a black hole, which includes that the total energy 

of the space-time is positive or negative. The total energy is 

negative, so it should be namely a type of negative matter. 

Feng, Li, and Saridakis (2010), researched preventing 

eternality in phantom inflation. Saridakis and Sushkov (2010), 

discussed quintessence and phantom cosmology with 

nonminimal derivative coupling. 

P. Dirac (1958), pointed out: The physical laws are 

symmetrical between the positive and negative charge. 

Further, the physical laws should be also symmetrical between 

the positive and negative matters. It forms just the most perfect 

symmetrical world that four matters on positive, opposite, and 
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negative, negative-opposite particles exist together (Chang, 

2016, 2017). If the negative matter is verified, a new and 

complete world will be exhibited (Fig. 2). 

 

 

 
Fig. 2. A new most perfect symmetrical world 

 

In the complete world, between positive matters is gravity and 

corresponding graviton, between the negative matters is also 

gravity, which is the same graviton? Between positive and the 

negative matters is repulsion, which should correspond 

repulsion that is anti-graviton, 𝐽 = −2. But, current 

electromagnetic interaction, both gravity and repulsion 

correspond to the same photon, such it is also possible that 

graviton and repulsion are the same. 

THE MOST COMPLETE THEORY OF NEGATIVE 

MATTER 

A main character of the negative matter is completely the same 

with various known theories. Because space-time is the same, 

kinematics of the negative matter should be the same. But, 

their dynamics are very different. Assuming that the known 

formula is the same, the  𝑝 = 𝑚𝑣 < 0 ,  𝐹 = 𝑚𝑎 < 0.  

If formula is different and mass is the same, it will be 

F ma  , ( ) 0F m a    .     

For the negative matter, the Lagrangian of nonrelativistic 

particle in field is (L. D. Landau & Lifshitz, 1971), 

 

2 21

2
L mc mv m         (11) 

The corresponding action function is 

1 1
( )

2

v
S Ldt mc cdt dr dt

c c
        (12) 

1 1

2

v
ds cdt dr dt

c c
         (13) 

2 2 2 2

2

1
( 2 ) (1 )ds c dt dr

c
         (14) 

Therefore, 

00 2

2
1g

c
   , 

2

1
1rrg

c
      (15) 

For the negative matter and the field between positive-negative 

matters, their difference is only the potential  . According to 

the correspondence principle it changes to repulsion. 

 

4

8 1
( )

2

k k k

i i i

k
R T T

c


        (16) 

Where here 0 2

0T c .  

Let 𝑖 = 𝑘 = 0, 

 

0 0

0 04 2

4 4
0

k k
R T

c c

 
   ,  (for negative matter)  (17) 

 

0

0 2

4
0

k
R

c


      (for positive matter)  (18) 

 

0 00

00 0R R
x






  


, 00

00 2

1 1

2

g
g

x c x

 

 

 
   

 
  (19) 

 
2

0 00

0 2 2 2

1 1
R

x c x c



 




 
      

 
   (20) 

 

4 0k            (21) 

 

The potential of the negative matter is 

 

GM

r
 

         (22) 

( )
Gm MdV d

F m
dr dr r

  

           (23) 

 

For positive matter 𝐹 > 0 is repulsion. For the negative matter 

𝐹 < 0 is gravitation. We assume that positive matter and 

negative matter are respectively the same gravitation fields and 

corresponding field equations only with different positive or 

negative mass (Chang, 2007b, 2013b), which include 

Schwarzshild solution, and spherical symmetry, etc.  

Such conclusion is that universe includes three parts, whose 

fields may be the scalar field similar to Newton theory, or the 

tensor field similar to general relativity, or the vector field 

similar to the electrodynamics, 

 

I. The positive matters are gravitation and Riemannian 

geometry. 

II. The negative matters are gravitation and Riemannian 

geometry. Riemannian geometry corresponds to closed 

universe. 

III. Between the positive and negative matters are repulsion, 

which is probably Lobachevskian geometry, i.e., the 

hyperbolic geometry. This corresponds to open universe, and 

derived cosmic accelerated expansion. The repulsion field and 

field equations have not the spherical symmetry. Both 

geometries may be unified by general differential geometry.  

 

Further, it should include the total field and its equation of 

these three fields. This is not only unified of gravitational field 

and electromagnetic field (Chang, 1989, 2014b), and is 

unifying four matters (Chang, 2016, 2017, 2020). 

For III case, we discuss some possible developments. Assume 

that the relations between positive-negative matters are 

probably an analogous field with two kinds of charge. 

 

1) Similar static electricity 𝐹 = 𝑒𝐸 → 𝐹 = ±𝑚𝐸 (E is force 

intensity) = 𝑚𝑎 , 𝑎 = ±𝐸. Mass is similar charge, but the 

biggest difference lies the same mass gravity and opposite 

mass repulsion each other for positive and negative matters. A 

similar static electrical field is namely a scalar field. 
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2) From this derives similar magnetic line of force, and 

develop similar magnetism. The generalized momentum is (L. 

D. Landau & Lifshitz, 1971) 

 

( / )P m v A c        (24) 

 

( )
v

F m E B m a
c

          (25) 

 

Here A is a vector potential. The negative matter is similar to 

monopole, whose topological solution just corresponds to 

positive and negative matters. It is a huge monopole. 

 

3) It is known that general relativity derived already a similar 

magnetic field and similar Lorentz force and equation 

(Einstein, 1955; L. D. Landau & Lifshitz, 1971). 

 

4) The repulsion field and field equations between positive-

negative matters are similar electromagnetic field. It may 

obtain similar electrodynamics and Maxwell equations, even 

electromagnetic general relativity (Chang, 2005). 

 

5) This may develop similar quantum electrodynamics (QED). 

Field equations possibly are related to metric g


 symmetry or 

anti-symmetry. Positive matter and negative matter are all 

fields with symmetrical g , etc; field between positive and 

negative matter is anti-symmetrical g , etc. It is probably 

related to torsion.  

 

The torsion tensor is k k k

ij ij ji    , i.e., the k

ij  have torsion 

for non-symmetric 𝑖, 𝑗. From this derives the drag effects 

between the negative matter and positive-negative matters. 

Their “gravitational wave” should have difference. Further, 

they are 
l

ijkR  symmetry or anti-symmetry. For the non-

symmetric field Einstein (1955) discussed 2

1

1
A

cr



 in 

cosmology, here 𝑐 > 0 is a sphere space, and 𝑐 < 0 is a pseudo-

sphere space. This is similar to the unified theories of 

gravitational and electromagnetic fields (Chang, 1989, 2014b), 

or the unified general relativity of gravitational and 

electromagnetic fields (Chang, 2005). The geodesic equations 

of two geometries are the same form, 

 
2

2
0

d x dx dx

ds dsds

  


       (26) 

 

But, 


  have difference. From (26) the geodesics depend 

only on the symmetric part ( )

  

       of the connation.  

The anti-symmetric part of 


  is possibly related to other 

quantity, for example, torsion. 

 

4

3

dR
Gat Ht

dt
        (27) 

 

Einstein field equation under Friedmann-Robertson-Walker 

metric is: 

 

Pure time component,  

  

2

4 3
( )

3

G p
R R

c


         (28) 

 

Pure spatial component, 

 
2 22 2 4 ( )RR R k G p R         (29) 

 

This is the acceleration of the cosmic expansion rate. Both 

mergers are 

 

2 28

3
R k G R         (30) 

 

For the negative matter density and pressure all are negative, 

or only density is negative. 

 

2

3( )4
[( ) ]

3

p pG
R R

c


   

 


        (31) 

 
2 22 2 4 [( ) ( )]RR R k G p p R             (32) 

 

Both mergers are 

 

2 28
( )

3
R k G R           (33) 

Here 

2

3( )
( )

p p
a

c
   

 


   . 

 

When 

2

3( )p p

c
   

 


   

 

is repulsion, it is accelerate expansion. The energy-momentum 

tensor for macroscopic bodies is (L. Landau & Lifshitz, 1977), 

 
2( )ik i k ikT p c u u pg        (34) 

 
2 3i

iT c p         (35) 

 

An inequality is always valid for the pressure and density of a 

macroscopic body 

 

2

3p

c
          (36) 

 

Its limit is 
2

3p

c
   for electromagnetic interaction, which 

corresponds to radiation-dominated universe. 

 When 
2

3( )p p

c
   

 


   is repulsion, and the cosmic 

accelerated is expansion. 

Assume that p p p   , so     or 
2

6 p

c
    .  
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If 7 7     , so 
2

p

c
   is repulsion. In a word, these 

cases are all repulsion. The universe as a relative particle or 

radiation 3 3p p     . 6 3p       , and there 

have more negative matters. It corresponds to dark matter is 

24% (30.8%) and usual matter is 4% (4.84%), and 24/4=6 

(30.8/4.84=6.36). The universe as the non-relativistic loose 

matter p=0, i.e.,    . When the cosmological term exists, 

 

4
( )

3 3

G
R R R


  


        (37) 

i.e.  

 

4 0G    ,     or    24 ( 3 / )G p c     

 

Let 
2

3( )
( )

p p
a

c
   

 


   , for Eq.(31) integral once 

 

 
4

3

dR
Gat Ht

dt
   

 

Integral again 0

HtR R e  is namely inflation model for a>0. 

The end of inflation may produce the primordial gravitational 

wave determined by gravitational interaction. 

We proposed a test of the negative matter (Chang, 2011): 

When the move speed between positive and negative matters 

is very big, and the kinetic energy is bigger than the potential 

energy, their colliding result will be a complete annihilation, 

which will produces huge gravitational (or similar repulsive) 

wave. 

We proved the gravitational wave is nonlinear wave, and the 

velocity of the gravitational wave should be different with the 

velocity of light, at least since light deflects while the 

gravitational wave propagates along a straight line in a strong 

gravitational field (Chang, 1996). Now the gravitational wave 

has been confirmed by LIGO and Virgo (Abbott et al., 

2016a, 2016b). We forecasted that further investigations may 

discover difference between gravitational wave and 

electromagnetic wave (Chang, 2016). In 2017 detectors 

observed association with the γ-ray burst (GRB) 1.7s after 

GW170817 (Abbott et al., 2017).  

New observed gravitational waves proved they are nonlinear 

waves, not only collision of two black holes or binary neutron 

star (BNS) must be nonlinear mechanism, and released huge 

energy and the observed signals of gravitational waves are 

necessarily pulse wave. We calculate to obtain total delay time 

is 0.1792s for BNS by gravitational redshift and the deflection 

of light. It is about 1/10 of observed delay time 1.7s. The 

gravitational wave and electromagnetic wave pass through the 

luminosity distance about 40 megaparsecs (about 130 million 

light years) and many gravitational redshifts and deflections, it 

is possible that both difference increases 10 times (Chang, 

2018a). 

NEGATIVE MATTER AND QUANTUM THEORY 

In the quantum mechanics the negative matter may be still 

E h , in which E E  and h h  (Chang, 2011, 

2013b). Klein-Gordon equation is the same since 2m  term 

may corresponds to m , both describe bosons. But all bosons 

with mass are unstable. We must obtain Dirac equations of 

negative matter, which are only m m (Chang, 2014a), 

 

( ) 0m           (38) 

 

Dirac equations may derive two solutions of 𝑚 > 0 or 𝑚 < 0, 

which is Dirac’s negative energy state. Fermions are stable, 

and correspond to dark matter. Schrödinger equation is, 

 
2

2 ( )
2

i U r
t m


 


  


     (39) 

 

Here only U U . Matter surrounded by dark-negative 

matter at a certain direction corresponds to the extensive 

quantum mechanics (here H ) (Chang, 1990, 2002, 

2018b) with an infinite deep potential trap.  

Its energy spectrum and momentum of Schrödinger equation 

is necessarily discrete (Ballentine, 1998; Flügge, 2012; L. 

Landau & Lifshitz, 1977) , 

 
2 2

2

22
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Its cosmic wave function is 

 

( ) sin( )n n

n
r A r

R


        (41) 

 

Both form just a base of the universal wave-particle duality 

and total general quantum mechanics. The corresponding one-

dimensional density is 
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H E



       (42) 

 

two-dimensional density is 

 
2

2
( )

2
n
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E M
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three-dimensional density is 

 
3 3/ 2

2 3

(2 )
( )

4
n n

R M
E E

H



      (44) 

 

It may be similar QED, which constantly produce positive and 

negative matters, then annihilate under very big field. 

By a similar Higgs mechanism the positive and negative 

matters may be produced at the same time. Introducing scalar 

fields is namely Higgs mechanism. 

 

2 2 41 1 1

2 2 4
L 

            (45) 

 

2 2 41 1

2 4
V           (46) 

 

Minimum ground state is 
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2 2( ) 0
dV

d
  


          (47) 

 

0   or 
2




          (48) 

 

NEGATIVE MATTER AS MECHANISM OF 

INFLATION 

In cosmology it is an important progress that (Guth, 1981) first 

proposed inflation whose time origin is from 3210 s, and 

cosmic scale factor exponential expansion ( ) Hta t e . The 

universe has expanded at least 2610  times. Inflation explains 

the flatness and horizon, etc., problems. But, it has many 

questions, for example, the inflation origin is near absolute 

zero temperature, and the vacuum energy is almost zero, etc. 

It must be very high energy. Next (A. D. Linde, 1982, 1983) 

and Albrecht and Steinhardt (1982) proposed the chaotic 

inflation. The universe first was inflation, and slowed down 11 

billion years ago. Then it has been be accelerated expansion 

for 5 billion years. 

S. Hawking, N. Turok and J. Hartle used instanton to replace 

singularity of cosmological origin. Lucchin and Matarrese 

(1985), discussed power law inflation. La and Steinhardt 

(1989), proposed the extended inflation. A. Linde (1994), 

developed the hybrid inflation. Dodelson, Kinney, and Kolb 

(1997), searched classification of various inflation models. 

Russo (2004), obtained exact solution of scalar field 

cosmology with exponential potentials and transient 

acceleration. 

The inflation model is a new result of the combination of 

modern quantum field theory and cosmology, and it is a big 

development of very early cosmology. Is should have a 

reasonable theoretical origin in order to produce enough 

inflation. But, so far this has not a reasonable mechanism of 

inflation, and only introduces phenomenally a scalar field. 

We proposed that the mechanism of inflation cosmology due 

to a huge repulsive force between the positive matter and 

negative matter created at the same time in quantum 

fluctuations. This corresponds to the cosmological mode 

created from nothing to all things from vacuum (Chang, 

2007b, 2013b). In 1963 Dirac supposed that an important 

direction of developing science is study of vacuum. It is known 

that Klein-Gordon (KG) equation of the scalar field is 

 
2 2( )m G        (49) 

 

Its solution is 

 

/mrGe r        (50) 

 

Chaotic inflation phenomenally introduces a scalar field, 

which is similar to the strong repulsion field at very small 

scale. It produces quantum effect, and the interaction between 

positive-negative matters is nonlinear, which may obtain 

chaos. Different universes are positive and negative matters 

produce bubbles. This may form the parallel worlds, or the 

many-worlds, or multiverse, etc. It can combine Linde chaotic 

inflation, but both differences are different scales and times. 

Inflation is related to Planck time-space. It is origin of 

inflation, in which Planck time is 

 
5 1/2 43( ) ~10Pt Gc s        (51) 

 

The space originates the Planck length 

 
3 1/2 33( ) 1.6 10Pl Gc cm        (52) 

 

Both already open a relation on unification of four interactions, 

in which G, c and   correspond respectively to gravitational, 

electromagnetic and microscopic strong-weak interactions. 

According to this model of the negative matter, inflation 

should end on a strong interaction scale 1310N

e iR R e cm  , so 

ln( / )e iN R R =20𝑙𝑛10 = 46. This is only 65% of now 

hypothesis  𝑁 = 70.  

For 𝑁 = 70 = 30𝑙𝑛10, the scale should extend to origin on 
4310 cm  or end on 310 cm , which corresponds to 𝑉𝑑𝑊 force 

and its extensive, and is consistent with phantom. 

If the time is the current inflation time, it will be new 

interactions, such as weaker interactions at smaller scales, 

which also increase by only 2-3 orders of magnitude. Further, 

if the positive and negative matters may continually produce 

or annihilate for different positions and evolutional times of 

cosmos and galaxies, it will obtain the very complex relations 

between the positive and negative masses. This will have 

continual start of the Big Bang and the creation from nothing. 

Pairs of positive and negative matters correspond to pairs of 

super particles. For example, suppose the masses around the 

galaxy increase linearly with distance r, i.e., M ar  , 

 

2 ( )G M M GM
v Ga Ga C

r r

  
       (53) 

 

Assume that | | | |m m  , so 

 

1
8 ( ' ) 0

2
G R g R k T T            (54) 

 

This is not a vacuum, and is a case of complete opposite 

positive and negative matters. It seems to correspond to the 

origin of Big-Bang Universe. 

EVOLUTIONAL RATIO BETWEEN TOTAL MATTER 

AND USUAL MATTER 

The modern cosmology (Dodelson, 2003; Weinberg, 2008) 

includes an early inflation cosmology. Based on above 

mechanism of inflation, in a radiation-dominated universe of 

the big-bang cosmology, the usual total energy is mainly 

energy of photon 2M c . The total energy of positive and 

negative matters is 

 
2 2

-M c M c         (55) 

 

Because inflation is origin of nothing, the total energy should 

be zero, i.e., M M  . 

When the evolutional process from inflation and radiation-

dominated universe to the matter-dominated universe, the 

known total energy of usual baryon matter of non-relativity is 
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2
2 GM

M c
R


         (56) 

 

Assume that dark matter and dark energy are completely the 

negative matter, so the total energy includes three parts: one of 

the positive matter, one of negative matter, and their repulsion 

force 
 

2 2
2 2( )t

GM GM GM M
E M c M c

R R R

   
 


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Both ratio is 
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   (58) 

 

We suppose that for early inflation cosmology the positive 

matter and the negative matter have the same mass 

M M M   , and R R  , so Eq.(58) is simplified to 

 
2

2 2
2

GM
GMR

GM GM Rc
Mc

R


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
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     (59) 

 

It is known that the total mass of Universe is 532 10M kg  , 

and corresponding scale is 264.2 1.3 10R Gpc m   (Perkins, 

2009), so 
 

2 43 3 21.17 10Rc m s         (60) 
 

and  
43 3 21.34 10GM m s        (60) 

 

A simple calculation obtains 
2

GM

GM Rc
=7.88. 

If we take general ratio between usual matter, dark matter and 

dark energy is 4:24:72, so ratio of total matter and the positive 

matter is 28/4=7.  

According to new data, usual matter is 4.84%, total matter is 

30.8%, and dark energy is 69.2% (Adam et al., 2016; 

Tanabashi et al., 2018), so 30.8/4.84=6.36. It is interesting 

evolutional result from M M   to 7.88. If 2R R  , Eq.(58) 

will be a simple formula 

 

2

3
11.82

2

GM

GM Rc
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
      (61) 

 

Conversely, for Eq.(59) let 
2

GM

GM Rc
=7, we may determinate 

the quantitative relation between scale R and mass 𝑀 as 
26 /R GM c . This should be a testable scale exhibited dark 

matter. If we take the galaxies mass 412 10M kg  , so 
158.9 10R m  . It is about 1 light year ( 159.46 10 m ) or a fourth 

of 1pc. For the solar system 302 10M kg  , so 48.9 10R m  , 

whose scale cannot condensate the negative matter, which 

must form conglomeration, and has the bigger scale. Such all 

structures (galaxies, stars, atoms, proton) dilacerated 

(Weinberg, 2008) are impossible. 

RELATIVITY AND THEORY OF LOBACHEVSKIAN 

GEOMETRY 

It is known that according to special relativity, the Lagrange 

function of any physical field should remain invariance under 

the Lorentz transformation (LT), which forms Lorentz 

transformation group. The general Lorentz group L has four 

leaves. 

 

First leaf det 1    and 
44 1   is the proper LT group 

pL . 

Second leaf det 1    and 
44 1   is the space inversion.  

First and second leaves compose the full Lorentz group fL . 

Third leaf is det 1    and 
44 1   . 

Fourth leaf det 1    and 
44 1    is the total inversion 

x x  . 

 

This is similar to four worlds (Fig.2) or their parts, in which 

det 1    and det 1    are topologically separated. They are 

similar to positive matter and negative matter. 
44 1   and 

44 1    are also topologically separated. Four leaves compose 

the extended Lorentz group 
eL . 

If first leaf corresponds to positive mass, and extends to 

general LT (GLT) (Chang, 1989, 2013a), it will be possibly 

related to positive-negative masses. 

Third leaf is the time reflection. Since time corresponds to 

energy E, mass 2/m E c  is reflected to negative, i.e., 

−𝑚(𝑐 > 0), 𝑜𝑟 𝑚 > 0, 𝑐 → 𝑖𝑐, and 𝐸 < 0.  

Existence of time inversion should correspond to mass-energy 

inversion, and various inversions of scalar, four-vector, tensor, 

torsion, rotation, etc. The particle number inversion 

corresponds to C, and C corresponds to second and fourth 

worlds (Fig.2), and is related to PCT theorem. 

Entropy 𝑆 = 𝐸/𝑇 corresponds to the irreversibility of time. It 

may be developed to four vectors, i.e., entropy flow 
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      (62) 

and 

  
2 2

2Ev mc v pc
Sv i c

T T T T x


    


   (63) 

 

Further, it contacts Noether’s theorem and its generalization 

(Chang, 2007a). When the Big Bang originated, the general 

energy must be not conserved, but all things is generated from 

nothing. Our theory is total energy conservation, but it extends 

to negative energy and the negative matter. 

Space inversion corresponds to momentum 𝑝 = 𝑚𝑣 inversion, 

and it is – 𝑣 or – 𝑚. Space with 
441 1    and det 1    

should exist, which may be the space like interval, and 

associated with the light cone. The latter is more likely to be a 

curved space-time det | | 1g    . 

Further, this may develop to Riemann space, general relativity 

and Lobachevsky space, etc. In Lobachevskian geometry 

plane ( ,  ) (Dubrovin, Fomenko, & Novikov, 1993), the 

trigonometric functions are replaced by the hyperbolic 

functions, 

1

22

1
(2 )

2
sh     , 2

12 cth       (64) 
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Other, 0i

jk  . 
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 
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2

2
( ) 0

d d d
cth
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  
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 (65) 

 

For space the metric 2ds g dx dx   , g  are all positive, it is 

Riemannian geometry; 1 or 2 in g  are negative, it is 

Lobachevskian geometry, so both k

ij  are different. They are, 
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R r
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ds dr r d
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For the pseudo-sphere 

 
2 2 2 2 2 2( sinh )ds d d d           (68) 

 

We may research possible special field equations for 

Lobachevskian geometry, and compare difference of scalar, 

vector, and tensor, etc., in both geometries.  

These are possibly related to superstring. But, it is known from 

differential geometry that the curvature tensor is universal. 

Both difference is only the Gauss curvature 
2

0

1
0K

r
   and 

2

0

1
0K

r
   . 

The Gaussian curvature is also 

 

1 1
ln

2 2
K g e

g

            (69) 

 

It corresponds to 2Ke   . If 𝐾 > 0, it is the sphere. If 𝐾 <

0, it is the Lobachevskian plane. These are also related to the 

potential equations. 

 

2

2

' 8
( )

3

R k G

R R


              (𝑘 = +1 , 0  , −1)  (70) 

 

The metric on the sphere is (Dubrovin et al., 1993), 

 

2 2 2 2

0

sin
r

dl dr d
R

            (𝐾 > 0)   (71) 

 

The metric on the Lobachevsian plane is 

 

2 2 2 2

0

sinh
r

dl dr d
R

      (𝐾 < 0)   (72) 

 

From this we may overcome the singularity, and 

Lobachevskian geometry whose curvature 𝑅 < 0 may help to 

describe the mass-to-light ratio and the galactic rotational 

curves. According to the uncertainty principle, they 

correspond to very high momentum and energy,  

 

22 44 22/ 6.58 10 / 5.39 10 1.22 10PE t MeVs s MeV        

 (73) 

and  

 
22 35 13/ 6.58 10 /1.62 10 4.06 10 /PP l MeVs m MeVs m       .  

 

(74) 

 

Based on both we obtain the positive matter and negative 

matter created from nothing at the same time, and form two-

worlds (Chang, 2007b, 2013b, 2017). Inflation is from Planck 

time-space to strong interaction scaling 1310 cm and 

corresponding time 2310 s. The very early strong interaction 

must be derived from quantum fluctuations, and obtained the 

non-uniformity. 

Dark matter particles are the product of the early very high 

temperature in the Big Bang. It is consistent completely with 

creation of the negative matter. In the very early inflation the 

total energy with strong repulsion is 

 

2 2 MrgM M
E M c M c e
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 
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Assume that | | | |m m  , 
2

2

| | Mrg M
F e

R





  is namely the 

exponential expansion in universe. 

In inflation the invariant vacuum energy is the initial energy 

generated simultaneously by the positive and negative matters, 

which is conservation 192 2.44 10PlanckE E   GeV, and forms 

two or four worlds (Fig.2), which are different universes and 

multiverse.  

Further, based on the Big Bang cosmology we may develop a 

cosmologic projective geometry unified various non-

Euclidean geometries discussed by F.Klein and A. Cayler. 

Usual positive matter and negative matter repulsion each other. 

But, if charge and electromagnetic interaction exist, there will 

have gravitation.  

First we suppose that positive matter and negative matter are 

separated, and then both split into positive and opposite 

matters, and create charge. Assume that matter particles have 

N, and a part in N creates charge NQ , in which half positive, 

and half negative, i.e., / 2NQ . Let | | | |m m  , and 

| | | |Q Q Q   , so a total force is 

 
2 2

2 2

| | ( | |)

4
t m Q

G m N Q
F F F

r r


        (76) 

 

When ( / 2)Gm NQ , i.e., the stronger electromagnetic 

interaction exists, this is gravitational force. It derives 

probably the opposite matter decreased more. 

After the 1990s, the observations of the cosmic microwave 

background radiation (CMB) anisotropy by COBE, etc., are 

consistent with the prediction of inflation, and exclude 

basically the topological defects as the main source of initial 

disturbance. 

 



IJFPS, Vol 10 , No 4, pp 40-54, Dec, 2020 Yi-Fang Chang 

 

49 
 

JUDGMENT TEST OF NEGATIVE MATTER AS DARK 

MATTER AND OTHER EIGHT TESTS 

Based on observations of a remarkable cosmic structure called 

the bullet cluster, Clowe et al. (2006) discovered that this 

structure is actually two clusters of galaxies passing through 

one another. Past observations have shown that only a very 

small percentage of mass in the universe can be explained by 

regular matter. The new research is the first to detect luminous 

matter and dark matter independent of one another, with the 

luminous matter clumped together in one region and the dark 

matter clumped together in another. These observations 

demonstrate that there are two types of matter: one visible and 

one invisible.  

In 2007, COSMOS obtained first three-dimensional 

distribution map of dark matter on world (Massey et al., 2007). 

In May 2011 Atacama cosmology telescope found the trace of 

dark energy in the cosmic microwave background (Sherwin et 

al., 2011), and in which found the weak lens phenomenon 

(CMB lensing) (Das et al., 2011). 

The negative matter is completely symmetry with positive 

matter, and it as dark matter should agree with the principle of 

cosmology and is uniform on a large scale. But, it is groups, so 

it is impossible that the whole universe is full of dark matter. 

General relativity is very precise in the solar system, in which 

there cannot have dark energy. Various positive matter and 

black hole exhibit the gravitational lensing effect. While the 

negative matter and negative black hole will be the repulsive 

lensing phenomena. Both should be different in observations. 

For the negative matter there should also have the 

corresponding black hole, whose radius is 

 
22 /r Gm c          (77) 

 

It is known that celestial body with huge massive matter has 

the gravitational lensing effect (Fig.3)(Cai, Saridakis, Setare, 

& Xia, 2010; Chae et al., 2002; Copeland, Sami, & Tsujikawa, 

2006). 

 

 
Fig.3. Gravitational lensing 

 

Since usual light under interaction of negative matter is 

repulsive deflection, so it will show the repulsive lensing 

effect.  

 

 
Fig.4. Repulsive lensing 

We proposed a judgment test for the negative matter as dark 

matter (Chang, 2019): This is an opposite repulsive lensing 

(Fig.4). We calculate a deflected angle derived from the 

negative matter. Based on the field equations we may similarly 

obtain the formula 

 

2

4GM

Rc
          (78) 

 

M is bigger, so is also  . Therefore, the lensing has three 

kinds. 

 

1-Visible celestial body with large mass, (gravitation 

deflection). 
 

2-Invisible black hole with large mass, (gravitation deflection) 
 

3-Invisible negative matter with large mass, (repulsion 

deflection). 
 

Mass of the negative matter is invariant, and mass of black 

hole may increase and form an accretion disk. Further, from 

(78) we may determinate three kinds of mass on the negative 

matter and general matter 

 
2

4

Rc
M

G
           (79) 

 

Microlensing Observations in Astrophysics team and Optical 

Gravitational Lensing Experiment team (Soszynski et al., 

2004) have searched widely for dark stars and exoplanets by 

microlensing. Their results should provide possible data. The 

evolution of the negative matter may form corresponding 

white dwarfs, neutron stars and black holes of the negative 

matter. They will produce the repulsive lensing. 

At present, JA Giannini (2019) proposed that developed the 

field equations (Chang, 2007b, 2013b) describing the 

repulsive interaction, which is another possibility being 

explored is the repulsive force of negative mass and its 

potential relation to dark matter in unified positive and 

negative mass sources all scales. Judith Giannini (2019), 

researched fractal composite quarks and leptons with positive 

and negative mass components. 

The numerical simulations of cold dark matter predicted that 

there are many dark matter halos (Fig.5).  

 

 
Fig.5. Dark matter as the Galactic halo 

 

Gentile, Famaey, Zhao, and Salucci (2009), discussed 

universality of galactic surface densities within one dark halo 

scale-length. These halos around the galaxy are expected to 
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observe many satellite galaxies (Kravtsov, 2010). But, the 

actual observation of satellite galaxies is far less than 

theoretical predictions. Assume that the halo of negative-dark 

matter forms the spherical shell distribution, whose mass is 

 
2

04 ( )m dS r dr           (80) 

 

2

( )F M m m
dv dt G dt

M Mr

 
        (81) 

 

When 
0r r , 0m  , so 

 

2

2

0 0

4 (1 )
m dr

dv G dt G dt
r r

        (82) 

 

This as a constant agrees with the mass-to-light ratio of 

galaxies. Generally, we propose other eight possible tests of 

this hypothesis: 

 

(1) In a large scale space, if there is a negative mass cluster in 

positive matter, some positive matter will be screened, and the 

other visible matter will be changed by repulsion lensing. As a 

result, visible matter appears less, and the negative matter and 

its screened positive matter will appear as invisible dark 

matter. According to this assumption, the visible celestial 

phenomena and dark matter will be slightly different because 

the screened and distorted parts are different for those 

observations from different positions of the Earth in the solar 

system. The season effects of this dark matter are observable. 

 

(2) There is repulsive force between positive and negative 

matters, and which obey the square inverse ratio repulsive law 

according to the Newtonian law. This agrees with the shape of 

dark matter as the Galactic halo (Rita Bernabei et al., 2013; 

Chang, 2016; Gentile et al., 2009). 

  

(3) General photons are reflected by the negative matter, which 

exhibits a type of dark matter.  

 

(4) When the move speeds between positive and negative 

matters are very big, and the kinetic energy is bigger than the 

potential energy, their colliding result will be a complete 

annihilation, whose leftover is only a mass-difference of 

positive and negative matters. These may indicate very high 

energy phenomena in astronomy.  

 

(5) The negative matter may represent the cosmic repulsion 

and the fast expansion.  

 

(6) The positive and negative matters under some exceeding 

conditions may be created from nothing to all thing at the same 

time, both are a huge repulsion and rapid expansion, which 

derives the inflation universe (Chang, 2007b, 2013b, 2014a, 

2016, 2019).  

 

(7) It must exist that some repulsion field regions obey 

Lobachevskian geometry with curvature  𝑅 < 0.  

 

(8) The negative matter is similar to invisible black hole, but 

is repulsive force for matter, and its mass is invariant. 

In these tests the season effect may explain DAMA observed 

the annual modulation 8.9  (R Bernabei et al., 2008; R 

Bernabei et al., 2000).  

DAMA/LIBRA (Rita Bernabei et al., 2013) obtains a final 

model independent result of DAMA/LIBRA-phase. CoGeNT 

collaboration observed possible signs of light dark matter 

particles, and had similar annual modulation (Aalseth, 

Barbeau, Bowden, et al., 2011; Aalseth, Barbeau, Colaresi, et 

al., 2011) But, CDMS experiments measured electronic and 

phonon signals caused by dark matter scattering (Ahmed & 

collaboration, 2009), and XENON100 experiments detected 

luminous and ionizing signals after dark matter scattering 

(Aprile et al., 2011), both were not found DAMA results. 

Probably, dark matter does not generate these signals. 

COMPLETE WORLD AND UNIFICATION OF FOUR 

INTERACTIONS 

Mass M and charge Q are the most important matter quantities. 

Opposite Q is anti-(opposite) matter, and opposite M is the 

negative matter. A stronger electromagnetic interaction 

between opposite matter and negative matter could lead to a 

significant decrease in opposite matter. 

In M-Q plane (cos sin )z m iQ i      , modular 

2 2 0m Q    . The negative matter with electromagnetic 

field is 

2 2 4 2 2( )
e

E m c c p A
c

        (83) 

For  𝑚 = 0 , energy is ( )
e

E c p A
c

   and for   𝐸 = 0 , then 

2 2

2

1
( ) 0

e
m p A

c c
    . It is known that positive and negative 

matters are repulsion each other, but because charges exist 

between various matters, so they can also be attraction.  

When Q Q GM M    , from this may produce the big mass 

annihilation, in which the charge is partially similar e e    . 

Therefore, the stable particles of dark matter are mainly neutral 

charge. Moreover, the attraction of only a few electromagnetic 

interactions compared with the repulsive force determined by 

huge mass may probably be presented as weakly interacting 

massive particles (WIMPs). This is also related to the quantum 

gravity theory, and superstring, supergravity, etc. 

This is not only a unified gravitational field and 

electromagnetic field, but a unified four types of matter. In the 

complete world with four perfect symmetries (Fig.2), the 

lower symmetry of positive matter world is the supersymmetry 

of fermions and bosons and their breaking. Fermions are more 

specific to quark-lepton symmetry and three-generation 

symmetry, in which symmetry breaks, such as different isospin 

I. We think spin of particle of repulsion (repulsion) is possibly 

𝐽 = −2. If repulsion exists, there will be particles 𝐽 =

2 , 1 , 0 , −1 , −2 , which may be unified bosons (graviton, 

photon, meson and so on). 

The unification of various interactions is always an important 

question in physics. Strong and weak interactions are all short-

range, which should more be unified. It is known that the 

strong interactions are attraction each other, and the weak 

interactions are mutual repulsions and derive decay. We 

proposed both “running” coupling constants transform each 

other following distances and energy, and pass through the 

asymptotic freedom of QCD. They correspond to the coupling 
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constant 𝐺 > 0 and 𝐺 < 0. The two aspects are respectively 

QCD with SU (3) and QWD (quantum weak dynamics) with 

SU (2), and may be unified by the Yang-Mills gauge field, and 

between them is asymptotically free 𝐺 = 0. We research some 

possible tests and predictions, which are consistent with the 

experiments on the quark-parton model, and various 

scatterings from Pomeranchuk theorem to the cross sections at 

higher energy gradual increase. When strong and weak 

interactions change, and both transform each other, they may 

produce different waves, for example, neutrino wave for weak 

interaction. These particle waves possess the uncertainty 

relation (Chang, 1989, 2018b), and are generally 0m   and 

𝑣 < 𝑐, and are the not-Abel gauge fields and the nonlinear 

short-range waves. But, according to the de Broglie relation 
2vv c , the particle velocity v is related to the phase velocity 

v c  that obeys the general Lorentz transformation 

(GLT)(Chang, 1989, 2013a), and corresponds to the quantum 

entangled state (Chang, 2013a).  
 

 
Fig. 6 The unification on the four basic interactions in three-

dimensional space. 

We proposed the most perfect symmetrical world (Fig.2). As 

a two-dimensional plane this also corresponds to gravitational 

and electromagnetic fields determined by mass and charge, 

respectively. Further, we combine the four known 

fundamental interactions to develop into the four-dimensional 

space. But in some respect, this can be simplified to three-

dimensional space, where the third dimension is assumed to be 

the strong and weak interactions of the short-range. Strong 

interaction 𝐺 > 0 is the upper sides, and weak interaction 𝐺 <

0 is the lower side, respectively, so that Fig. 6 can uniformly 

describe the four basic interactions (Chang, 2020). 

DISCUSSION 

Morris and Thorne discussed wormhole, and exotic matter has 

negative pressure and opposite gravitation, which can maintain 

an open macroscopic wormhole (Morris, Thorne, & Yurtsever, 

1988). If the negative matter is exotic matter, it will able to 

maintain an open macro wormhole. The wormhole of the 

negative matter is just the opposite gravitation, i.e., repulsion. 

The negative matter has also black hole. But, between positive 

and negative matters probably is the white hole. The collision 

of groups of positive-negative matters, on the one hand, is 

rapidly separated since repulsion; on the other hand, very few 

of them will be annihilated, which may also be accompanied 

by high-energy phenomena. If dark matter and dark energy 

exist, the critical density will increase by 6-7 times and 25 

times. In this case, the universe will contract, cycle, etc. 

The negative matter as a candidate of unification of dark 

matter and dark energy is not only the simplest, and may 

explain inflation and be calculated and tested. It agrees on 

Occam's Razor. But, some hypotheses on dark matter and dark 

energy are not testability in epistemology. Moreover, early in 

1898 Schuster (1898) conjectured the existence of new sun 

with the negative mass. 
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