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Article

A Physical Mechanism of the Generation of Stable
Positive Kinetic Energy Systems and a Qualitative
Explanation of the Proportions of the Four
Ingredients in the Universe

Huai-Yu Wang
Department of Physics, Tsinghua University, Beijing 100084, China

Abstract: The author’s opinion is that the negative energy solutions of the Dirac equation mean that a particle
can be of negative kinetic energy (NKE) besides positive kinetic energy (PKE). We think that NKE particles are
dark ones and NKE matter is dark matter. In our previous works, the dark matter theory of the NKE version
and the dark energy theory that matched dark matter theory were put forth. In this work, we investigate the
topics related to the metamorphosis of objects between PKE and NKE. We first evaluate the collosions between
a PKE and a NKE particles. A scenario of accelerating PKE particles is raised. We put forth the cosmic dark
radiation background and gravity potential background. In the universe, negative energy is predominating. In
the observable universe, substances constitute stable PKE systems. The total energy of every such system is
negative. We propose a mechanism that NKE substances combine into stable PKE systems. Macroscopically,
NKE objects can constitute stable PKE astrophysical systems by means of gravity between them.
Microscopically, NKE particles can combine into stable PKE systems by means of attractive interactions
between them, say, Coulomb attraction. Currently, people think that there are four ingrediants in the universe:
photons Qro, matter Qwmo, dark matter Qowm, and dark energy Qao. We analyze the order of the appearance of the

four ingredients and conclude that qualitatively, their proportions should be €,/ >€Q - >€Q > Q.

Keywords: stable system; dark matter; dark energy; positive kinetic energy; negative kinetic energy;
cosmic dark radiation background; gravity potential background;

1. Introduction

The Dirac equation, as a relativistic quantum mechanics equation, has both positive and negative
energy solutions. We think [1] that they actually are positive kinetic energy (PKE) and negative
kinetic energy (NKE) solutions. This shows that a particle can have either PKE or NKE. Our opinion
is that the PKE and NKE solutions should be treated on an equal footing. The low-momentum
approximations of the Dirac equation for the PKE and NKE are the Schrédinger equation and NKE
Schrodinger equation, respectively. The content of physics research has been matter with PKE. We
[1-12] conducted a series of studies on the NKE substances. All the physical laws we have known
remain unchanged, such as thermodynamics, statistical mechanics, classical mechanics, quantum
mechanics. The fundamental laws of physics are of symmetry with respect to the PKE and NKE [5].

Our basic point of view is that the NKE substances are dark matter. When a particle has PKE, it
is visible to us, while when it has NKE, it is invisible to us. Therefore, we have never seen NKE matter.
In previous work [3,11], we gave the reason why the NKE matter is dark to us.

A PKE substance can absorb photons so as to transit from a lower energy level to a higher level.
It can also spontaneously transit from a higher level to a lower one, accompanied by emitting
photons. The emitted photons are received by our instruments, allowing us to “see” the material that
emits the photons. We say that PKE matter and energy are matched, and they both have positive
temperature and positive pressure. In the following, positive energy is simply called energy or
photons or radiation.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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The energy spectrum of a NKE system has an upper limit but no lower limit. So it has a negative
temperature [3]. The higher the energy level, the more stable the state of the system, and the lower
the energy level, the more unstable the state. The highest energy level is the most stable and is the
ground state. Therefore, spontaneous transitions can occur only from lower energy levels to higher
ones. We believe that such spontaneous transition processes release negative energy which is dark
energy. The theory of the dark energy was given [11]. Dark energy is photons with negative energies,
called dark photons or negative photons. Dark photon fields are also called dark radiation or negative
radiation. Its statistical mechanics and thermodynamic formulas have been presented. The
energypectrum of the dark radiation has an upper limit but no lower limit, and therefore, it has a
negative temperature. When a system absorbs negative photons, an excited transition from a higher
energy level to a lower energy level occurs. Thus, the NKE system and the negative radiation are
matched, and they both have negative temperature and negative pressure.

It is believed that our universe is of the symmetries of PKE and NKE, of PKE matter and NKE
matter, of matter and dark matter, of energy and dark energy, and of matter-radiation matching and
dark matter-dark radiation matching.

The observable objects in the universe are composed of PKE particles, and the instruments we
make are all composed of PKE particles. The PKE systems cannot absorb and emit dark energy.
Therefore, the NKE systems and negative radiation are dark to us.

We suggested the experiments to detect NKE electrons [1,12].

A particle may move with either PKE or NKE. So, is it possible for a particle to transform
between the PKE and NKE the process of motion? Such a transformation is called metamorphosis.
We believe that metamorphosis may occur under the premise of conservation of energy.

The single-particle Dirac equation contains both PKE and NKE energy levels. The
metamorphosis of a particle is by no means the transition between the PKE and NKE levels. We think
that an isolated particle will never metamorphose. The metamorphosis of a particle is closely related
to the interactions with its surroundings. For example, when a particle enters a potential barrier, it
metamorphoses from PKE to NKE [2]. In the present work, we are going to discuss how two NKE
particles combine into one stable PKE system.

There are three types of energy spectrum [3]. Type I energy spectrum has a lower limit but no
upper bound, and a system with such a spectrum is a PKE one with a positive temperature. Type I
spectrum has an upper limit but no lower limit, and a system with such a spectrum is a NKE one
with a negative temperature. Type III energy spectrum has both a lower and an upper bounds, and
the temperature can be the entire range except zero. When the system is at energy levels near the
lower limit, the system has a positive temperature; while when the system is at energy levels near the
upper limit, the system has a negative temperature. In such a system, a state with a negative
temperature has an energy higher than that with a positive temperature.

What we are now well known is the type I energy spectrum. We have not encountered the
systems with Type Il energy spectrum. Some theoretical studies about the Type II systems were given
[1,3]. As early as 1950s, type III energy spectrum was experimentally realized in spin systems [13-
19]. Recently, this type of spectrum was achieved in a photonic crystal [20]. The concept of negative
temperature has been proposed for a long time, and there has been much theoretically and
experimentally work on the study of negative temperature systems [13-33].

Let us now consider the contact of two systems with different types of energy spectrum. Suppose
that a type I system and a type III system come into contact. Since the type I system can only have a
positive temperature, both systems must be at the same positive temperature when equilibrium is
reached. The adiabatic demagnetization is an example [34-39].

Imagine that a type II system and a type III system come into contact. It is inferred that both
systems must be at the same negative temperature when equilibrium is reached. This is because the
type Il system can only have a negative temperature.

When a Type I system is in contact with a Type II system, can equilibrium be achieved? If can,
what should it be? This is to be discussed. Please note that the two systems can only have positive
and negative temperatures, respectively.
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According to currently popular cosmological theory, there are four ingredients in the universe
[40,41]: photons, denotd as Qro, matter denoted as Qmo, dark matter denoted as Qowm, and dark energy
denoted as Qno. If the total amount of the four ingredients is set as 1, their respective proportions are
as follows.

Q,, ~0.7; Qoo ~0.25; Q) ~0.05; Qg ~5x107°. (1)

That is to say, the proportion of the dark energy is the largest, that of the dark matter is the next,
and that of the photons is the smallest. Why their proportions are so remains open.

We note that a striking feature of our universe is that all the matter we can observe has PKE, and
almost all of them form stable systems. The total energy of a stable system is necessarily negative.
Our universe, in general, is full of negative energy. In this paper, a mechanism is proposed that NKE
substances can form a stable PKE system. We attempt to give a qualitative explanation for (1).

This paper is arranged as follows. In Section 2, we investigate the collisions between a PKE and
a NKE particles, and a way of accelerating particles is suggested. In Section 3, we study what is the
final state when a PKE ideal gas and a NKE ideal gas mix. In Section 4, we introduce the concepts of
the cosmic dark radiation background and the gravitational potential background. In Section 5, we
propose a possible mechanism for the formation of PKE stabilization systems in the universe. Section
6 gives a qualitative explanation of Equation (1). Section 7 is our conclusion.

2. Two-Particle Elastic Collision

Nowadays, the experimental search for dark matter is to let the expected dark particles collide
with the particles in the instrument [42—46]. The preconceived dark particles are thought to have PKE.
Some dark matter candidates were excluded [47].

We suggested using photons or electrons to collide with tunneling electrons [1,12] to verify that
the latter had NKE.

Let us consider the general problem of two-particle elastic collisions. The topic of the elastic
collision between two PKE particles has been well studied [48,49]. If both particles participating in
the elastic collision have NKE, then, the analysis of the elastic collision is exactly the same as that of
two PKE particles since all the kinetic energies of the two particles have a minus sign before and after
the collision. We are mainly concerned with the collision between a PKE and a NKE particles.
Nevertheless, for comparison, we still recall the collision formula for two PKE particles below. In the
following equation, let the Planck constant and light speed to be unit: 7 =c =1.

Let the masses of the two particles be m; and m,, respectively. Before the collision, the

particle withamass 7, isthe incident one and that with amass m, isatrest, called target particle.

Both energy and momentum after a collision are marked by a prime. We first discuss the case of low-
momentum motion, then the case of relativistic motion, and at last the case that the incident particle
has a zero rest mass.

2.1. Low-momentum motion

2.1.1. Both my and M, are of PKE

We first recall the collsion of two PKE particles, as shown in Figure 1. The conservation of the
total kinetic energy is

pi_p’ P
2m, 2m;, 2m,

-(2)

The momentum conservation gives

| P, I P cos6+] p; |cos@ (3)
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and

| p{Isin@=| p, |sing. 4)

Figure 1. An incident PKE particle with mass m1 collides with a static PKE particle with m2. Solid
circles are the initial positions of the two particles. Dashed lines mean velocities. The double-solid

lines are momenta. When m1 = 0, the incident particle is a photon.

It is solved that

| p, |

| p{ = ———[m, cos 0+ g(6)] (5
m, +m,
and
, . 2m cos
1Pl = wa ¢,(6)
ml + m2
where

g(6)=t\m; —m/sin> @ . (7)

The selection of the sign in (7) depends on that which of the m, and m, is greater. It is

m, cos @+\/m; —m] sin> @ > 0. (8)

We distinguish the following two cases.

required from (5) that

m, <m,,g(0)=/m; —m] sin’> @ . (9)

m, >m,,g(0)=—m; —msin’ 8,0< 0 <sin"' (m,/m,). (10)

It follows from (6) that the scattering angle of the #1, is necessarily within the first quadrant,

O<@p<m?2.

2.1.2. m;.isof PKE and m, is of NKE

The target particle is of NKE, see Figure 2. The conservation of the total kinetic energy is
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2 ’2 72

pl :pl _p2 '(11)

2m,  2m, 2m,

The conservation of the total momentum is still (3) and (4). It is then solved that

| p = ﬁ[ml cos@+g(0)] (12)

m,—m,

and

.(13)

, . 2m cos
1P = 2|Pi| %

m, —m,

Figure 2. An incident PKE particle with mass m1 collides with a static NKE particle with m2. Solid
circles are the initial positions of the two particles. Dashed lines mean velocities. The double-solid
lines are momenta. Please note that the directions of the velocity and momentum of a NKE particle
are opposite to each other. When m:1= 0, the incident particle is a photon.

From these two equations, following two cases are distinguished.

m<m,, g@)=—m —msin’@, 0<p<w/2.(14)

m>m,, g(@)=—m—-m'sin®@, 0<O<sin”'(m,/m), n2<p<m.(15)

In both cases, g(f)) must take the minus sign.
Although the NKE particle cannot be directly detected, according to the formulas above, we
accurately know the momentum p; and velocity v; of the NKE particle’s after the collision as

shown in Figure 2. Such a NKE particle can be utilized to collide with a PKE particle.

2.1.3. m;.isof NKE and m, is of PKE

The incident particle is of NKE and the target particle is of PKE, as shown in Figure 3. Before the
collision, the total momentum points to the left, and the direction remains after the collision. The
conservation of the total kinetic energy is

2m, 2m; 2m,

2 ’2 1)
pl __pl +p2 -(16)

The conservation of the total momentum is still (3) and (4). It is then solved that
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| p, |

| p/ [=———[m, cos&+g(6)] (17)
m,—m,
and
, . 2m cos
1P = WA ¢.(18)
m, —m,

Figure 3. An incident NKE particle with mass m collides with a static PKE particle with m2. Solid
circles are the initial positions of the two particles. Dashed lines mean velocities. The double-solid
lines are momenta. Please note that the directions of the velocity and momentum of a NKE particle
are opposite to each other. When m1= 0, the incident particle is a dark photon.

The results are formally the same as (12) and (13). Consequently, the two cases are the same as
(14) and (15). The only difference is that now the m, is of NKE and the m, is of PKE.

In Equations (12), (13), (17) and (18), itis a m, —m, in the denominators. Hence, the formulas

are not applied to the case of m,; =m, . This case was discussed in [12].

2.2. Relativistic motion

The four-momentua of the two particles before the collision are respectively denoted as p,;

and p,;, and after the collision as p,, and p,,. By the conservation of the total four-momenta,

we can write
Pyt Py =Py =Py (19
or
Pyt Py —Pry =Dy (20)
The square of them leads to
m12 TP Py~ Do Py PPy = 0 (21)
or

m22 + Py Dy~ PayPay— D Pay =0.(22)

2.2.1. Both 4 and m, are of PKE
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We first recall the collision between two PKE particles, as shown in Figure 1. Before and after
the collision, the incident particle’s four-momentua are

i =(E, p)py = (EL P, (23)
and the target particle’s four-momenta are
Py = (my,0), py = (B3, pL).- (24)
It is easily calculated that

D Py =ME Dy P, = m,E}, p,, "Pay = m,E;, (25)

Py Py =EE=|p |l pl|cost, 6)
and
PPy =EE=|p || py|cosg. (27)
Substituting (25)—(27) into (21), we obtain

o Etm )/ +m,E,)+g(8) p; cosé
: (E,+m,)’ — p}cos’ 6

. (28)

Substituting (25)-(27) into (22), we get

_ (& +m,)’ + p{ cos’ @ )

E (29
(E,+m,)’ - p]cos’ ¢ )

2

If the low-momentum approximations are taken from these results, we will achieve the results
in subsection 2.1.1. In Equations (28) and (29), we take

E, —m +p}/2m,E —m+pl’/2m,E, = m,+ p;/2m,.

Then, Equations (5) and (6) are retrieved. In (29), the range of the scattering angle of the target
particle is 0<@<m. By contrast, in the case of low-momesntum motion, the corresponding

scattering angle is within the range 0 <@ < m/2, see Equation (6). The reason is that at relativistic

motion, the expansion of kinetic energy includes all even powers of momentum. This allows the
outgoing particle to spread in the whole range of angle. At low-momentum motion, kinetic energy is
only proportional to the square of momentum. Thus, under the condition of momentum
conservation, there is a restriction for the scattering angle.

22.2. m,.isof PKE and m, isof NKE

The target particle is of NKE, see Figure 2. Before and after the collision, the incident particle’s
four-momentua are

Py =(Ey, p) by = (EL P, (30)
and the target particle’s four-momenta are
Py = (=my,0), pyp = (=] E |, p2) - B1)
It is easily calculated that

Dy Dy =—ME, p), by = _sz;a Do Dry =M, | E; |, (32)
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P Py =EE~|p| p|cos8, (33)
and
Pi Doy =—E | E || p|l p;|cosg. (34
Substituting (32)-(34) into (21), we obtain

o Emm )(m —m,E,)+g(6) p; cos 8
: (E, +m,)’ — pcos’ 0

. (35)

Substituting (32)-(34) into (22), we get

(E, +m2) +p1 cos? Q 36
(E, +m,)’ — p; cos’ ¢

—|Ey[==|m, |

Formally, one can let m, — —m, in (28) and (29) to get (35) and (36).

For low-momentum approximation, we can take in (35) and (36)
E —m+p}/2m, E —m+ pl/2m,—|E, |—-m,— py /2m,

so as to get (12) and (13).

2.23. m,.isof NKE and m, is of PKE

The incident particle is of NKE and the target particle is of PKE, as shown in Figure 3. Before the
collision, the total momentum points to the left, and the direction remains after the collision.
Before and after the collision, the incident particle’s four-momentua are

pi=(1E| pl)oplf =(—| E1, , p;)f (37)
and the target particle’s four-momenta are
Py =(m,,0), Py = (Eg,p;) (38)
It is easily calculated that

Py Dy =—my | E |, p,; by =—m, | E{ |, ;- Py =m, E;, (39)

PPy A EE =] p, || P[] cos, 40)
and
Py Doy == EE | =|p || P cosg. (41)
Substituting (39)-(41) into (21), we obtain

_ (| El |_mz)(ml2 —m, |E1 |)+g(0)P12 cos 6
(| E, | -m,)’ = p; cos’ 6

| E/|

. (42)

Substituting (39)-(41) into (22), we get

U |z pheos’
(| E, |_m2) _p1 cos’ 4

- (43)

For low-momentum approximation, we can take in (42) and (43)
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—|E, |- -m,— p}/2m,—| E |= —m,— p’ | 2m E; — m, + p5 / 2m,.

so as to get (17) and (18).

The formulas describing the collision in Figs. 2 and 3 look the same form. This can be seen by
comparing (12) and (17), (13) and (18), (35) and (42), (36) and (43). The reason is as follows: imagingin
that the rest energy of both particles in one of the figures changes signs, it would becomes the other

figure.

2.3. The incident particle is a photon

Let us consider the case that the incident particle is a photon, and the target particle can be of
PKE or NKE. The collisions between two relativistic particles have been given in the previous
subsection. We merely need to take the rest mass of the incident particle as 0 in the results of
subsection 2.2:

m, =0. (44)
Then, we have
E=w, E =, pi=a’, p’=a".@45)
Equation (7) is simplified to be

g(@)=1tm, =tm . (46)

2.3.1. The target particle is of PKE
This is the case of Compton scattering [50,51]. Substituting (44)-(46) into (28), we obtain

, (0+m)mwtma’ cosd
(w+m)’ —@’cos’@ 1+ (w/m)cosf’

(47)

After the photon is scattered, its frequency lowers. So, the minus sign in the numerator should
be taken. This is the formula of Compton scattering. Substituting (44)-(46) into (29), one gets

, (w+m)’ + @’ cos’ @
Ezzm(a)+ - (48)
m)" —@ cos” @

Because the target particle is at rest before the collision, it gains energy after the collision.

2.3.2. The target particle is of NKE

We substitute (44)-(46) into (28) and take m — —m . The resut is

o = (@rmmot ma’ cos€ ®

= . (49
(w—m)’ —w’cos’@  1—(w/m)(1-cosb) @)

After the collision, the target particle gains a momentum, so that it obtains a NKE. Therefore, the
photon’s energy is increased. The frequency of the photon cannot be negative, so the plus sign should
be taken in the numerator.

We substitute (44)-(46) into (36) and take m — —m to get

(w—m)’ + @ cos’ @
(w—m)’ — @’ cos’ @

—|E |=-m - (50)

After the collision, the target particle gains a NKE.

doi:10.20944/preprints202306.1716.v1
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2.4. A possible way to increase the energy of a particle

It is seen from (49) that if a photon is scattered by a NKE particle, its energy may have a great
increase when the denominator is small.

For a PKE particle with a nonzero rest mass, subsection 2.2.2 gives the formula for the increase
of its energy after scattered by a NKE particle. We hope this energy increase be as high as possible.
Let us discuss Equation (36). The NKE increase of the target particle is the PKE increment of the
incident particle, denoted as AK .

2m, p; cos’ @

AK =| E; | —m, = (51)

(E, —m2)2 _P12 cos’ 4 .

We consider @~ 0. The quantity in the denominator is approximately m; +m; —2m,E,. As
m; +m;

longas E, < , m, will gain the increment AK . From (51), the larger the m, , the greater

2
the AK .

Figure 2 shows that a PKE particle is scattered by a NKE particle. We suggested in [1,12] a
method to generate a free NKE electron, which was to use a photon or an electron to collide with a
tunneling electron. The momentum of the outgoing NKE electron after the collision can be evaluated
in terms of the detected momentum of the photon or the PKE particle.

Figures 2 and 3 can be combined. The outgoing NKE particle generated from Figure 2 can be
used to collide with a PKE particle, as shown in Figure 3. In such a way, the energy of the PKE particle
in Figure 3 gets increased. This is called the first level of chain collisions. This outgoing PKE particle
generated at the end of the first level can in turn collide with a NKE particles as shown in Figure 2,
and then, the outgoing NKE particle further collide with a PKE particle as shown in Figure 3, which
is the second level of chain collisions. At the end of the second level, the outgoing PKE particle gains
an energy that is greater than that at the end of the first level. Let the chain collision continue. The
more the level, the greater the energy the PKE particle can gain. This could be an inexpensive and
clean way to boost particles’ energies.

It is seen from (49) that if a photon collides with a NKE particle, then, when the exit angle of the
NKE particle is nearly 0, its NKE increment could be very large. This particle with a very large NKE
can be employed to collide with an massive particle. This way could be more efficient to increase the
PKE of particles.

If a large number of NKE electrons can be produced by the way mentioned above, they can be
introduced into an accelerator. After accelerated to high momenta, they can be employed to collide
with PKE particles. On the one hand, the PKE particles would obtain high energy. On the other hand,
observing the products of such collisions would be interesting.

The rest mass of an electron is much smaller than those of most other elementary particles. If the
NKE particles with larger masses, say, protons, could be produced, the collisions described by Figs.
2 and 3 would increase PKE more efficiently. Up to now, generating NKE electrons by using
tunneling electrons is the only way we can envisage.

3. What Is the Equilibrium State When a PKE and a NKE Ideal Gases Mix

We mentioned in the Introduction that there were three types of energy spectrum of systems.
Now, consider that there is a PKE ideal gas and a NKE ideal gas. Their energy spectra are respectively
type I and type II. So, they have positive and negative temperatures, respectively, when each of them
is isolated. If they are mixed into each other and there is no interaction other than collisions, is it
possible to achieve balance and what is the final state? We now study this problem.

The collisions between particles cause energy transfer, which was calculated in the last section.

For convenience of discussion, we make some denotations. The distribution function of the PKE
gas is denoted by f. For two PKE molecules, their momenta before a collision are p, and p,, and
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they obey distribution functions f (p,) and f,(p,), respectively. After the collision, their
momenta change to be p/ and p/, and they obey distribution functions f(p/) and f)(p}).
The transition probability of the process (p,, p,)— (p/,p;) is w(p,,p,; p;, p,) - We have
proved [52] that its reciprocal process (p/, p;) — (p,, p,) can also happen and the transition
probability is the same: w(p,, p,; p, p5) = w(p,, p5; P,» P,) - The variation of the product of the
distribution functions is f,(p,)f,(p,) = f(p))f,(p;) . In equilibrium, the four functions
fis for /15 f) arethesame, f, = f, = f'= f, = f, each of which is the distribution in equilibrium,

and we have

Fp)f(py)=f(p)f(Py)-

This is the detailed balance.
The distribution function of the NKE gas is denoted by g. For two NKE molecules, their momenta
before a collision are ¢, and ¢,, and they obey distribution functions g (¢q,) and g,(q,) .

respectively. After the collision, their momenta change tobe ¢, and ¢, and they obey distribution
functions g/(q;) and g,(q;) . The transition probability that the process (q,,q,) — (q,45) is
w(q,,9,:9,.q,) - Obviously, like the case of a PKE ideal gas, the reciprocal process
(4:.95) > (q,,9,) can also occur and the transition probability is the same:
w(q,.4,:9,,95) = w(q,.45:9,.4,) - The variation of the product of the distribution functions is
2,(9)g,(q,) — g/(q)g,(q,) - In equilibrium, the four functions g ,g,,g/,g, are the same,
g, =g, =g =g, =g, eachof which is the distribution in equilibrium, and there should also be the

detailed balance,

g(g)g(q,) — g(a)g(q)) -

Suppose that a PKE ideal gas A is in its equilibrium state with a temperature 7, >0, and a
NKE ideal gas B is in its equilibrium state with a temperature 7, < 0 .We mix them. It is natural that

a collision between a pair of PKE molecules does not violate the equilibrium state of A, and that a
collision between a pair of NKE molecules does not violate the equilibrium state of B. A collision
between a PKE and a NKE molecules makes their momenta change, (p,,q,) — (p/,q,), which was

studied in the previous section. We have assumed that before the mix, the two ideal gases have been
in their respective equilibrium states. That means that in the beginning, the two molecules before a
collision are in their own equilibrium distribution f = f,g, =g . After the collsion,

f(p)g(q,) = £(p)g’(q,) - There could be two cases for the f(p]) and g(q5)-
One is that they are still equilibrium distributions, f'=f,g, =g , and
f(p)eg(q,) = f,(p)g,(q,) - The collisions between a PKE and a NKE molecules does not violate

the distributions of the PKE and NKE ideal gases. In the mixed system, the PKE gas keeps its
equilibrium with temperature 7, and the NKE gas keeps its equilibrium with temperature T, .

The other cases is that f,(p/) and g’(q,) arenot the equilibrium distributions. We consider
subsequent collisions. When the p/ molecule collides with another PKE molecule, the PKE gas will
tend to be equilibrium. When the ¢, molecule collides with another NKE molecule, the NKE gas
will tend to be equilibrium. Moreover, the reciprocal process (p/,q,) — (p,,q,) would make the

gases go back to equilibrium.
The conclusion is that after the mix, the PKE gas keeps its equilibrium state with temperature
T, >0 and the NKE gas keeps its equilibrium state with temperature 7, <0 .

Now, if an isolated PKE ideal gas A is in a nonequilibrium state. With time going, it will
approach an equilibrium state with a temperature 7, > 0. If an isolated NKE ideal gas B is in a

doi:10.20944/preprints202306.1716.v1
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nonequilibrium state. With time going, it will approach an equilibrium state with a temperature
T, < 0. Suppose that the two ideal gases both in nonequilibrium states are mixed. What will be the

final state? The collisions between the PKE molecules will make the PKE part tend to be the
equilibrium state with temperature 7, > 0. The collisions between the NKE molecules will make

the NKE part tend to be the equilibrium state with temperature 7}, < 0 . The analysis of the collisions

between a PKE and a NKE molecules is just the same as mentioned above. The conclusion is that
evebtually, the PKE part will be in the equilibrium state with 7, >0 and the NKE part will be in

the equilibrium state with temperature 7, <0 .

The analysis in this section ought to be verified. We suggest that numerical simulation be carried
out to confirm the conclusion in this section.

The analysis in this section should be valid for all the cases when a type-I ideal gas and a type-
ITideal gas are mixed.

4. Cosmic Dark Radiation Background and Gravity Potential Background

4.1. Cosmic Dark Radiation Background

It is well-known that there is a Cosmological Microwave Background (CMB) in the universe.
The CMB is of a temperature about 2.73K [53-55]. This background is isotropic and uniform
everywhere. The CMB is believed the relic of the Big Band.

It is now generally believed that there is dark energy in the universe. According to my previous
theory [11], dark energy is dark radiation, which is composed of dark photons, that is, negative
energy photons. Then, like photons, there should be a background of dark radiation in the universe,
called the Cosmic Dark Radiation Background (CDRB). The CMB and CDRB are in the same universe.
It is likely that collisions between photons and dark photons take place. The CMB has a type-I energy
spectrum, while the CDRB has a type-1I energy spectrum. In the previous section, we have analyzed
that when a type-lideal gas and a type-Il ideal gas are mixed, each part will reach its own equilibrium
state with a temperature, just as it is isolated. Consequently, although the CMB and CDRB are mixed
in the universe, each reaches its own equilibrium state. The equilibrium temperature of the CDRB is
a negative number. This CDRB is believed to contribute a part to the dark energy in the universe.

4.2. Gravity Potential Background

There is gravitational force between objects. Every celestial body in the universe is subjected to
the gravitational pull of all other celestial bodies. For example, the Earth, which is attracted by the
sun and revolves around the sun, is also affected by the gravitational pull of its neighboring celestial
bodies such as the Moon, Venus, Mercury, Mars, etc., and is also affected by the gravitational action
of Proxima Centauri, the closest star to the solar system, and the gravitational action of all other
celestial bodies in the entire Milky Way, as well as the gravitational action of celestial bodies in
exogalaxies.

In short, the Earth has a gravitational potential energy. In this article, when mentioning potential
energy, we always set the zero of potential energy at infinity.

Of course, celestial bodies outside the solar system are very far from the Earth, and their
gravitational pull on Earth is very weak. However, considering that the universe is large enough, the
sum of the gravitational potential energy of all other celestial bodies in the universe except the solar
system for the Earth should be a nonzero value. The gravitational potential decays with distance to
the first power. Note that this differs from the discussion of Albers’ paradox, since the luminosity of
a star decays with distance squared [56]. If the universe were infinite, the total gravitational potential
of the Earth would be infinite. But modern cosmological models suggest that the universe is not
infinite, so the total gravitational potential of the Earth by the universe is a finite value.

Similarly, other celestial bodies, such as the Sun, are also subjected to the gravitational pull of
all other objects in the universe besides the solar system. This total gravitational potential should be
a finite value that is not zero.
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The motion of a celestial body is mainly governed by the gravitational action of neighboring
objects. For example, the movement of the Earth is mainly affected by the Sun, Moon, and planets
within the solar system. The sum of the gravitational potential of other celestial bodies on Earth is
called the gravity potential background (GPB).

According to the cosmology principles [56], matter in the universe is uniformly distributed and
isotropic on large scales. Thus, the GPB should be uniform and equal everywhere in the universe.
Different celestial bodies are subjected to this gravitational background equally. Consequently, every
celestial body cannot perceive itself in such a background. For one celestial body, only the
gravitational action of its neighboring celestial bodies will have a non-negligible effect and govern its
movement.

The gravitational potential energy is negative. The universe has a negative gravitational
potential energy. The sum of GPB of the whole universe is a finite gravitational potential energy.

As the universe expands, the distance between celestial bodies in the universe is slowly
increased. The GPB will get smaller, keeping uniform everywhere.

It is thought that there are two origings for the vacuum zero-point energy of massive particles:
harmonic oscillator models of low-momentum particles and second quantization of relativistic free
particles, see Table I in [8]. We have argued that the zero-point energy of the former does not exist.
In future work, we will demonstrate that zero-point energy will not appear after correct second
quantization of relativistic free particles. In another work [11], we showed that the total zero-point
energy of radiation and dark radiation in the full-space was zero. The zero-point energy is thought
to be related to the cosmological constant in the field equations of general relativity. Our work shows
that there is no so-called vacuum zero energy in the whole universe. We suspect that the cosmological
constants, if there is, may be related to the gravitational potential background and/or the dark
radiation background.

4.3. Negative energy is predominating in the universe

From the CDRB and GPB we realize that our universe is full of negative energy.

Celestial bodies form stable systems in terms of gravity between each other, such as the Solar
System, Milky Way, Local Group of Galaxies, Virgo Supercluster, and so on. For each of the stable
systems, the total energy is negative.

If a stable system is composed of PKE substances, it is called a PKE system. If a stable system is
composed of NKE substances, it is called a NKE system.

In our observable universe, almost all of the PKE substances compose stable systems in motion.
From macroscopic galaxies and galaxy clusters to microscopic atomic nuclei. The total energy of an
interacting system is kinetic energy plus potential energy. For PKE systems, kinetic energy is always
positive, while potential energies can be positive or negative. The condition for a PKE system to be
stable is that the total attraction potential energy exceeds the total PKE. Therefore, the total energy of
every stable PKE systems must be negative. This again reflects that negative energy is predominating
in the universe.

All the substances we can observe are PKE ones, and they emit and absorb photons. People are
used to this fact, but not used to that the kinetic energy and radiation can also be negative [11].

The total energy of the universe is negative, and the universe should evolve from a non-
equilibrium state to an equilibrium state on a large scale. A stable PKE system must have negative
total energy. This prompts us that the origin of the universe might have negative energy. The stable
PKE system with negative total energy observed now should originate from negative energy.

In the mext section, we propose a possible mechanism that NKE substances metamorphose to
be PKE ones.
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5. A Possible Mechanics That Stable PKE Systems Form

Suppose that there are two NKE bodies A and B far away from each other with gravity between
k

them. Let A be static at the origin. The body B with a mass 1 is moving, subject to a force f =——r

. Its equation of motionis f = d_ . Because gravity is a central force, the mechanical energy of B is
t

conserved in its motion. Let us consider the following process.
s . . : dr d’r
Initially, because B is of NKE, it has a relation p=-my = —md— [4], so that f = —mF.
t t
d’r dv & m dv? d1

We have mF =m— =—. This equation is recast to be ———=k——. As it is closer to the
t

dt  »? 2 dt dr r

origin, its gravity potential gets stronger, and correspondingly, its NKE becomes weaker. There is a

. meo . w1 . .
distance » =7, where the NKE of B becomes zero: 3'[ dv”© = k.[ d— . By integration, we get
v r V4

r>r, —Emvz =———.(52)

ron

As r >r1,, both potential and kinetic energy are negative.
At the point 7 =7, the velocity of B becomes zero. Because it is still subject to an attractive

force, it continues moving toward the origin. As r <7, the gravity potential further becomes

stronger, such that the kinetic energy have to be positive. For a PKE body, the equation of motion

d’r ) d*r dv k ) o
becomes f =m— , that is to say, m—— =m——=—— . This equation is recast to be
de dr dr r
m dv? 1 mev ., r o1
———=—k——Itfollows that — | dv?=—k I d— . By integration, we obtain
2 dt de r 270 oy
L
r<ry,. —mv- =—-——.(53)
2 7

As r <1, the potential is negative but the kinetic energy is positive. The total mechanical

energy —— remains unchanged.
)

We are familiar with the cases that two PKE bodies consititute a stable system in terms of gravity
between them, but the toal mechanical energy of such a system is negative.

Thus, we have proposed a mechanism that two NKE bodies with gravity between them can
constitute a stable PKE system.

Now, consider that both bodies are moving. Their masses, position vectors, and momenta are
respectively denoted as m, and m,, 1, and r,, p, and p,. Their total mass M and reduced

mass / are defined by

1 1 1
M=m +my,—=—+—_(54)
m,m,

Their total momentum and relative momentum are defined by
P=p+p,,p=p—p, (55

When they are sufficiently far away, their total NKE is
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2 2
P
E(,)T __p P _ 4 (56)

2m, 2m, 2M 2u

When they get closer, it is possible for them to combine into a stable PKE system by gravity
between them. In the course of combination, the centroid kinetic energy remains unchanged. The
total energy of the stable system is

E(—)

P
T Y +E, (57)
where E is the total mechanical energy inside the system and is the sum of kinetic energy T and
potential V.
E=T+V <0.(58a)

Here, T>0 and V <0. The total mechanical energy is negative. Comparison of (56) and (57) leads
to

E=—L_ (58p)
2u

In the course of combination, there is no energy exchange between the system and enviroment.
We turn to consider two PKE bodies. When they are far from each other, the gravity between
them can be neglected and their total energy is

2 2
P
E ;= b P + £ .(59)
2m, 2m, 2M 2u

Suppose that they get closer. When gravity cannot be neglected and they constitute a stable
system by means of gravity, the total energy of the system should be

E

P
o=——+E . (60
CIEY, (60)

The centroid kinetic energy must remain unchanged. The E in (60) should be the total mechanical
energy of the stable system so that it must be negative. It is obvious that it is impossible for Equations
(60) and (59) to be equal. That is to say, two PKE bodies cannot constitute a stable system by means
of gravity between them, if they do not exchange energy with environment.

If at the very beginning, the universe is full of PKE objects, it would be almost impossible for all
of them to form stable systems as seen today. If two PKE objects form a stable PKE system by gravity
between them, the collision with the third object is necessary so as to transfer part of the PKE to the
third object. As a result, the PKE of this third object increases. That is to say, there are always some
PKE objects that cannot constitute a stable system with other objects by gravity.

In short, in the macroscopic field, all NKE objects can constitute stable PKE systems by gravity.
In contrast, if all macroscopic objects are of PKE, at least some of them cannot participate in
constituting stable systems by gravity.

We turn to microscopic particles.

Let us take a proton and an electron as an example. Because they carry contrary electric charges,
they can attract each other. A PKE proton and a PKE electon constitute a stable hydrogen atom by
means of Coulomb attraction between them, which is the case we are familiar with. A hygrogen atom
is a PKE system, because inside the hydrogen, both the proton and electron have PKE.

The discrepancy of a macroscopic system and a microscopic system is that in the latter, there are
a series of stationary states with discrete energy levels.

Now, we imagine that there are a NKE proton and a NKE electron. When they are far away from
each other, both are free particles. Microscopic particles are of wave-particle duality. There is a
nonzero probability for a microscopic particle to arrive at any possible state, due to its wave nature.
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If the NKE proton and NKE electron are close enough, there will be some probability for them to
transit to an enengy level of a hydrogen atom. This hydrogen atom is a stable PKE system.

Let us evaluate the probability that the two free NKE particles transit to an energy level of the
hydrogen atom. The mass, position vector, and momentum of the proton are denoted by m,, r,,

and p, , and those of the electron denoted by m,, r,,and p,.Their total mass M and reduced mass
H are defined by (54).

The initial state is that the two particles are far away from each other so that the interaction
between them can be neglected. The Hamiltonian and wave function of the initial state are marked
by a subscript i. The Hamiltonian of the initial state is

h2

n " n
H ,=—Vi+—Vi=——V,+—V? (61)
2m, ' 2m, oM 2u

(1
The wave functions of the two free particles are respectively

e ™' (62a)

1
@ (n)= o)

and

e 2" (62b)

1
P =

When using the total mass and reduced mass, we regard the total mass and reduced mass as
two free particles and their wave functions are respectively

Vi(R) = —— e R (530

(27[)3/2
and
—ik-r/h
l//Z (r) = (27]:)3/2 € (63b)
The stationary wave function of the initial state is
— 1 —iprtpan) 1 —i(K-R+k-r) 64
v, = (27[)3 € - (27]:)3 ¢ - (64)
The total energy of the system is
'kl nk; " n
E ="t —-—2=-— K ——Fk . (65)

2m,  2m, 2M 2u

The final state is that the two particles, by means of Coulomb attraction between them, constitute

a hydrogen atom in which both the proton and electron are of PKE. The Hamiltonian and wave

function of the final state are marked by a subscript f. Please note that the transition does not change

the centroid momentum as well as centroid NKE if the system does not suffer interaction from
outside. The Hamiltonian of the final state is

2 2 2

H = h_vie _h_vf -

2M 2u

This Hamiltonian is composed of two parts. One is the centroid NKE.

dner’ (66)
0
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/-
H .. =—V:. (67
()1 M R (67)

Its wave function is still (63a). The other part is

2 2
/. e

H,=——
Po2u " Angy?

. (67b)

This is the motion of the reduced mass ¢ subject to the Coulomb attraction. Its wave function is
that of a hydrogen atom with mass .

W, (r) =R, (r)P" (cos @)™’ . (68)
The stationary wave function of the final state of the system is

1

= We_mﬂ%m (r). (69)

v

The total energy is the centroid NKE plus the energy of the hydrogen atom.
K’ e’ _dng i’

E =E  +E, = - a=
X O T Taim 2M  8me,an’ ue’

. (70)
We use an expansion formula of plane wave,
" =>"i'(21+1),(kr)B(cos ), (71)
1=0

where j means spherical Bessel function, and & is the angle between k and r. Then, we are able to
evaluate the transition amplitude from the initial to final states.

.15 - .
Wy 1y = W [ rdrj R, (). 72)

For instance, the ground state wave function is

e =R (r).(73)

1
Wi(r) = ﬁ
Ta

So, the transition amplitude from the initial state to the ground state of the hydrogen atom is

1
= . (74
W lw) Toankia +1) (74)

There is also a probability for the particle to transit from the initial state to an excited state of the
hydrogen atom. If so, spontaneous transition will occur, such that the hydrogen atom will transit to
the ground state or another state with lower energy level, emitting photons.

The total energy should be conserved. Comparing (65) and (70), we know that

K’ e’
———=————7.(75)
2u  8mgyan

2

It is noted that the energy of a stable hydrogen atom ranges from zero to E, =— , the

8neya

latter being the ground state energy. This provides a restriction to the energy of the initial state:
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e 'k’ e’
<- =— > <0, (76)
8ne,a 2u 8ne,an

E =-

if there is no energy exchange with environment during the transition described by (72).
The above discussion is for low-momentum motion. Strictly, relativistic motion ought to be

taken into account. The energies of two free particles are respectively & =—\/m12 + pl2 and

&, = —\/mf + ])22 . The transition to a stable hydrogen atom is not easily written. This is because the

relativistic motion of the two particles cannot be equivalent to that of a total mass and a reduced
mass. Relativistic momentum is not linearly proportional to velocity. So far, there has not been a two-
particle Dirac equation [57]. Therefore, we are unable to do quantitative analysis as in th case of low-
momentum motion. It is estimated that the binding energy of a hydrogen atom is about 10eV, and
the rest mass of an electron is about 0.5MeV. They are negligible compared to the rest mass of a
proton, about 938MeV. The negative rest energy of a proton matemorphoses to be positive rest energy
and then the proton participates in constituting a PKE hydrogen atom. In this course, some negative
energy would be released to environment.
Let us consider the case that a PKE proton and a PKE electron constitute a stable hydrogen atom.
The initial state is that they are far away from each other, and the Hamiltonian is
2 2 2 2
Hoy=—2 v Py Mg Mg g,
2m, 2m, 2M 2u

The initial wave function is again (62)-(64). the total energy is

272 271.2 2 2
LA L K2+h—k2.(78)
2u

O om 2m,  2M

When they become closer, they can combine into a stable hydrogen atom in terms of Coulomb
attraction between them. The Hamiltonian of the final state is

/s i e
H, Syv —sz ——.(79)

" dngyr
If the centroid energy is not changed, the first term in (79) is the same as the centroid
Hamiltonian in (78), which has an inverse sign of (67a). The wave function of the final state is again
(69). The total energy of the system is the energy of the centroid plus that of a hydrogen atom.

Vi

2 g2 2
E . +E, ="K __ ¢

E = —
@E oM 8negan’

Hf =

. (80)

The transition amplitude from the initial state to final state is again evaluated by (72). We
hz

compare (77) and (79). The term —2— Vlz, in (77) is a positive energy, while the
U

h2 5 eZ
2u "
to the final state (79) occurs, the system has to emit photons.

In summary, in microscopic field, NKE particles can constitute a stable PKE system in terms of
attractions between them, with the total energy unchanged or accompanied by releasing negative

5 in (79) is a negative energy. Therefore, if the transition from the initial state (77)

4dne,r

energies. In contrast, if PKE particles constitute a PKE system in terms of attractions between them,
there must be photons released.

One point should be stressed. After NKE particles constitute a stable PKE system in terms of
attractions between them, the centroid is still of NKE. Such a system is called a PKE system with a
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centroid NKE. Two PKE systems with centroid NKE can, by means of attractions between them,
further constitute a larger PKE system with centroid NKE. For example, two hydrogen atoms with
centroid NKEs can constitute a stable hydrogen molecule. For this molecule, each hydrogen is of PKE,
and the centroid of the molecule is of NKE.

Similarly, smaller molecules can constitute a larger molecule in terms of attractive interactions
between them, and so on. In general, smaller PKE systems with centroid NKE can constitute a larger
stable PKE system with centroid NKE by means of attraction interactions between them. In the light
of this mechanism, larger and larger PKE systems with centroid NKE can be formed, gradually from
microscopic to macroscopic levels. In each level, the final product has a centroid NKE, while its
interior is totally PKE. That is to say, inside the final product, one can only see the PKE behaviors of
the system, being no aware of that the centroid is of NKE. For example, if at a level the final product
is the Earth, the matter inside the Earth all behaves with PKE, but the mass center of the Earth is of
NKE. However, the Earth is now not an isolated body, but participates in the solar system with the
Sun and other planets. Inside the solar system, everything is of PKE behaviors. Hence, the Earth, as
a component of the solar system, has a PKE mass center. Only the solar system as a whole, if it is
isolated, could have a centroid NKE. It is well-known that the solar system is a component of the
Milky Way, so that the mass center of the solar system has a PKE. The Milky Way is a component of
the Local Group. The Local Group is a component of the Supercluster.

We review the meaning of the NKE.

According to Newtonian mechanics, if a body with mass m has a velocity v, it will have a
momentum

p=mv.(81)

The directions of momentum and velocity are the same. We [4] have pointed out that Equation
(5.30) is the relationship for PKE bodies. For a NKE object, the relationship between momentum and
velocity is

p=—my.(82)

The directions of momentum and velocity are opposite to each other.

Therefore, the way to make clear whether a material system has a PKE or a NKE is to observe
whether the directions of its momentum and velocity are the same or opposite.

Velocity is a kinematic quantity, while momentum is a dynamic quantity. For a macroscopic
object, the way of measuring its velocity is different from that of measuring its momentum. One can
measure the velocity of an object without affecting its motion, e.g., measuring the velocity of the
Earth. When we are talking about a body’s velocity, we refers to its velocity relative to its neighboring
objects or to one reference point. For instance, the speed of the Earth’s refers to its motion relative to
the Sun. When it comes to the speed of the solar system, it refers to its motion relative to the center
of the Milky Way. However, measuring the momentum of an object relies on its interaction with other
objects, such as collision with another object.

If an object is definitely has a PKE and both its velocity and momentum can be measured, its
momentum-velocity relation is (81). If we are able to measure an object’s velocity but not its
momentum, then, the momentum could be determined by either (81) or (82). Without acting on it by
another object, one is unable to determine its momentum’s direction.

If the Earth is isolated, we are unable to determine its momentum’s direction, because it is
impossible for us to utilize another body to collide with the Earth. The same discussion applies to the
Milky Way if its is isolated.

Fortunately, as having been analized above, we can safely say that for the celestial systems such
as the Earth, Solar System, Milky Way, Local Group of Galaxies, and Virgo Supercluster, each of them
has a centroid PKE, because each is a component of a larger stable system that is formed by means of
gravity. Only the highest-level system, if it is isolated as a whole, could have a centroid NKE.
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6. A Quantitative Explanation to the Proportions of the Four Ingredients in the Universe

Let us first recalled what the standard model of cosmology says about the early time of the
universe. “The current standard model of cosmology posits that at a very early time, the universe
was nearly homogeneous and isotropic, radiation-dominated, and nearly flat.” [58] Another
statement is that “it should be a good approximation to treat the universe during this era as if it were
filled purely with radiation, with essentially no matter at all. ...... The age of pure radiation actually
began only at the end of the first few minutes, when the temperature had dropped below a few
thousand million degrees Kelvin. At earlier times matter was important, but matter of a kind very
different from that of which our present universe is composed. However, before we look that far
back, let us first consider briefly the true era of radiation, from the end of the first few minutes up to
the time, a few hundred thousand years later, when matter again became more important than
radiation. ...... Consider a time in the past when the temperature was above ten million million
degrees 10 K, the threshold temperature for neutrons and protons. At that time the universe would
have contained plenty of nuclear particles and antiparticles, about as many as photons.” [59] In short,
the universe was initially filled with radiation. Matter is produced from radiation, mainly neutrons
and protons. The amount of radiation and that of produced matter have about the same magnitude.
The time period is from the end of a few minutes to hundreds of thousands of years. We csompare
this information with Equation (1).

Equation (1) tell us that the ratio of radiation to matter now is about Q,,/€,,, ~ 107 . The first

feeling is that when particles combine into a stable system, some photons may be emitted, which is
quantitatively much less than the particles themselves. For example, when a neutron and a proton
form a stable nucleus, the nucleus emits y rays with an energy of 2.231 MeV, while a neutron has a
mass of about 940 MeV. In this way, the ratio of the energy released to the amount of matter is about
1073. This seems reasonable. However, this is questionable. The premise that almost all of the
radiation in the early universe was converted into matter may not be true. There are two reasons for
this suspicion. One reason is that there is a part of radiation that could not be converted into matter.
We believe that there was a certain probability that photons could collide each other, and among all
the collisions, there was a certain probability that photons could annihilate to produce particle-
antiparticle pairs. Although we do not know what was the probabilities, they wear certainly not
nearly 100%. It was not possible for all photons to collide into particles. There must have been some
photons that cannot be converted into particles. The second reason is that while a pair of photons
collided to produce a particle-antiparticle pair, the reverse process also existed, that is, the collision
of a pair of particle-antiparticle produced a pair of photons. It was possible for the process and its
reverse process to reach a certain thermal equilibrium. This means that there was always a part of
photons that could not be converted into matter. This part of energy should be about the same order

of magnitude as the amount of matter. This conclusion is inconsistent with Q. ,/Q,,, ~107 in (1).

We now speculate about the evolution of the early universe as follows.

At the earliest moment of the universe, there was only a high density of dark energy, that is, it
was filled with dark photons. The universe had a very high negative temperature. Negative energy
photons collided with each other frequently. A pair of negative photons collided and annihilated,
producing a pair of NKE particle-antiparticle [11], which is just like that a pair of photons collide to
produce a PKE particle-antiparticle pair. The NKE matter is dark matter. Therefore, dark matter was
produced from dark energy. There was a certain probability that negative photon collided to produce
NKE particles. At the same time, there would be a pair of NKE particle-antiparticle colliding and
annihilating into a pair of negative photons. Therefore, merely a small part of dark radiation could
be converted into NKE matter. In general, the amount of dark matter produced should be less than
the amount of dark energy. As the universe expands, the density of dark radiation decreases. The
probability of negative photon collisions producing NKE particles basically approached to zero.
Therefore, when the negative temperature in the universe “cooled” to a certain value, this transition
between dark photons and NKE particles stopped, and the ratio of dark energy and dark matter
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became fixed. There should be Q, > Q. . The CDRB proposed in Section IV might be the relic of

the dark radiation in the early universe.

Once the NKE particles were generated, they could combine into stable systems by means of
interactions between them. There was certainly some probability for two or more NKE particles to be
close enough to combine. So, only a fraction of all the NKE particles could be able to compose stable
systems. In constituting stable systems, there could be two ways. One way is that NKE particles could
combine into stable PKE systems by means of attractions between them, a mechanism mentioned in
the last section. For example, a proton and a neutron made up a deuterium nucleus, and a proton and
an electron made up a stable hydrogen atom. In this way, matter was produced. That is to say, matter
was produced from dark matter. Another way is that NKE particles combined into NKE systems by
means of repulsive interactions between them. For example, two NKE electrons could form a stable
NKE electron pairs by Coulomb repulsion between them [1], and similarly, two NKE protons could
form a stable NKE proton pairs. A NKE electron and a NKE proton could form a dark hydrogen
atom, see Table 2 in [4]. The stable systems produced in this way were still dark matter. In both ways,
some dark photons might be released in constituting stable systems. It is easily understood that
merely a fairly small proportion of dark matter could be converted into matter. As the universe
expands, the density of NKE decreases. The probability that NKE particles composed stable systems
approached zero. The ratio of dark matter to matter became fixed. Based on the analysis, we think
that there should be €, > €, .

The energy levels of microsystems are discrete. When two free NKE particles transited to a state
of a stable PKE system, they did not necessarily transit to the ground state of the system, and there
was a certain probability of transitioning to any of the energy levels. When the final state was an
excited state, spontaneous transition would occur, from the excited state to the ground state or
another lower energy level, emitting photons. Thus, photons appeared. Consequentlt, according to
this mechanism, photons are the last to appear. Moreover, the total energy of photons generated in
this way should be much smaller than the amount of matter. Taking hydrogen atoms as an example,
a photon with the highest energy that can be released by the spontaneous transition is 13.6 eV, while
the mass of the hydrogen atom itself is 9.38 MeV. So, their ratio is about 1075. We have mentioned
ablve that the ratio of the y photon when a neutron and a proton combine to the mass a neutron was
about 107, Of course, the ratio of the energy level difference inside a system and the mass of the
system itself differs from system to system. General speaking, this ratio should be relatively small.
Qualitatively, there should be €2,,,> Q..

In summary, according to this mechanism, the order of appearance of the four ingredients in the
universe is dark energy €2, — dark matter €, - — matter Q,  —photons € . Their relative

proportions are
Q0> Q000 > Q) >, (83)

This relationship is in agreement with (1). Thus, we can say that we qualitatively explain (1). At
present, we are unable to give quantitative calculation for the four ingredients. What we are talking
about here is the behavior of the universe at very early time.

7. Conclusion

In this paper, we have made further research on the topics related to NKE substances based on
the series of work done previously. The collisions of a NKE particle and a PKE particle are
investigated. A possible way to accelerate particles is suggested.

We propose the cosmic dark radiation background and gravity potential background. The total
energy of our universe should be negative.

We put forth a mechanism by which NKE substances can constitute a stable PKE system in terms
of attractions between them. Two macroscopic NKE objects can compose a stable PKE system by
gravity. Two microscopic particles, if there is attraction between them, can also form a stable PKE
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system. According to this mechanism, all NKE matter in the universe can form stable PKE systems.
If two macroscopic PKE objects compose a stable system by gravity, they must collide with a third
party to release part of their PKE. Therefore, if there are only PKE objects in the universe, there will
always be some objects that cannot participate in stable PKE systems. Nevertheless, in our observable
universe, it seems that all celestial bodies constitute stable PKE systems, although in different
structural levels.

According to the mechanism mentioned above, starting from microscopic particles, NKE
substances can constitute larger and larger stable PKE systems. Only the centroid of the highest
structure has a NKE. We are unble to detect whether the center of mass of a celestial structure like a
galaxy is of PKE or NKE.

It is currently believed that there are four ingredients in the universe, photons Qro, matter Qmo,
dark matter Qom, and dark energy Qao. We believe that the universe was originally filled with dark
energy at very early time. The other three ingredients were produced in the order as follows: dark
energy — dark matter — matter — photons. According to our analysis, the proportions of these four
components should be qualitatively €Q,, >Q . - >€Q ~>Q_ .

Our whole theory is based on the fact that the negative energy solutions of the Dirac equation
should be interpreted as particles with NKE, which are dark particles. Negative kinetic energy
systems naturally have negative pressure and negative temperature. We do not need to come up with
any new particles and related new concepts.
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