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Abstract;
The negative energy solutions of the Klein-Gordon and Dirac equations have been used to define
the antiparticle with the positive energy from the Feynman - Stueckelberg interpretation in the
standard model based on the 4-D Minkowski space with the relative time. The negative energy
solutions of the Klein-Gordon and Dirac equations are used to define the antiparticles with the
negative energy in the present 3-D quantized space model. Note that all the present results are
based on the 4-D Euclidean space with the absolute time (t) and relative time (ti). Then the particle
with the positive energy and antiparticle with the negative energy have the 4-D P4 = TCP = TP
symmetry. The continuity equations are derived from the Klein-Gordon, Dirac and Schrodinger
equations. The Klein-Gordon and Schrodinger equations with the potential barriers are solved. The
Klein paradox is explained by using the pair production of the electron with the positive energy
and positron with the negative energy under the P4 = TcP symmetry, The effective velocity ( cesr =
V2 ¢) and effective energy (Ea =V2E) along the relative time axis (cti) give the relative time
Ew V2E_E
et vZe ¢ PtT

have the constant photon velocity of ¢ and the constant photon momentum of ps =

momentum of pu = px- This indicates that the photons with the energy of E

Ea _ V2E _
Cett  V2C
% = p; = px. FOr the negative energy particles, the space momentum directions are opposite to the
particle velocity directions because the energy is negative. And the matter collapse to the photons
at the very high particle velocity is discussed from the length expansion. It is, for the first time,
proposed that the gamma ray burst is originated from the matter collapse to the photons near the
black hole. Also, the wave function collapse is explained from the length expansion. The wave
function collapse takes place when the measurement makes the particle velocity to be zero. It is
concluded that the negative energy solutions of the Klein-Gordon and Dirac equations support the
existence of the partner antimatter universe with the negative energy and negative time direction.
Our matter universe has the positive energy and the positive time direction.
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1. Introduction

The pure absolute negative energy and the negative time direction are not allowed in the standard
model (SM) based on the 4-D Minkowski space. Here the time (t) is the relative time and only the
relative negative energy has been used. And the Klein-Gordon equation [1 — 5] gives the negative
energy solution of E=-(Eo*+px*c?)*> < 0 with the negative particle energy density of p = E|¥|? .
Because of these two problems, the Klein-Gordon equation has been discarded. Then the Dirac
equation [6 — 10] was introduced for the electron by including the spin terms. The Dirac equation
gives the negative energy solutions with E=-(Eo’*+px*c?)®> < 0, and positive particle probability
density of p = Py = |, |2 + |¥,]? + |¥5]? + |¥4|? > 0. And the negative energy solutions of the
electron obtained from the Dirac equation have been reinterpreted to define the positron with the
positive energy because the negative energy solution is not allowed in the standard model. In other
words, it is proposed from the Feynman - Stueckelberg interpretation [11,12] that the positron with
the positive energy (E>0) and forward time direction (t>0) is the same as the electron with the

Et, =Dy - ct; = (B + Pg) - (L + %) = Egt + pox pt=@>0pfl=£>0
Prop = —ih=— Eot = Et) — pyx = h(wt; — kx) c ¢ 5
W(t) = Ae~iED/h = W(t, x) = Ae~iEE-Px)/h D-xop = —ift —6(—x)
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————————————————————————— ,, ct
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P-¢, P,
(=Eo)(=1) = (~E)(—t)) = (=) (%) "” o
Fig. 1. Positive energy solutions and negative energy solutions have the 4-D P4 =
TCP = TcP symmetry. The corresponding plane wave functions are shown.

negative energy (-E) and backward time direction (-t) because of the (-E)(-t) = (E)(t) relation. Often
this concept of the antiparticle like the positron has been applied in the Feynman diagram. In fact,
the positron that was predicted in the Dirac equation was experimentally discovered. However, it
is clear that the negative energy (-E) and backward time (-t) are different from the positive energy
(E) and forward time (t), respectively even though (-E)(-t) is the same as (E)(t) mathematically.
Also, the reason why the charge sign of the particle with the negative energy and backward time
is changed to the different charge sign of the antiparticle with the positive energy and forward time
is not explained. Therefore, it is thought that the definition of the antiparticle like the positron
obtained from the Feynman - Stueckelberg interpretation is not well justified. The Schrodinger
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equation is the non-relativistic version of the Klein-Gordon and Dirac equations. In the
Schrodinger equation, the total energy is the sum of the kinetic energy and potential energy. The

4 - dimensional Euclidean space
E=mc? Ey=myc? t, =11, t:absolute time, t;: relative time
| YEox4 _Ex4 _Ex4 _ x4 x4 _ E
Pe=MoC o= 5~ = g _me=m-=-—
14 ccty cd ctg t; c
YEo x E x Ex X E v
Px=MyC—- =SS - =—-—"—==-="=MC—=mV=——
ct c= yt ccty cd cty cc
d | yEbd E d d E Y= —
ptl: mOC—::—z—:——:mc—:mCz— V2
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2 = 2 4 P2 202 2y (242 mpereeomeeeemneeenneee ‘
« Pti = Px TPt citf=x+cits [ct :
4 —_— —_— —_— - _ i V1 V2 ‘
(ct) Dl =Dx+Di V=Xt t=qt {7 S
T m : ety
- — = i —
t d =X+ X4 X4 C ; [ 1
d =ct, K X XXX
‘ Ec) X1XX3
Note that the negative time, negative mass (energy) and
negative momenta are possible. E, < 0and m,< 0 for p, < 0.
Fig. 2. The 4-D momenta based on the 4-D Euclidean space are shown.

Time definition: t,: relative time Time definition:
ct = X, = do(X;X,X5X,) ) €T = 5(X;X,X5,Ct))
af ct=dixoxx,) t: absolute time VXt (ct)= (ct)?- %2
v =x/t, d2 = (ct)? = (ct)? + x2 ey - - ;
. i 4-D Minkowski space
x/ x" =1/(1-(v/c)?)%5 Length expansion ‘ ‘
S 1000 | <
. ct e cr 1000
P=Pe 0100 | v
cy = 0-100
v=0 P, 0010 : 0 010
x! O<v<c 0001 x=ct, 000 -1
x i . i
vec Pi=px  4-D Euclidean space | \ .
Ax X1X5X3 X1XpX3
The photons are the flat space. P,=P, is the observed momentum for the
photon with Ax. Then, E = hw = P,c. And the photon has the finite length (Ax)
and finite energy (E) because of the matter collapse at the high velocity of v.
Fig. 3. The 4-D Euclidean and 4-D Minkowski space are compared.

rest mass energy is omitted in the Schrodinger equation in the standard model.

In the present 3-D quantized space model (TQSM) based on the 4-D Euclidean space, the absolute
negative energy and negative time direction are allowed in Figs. 1, 2 and 3. The 4-D Minkowski
space and 4-D Euclidean space are compared in Fig. 3. Then the time (t) along the time axis is the
absolute time. The time (t1) along the variable 4-D distance axis is the relative time. Therefore, the
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p = cAtq (energy density) Ax; = Axz = Axq < 1 (Planck length)
____ Flat space ct Ax = yAx;
iapproximation Yy g N ct(x) = Eg| (X))

Absolute t simultaneity
E = YE, = YCAtAV,; = cAtyAx;Ax,Ax,
= yfct(x)dx = yf E,|¥ (%) |2dx
The massive particle is the warped photon space with E = 4-D space volume. The

warped shape is expressed as the half circle for the simple explanation.
Energy is defined as the 4-D space volume. The photon space is flat for the photons.

For the elementary particles: q(EC,LC,CC) and m = E/c?,
lim At = At,limq — q. Therefore, q « Atand |q| = cAt.

v—=C v—=C
limAx — oo0,lim AV — oo,limE — oo. Therefore, E o< Ax, E o« AV and E= cAtAV.
vV—C vV—C vV—C

Ax = yAX,, V= Ax/At, E =cAtAV = |q|AV = cAtyAV, = ycAtAV, = y|q| AVy= YE,

Fig. 4. The quantum wave function and the warped photon
space are defined on the 4-D Euclidean space.

Particle Length expansion Photon
(warped space) (flat space)
v=0
CcAt { \1 vZ£0 v AV v CAt
I
- matter Ax = finite 1
0 collapse
AV, F..>F, E = hw = p,cC
Ep = moc? E = mc? = yE, E = cAtAV
= cAtAV, = YcAtAV, v=c
q>0

n -q Pair annihilation AV | cAt
+ ; [ ..
U Pair production Ax = finite !

Anti-particle Particle E = hw = p,c
) ) ) ) ) E = cAtAV
F, : time width resistance force F,. : time width collapse force V=oC

(Charge conservation force) (Matter collapse force)
BH: Black hole  GRB: Gamma ray burst MC: matter collapse to photons

MC c Light matters : short-lived GRBs,
v /' GRB (Light matters, light stars etc.)
e '@

BH Heavy matters : Loner-lived GRBs
PN (heavy stars, neutron stars etc.)

Matters P\

Fig. 5. The matter collapse to the photons at the high velocity is proposed. The
gamma ray burst is originated from the matter collapse to the photons.

relative time (t) in the standard model corresponds to the relative time (ti) in the TQSM model in
Fig. 3. Therefore, based on the two times of relative time (1) and absolute time (t), the Klein-
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Gordon, Dirac and Schrodinger equations are reinterpreted by including the rest particle masses in
the present work. Here, the 4-D momenta based on the 4-D Euclidean space are derived as shown
in Fig. 2. Then the negative energy coordinates and positive energy coordinates are related by the
4-D symmetry of P4 = TCP =TcP in Fig. 1. The positive energy solutions of the Klein-Gordon and
Dirac equations describe the particles within the positive energy coordinates with E>0 and t>0
(forward time) and the negative energy solutions of the Klein-Gordon and Dirac equations describe
the antiparticles within the negative energy coordinates with the -E<0 and -t (backward time). In
this P4+ symmetry, the charge sign of the particle is changed to the charge sign of the antiparticle.
This means that the charge C symmetry is closely related to the time symmetry. Therefore, because
the time symmetry should include the C symmetry, the time symmetry is defined as Tc = TC
symmetry like the space P symmetry includes the handedness H symmetry. Because the massive
particle is defined as the warped photon space in the present TQSM model, the upward warping
and downward warping of the particle are defined as the positive charge and negative charge,
respectively. The time Tc symmetry changes the warping direction along the absolute time (ct) axis
of the particle. Therefore, the negative energy solutions are explained by the 4-D P4 = TcP
symmetry in Fig. 1. The pair production of the electron with the positive energy and the positron

Length expansion and wave function collapse.
E = cAtAV = cAtAx1Ax2Ax3 x/x" = 1/(1-(v/c)?)°5

= J ct(x)dx = J E|W(x)|?dx Rest particle size: x’
Moving particle size: x

(Making v/c to Minimum position
Eq y/c=0 be zero at x,) uncertainty is the size
—n— Measurement (x’) of the related
X’ [+ l particle at rest.

E = vE,

Rest particle
O<v/c<1 P

EOQV/C =0
v/c=0 x’ T

Measurement
RR wave function No wave function
17273 collapse (x = x’) collapse (x’=constant)

Fig. 6. The wave function collapse takes place from the measurement
which makes the particle velocity to be zero.

with the negative energy by the P4= Tc.P symmetry is applied to explain the Klein paradox. The
continuity equations are also derived from the Klein-Gordon, Dirac and Schrodinger equations
based on the 4-D Euclidean space in terms of the TQSM model. Also, the plane wave solutions of
the Klein-Gordon and Schrodinger equations including the potential barriers [13 — 19] are derived
based on the 4-D Euclidean space. The Klein paradox [15 — 19] is explained by the P4+ = T.P
symmetry. The wave function collapse by the measurement and matter collapse at the high velocity
are explained by using the relativistic length expansion and relativistic energy increase. It is
concluded that the gamma ray burst [20 — 27] is originated from the matter collapse to the photons
near the black hole. The photons with the energy of E have the constant photon velocity and the
constant photon momentum on the 4-D Euclidean space. For the negative energy particles, note
that the space momentum directions are opposite to the particle velocity directions.
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2. Photons, matter collapse, gamma ray burst, P4= TcP symmetry and plane wave functions

At the 4-D P4 = TcP symmetry, the space P symmetry includes the handedness H symmetry of the
left handedness and right handedness. The time T. symmetry includes the time direction symmetry
of the charge C symmetry. The 4-D shapes of the particles change the time direction of the warping
under the time Tc symmetry and space direction under the space P symmetry. The particle and its
antiparticle have the CH symmetry relation. The downward time (t) warping of the particle is
defined as the negative charge and the upward time (t) warping of the particle is defined as the
positive charge in Fig. 4. In Fig. 3, the 4-D Minkowski space and 4-D Euclidean space are
compared. The photons are the flat space. pu=px is the observed momentum for the photon with
Ax. Note the length expansion of the particle given as the function of the velocity in Figs. 3, 4, and
5. Then, E = hw = pxc. And the photon has the finite length (Ax) and finite energy (E) because of
the matter collapse to the photon at the high velocity of v in Fig. 5. In Fig. 4, the massive particle
is defined as the warped photon space. The energy of the particle is defined as the 4-D volume of

Massive particles For particle (warped photon space) 9
cp,=E; >0 Particle size (s): finite, v = Ax/At, < c (observed) Px = —iha—
ct X
(CAL)? = Ax,2 + Ax,2 + Axy2 + (CAt)? = (cAt)? + Ax? 0
"""" pe = ih—

X p?lzp)z‘;"'pg Ee=E=Nhw py=E/c, p,=Ey/c "
1%9X3 e = ih—
Et; =g - ct; = (P + Px) - (¢t + X) = Eot + pyx Pu ¢ty

\p(t) =‘A(t)e—iEot/h =Y(t,x) = A(tl,x)e—i(b‘tz—pxx)/h Eot = Et; — pyex = h(wt; — kx)

Massless photons For space fluctuations of photons (flat photon space)
C,
Pec pf' o242 4 x2 = 222 = 2 t7, t] =t, cep= V2 cand x = ct

~

<450 E
E " Pxe pEc? + pPc?=2¢7pf = cdybd, Py =DPx =, Cerr= VZ cand px = p;
s Ey=V2Eandt; =tatcegr =V2c Vphoton= X/tj=x/t=ct/t = ¢ (constant)
Pi =pi E =hw=pyc, Eq, VZE E a%e  oa%¢
Cett> N ¢ Px ag2g T 92

T PRk E?—pic2=0 P T3 ¢
X =ct X X,X5 €:EorMfields E(t;,x) = A(tl’X)e—i(Etl—pxx)/h

t,: relative time
t: absolute time

Fig. 7. The photons and massive particles are compared.

the warped photon space in Fig. 4. The charge and energy (mass) of the particle are defined in the
present work. The matter collapse from the massive particle to the massless photons is described
as the result of the length expansion at the high velocity of the particle in Fig. 5. The pair creation
from the photon and pair annihilation to the photon of the particle and antiparticle are compared
with the matter collapse in Fig. 5. The reason why the gamma ray burst (GRB) takes place has not
been well understood [24 — 27]. The origin of the gamma ray burst is the challenging research
topic in the theoretical point of view. In the present work, for the first time it is proposed that the
gamma ray burst is originated from the matter collapse to the photons near the black hole in Fig.
5. The matters are falling and swirling toward the black hole by the strong gravitational force as
shown in Fig. 5. Then the velocity of the matters is very rapidly increasing. Then, the velocity of
the matters is close to the photon velocity near the black hole. Then at the very high velocity, the
matters are collapsing to the photons without the gravitational force with the black hole as shown
in Fig. 5. Then the strong gamma rays are emitted to make the gamma ray burst. The gamma ray
burst takes place for the very short period because the whole matters are rapidly collapsed to the
photons for the very short time. In other words, this successful explanation of the gamma ray burst
supports the matter collapse to the photons. And in Fig. 6, the wave function collapse is explained
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as the result of the length expansion and measurement of the particle. The measurement of the
particle means making the velocity (v) of the particle to be zero at the measuring space position of
xs in Fig, 6. In Figs. 7 and 8, Massive particle and massless photon are compared for the 4-D
momenta. The 4-D momenta are defined in Fig. 2. In Figs. 7 and 8, the massless photon is the flat
space and massive particle is the warped photon space. The massive particle has the variable

L0 0 )
paP(t) = lhﬁtlwm) PP () = lha‘*’(t) PP (x) = —lha‘[‘(x)
cts Massless photons  The plane wave functions of the p, = hk
(flat photon space)  photons from flat photon space
cAt ) E = hw = pyc,
W(t,x) = A(t;, x)e {Etipx0)/h
AV x1x2x3 p = E|¥|? = E/AV=cAt
E = cAtAV E2Y(t;,x) — pzc?¥(t,x) = 0
Massive particle Flat space E = yE, = ycAtAV, =
ct+ (warped photon space) approximation cAtyAx,AX,AX; = CAtAV
(FSA) 2 _ (F2 2.2
Al Sl EBYO = (B = pke) ¥
AV X1x2x3 AV =E|¥]2=—-= vEqo =po=cAt
E = cAtAV E = cAtAV AV YAV,

The plane wave functions of the particles from FSA are applied.
Y(t) = Ae_iETOt = W(t;,x) = A(t;, x)e{ELPxx)/h
Fig. 8. The massive particle with the warped photon space have
the flat space approximation using the plane wave functions.

2 Imaginary constant 4-D and 3-D volume: V, = cAtAx;Ax,Ax3  and V = Ax;Ax,Axs

DxC
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Fig. 9. The continuity equation of the moving particle is classically derived.

0 0
&p = _a]x
AE,, = 0 for 3-D Ax3Ax;cAt volume
AE,, # 0 for 4-D cAtAx,Ax,Ax; volume
AE,, A Ex, 0
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AE,3 _ A Exg 0
AxsAx;Ax,cAt  chxs Ax;Ax,At  cdxs

0

ad -
5:P0=0 Zp=-VJ

]xZ

]x3

velocity of v and the photon has the constant velocity of c. Therefore, the particle and photon have
the different analysis of the 4-D momenta. First the massive particle has the 4-D momentum
relation of p5 = p2 + p? in Figs. 2 and 7. Then Et, = py; - ct; = (p; + bx) - (¢t + %) = Egt + pyex.
The warped shape of the massive particle can be approximated to the flat space as shown in Fig. 8. Then
the plane wave function can be used as the first approximation for the massive particle. The applied plane

iEgt

wave function is W(t) = Ae T = W(t,x) = A(t, x)e HEL=Px)/% from the relation of Eyt = Et; —
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Pxx = h(wt; — kx). The relation between the wave function and warped shape of the massive particle is
explained in Fig. 4.

Continuity equation within the proposed 4-D volume of the 4-D Euclidean space
Imaginary constant 4-D and 3-D volume: V, = cAtVand V = Ax;Ax,Ax3

ct v E, = constant _Eo_ onstant 2 —a]—o
AE zocAt o = constant, p, =7 = constant —-po = ——7"Jo =
[éo E=vYE, p = E/V:Energy density
0
| XXoXs  AE(warping energy) = —(AEy, + AE,, + AE,3)(moving energy)
Continuity equation = Moving energy (E,) to warping energy(E) conversion equation

0E E.q 0 >

a
o= - —p=-V-
otV aX1JX1 ]xl AtA.X'zAX3 ot ]
_ pxc?

Moving energy flux: J = /1% + Jxo%; Hxs %

E=E,

d > Exq
Fromt, =yt a—tl/):—V'] Jx1 = Mdn,hx, P
cAty =ycAt  p =px1+px2 +Px3 =E/V  E? = B2 + p2c?

6 Axl Exl _ 6 Exl _ a pxlcz 6

_a_xlj"l T T 0x, A Ax Ay Axs | dx, .V ox;, V. oyt
Fig. 10. The continuity equation of the moving particle is classically

derived. The moving energy due to the space momentum is converted to the
warping energy.

X1XyX3

For the plane wave functions of particles,
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Relativistic Klein-Gordon equation
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Fig. 11. The continuity equation is derived from the Klein-Gordon equation.

The massless photon has the constant velocity of ¢ along the space axis in Fig. 3 and 7. Vppoton =

x/t;=x/t=ct/t = ¢ (constant). And photon has the constant velocity of ¢ along the absolute time (ct)
axis. Then the photon moves along the relative time axis with the constant effective velocity of
Ceff = V2 ¢ in Fig. 7. The relative time axis of the photon has the 45° angle with the space axes.
And Eqa=V2E and t; = tat cegs = V2 ¢ and pu = % = % = % = py . This indicates that the
photons with the energy of E have the constant photon velocity of ¢ and the constant photon
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Relativistic Klein-Gordon equation [T ;

L0 =9, _ i
For the probability density, 5 151}1 OW(@) = atapo 0 because
From (2)/(26) - (1/(28),and Z-p = -] L,Ee,'f,,‘?,",,,“EF?,’IF?,,“9&‘,‘,‘5,,9; ,,,,,,,,,,,,,,,,,,
o= (winLw_win Ly ] = Zihe? — (WY - wvy ) —A #0 E+AE
ZE 6tl 6 i
p= |qJ|2 P12 >0 . = szczllplz _ pxczlLI.JlZ 51‘1 #0 Px+Apy ‘
X 2F E R :
EZ = E§ + pZc? X X Px J = Ja1X1 + Jx2 X3 +x3X3
2 2 2 vV=—=C—=(C— Ct|
Pa =Pt + Px S , P P/
Px _ PxC [l
=C—/—= t
\ / E/c E N8
%p =—v.j Continuity equation, B X1XoXs
! > . 8, 2 2 3 DxClunz _ 0 a2 0
If] =]x%, —alx——th’l =~ e | =g ¥ =50p

Fig. 12. The continuity equation is derived from the Klein-Gordon equation.

LE,
Atv/c<<l, E=E,+ Y(t) = Ae_% =W(t,x) = A(t, X)e—l(Etl Dxx) /R

(P\ih 2 _ e b0 Mo e

VIO = W0 R+ 5 VOO ()2 g20 B+aE 2 A#0Px+AP
2}

—‘V(t)ih%‘l’*(t)=‘P(tl,x)(—ihaitl+h—2V2)‘P*(tl,x) T

d S
From (2) - (1), and a—th =-v.J ‘IJ ®OP@®) = —po = 0 because E, is constant and - A =0.

For the probability density, p =W¥*¥ = |[¥|?2 >0 J=].2
—ihc? —ihc? c?|¥|?
J= T (‘-P VY — YVY*) = llm e W'V —yvy*) =1
o€

Y«1 2me P« E
2
Schrodinger equations: Atv/c<<l, E;=E —E, = p—" and t =vt=(1+v?/(2c?)..)t=t
W(t, t) = Ae~{EU-Fot)/h = pp=I(Bt=Eot)/h = pi(E= Eo)tl/h — Ae—iBsti/h — ‘V(tz)

. 0 ; Pz 3
W(t;, x) = Ae~iEt=pxx)/h HW (6, x) = Lha_tllp(tl'x) EW(t,x) = 2—7:10ly(tl'x)

HW(0,%) = EW(t,%) = (E — E)W(t,%0) = (B + V00)W(t,%) with V(x)

D, = —ih— = A — Ae—Pxx/h = pp(ip0)(0)/h i is (ix) within V.
ipy lhax hiax Y(x) = Ae Px Ae(Px Imaginary x axis (ix) within V

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 13. The continuity equation is derived from the Schrodinger equation.

La % === = p; = px on the 4-D Euclidean space. The obtained wave

C

momentum of pa = .

eff

2

equation is f afc 228 The plane wave function of the photon is E(t;,x) = A(t;, x)e " H(Et=pPxX)/h
for the electric and magnetic fields in Figs. 7 and 8. The energy densities of the photon and massive
particle are shown in Fig. 8. The continuity equations of the probability density and current are
explained and derived in terms of the Klein-Gordon, Dirac and Schrodinger equations based on
the 4-D Euclidean space in the next section.
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3. Continuity equations of the Klein-Gordon, Dirac and Schrodinger equations

The current and probability density have the close relation as shown in the continuity equation of
%p =-V- f . In Figs. 9 and 10, the continuity equation is derived from the classical view of the
relativistic equation of E2 = EZ + p2c? based on the 4-D Euclidean space. The energy current of
J comes from the space momentum term of pZc?. The energy probability density comes from the
energy term of E? in Fig. 9. The current term of I/ - f is decreased when the density term of % pis

increased. In other words, the moving energy of the particle is transferred to the warping energy
of the particle in Figs. 9 and 10. Here, note that the particle energy is defined as the 4-D volume
of E = YE, = ycAtAV, = cAtyAx;Ax2Ax3 = cAtAV in Figs. 4, 5, 6, and 8. And the rest mass energy
of the particle is constant. Therefore, AEo = 0 always. The continuity equation of the particle for

the rest mass energy is always %po = —V-J, = 0 in Figs. 9 and 10.

In Fig. 11, the relativistic Klein-Gordon equation of p?¥(t) = (p3— p2)W(t;,x) is shown. The
iEgt

plane wave function is W(t) = Ae o= W(t, x) = A(t, x)e ‘Et=PxX/h  The applied time and
space momentum operators are py,;W¥(t;) = ihcaittp(tl), p:¥(t) = ih%‘}’(t) and p,¥(x) =
l

—ih%‘l’(x). In Fig. 11, the energy density and current are p = E|¥|? and J, = p,c?|¥|?,
respectively. The negative energy and negative energy density are obtained from E? = EZ + p2c?2.
This negative energy solution indicates that the negative energy universe exists as shown in Fig.
1. The positive particle probability density p = |'z”|2 |#¥|? > 0 can be obtained in Fig. 12. In

Fig. 13, the continuity equation of the Schrodlnger equation is derived by including the rest mass.

Dirac equation with the constant rest mass energy term of E,
.00 .o 0= > o
(iy® T V—my)¥(t;,x)=0 E? = EZ + p2c? J=vtay

p=PyoW = |W |2 + |W,)%2 + |W5]2 + |W4|? > 0 For the particle probability density

| Two solutions of Klein-Gordon and Dirac equations in terms of the TQSM model

' Particle with the charge of -q in the positive E universe

o o 25055000 0 P,=TpP=TCP
iE—mc >0,Eg =myc*>0,t>0,t;, >0, p> symmetry
Anti-particle with the charge of q in the negative E universe (-E)(-t) = (E)(t)
' —E=-mc?<0,—Ey= —myc?> <0,-t<0,—;<0,p>0

Two solutions of Dirac equations in terms of the SM model (t = t))

i Electron E > 0,t; >0 Anti-particle ‘
5 J Definition (?)
 Electron —E <0,—t; <0 = Positron E>0,t;>0 (-E)-t;) = (E)(tz)

Flg 14. The negative energy solutions of the Klein-Gordon and Dirac
equations are interpreted by P4 symmetry in terms of the TQSM model [28].

The Schrodinger equation is the non-relativistic version of the Klein-Gordon equation. Therefore,
the continuity equation of the Schrodinger equation is obtained from the continuity equation of
Klein-Gordon equation at the low velocity approximation of v << c.
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Pa = TcP symmetry " Antiparticle | CH symmetry
Tc(time), P(parity) S At | C(charge), H(handedness)
(E)t) ﬁ ct VTE Matter _‘ R | y .
4<0 gur <+ xUs P=E/c>0 AV M“*’Mpa”g'e
I (E)t) CE=cAtAV [t ey~ f TAF
> — g=cAt>0 | € ¢
“ >~ e XX P, =TCP= TP‘ ;
| = B MAA >0
o_fL —n—P—'E/C<0 C CC _m -m q
Antlpartlcle
o) PO (B  erd gy Antipa |
Antimatter LTI article - antiparticle symmetry
Matter universe (E >0, E,;>0) — Antimatter Feynman-Stuckelberg’s
universe (-E <0, -E;< 0) symmetry | Negative E solution of antiparticle definition

e+(E,pX,q,t,)<—>P4 e(-E,-p,,-q,-t,) | Dirac equation supports e(E,-q,t)), 5
ive E uni -E-g,-t)=e*
e(E,p,-at;) ; e*(-E,-p,,q,-t) the negative E universe e(-E,-q,-t) = e*(E,q,t)

4 with the antimatters E+—-E §%—{
ct
e — et from the P, symmetry.
l /E' P, —ctJ A E2=E,2+P,2c?and / ~/E ? /
(E)t) = (E)-t) (-E)* = (-Eg)* + (-P,)*c%. (E)t) = (E)-t)= (EXt)

Fig. 15. The P4 symmetry and CH symmetry are explained.

4-dimensional Euclidean space
. -4  Our matter
ct Energy and momentum conservations  cts 3>
&Y i %U universe E >0
-Unlverse . Pu 5 (Big bang)
pair production (E)(t,)
nothing X1X5X3 ’ . Da X1XoX3
P=p,=0 , P
t 0" anti-matter .’ P,=T.P
= — c
Pu universe Tp.q- P symmetry
nothing =— matter + anti-matter -E<O (-E)(t,)
— -
ct ctt Px =\~ Matter
Universe Pa | - —E<O0
pair annihilation Pe o (e))
nothing X1XyX3 > B X1XyX5
= :O —
Et =F())x anti- _MA.“ Px | I py+(-p) =
! matter >0 Eo/c + (-Eg)/c=0
E > 0 (B)t)
Fig. 16. The big bang event is explained by the P4 symmetry.

In Fig. 13, the Schrodinger equation includes the rest mass energy. Es = E — Eo is defined for the
simplicity. The plane wave function is W(t, x) = Ae ' Esti=PxX)/ And the Schrodinger equation

of the free particle is E;W(t;, x) = ‘P(tl, x). The Schrodinger equation of the particle with the

potential barrier of V is HS‘P(tl,x) = EW(t,x) = (E — E))¥(t;,x) = (2:’16 + V(x)P(t;, %)
0

with V(x). The solutions of the Schrodinger equations and Klein-Godon equation are explained in

the next section. In Fig. 14, the particle probability of p = Py°W = |W,|? + |¥,|? + |¥5]% +

|¥,|? > 0 is shown from the Dirac equation.
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The Klein-Godon and Dirac equations have the negative solutions in Fig. 14. The negative energy
solutions are explained as the antiparticle in the negative energy universe if the positive energy
solutions are for the particle in the positive energy universe in terms of the 3-D quantized space
model (TQSM) in Fig. 1. The antiparticle with the negative energy and particle with the positive
energy are related by the 4-D P4 = TcP symmetry in Fig. 1 and Fig. 14. Note that the negative
energy solutions are used to define the antiparticle with the positive energy by the Feynman and
Stuckelberg in terms of the standard model (SM) in Fig. 14.

4-dimensional Euclidean space symmetries

P symmetry _ B
— . Lo :
= Dx 52Y-q matter E50 | AV
DPx -u-—' - i : !
~q q 4 Our universe) ! Anti- :
RH(LH) ct TCt LH(RH) // ‘ct ( ) iAntl matter§
XX xoa / x1x2x3 { E=cAtAv |
(‘)Ct // | g=cAt>0
>0 7 = ‘ :
5 q n: P,=T.P symmetry P,=CTP |
Matter: warped . anti—matterlpﬁ ' C=CC ;
hoton space De ¢ E<O 7 b L

P P — (Partner universe) Pt E>0 -q

ct  Puq " - M
Dx ¢ /‘ ) -q -cAt
Uy o c
Tct q Dx V/X Ct[
X x1x2x3 _CtX1X2X3 t X1x2x3
o cAt
_q ., q
C symmetry T symmetry TP: E<0 T.=CT symmetry
Fig. 17. The P, C, T, Tc and TCP symmetry are explained.

4. Negative energy solutions and P4 = TP symmetry

In Fig 15, the negative energy solutions of the Klein-Godon and Dirac equations are described on
the 4-D Euclidean space. Negative energy solutions support the negative energy universe with the
antimatters from the P4 symmetry in Figs. 1 and 15. E? = Eo? + Pi*c? for the positive energy particles
and (-E)? = (-Eo)? + (-Px)*c? for the negative energy particles. If the negative energy solutions are
applied to the big bang event as shown in Fig. 16, the matter universe with the positive energy and
the antimatter universe with the negative energy were created from the big bang. This explains
why the matters are dominating within our universe. In Fig. 17, the P, C, T and TC = T symmetries
are compared. In Figs. 18 and 19, more examples of the P4 = TcP symmetry are shown. In Fig. 18,
three kinds of space fluctuations are shown. The pair production of the neutrino and anti-neutrino
is explained as the P4 symmetry. And the pair production of two photons is explained as the P4
symmetry. The dark energy to cause the accelerated space expansion is thought to be originated
from these two processes. In Figs. 19 and 1, the negative energy states and positive energy states
with the P4 symmetry are compared. The 4-D momenta are defined based on the 4-D Euclidean
space. The momentum operators of the negative energy states are compared with those of the
positive energy states. The corresponding plane wave functions are shown with the proper sign
changes. For the negative energy particles, the space momentum directions are opposite to the
particle velocity directions because the energy is negative in Figs. 1 and 19. For the positive energy
particles, the space momentum directions are same to the particle velocity directions because the
energy is positive.
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Three kinds of space quantum fluctuations

ct P, Energy and momentum conservations
P./2
cP,=E; >0 No space expansion ! F:t/Z cP
Pair production -P, q symmetry
—_ e
radiation Pair annihilation Eo/2 \ 7 Py ve(:é—_ZJS)
-a Eo/z i e i
Photon p.4 ' New space !
cAt flat space v dark energy ! PR !
| 4 Neutrino (v) pair production | P4=T.P symmetry P e U 1
‘ B [C=2/3 !
E JRAEEE R e
_ Accelerated space _ U
T Pe=0 expansion v =H x P i EAY d New space H,
P.=0 v Poe = Pvoe
R
Ppe = CAt, = constant  Photon dark energy t
Photon pair production P4=TcP symmetry E; Py
. —
Accelerated space P New space H
=0 expansion v = pr S - _-E1 _p
P.=0 P, Poe = Ppoe
Ho>H, v=H,x=(H+H)x M

Fig. 18. Two examples of the P4 symmetry are shown.

P W(t,x) = Ae~iE=pxx)/h W(t,, %) = AeIELHP(-0)/h
Px,op = —ih— E 0 E Ey
ox ptl=?>0 Pt=?>0 ptl=?>0 Pt=?>0
=ih— E v
Pt,op lhcat P :E X>O Ax>0 Atl>0 Ax<0 At1>0 —Py=— —<0
*T ¢ ¢ v = Ax/At; > 0 v =Ax/At; <0 ¢ c
Peiop = m% ct v q v ot t,: relative time
© ) ’A UP . e(;*) cat U'-q t: absolute time
ur universe P ositive E states  * ™
777777777777777 E>0E >0 g 2. 2|pe NP q(EC,LC,CC)
; ‘ E® = Ey + (£p)°c .
Pa=TP <P X —Px X1X5X3
tsymmetry, [ -p, || X TTT==7- = SNy X
pe | “E<0-E<0 (g \\px
(Partner universe) Py Negative E states —pu Pt
A g0 ) (~E)?= (=E)? + (4py)Pc? _no>0
,,,,,,,,,,,,,,,,, ‘ —c
: : v ‘ ‘ —ct
P (=P (=) £ LH(=E)(—t) | v
; P-xop v = Ax/At; > 0 —p,= & v <0 ! Potiop . _ EV =0 v =Ax/At; <0
| Ax<0 At; <0 c ¢ 3 | T Ax>0 At; <0
epen) _ _E _ B, L E
i+( P x)i _ptl:T<0 he=-<0 i—(=E)(=t) | “Pu=—<0 _Pt=_?0<0
L Poor W(t,x) = Al HED-(pI/h L Pllop 1 gy oy pGi(E)(-t)+pan)/h

Fig. 19. The negative energy solutions are explained by the P4 symmetry.
The corresponding plane wave functions are shown. The 4-D momentum
conservation (energy and momentum conservations) is applied.
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2 _ 2
Pt =pi+pi  E=mc E;=my t=1t, E>0,E,>0,V>0,
. . E-V E
V(potential barrier) decreases the total energy (E) by V. Pu = l C l pr = TO
ctt WIE=VI>Ey [E=VP=Ef+pice  (WE>V EoV>E B =Ef> )
1 12— R2 2.2 T Px
Pur [E— V%= VZE(ZJ (E—=V)*=E§ + pxc E V—E0+2m atv<c
P Y (QE<V V-E>E, E+E <V
X 2
d Px
- = _ih— V — E)?= E2 + p2c? —-E= = atv<
‘px_ |E-V| v Dy lhax ( ) 5 +pscc V—E E0+2m atv« c
c c
cttBIE-VI<E, |[E-V|]*?=E;—-p2c® ((WE>V E-V<E, Eg=E—Ey<V
2
Pu |E-V|? = 1 S E3 (E —V)*= E§ — p2c? E—V=Eo—2p—;l atv<ec
Pt \'%
ix 1+C_2 (2)E<V V—-E<E, E+Ey>V
| ip,= EALN 239 w-EY=E}-pic? V—E=E0—ﬁ atv< ¢
x c < Px dx  idx 2m
(OIE-VI=E, py=0 DPu =Dt (WE>V E—-V=E, E;=E—E,=V
Rest particle (QE<V V-E=E, E+E =V
Fig. 20. The Klein-Gordon equation with the potential barrier is solved.

ctt WIE-VI>E, W(x) = AetPxx/t (JE>V E;=E—E;>V ptij(t) :2 (Pa—pHY(t, %)
= - _ —(E—E,— - Px
Po 7 Px=y2mo(Es —V)  (Es—V)¥(X) = (E —E, —V)¥(x) = 2my Y atv<c
Pt py=y2mo(V —E ) Ey) (2QE<V  E+E,<V , pEw(t) = (p3— p2)W(t, %)
. [E-V| v X Px = _iha V-E-E)¥x = 21;;; Yx) atv«ec
= E-V 0
T o ¢ Do = | - L, = — W) = AeUEVIn/h  W(p) = Ae~iEot /h
ct 1 BNE=VI<Ey oy pppam  (ME>V Eg=E-E <V PE¥® = ®f+pp¥(t,9
p?
?tl pe Px=v2mo(V — E) (Es—V¥E) = (E - Ey - VYK = _Z—quJ(X) atv< c
: X, pe=y2mo(E + B —V) QVE<V E+E >V  piw(D) = (0f+p)¥(t,x)
ip, = LEVI IV 9 9 p?
x_l Cl c ip;f:—iha:hﬁ (V—E—EO)‘P(X)=—2mO‘P(X) atv< ¢
E-V .
Pu="— pe = TO W(x) = AePI@/M () = Ae~UE-VI/h  W(t) = Ae~iEot /h
G (OIE-VI=E P =A (WE>V E-V=E, E=E-E, =V
— Rest E)article QE<V V—E=E, E+E =V
X Px=0
Fig. 21. The Klein-Gordon equation with the potential barrier is solved. The plane
wave functions are shown based on the 4-D Euclidean space.

5. Klein-Gordon and Schrodinger equations with the potential barriers and Klein paradox

The continuity equations of the Klein-Gordon, Dirac and Schrodinger equations are derived in
section 2. In this section, the Klein-Gordon and Schrodinger equations with the potential barriers
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of V are solved. For the simplicity, only the positive energy states (E>0 and Eo>0) are considered
in solving those equations in Figs. 20 - 24. The solutions for the positive energy states (E>0 and
Eo>0) can be easily extended to the negative energy states (-E<0 and -Eo<0). In Fig. 24, the Klein
paradox is explained based on the 4-D Euclidean space.

The potential barrier energy decreases the total energy by V > 0. Therefore, E is replaced with |E-
V|. There are 5 cases of (A1) E-V > Eo, (A2) V- E >Eo, (B1) E-V <Eo, (B2) V-E<Eoand (C)
V - E=EoinFigs. 20 and 21. Al and A2 cases have the energy that is increased from the rest mass
energy by the equation of |E —V|? = 1‘,2 E2. This means that the length of the particle is

c2

Ax3. It is because the energies are the 4-D volumes of |E-

1

1V
CZ

V| = cAtAV and Eo = cAtAVo. Here AV is the space volume of the particle. The Al and A2 cases

are given by the real Ax and v numbers along the real x axis because the rest mass energy is
conserved as the constant minimum energy of the particle and meets the equation of (E — V)2 =

expanded by the equation of Ax? =

E=mc% Eg=mec®, t=9t, E>0, E,>0, t:absolute time, t;: relative time

E Eo E v
V=0 Puz, Pe=, pe=_- EP=Ef+pic ph=pitpi

1
ct WE>E >0 g2 7 E3 Es=E—E >0  p¥(t) = (pi—pH¥(t,x)
1-¥ 2
Pua c? E¥Y(x) = (E — E))¥(x) = Px Y(x) atv<c
Pt i d Zmo
=—ih— .
‘/ ; X Dx dx LI"(X) = AelPxx/h pxzm
x
E;=E—E, E>V E+E, E<V
E Al
¢t V+Ep a1 B2 o
= - €1 v e 4
€2 V—E, B1 D |A2| D
D D
D a2 D V —E,
0 Potential ~ X1X7X3 0 Potential 0 Potential
barrier barrier barrier
For the massive particles Schrodinger equations

Fig. 22. The Klein-Gordon equation with the potential barrier is solved.

E§ + p2c?. Then the space momentum is the real space momentum of p,= £V ;V But the B1 and

B2 cases have the energy that is decreased from the rest mass energy by the equation of |E — V|? =
L E2. This means that the length of the particle is contracted by the equation of Ax? = —— Ax2.

v2 V2
% 1+C_2
It is because the energies are the 4-D volumes of |[E-V| = cAtAV and Eo = CAtAVo. Here AV is the
space volume of the particle. The B1 and B2 cases are given by the imaginary iAx and iv numbers
along the imaginary ix axis because the rest mass energy is conserved as the constant minimum

energy of the particle and meets the equation of (E — V)? = EZ — p2c?. Then the space momentum

. L . IEZV| iv
is given as the imaginary space momentum of ip,= —

1+
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The plane space wave functions of the Al and A2 cases are W(x) = Ae'Px*/" The plane space
wave functions of the B1 and B2 cases are W(x) = Ae((Px)(X)/h = pAp=PxX/h The C case is for the
rest particle with px = 0. The D case in Fig. 22 is for the particle without the potential barrier.
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Fig. 24. The Klein-Gordon equation with the potential barrier is solved. The
Klein paradox is explained by using the P4 symmetry. The 4-D momenta
(energy and space momenta) defined in Fig. 2 are conserved for the pair
production of the e and e* pair under P4=T:P=TCP symmetry.
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In Figs. 22 and 23, the total six cases of Al, A2, B1, B2, C and D are graphically compared. In
Fig. 23, the Al and B1 cases with the potential barriers are solved. Note that the rest mass energy

. . . . 1
of Eo is always included. The energy expansion (increase) of E — V = \/iEO = yE, and energy
c2
1

—=Eo = vcEq are observed for the Al and B1 cases, respectively. To
1+

explain the energy contraction for the B1 case, the imaginary concept is introduced for the x, v and
px values. Therefore, the ix, iv and ipx values are used for the B1 case. In Fig. 24, the A2 and B2
cases with the potential barriers are solved. In Fig. 24, the electron current is considered for the
easy explanation. The electrons with the input coefficient (I = 1) have the reflection coefficient (R)
and transmission coefficient (T). Then 1 =1 =R + T for the weak potential barrier. The electrons
can exist within the potential barrier of V and go through the potential barrier of V as shown in
Fig. 24. Inthiscase, | =1, R+ T=1 R<1and T <1 as expected. There are no problems with
these solutions. For the strong potential barrier of V, R =1 and T = 0 are expected. Butthe R > 1
and T # 0 are the calculated results. Even the current density (Jr) of the transmission (T) has the
negative x direction. This is called as the Klein paradox [15-19]. The Klein paradox has been
explained by using the pair production of the electron and positron at the front border of the
potential barrier of V [15-19]. In this explanation, Klein paradox has supported the Feynman -
Stueckelberg interpretation that the positron with the positive energy (E>0) and forward time
direction (t>0) is the same as the electron with the negative energy (-E) and backward time
direction (-t) because of the (-E)(-t) = (E)(t) relation. But in the present TQSM model, the P4 = TP
symmetry is applied for the explanation of the Klein paradox in Fig. 24. In other words, the pair
production of the electron with the positive energy and positron with the negative energy takes
place at the front border of the potential barrier of V under the 4-D momentum conservation
(energy and momentum conservations) with the 4-D P4=Tc.P=TCP symmetry. In Fig. 24, the
positrons make the transmission coefficient of T. Tthe positrons with the negative energy are
moving along the negative time (-t < 0) direction and positive space (x > 0) direction in Fig. 24.
The positrons with the negative energy move on the 4-D Euclidean space with x > 0 and -t < 0.
Therefore, the Ax > 0 and Ati < 0. The particle velocity of v is v = Ax / Ati < 0. However, the space
momentum is px > 0 and the positron current density is Jr < 0 as shown in Figs. 1, 19 and 24. The
negative positron current density means the positive space momentum in the negative energy
coordinates as shown in Figs. 1, 19 and 24. This is what the calculations of the Klein paradox show
in Fig. 24. The Klein paradox can be explained by using the 4-D P4 = TCP = T.P symmetry.

contraction of E -V =

The potential barrier at the rest state has the positive potential energy of V in Fig. 24. The potential
energy is the rest mass energy of the potential barrier. Therefore, the potential barrier has the
positive time momentum of p: = V/c along the ct axis. The reflected electrons have the positive
time momentum of pt = Eo/c along the ct axis in Fig 24. The transmitted positrons have the negative
time momentum of -p=-Eo/c along the -ct axis. Therefore, the potential barrier and reflected
electrons with the positive time momenta and the transmitted positrons with the negative time
momentum should be separated toward the opposite time direction as shown in Fig. 24.

6. Summary

In the standard model (SM) the Klein-Gordon, Dirac and Schrodinger equations have been used
based on the 4-D Minkowski space with the relative time. The negative energy solutions of these
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equations are used to make the definition of the antiparticle with the positive energy and the
forward time direction. Then it is proposed from the Feynman - Stueckelberg interpretation that
the positron with the positive energy (E>0) and forward time direction (t>0) is the same as the
electron with the negative energy(-E) and backward time direction (-t) because of the (-E)(-t) =
(E)(t) relation. Often this concept of the antiparticle like the positron has been applied in the
Feynman diagram. As one of many general applications, the relation of the nonlinear Klein-Gordon
equation and the symmetron or chameleon was recently published [29].

In the present 3-D quantized space model (TQSM) [28], the Klein-Gordon, Dirac and Schrodinger
equations are developed on the 4-D Euclidean space with two times of the absolute time (t) and
relative time (ti). The negative energy solutions of these equations support the existence of the
antiparticles with the negative energies (-E < 0) and negative time direction (-t < 0) in Figs. 1 and
19. The positive energy solutions and negative energy solutions of the Klein-Gordon and Dirac
equations show the 4-D P4 = TCP = TP symmetry. Based on these concepts, the plane wave
functions are derived, and several examples are explained. Those examples include the big bang

event, dark energies and Klein paradox. The plane field wave functions for the photons are derived
0% _ o%
c292t; 92x
€(t;, x) = A(t;, x)e ' Ea=PxX)/h for the electric or magnetic fields. The photon momentum along
E V2ZE _E - . .
thlf = 5. =2 = Px = pcin Fig. 7. The effective velocity ( cefr =
V2 ¢) and effective energy (Ea=v2E) along the relative time axis (cu) give the relative time
Eqy _ V2E _ E

momentum of pu = = == Pht=bx This indicates that the photons with the energy of E
eff

have the constant photon velocity of ¢ and the constant photon momentum of pa =

from

by assigning the effective photon energy and effective photon velocity.

the relative time axis is pu =

Eq _ V2E _
Ceff Ve

% = p; = py ON the 4-D Euclidean space. For the massive particles, Et; = pg; - ct, = (p; + Dy)
(ct+X) = Egt + pyx . And the obtained plane wave function is W(t) = A(t)e Eot/h =
W(t,x) = A(t, x)e tEL=PxX)/M For the negative energy particles, it is thought that the space
momentum directions are opposite to the particle velocity directions because the energy is negative
in Figs. 1 and 19.

The continuity equations of %p = —F - J are derived for the Klein-Gordon, Dirac and Schrodinger

equations based on the 4-D Euclidean space. The Klein-Gordon and Schrodinger equations with
the potential barriers are solved by using the 4-D P4 = TCP = TP symmetry and 4-D Euclidean
space. Within the potential barriers, the particles experience the particle energy expansion
(increase) or particle energy contraction (decrease). The particle energy expansion is connected to
the real space axis (x) and real space momentum (px). And the particle energy contraction is
connected to the imaginary space axis (ix) and imaginary space momentum (ipx). The Klein
paradox is explained by using the 4-D P4 = TCP = TcP symmetry. The Klein paradox is explained
by the pair production of the electron with the positive energy (E>0) and positive time direction
(t>0) and the positron with the negative energy (-E<0) and negative time direction (-ti<0). The 4-
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D momenta (energy and space momenta) defined in Fig. 2 are conserved for the pair production
of the e and e" pair under P4=T.P=TCP symmetry in Fig. 24. The potential barrier and reflected
electrons with the positive time momenta and the transmitted positrons with the negative time
momentum should be separated toward the opposite time direction as shown in Fig. 24.

And the matter collapse to the photons at the very high particle velocity is discussed from the
length expansion. The reason why the gamma ray burst (GRB) takes place has not been well
understood. The origin of the gamma ray burst is the challenging research topic in the theoretical
point of view. In the present work, for the first time it is proposed that the gamma ray burst is
originated from the matter collapse to the photons near the black hole in Fig. 5. The matters are
falling and swirling toward the black hole by the strong gravitational force as shown in Fig. 5.
Then the velocity of the matters is very rapidly increasing. Then, the velocity of the matters is
close to the photon velocity near the black hole. Then at the very high velocity, the matters are
collapsing to the photons without the gravitational force with the black hole as shown in Fig. 5.
Then the strong gamma rays are emitted to make the gamma ray burst. The gamma ray burst takes
place for the very short period because the whole matters are rapidly collapsed to the photons for
the very short time. In other words, this successful explanation of the gamma ray burst supports
the matter collapse to the photons. Also, the wave function collapse is explained from the length
expansion. It is concluded that the wave function collapse takes place when the measurement
makes the particle velocity to be zero.
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