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Abstract

The problem of the reason of physical motion needs a review in the
framework of quantum theory. The Aristotle’s mistake, Galileo-Newton
progress, Einstein physical geometry established the fundamental role of
the spacetime geometry in the motion of fields and bodies. Quantum
theory poses a new question about the motion of the quantum states
and its reason in the quantum state space. The standard approach of
quantum theory uses so-called method of the classical analogy where the
action functional contains in the additive manner three terms: matter
(free particles) + free fields + interaction term. Such approach leads to the
quantum state space as some space of functions defined on the spacetime.
I think if one try to understand the peculiarity of the self-interacting
quantum particles together with its “field shell” then the classical scheme
should be replaced. Then the role of the spacetime should be revised: the
space of the unlocated pure quantum degrees of freedom and its geometry
will play the fundamental role and the local dynamical spacetime arises as
representation of the internal quantum motions (inverse representation).

I will discuss in this work a small but important change in the formu-
lation of the field equations for the energy-momentum, orbital momentum
and kinetic momentum of the self-interacting electron.

Keywords: Quantum relativity, gauge fields, dynamical spacetime, field equa-
tions, boundary conditions, absolute quantum motion.

1 Introduction

The old Poincaré idea on hypothetical stretches preventing the electron from
the flying apart is alive. This way would be successful if the electron stability
naturally connected with instability of the second and third lepton generations
(muon and tauon).

I propose in this article a modified dynamical mechanism of the EM-like
“field shell” creation by the quantum electron. Attempts to use the affine gauge
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potential in the complex projective state space CP (N − 1) of the pure quan-
tum degrees of freedom is known [5, 4, 9, 8, 7, 6] but the robust result was
not achieved. Now I think the approach that I will discuss here will be pro-
lific for future development. Namely, the role of the Jacobi field was clear
for me as necessary element capable naturally involve the curvature of the
CP (N − 1) in the new quantum field dynamics [8] but there were difficulties
with some technical details. The simple redefinition of the tangent vector field
T i = P σΦiσ + J i⊥ = P i + J i⊥ instead of the old one P i = P σΦiσ serves as

tangent vector to geodesic T i = dπi

dS = λJ i‖ so that the covariant derivative of
both sides vanishes identically. Such definition intended to give rise to the com-
pensation of the divergency of the geodesics in the vicinity of the “north pole”
(π1 = π2 = π3 = 0) of the CP (3) and the electron stabilization by the gauge
field PαΦiα. One may think that the electron charged by the divergency of the
transversal Jacobi field J i⊥ of the geodesic variations in CP (3) “inflating” it due
to the affine connection

Γikl =
1

2
Gip

∗

(
∂Gkp∗

∂πl
+
∂Gp∗l
∂πk

) = −δ
i
kπ

l∗ + δilπ
k∗

1 +
∑ |πs|2 , (1)

and stabilized by the compensation field P σΦiσ from the AlgSU(4) so that their
sum is proportional to the longitudinal Jacobi field and, hence, to the velocity
dπi

dS = λJ i‖ of the geodesic motion of the unlocated quantum state (UQS).

2 The fundamental role of the state space

Inertial motion does not requires some reason - it is simply exists in Nature
at least in a good approximation, such is the postulate of the classical physics.
More precisely, one may think that probably there are some reasons but they
are unknown or not interesting for us. Einstein attempting to reject the prefer-
ence of the inertial systems over accelerated frames explained why the classical
formulation of the inertia principle is not satisfying [1, 6]. Quantum physics
formally took into account the Poincaré symmetry but it faces with essential
difficulties [3] that rooted in basic foundations of two theories [2]. Now we
should return to the problem of the inertial motion of a single “elementary”
quantum particle like electron.

I have wrote that acceleration is only an “external” exhibit of the non-inertial
motion: the deformation of a body or internal quantum states is most deep
result of the interaction [6]. The quantum version of the classical gauge theory
of the finite deformations of the “unlocated shape” of a body is interesting for
us [10, 8, 7, 6, 5, 4].

Attempt to find the “peaceful coexistence” of relativity and quantum laws
in the manner of the intrinsic unification, i.e. starting from the pure quan-
tum degrees of freedom was called “Quantum Relativity” [5, 4]. Such intrinsic
unification of the quantum theory and relativity is possible only on the way
of the serious deviation from traditional assumptions about a priori spacetime
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structure and the Yang-Mills generalization of the well known U(1) Abelian
gauge symmetry of the classical electrodynamics. More general gauge theory
should be constructed as the quantum version of the gauge theory of the de-
formable bodies - the gauge theory of the deformable unlocated quantum states
(UQS’s). This means that localization of quantum state is achievable in a func-
tional space since the distance between quantum states is strictly defined value
whereas the distance between bodies (particle) is an approximate value, at best
[8, 7, 6, 5, 4]. Thereby, all well known solid frames and clocks even with the cor-
rections of special relativity should be replaced by the flexible and anholonomic
quantum setup. The Yang-Mills arguments about the spacetime coordinate de-
pendence of the gauge unitary rotations should be reversed on the dependence
of the spacetime structure on the unholonomy of the gauge transformations of
the flexible quantum setup.

The appearance of the geometric gauge fields is the well known phenomenon
in the wide area of the “geometric phase” [11, 10]. These fields frequently
connected with some a singularity of the mapping. But the fundamental physical
fields cannot have a singular source. I try connect EM-like field of the quantum
electron with the curvature of the coset sub-manifold of the unitary group acting
on the space of the unlocated quantum states.

There is an obvious fact: trajectory of classical particle in spacetime is merely
an idealization as well as “free field configuration”. Therefore the independent
variation of such classical elements as trajectories or potentials is an approximate
too. Only internal pure quantum degrees of freedom common for the quantum
“gauge fields” and the “fields of matter” subject to the independent variations.
Variation of the UQS’s should lead to the “field particle”, i.e. to the quantum
particle together with its “field shell”. There is no the classical separation of the
“particle motion” and the “field equations” under the independent variations of
the particle trajectories and potentials.

3 Quantum Relativity

The principle of Quantum Relativity (QR) assumes the invariance of physical
properties of “quantum particles” i.e. their quantum numbers like mass, spin,
charge, etc. in any conceivable quantum setup or ambient. Such invariance may
be lurked, say, behind two amplitudes |Ψ1 >, |Ψ2 > in two different quantum
setups S1 and S2. The invariant content of these properties will be discussed here
under the infinitesimal variation of the “flexible quantum setup” described by
the amplitudes |Ψ(π, P ) > due to a small variation of the boson electromagnetic-
like field P σ(π) treated as the set of the scalar functions relative πi coordinates
in CP (N − 1). The DST dependence of P σ(π) will be established after the
separation of the shifts, boosts and rotations in the manifold of the SU(N)
generators.

The mathematical formulation of the QR principle is based on the similarity

of any physical systems which are built on the “elementary” particles. This
similarity is obvious only on the level of the pure quantum degrees of freedom
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of quantum particles. Therefore, all “external” details of the “setup” should be
discarded as non-essential and only the relations of components of the “unitary

spin” like (π1 = ψ2

ψ1 , ..., π
N−1 = ψN

ψ1 ) should be taken into account. These rela-

tions will be assumed Lie-dragged during global unitary transformations in CN

and they are taken as the local projective coordinates in the complex projective

Hilbert space CP (N−1). One may think about these coordinates as parameters
of the “shape of quantum particle” in the spirit of the [10]. On the other hand,
the local projective coordinates πi in CP (N − 1) taking the place of the “basic
particles” like “goldstone bosons” in the method of the phenomenological La-
grangians [13] and the Jacobi fields serve as the source of the EM-like fields in
the DST due to the affine gauge potential in CP (N − 1).

4 The coset state space, deformation of quan-

tum state

The fundamental quantum degrees of freedom like spin, charge, hyper-charges,
etc., are common for gauge and matter fields. These fundamental quantum
motions take the place in the manifold of the UQS’s which described by the
rays of states |ψ >∈ CN of the “unitary spin” S : 2S+1 = N . Physics requires
to use in this background the local coordinates of UQS’s and the state-dependent
generators of the unitary group G = SU(N) [19]. This nonlinear representation
of the SU(N) group on the coset manifold G/H = SU(N)/S[U(1) × U(N −
1)] = CP (N − 1) is primary and this is independent on the spacetime manifold.
The last one should be introduced in a special section of the fiber bundle over
CP (N − 1) [8, 7, 6, 5, 4]. The breakdown of the global SU(N) symmetry down
to the isotropy subgroup H|ψ> = U(1)× U(N − 1) of the some quantum state
|ψ > has natural geometric counterpart in CP (N − 1).

The coset manifold G/H|ψ> = SU(N)/S[U(1)×U(N−1)] = CP (N−1) con-
tains locally unitary transformations deforming “initial” quantum state |ψ >.
This means that CP (N − 1) contains physically distinguishable, “deformed”
quantum states. Thereby the unitary transformations from G = SU(N) of the
basis in the Hilbert space may be identified with the unitary state-dependent
gauge field U(|ψ >) that may be represented by the N2 − 1 unitary generators
as functions of the local projective coordinates (π1, ..., πN−1) [8]. This manifold
resembles the “shape space” of the deformable body [10, 8, 7, 6, 5, 4]. But now
it is the manifold of the deformed physically distinguishable UQS’s, i.e. the
geometric, invariant counterpart of the quantum interaction or self-interaction.
Then the classical acceleration is merely an “external” consequence of this com-
plicated quantum dynamics in the some section of the frame fiber bundle over
CP (N−1). The local dynamical variables (LDV’s) are new essential elements of
the new quantum dynamics [19]. They should be expressed in terms of the local
coordinates πk of UQS’s. Thereby they will live in the geometry of CP (N − 1)
with the Fubini-Study metric tensor

Gik∗ = (1/κ)[(1 +
∑

|πs|2)δik − πi
∗

πk](1 +
∑

|πs|2)−2, (2)
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where κ is holomorphic sectional curvature of the CP (N − 1) [12]. The contra-
variant metric tensor field

Gik
∗

= κ(δik + πiπk∗)(1 +
∑

|πs|2), (3)

is inverse to the Gik∗ thereby

Gik∗G
i∗q = δqk. (4)

The flexible quantum setup inherently connected with local projective coor-
dinates will be built from so-called LDV’s [19]. These LDV’s realize a non-linear
representation of the unitary global SU(N) group in the Hilbert state space CN .
Namely, N2 − 1 generators of G = SU(N) may be divided in accordance with
the Cartan decomposition: [B,B] ∈ H, [B,H ] ∈ B, [B,B] ∈ H . The (N − 1)2

generators

Φih
∂

∂πi
+ c.c. ∈ H, 1 ≤ h ≤ (N − 1)2 (5)

of the isotropy group H = U(1) × U(N − 1) of the ray (Cartan sub-algebra)
and 2(N − 1) generators

Φib
∂

∂πi
+ c.c. ∈ B, 1 ≤ b ≤ 2(N − 1) (6)

are the coset G/H = SU(N)/S[U(1) × U(N − 1)] generators realizing the
breakdown of the G = SU(N) symmetry. Notice, the partial derivatives are
defined here as usual: ∂

∂πi = 1
2
( ∂
∂ℜπi − i ∂

∂ℑπi ) and
∂

∂π∗i = 1
2
( ∂
∂ℜπi + i ∂

∂ℑπi ).
Here Φiσ, 1 ≤ σ ≤ N2 − 1 are the coefficient functions of the generators

of the non-linear SU(N) realization. They give the infinitesimal shift of the
i-component of the generalized coherent state driven by the σ-component of the
unitary field exp(iǫλσ) rotating by the generators of AlgSU(N) and they are
defined as follows:

Φiσ = lim
ǫ→0

ǫ−1

{

[exp(iǫλσ)]
i
mψ

m

[exp(iǫλσ)]
j
mψm

− ψi

ψj

}

= lim
ǫ→0

ǫ−1{πi(ǫλσ)− πi}, (7)

[8].

5 Does the dynamical instability of the Jacobi

field generate mass, electric charge and spin?

My fundamental assumption is that the physically essential deformation of the
internal quantum state is the process of motion of UQS along the geodesic in
CP (N − 1). Then the very narrow class of deformations is the class of the
geodesic-to-geodesic variations associated with the Jacobi fields. One may look

5



on the dynamical problem from the point of view of the “the control opti-
mization” where unitary field SU(N) of the chiral type rotates the local frame
in AlgSU(N) so that UQS moves along geodesic in CP (N − 1) with variable
energy-momentum in the flexible 10D DST (a la S. Dali “The Persistence of
Memory”).

I propose the dynamical model of the electric charge as the consequence of
the dynamics of UQS of the electron. The Jacobi equation for the geodesic in
CP (N − 1) looks as follows:

d2J i

dS2
+ 2Γikl

dJk

dS

dπl

dS
+Riklm∗Jk

dπl

dS

dπm
∗

dS
= 0, (8)

where dS2 = Gik∗dπ
idπk

∗

. This equation being written in the reference frame
parallel transported along geodesic has very simple solutions [14]. The parallel
transported functional reference frame is an analog of the “freely falling down”
system. But such orthogonal reference frame sharply differs from the reference
frame dictated by physics. For self-interacting quantum electron the reference
frame in CP (3) was built from the LDV’s vector fields associated with the four
Dirac matrices from AlgSU(4) responsible for shifts in the DST and six matrices
responsible for the boosts and rotations in 10D DST. Totally eleven λ- matrices
of AlgSU(4) from the fifteen 15 have been used. Last investigation shows that
our field equations for momentum, angular momentum, and kinematic momen-
tum should be reformulated in following manner. The requirement is as before:
the tangent vector to the curve in CP (3) should be parallel transported, i.e.
the the curve should be geodesic in the CP (3) but the velocity of the traversing
should be variable. In order to obey this condition I define new vector field

T i = P σΦiσ + J i⊥ = λJ i‖. (9)

so that P σΦiσ compensate the instability of J i⊥ as seen from Jacobi equation
(8) [14]. Then one has the identically

T i;k = [P σΦiσ + J i⊥];k = λ[J i‖];k = 0. (10)

This procedure introduces a modified affine gauge field with variations in the
DST instead of the transition to the parallel transported frame. The Jacobi
equation in such frame has the narrow class of geodesic traversing with a con-
stant velocity. The original equation (8) describes more general Jacobi fields
with longitudinal and transversal variations of the traversing speed.

Let me take the typical geodesic line in CP (N − 1) in terms of the local
coordinates πi;

πi =
f i

g
tan gτ (11)

where g =
√

∑s=N−1

s=1 |f s|2. Along such the geodesic one has following expres-

sions for affine connection

Γikl =
1

2
Gip

∗

(
∂Gkp∗

∂πl
+
∂Gp∗l
∂πk

) = −δ
i
kπ

l∗ + δilπ
k∗

1 +
∑ |πs|2
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= −δ
i
lf
k∗ + δikf

l∗

g
sin gτ cos gτ, (12)

and the curvature tensor

Riklm∗ = κ2(δilGkm∗ + δikGlm∗)

= κ(δilδkm + δikδlm − δilf
k∗fm + δikf

l∗fm

g2
sin gτ2) cos gτ2. (13)

Therefore, second and third terms in the Jacobi equation (8) is as follows:

Γikl
dπl

dτ
= −g tan gτ(δik +

f ifk∗

g2
), (14)

and

Riklm∗

dπl

dτ

dπm∗

dτ
= κg2(δik +

f ifk∗

g2
). (15)

One has the second order linear homogeneous differential equation

d2J i

dτ2
− 2g tan gτ (δik +

f ifk∗

g2
)
dJk

dτ
+ κg2(δik +

f ifk∗

g2
)Jk = 0. (16)

Taking for simplicity the set (f1 = 1, f2 = f3 = 0) one get the three equations

d2J1

dτ2
− 4 tan gτ

dJ1

dτ
+ 2κJ1 = 0,

d2J2

dτ2
− 2 tan gτ

dJ2

dτ
+ κJ2 = 0,

d2J3

dτ2
− 2 tan gτ

dJ3

dτ
+ κJ3 = 0. (17)

The general solutions of these equations are as follow:

J1 = C1 cos(τ)
−3/2P (

√
2κ+ 4− 1/2, 3/2, sin(τ))

+C2 cos(τ)
−3/2Q(

√
2κ+ 4− 1/2, 3/2, sin(τ)),

J2 = C3 cos(τ)
−1 sinh(

√
−1− κτ)) + C4 cos(τ)

−1 cosh(
√
−1− κτ)),

J3 = C5 cos(τ)
−1 sinh(

√
−1− κτ)) + C6 cos(τ)

−1 cosh(
√
−1− κτ)), (18)

where P (
√
2κ+ 4−1/2, 3/2, sin(τ)), Q(

√
2κ+ 4−1/2, 3/2, sin(τ)) are the asso-

ciate Legendre functions of the first and the second kinds. It is clear that more
complicated choice for the complex velocity traversing of the basic geodesic
(f1, f2, f3, ..., fN−1) gives more complicated solutions. Such solutions should
be included in the equations (10).

6 How the field motions in DST created by the

UQS motions in CP (3)?

The old problem of the accelerated charged particle is an acute challenge for
QFT, high energy physics, and for the theory of elementary particles. The
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problem of the self-interaction and, hence, self-acceleration must be formulated
now in terms of the internal QDF’s.

I assumed that the reason of the inertial motion of the self-interacting elec-
tron may be described by the internal motions of the QDF’s in CP (3). This
means that dynamical shifts, rotations and boosts may be represented by the
Poincaré generators expressed as the special linear combinations of the Lie
derivatives of the local projective coordinates (π1, π2, π3) in the directions given
by the Dirac matrices in the Weyl representation and the six additional ma-
trices of AlgSU(4). This construction is most transparent for the fundamental
fermion like the electron. More general case of higher dimension should be
discussed elsewhere. Probably, after all it is possible to identify the quantum
electron itself together with its “field shell” with dynamical shifts, rotations and
boosts in the intriguer manner: vector fields of shifts are identical to the com-
ponents of the energy-momentum plus four-potential, boosts identical to the
components of electric-like field, and rotations identical to the components of
the magnetic-like field. But this possibility requires additional investigation.

I will use the following set of the Dirac matrices

γt =









0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0









, γ1 = −iσ1 =









0 0 0 −1
0 0 −1 0
0 1 0 0
1 0 0 0









,

γ2 = −iσ2 =









0 0 0 i
0 0 −i 0
0 −i 0 0
i 0 0 0









, γ3 = −iσ3 =









0 0 −1 0
0 0 0 1
1 0 0 0
0 −1 0 0









. (19)

Then the corresponding coefficients of the SU(4) generators will be calculated
according to the equation

Φiµ = lim
ǫ→0

ǫ−1

{

[exp(iǫγµ)]
i
mψ

m

[exp(iǫγµ)]
j
mψm

− ψi

ψj

}

= lim
ǫ→0

ǫ−1{πi(ǫγµ)− πi}, (20)

[8] that gives

Φ1
0(γt) = i(π3 − π1π2), Φ2

0(γt) = i(1− (π2)2), Φ3
0(γt) = i(π1 − π2π3);

Φ1
1(γ1) = −i(π2 − π1π3), Φ2

1(γ1) = −i(−π1 − π2π3), Φ3
1(γ1) = −i(−1− (π3)2);

Φ1
2(γ2) = −i(i(π2 + π1π3)), Φ2

2(γ2) = −i(i(π1 + π2π3)), Φ3
2(γ2) = −i(i(−1 + (π3)2));

Φ1
3(γ3) = −i(−π3 − π1π2), Φ2

3(γ3) = −i(−1− (π2)2),Φ3
3(γ3) = −i(π1 − π2π3). (21)

Such choice of the vector fields leads to the “imaginary” basic in local DST
which conserves 4D Eucledian geometry along geodesic in CP (3) for real four
vectors (p0, p1, p2, p3) and correspondingly 4D pseudo-Eucledian geometry for
four vectors (ip0, p1, p2, p3).

The complex DST “tangent vector” in µ direction defines the four complex
shifts in DST that will be introduced as follows:

∂

∂xµ
= Φiµ

∂

∂πi
(22)
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for 0 ≤ µ ≤ 3. In fact one may define the similar “tangent vector” in σ direction

∂

∂xσ
= Φiσ

∂

∂πi
(23)

for 1 ≤ σ ≤ 15 in the space R15 of the adjoint representation of the SU(4).
Thereby, the DST cannot be treated as the “space of events”. It is rather 10-
dimension subspace of the adjoint representation of the SU(4). The quantum
operator of the energy-momentum will be expressed as the shift operator

~Pµ = ih̄
∂

∂xµ
= i

h̄

L
Φiµ

∂

∂πi
. (24)

Now one may introduce six generators of the boosts and rotations started from
the well known definitions in terms of Dirac matrices [15] where I put 1 ≤ α ≤ 3.

Bx = (i/2)γtγx = (i/2)









0 1 0 0
1 0 0 0
0 0 0 −1
0 0 −1 0









,

By = (i/2)γtγy = (i/2)









0 i 0 0
−i 0 0 0
0 0 0 −i
0 0 i 0









,

Bz = (i/2)γtγz = (i/2)









1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 1









,

Rx = (i/2)γyγz = (i/2)









0 i 0 0
i 0 0 0
0 0 0 i
0 0 i 0









,

Ry = (i/2)γzγx = (i/2)









0 −1 0 0
1 0 0 0
0 0 0 −1
0 0 1 0









,

Rz = (i/2)γxγy = (i/2)









i 0 0 0
0 −i 0 0
0 0 i 0
0 0 0 −i









. (25)

Using the modified definition (20) one may find the corresponding coefficient
functions of the vector fields of the Lorentz generators for boosts

Φi(Bα) = lim
ǫ→0

ǫ−1

{

[exp(ǫBα)]
i
mψ

m

[exp(ǫBα)]
j
mψm

− ψi

ψj

}

= lim
ǫ→0

ǫ−1{πi(ǫBα)− πi}, (26)
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Φ1(Bx) =
1

2
(1 − (π1)2),Φ2(Bx) =

−1

2
(π3 + π1π2),Φ3(Bx) =

−1

2
(π2 + π1π3),

Φ1(By) = − i

2
(1 + (π1)2),Φ2(By) = − i

2
(π3 + π1π2),Φ3(By) =

i

2
(π2 − π1π3),

Φ1(Bz) = −π1,Φ2(Bz) = −π2,Φ3(Bz) = 0, (27)

and rotations

Φi(Rα) = lim
ǫ→0

ǫ−1

{

[exp(ǫRα)]
i
mψ

m

[exp(ǫRα)]
j
mψm

− ψi

ψj

}

= lim
ǫ→0

ǫ−1{πi(ǫRα)− πi}, (28)

Φ1(Rx) =
i

2
(1 − (π1)2),Φ2(Rx) =

i

2
(π3 − π1π2),Φ3(Rx) =

i

2
(π2 − π1π3),

Φ1(Ry) =
1

2
(1 + (π1)2),Φ2(Ry) = −1

2
(π3 − π1π2),Φ3(Ry) =

1

2
(π2 + π1π3),

Φ1(Rz) = −iπ1,Φ2(Rz) = 0,Φ3(Rz) = −iπ3, (29)

Thereby, the eight λ-matrices (λ4, λ11), (λ2, λ14), (λ1, λ13), (λ5, λ12) of the
AlgSU(4) were involved in the definition of the shift vector fields associated
with the inertial terms and the four-potentials. It is easy to see that additional
diagonal matrices , (λ3), (λ8), (λ15) must be involved into the boosts

~Bα = Φi(Bα)
∂

∂πi
(30)

and rotations

~Rα = Φi(Rα)
∂

∂πi
. (31)

generators. The commutators of these vector fields may be found in [4].

7 New field equations

In order to find physically acceptable solutions of the equation (10) one needs to
put the gauge and the “boundary” restrictions on meanwhile undefined functions
P σ. It is worse while to recall that EM potential by itself serves as an analog
of the “border” what was initially strange for E. Schrödinger [16]. However,
Schrödinger had known Coulomb potential whereas we need to find more general
solution with inertial term and modified non-singular EM-like potentials.

Our requirement tells that the projection of the trajectory of a single quan-
tum particle onto CP (N−1) should be a geodesic. Hence, the covariant deriva-

tive in the sense of the Fubini-Study metric of the velocity of UQS dπi

dτ should
be zero

(P σΦiσ);k + J i⊥;k =
∂P σ

∂πk
Φiσ + P σ(

∂Φiσ
∂πk

+ ΓiklΦ
l
σ) + J i⊥;k = 0. (32)
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One sees that the dynamical system for non-linear field momentum is self-
consistent since the speed of the traversing the geodesic in CP (N − 1) is not a
constant but a variable value “modulated” by the field coefficients P σ.

In general case of the full Poincaré motions in 10D DST one has the equation

∂Pµ

∂xµ
+ Pµ(

∂Φiµ
∂πi

+ ΓiilΦ
l
µ) +

∂Kα

∂uα
+Kα(

∂Φi(Bα)

∂πi
+ ΓiilΦ

l(Bα))

+
∂Mα

∂ωα
+Mα(

∂Φi(Rα)

∂πi
+ ΓiilΦ

l(Rα)) + J i⊥;i = 0. (33)

with wide class of the TWS’s. The DST argument of the TWS function ξ =
1
h̄qaC

a, (1 ≤ a ≤ 10) will be equal in some approximation to the action invariant
of the single classical material point

S = −aµPµ +
1

2
ΩµνM

µν = const (34)

under the appropriate choice of these constants. The choice of the physically
acceptable solution depends on the formulation of the “boundary problem” in
the functional space over CP (3). It is not formulated yet properly. One may
assume that the “Schrödinger equation” with the relativistic Hamiltonian vector
field

~H = c[PµΦiµ +KαΦi(Bα) +MαΦi(Rα) + J i⊥]
∂

∂πi
+ c.c. (35)

may be used for the eigen-value problem in terms of the PDE for the total
wave function. Then the speed of the UQS components should be satisfied the
following equation of characteristics

dπi

dτ
=
c

h̄
[PµΦiµ +KαΦi(Bα) +MαΦi(Rα) + J i⊥] (36)

where τ is the quantum elapsed time counted from the start of the internal

motion. Such quantum internal motion is absolute even for free quantum elec-
tron. The Hamiltonian vector field leads to the quasi-linear PDE “Schrödinger
equation”

ih̄
dΨ(π, q, p)

dτ
= [cPµΦiµ +KαΦi(Bα) +MαΦi(Rα) + J i⊥]

∂Ψ(π, q, p)

∂πi
+c.c. = E[Ψ(π, q, p)]Ψ(π, q, p), (37)

where the coordinates (p, q) correspond to the shifts, rotations, boosts and gauge
parameters of the local DST, and E[Ψ(π, q, p)] is a functional of the total quan-
tum state. Since the all geodesics in CP (N − 1) are closed and π-periodic the
natural quantization may be applied to the each from the four components of
the total wave function in the areas (U1 : {ψ1 6= 0}, U2 : {ψ2 6= 0}, U3 : {ψ3 6=
0}, U4 : {ψ4 6= 0}).
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8 Conclusion

Intrinsic unification of the relativity and quantum physics requires ultimately
separate the absolute motion of the unlocated quantum states of the pure quan-
tum degrees of freedom in the quantum particles like electron from the “exter-
nal”, even inertial motion.

P. Dirac proposed the dynamical model of the spin-less electron where the
classical Coulomb repulsive force was compensated by the surface tension [17].
In such a model the muon looks as radial oscillations of the electron. The
predicted mass of the muon was about 53me. The modern topological model
of the electric charges was promising but it has obvious difficulties with the
prediction of the mass relations in the lepton generation [18].

In the framework of the Quantum Relativity I discussed a new kind of the
gauge theory of the extended quantum electron. In such theory the origin of
the electric repulsive force is rooted in the affine gauge potential that makes
the “north pole” of the unlocated quantum state space CP (3) unstable for the
ordinary Jacobi vector field. The compensation field stabilizing the electron
from the flying apart was found in the anholonomic frame of the vector fields in
the AlgSU(4). The picture looks as follows: the divergency of the Jacobi field
(proportional to the electric charge) pushes UQS down to the valley of the affine
gauge potential along basic geodesic and three complex coset components of the
compensation field decelerate this motion, the same time nine real components
of the isotropy subgroupH = U(1)×U(3) should lead to the spin of the electron.
Definitely, it is only hope! All equations have the analytic solutions but the hard
problem of the “boundary conditions” in the functional space is the obstacle
for the quantity estimations. But it is clear that the calculation of the “self-
acceleration” and acceleration ∂Pα

m∂x0 may essentially differs from the well known
problematic divergency and the “runaway solution”.

References

[1] A. Einstein, The meaning of relativity, Princeton University Press, Prince-
ton and Oxford, (1922).

[2] G.A. Briggs, J.N. Butterfield and A. Zelliger, The Oxford Questions on the
foundations of quantum physics, Proc. R. Soc. A 2013, 469, (2013).

[3] S. Weinberg, The Trouble with Quantum Mechanics,
https/www.mybooks.com/articles/2017/01/19.

[4] P. Leifer, The Quantum Relativity and Dynamical Spacetime, Prespacetime

Journal, Volume 9 (7), 557-567 (2018).

[5] P. Leifer, The Project of the Quantum Relativity, Prespacetime Journal,
Volume 9 (2), 105-114 (2018).

[6] P. Leifer, The Quantum State-Dependent Gauge Fields of Jacobi, Pres-
pacetime Journal, Volume 7 (8), 1105-1122 (2016).

12



[7] P. Leifer, Gauge Field of the Self-interacting Quantum Electron, Prespace-
time Journal, Volume 6 (2), 108-119 (2015).

[8] P. Leifer, “The relativistic non-linear quantum dynamics from the CP (N−
1) geometry” Recent Progress in Differential Geometry and its Related
Fields, T. Adachi, H. Hashimoto, M. Hristov eds., World Scientific 63-
82,(2013).

[9] P. Leifer, T. Massalha, Field-shell of the self-interacting quantum electron,
Annales de la Fondation Louis de Broglie, Volume 36, 29-51 (2011).

[10] R.G. Littlejohn and M. Reinsch, Gauge fields in the separation of rotations
and internal motions in the n-body problem, Rev. Mod. Physics, 69, No.1,
213-275 (1997).

[11] I.J.R. Aitchison, “Berry phases, magnetic monopoles, and Wess-Zumino
terms or how the skyrmion got its spin”, in Geometric Phases in Physics,
World Scientific. 1989.

[12] Kobayashi S., and Nomizu K., 414, Foundations of Differential Geometry,
V. II, Interscience Publishers, New York-London-Sydney, (1969).

[13] M.K. Volkov, V.N. Pervushin, Essencially non-linear quantum theories,
dynamical symmetries, and meson physics, Moskow, Atomizdat, 235pp
(1978).

[14] Besse A.L., Manifolds all of whose Geodesics are Closed, Springer-Verlag,
Berlin, Heidelberg, New Yourk, (1978).

[15] R.P. Feynman, The Theory of Fundamental Processes, California Institute
of Technology, W.A. Benjamin, Inc., NY (1961).

[16] E. Schrödinger, Four Lectures in the Wave Michanics, (in Russian) Moskow,
Nauka, 273-316 (1971).

[17] P.A.M. Dirac, An extensible model of the electron, Proc. Roy. Soc. A, 268,
57-67 (1962).

[18] M. Faber, Model for Topological Fermions, Few-Body-Systems, 30, (3)
149-186 (2001).

[19] P. Leifer, State-dependent dynamical variables in quantum theory, JETP
Letters, 80, (5) 367-370 (2004).

13


