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The theory of general relativity (GR) [1,2] has successfully built
a relation between the geometry of spacetime and the energy-
momentum tensor of matter. Einstein has extensively quested for
potential unified models of electromagnetism and gravity at a clas-
sical unified field theory and spent the last two decades of his life
to the search for a unified field theory. A scaling gauge symmetry
[3] was proposed by Weyl for an attempt to characterize the elec-
tromagnetism. Kaluza and Klein [4,5] extended the GR to a five
dimensional spacetime for trying to unify the electromagnetism.
The relativistic Dirac spinor theory [6] has remarkably set up a cor-
relation between the dimensions of spacetime and the degrees of
freedom of Dirac spinor, that reflects a geometric coherence of spi-
nor field at a profound level. A modern unified field theory is an
attempt to find out a theory that can unify the four known basic
forces: gravity, electromagnetic, weak and strong. Three of them
have well been described by Abelian and non-Abelian Yang-Mills
gauge fields [7], which lays the foundation of the standard model
(SM) [8–12] within the framework of quantum field theory
(QFT). The discovery of asymptotic freedom [11,12] indicates a
potential unification. The idea of unified theories with enlarged
gauge symmetries was initiated from unifying quarks and leptons
[13] and led to the construction of grand unified theories (GUTs)
SU(5) [14] and SO(10) [15,16] for the electroweak and strong inter-
actions. An enlarged SO(1,13) gauge model [17] was proposed to
unify SO(1,3) and SO(10). The unifying groups SO(1,13) and SO
(3,11) were also motivated to be a gravity GUT model in four
dimensional spacetime [18,19].
Elsevier B.V. and Science China Pr
Inspiring from the relativistic Dirac spinor theory and Einstein
theory of GR as well as GUTs, we are going to present a unified field
theory for all known basic forces and elementary particles. The
construction of the theory is based on the postulate of gauge
invariance and coordinate independence described in Ref. [20]
for a gravitational gauge field theory within the framework of QFT.

By treating all spin-like charges of elementary particles on the
same footing as a hyper-spin charge and expressing the degrees
of freedom of all elementary particles into a single column vector
in a spinor representation of a high-dimensional hyper-spacetime,
we shall be able to establish a coherent relation between the spinor
structure of elementary particles and the dimension of a
hyper-spacetime. A minimal unified spinor field is found to be a
Majorana-type hyper-spinor fieldWðx̂Þ in an irreducible spinor rep-
resentation of a hyper-spin group SPð1;18Þ ffi SOð1;18Þ, which
results in a Minkowski hyper-spacetime with dimension Dh ¼ 19.

For a freely moving massless hyper-spinor field Wðx̂Þ in a Min-
kowski hyper-spacetime, we can write down a self-hermitian
action via a maximal symmetry

IH ¼
Z

½dx̂� 1
2
�Wðx̂ÞCA dMA i@MWðx̂Þ; ð1Þ

with x̂ � xM and A;M ¼ 0;1;2;3;5; . . . ;Dh (Dh ¼ 19). Where
@M � @=@xM is the partial derivative and dMA the Kronecker symbol.
The Latin alphabets A; . . . and those starting from M are used to dis-
tinguish the vector indices in a non-coordinate spacetime and a
coordinate spacetime, respectively. All Latin indices are raised and
lowered by the constant metric matrices, i.e., gAB ¼ diagð1;
�1; . . . ;�1Þ, and gMN ¼ diagð1;�1; . . . ;�1Þ.

The structures of the Majorana-type hyper-spinor field Wðx̂Þ
and the c-matrix CA � ðCa; CA; CmÞ (a ¼ 0;1;2;3; A ¼ 5; . . . ;14;
m ¼ 15; . . . ;Dh) are found to be
ess. All rights reserved.
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Wðx̂Þ ¼

Wðx̂Þ
Wcðx̂Þ
W0ðx̂Þ

�W0cðx̂Þ

0
BBB@

1
CCCA;

Ca ¼ r0 � r0 � I32 � ca;
CA ¼ ir0 � r0 � CA � c5;
C15 ¼ ir2 � r3 � c11 � c5;
C16 ¼ ir1 � r0 � c11 � c5;
C17 ¼ ir2 � r1 � c11 � c5;
C18 ¼ ir2 � r2 � c11 � c5;
C19 ¼ r0 � r0 � I32 � I4;

ð2Þ

with ri (i = 1, 2, 3) the Pauli matrices, r0 � I2; I4 and I32 the unit
matrices. ca and CA are the known c-matrices defined in four and
ten dimensions, respectively. The action Eq. (1) possesses a maxi-
mal hyper-spin symmetry

SPð1;Dh � 1Þ ffi SOð1;Dh � 1Þ; Dh ¼ 19; ð3Þ

with generators RAB ¼ �RBA ¼ i½CA;CB�=4 and RA19 ¼ �R19A ¼
iCA=2; A; B ¼ 0;1;2;3;5; . . . ;18.

The spinors Wðx̂Þ and W0ðx̂Þ are Dirac-type hyper-spinor fields
with their charge conjugated ones Wcðx̂Þ and W0cðx̂Þ defined in the
14-dimensions. They have a general hyper-spinor structure

W � WW þWE � W1 þ iW2; ð4Þ

withWW; E ¼ 1
2 ð1� c15ÞW andWi � WWi þWEi (i ¼ 1; 2).WWi andWEi

are regarded as a pair of mirror hyper-spinor fields referred as west-
ward and eastward hyper-spinor fields. Each westward spinor field
WWi identifies to a family of quarks and leptons in SM
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which is a Majorana-Weyl type hyper-spinor field in 14-dimensions
with 64 independent degrees of freedom. Qa

i ¼ ðUa
i ;D

a
i Þ are the

Dirac spinors of quarks and leptons with a ¼ ðr;b; g;wÞ representing
the trichromatic (red, blue, green) and white colors, and
Qa

ic ¼ ðUa
ic;D

a
icÞ the conjugated ones Qa

ic ¼ C4QT
i with C4 defined in

4D-spacetime. The subscripts ‘‘L” and ‘‘R” in Qa
iL;R denote the left-

handed and right-handed Dirac spinor. Each hyper-spinor field
WWi or WEi satisfies a Majorana-Weyl type condition defined in
the 14-dimensions with a W-parity [21], i.e., Wc

Wi;Ei ¼ C14
�WT

Wi;Ei ¼
c5WWi;Ei and c15WWi;Ei ¼ �WWi;Ei with c15 ¼ c11 � c5.

The action Eq. (1) is invariant under the discrete symmetries:
charge-conjugation C, parity-inversion P and time-reversal T
defined in the hyper-spacetime with dimension Dh ¼ 19. The
hyper-spinor field transforms as

CWðx̂ÞC�1 ¼C19
�WTðx̂Þ ¼ Wðx̂Þ; C�1

19C
AC19 ¼ ðCAÞT;

PWðx̂ÞP�1 ¼P19Wð~xÞ; P�1
19C

AP19 ¼ ðCAÞy;

T Wðx̂ÞT �1 ¼T19Wð�~xÞ; T�1
19C

AT19 ¼ ðCAÞT; ð6Þ

with ~x � ðx0;�x1; . . . ;�x18; x19Þ, and

C19 ¼C2C0C6C8C10C12C14C16C18 ¼ �ir3 � r2 � C14;

P19 ¼C0; T19 ¼ iC1C3C5C7C9C11C13C15C17c19: ð7Þ

A hyper-spinor field equation is obtained from Eq. (1)

CA dMA i@MWðx̂Þ ¼ 0; gMN@M@NWðx̂Þ ¼ 0; ð8Þ
with gMN ¼ diagð1;�1; . . . ;�1Þ. Such an equation leads to a general-
ized relativistic quantum theory for a hyper-spinor field in a glob-
ally flat hyper-spacetime.

In a Minkowski hyper-spacetime, the hyper-spin symmetry SP
(1,Dh � 1) and Lorentz symmetry SO(1,Dh � 1) have to incorporate
coherently. Based on a gauge principle, a fundamental interaction
is postulated to be governed by taking SP(1,Dh � 1) as a local
hyper-spin gauge symmetry. To realize that, it is essential to intro-
duce a bicovaraint vector field v̂M

A ðx̂Þ and a hyper-spin gauge field

AMðx̂Þ � AAB
M ðx̂Þ 1

2RAB. By requiring the theory be invariant under
both global and local conformal scaling transformations, a scaling
scalar field /ðx̂Þ is needed.

With the above consideration, the action Eq. (1) can be
extended to be a gauge invariant one

IH ¼
Z

½dx̂�/Dh�4vðx̂Þ1
2
�Wðx̂ÞCA v̂M

A ðx̂ÞiDMWðx̂Þ; ð9Þ

with iDM � i@M þAM a covariant derivative and vðx̂Þ an inverse of
determinant v̂ðx̂Þ ¼ det v̂M

A ðx̂Þ. Obviously, Eq. (9) has global and local
conformal scaling symmetries S(1) and SG(1), respectively, under
the transformations

x0M ¼ k�1xM; A0
Mðx̂0Þ ¼ kAMðx̂Þ;

W0ðx̂0Þ ¼ k3=2Wðx̂Þ; /0ðx̂0Þ ¼ k/ðx̂Þ:
v̂0 M
A ðx̂Þ ¼ nðx̂Þv̂M

A ðx̂Þ; v0ðx̂Þ ¼ n�Dh ðx̂Þvðx̂Þ;
W0ðx̂Þ ¼ n3=2ðx̂ÞWðx̂Þ; /0ðx̂Þ ¼ nðx̂Þ/ðx̂Þ: ð10Þ

The action Eq. (9) possesses a maximal symmetry

G ¼ Pð1;Dh � 1Þ � Sð1Þ � SPð1;Dh � 1Þ � SGð1Þ; ð11Þ

with Pð1;Dh � 1Þ ¼ SOð1;Dh � 1ÞnP1;Dh�1 a Poincaré symmetry
group in a Minkowski hyper-spacetime.

From Eq. (9), we can derive an equation of motion

CAv̂M
A ðx̂ÞiðDM þ VMðx̂ÞÞWðx̂Þ ¼ 0; ð12Þ

with VM viewed as an induced-gauge field

VMðx̂Þ ¼
1
2
@M lnðv/Dh�3Þ � 1

2
v̂N
BDNvB

M;

DMvA
N ¼ð@M þ @M ln/ÞvA

N þAA
MBv

B
N; ð13Þ

which keeps Eq. (12) be conformal scaling gauge covariance. vA
Mðx̂Þ

defines a dual bicovaraint vector field

vA
Mðx̂Þ v̂M

B ðx̂Þ ¼ gA
B ; vA

Mðx̂Þv̂N
Aðx̂Þ ¼ gN

M: ð14Þ

vA
Mðx̂Þ characterizes a gravitational interaction in the hyper-

spacetime and is referred as a hyper-gravifield.
Eq. (12) realizes a gravitational relativistic quantum theory of a

hyper-spinor field in the hyper-spacetime. A gauge invariant quad-
ratic form is found to be

v̂MNðrM þ VMÞðDN þ VNÞW ¼ RABv̂M
A v̂

N
B 	 ½FMN þ iVMN

� GC
MNv̂P

CiðDP þ VPÞ�W; ð15Þ

with rMDN � DMDN þ CP
MNDP. FMNðx̂Þ;GA

MN and VMN define the field
strengths of the hyper-spin gauge field AMðx̂Þ, the hyper-gravifield
vA
Mðx̂Þ and the induced-gauge field VM, respectively,

FMN ¼@MAN � @NAM � i½AM;AN� � FAB
MN

1
2
RAB;

GA
MN ¼DMvA

N �DNvA
M; v̂MN ¼ v̂M

A v̂
N
Bg

AB;

VMN ¼ð@MVN � @NVMÞ; CP
MN ¼ v̂P

ADMvA
N: ð16Þ
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Let us now apply a framework of gravitational gauge field the-
ory and QFT shown in Refs. [20,21] to build a unified field theory of
all known basic forces and elementary particles. We shall first

define, from a dual basis ðf@Mg; fdxMgÞ of a coordinate system, a
non-coordinate basis via the dual condition

hdvA;ðBi ¼ vA
Mðx̂Þv̂N

B ðx̂Þhdx
M
; @Ni ¼ gA

B ;

dvA � vA
Mðx̂Þdx

M
; ðA � v̂M

A ðx̂Þ@M: ð17Þ

Such a dual basis ðfðAg; fdvAgÞ is referred as a dual hyper-gravifield
basis and its spanned non-coordinate hyper-spacetime is called as
a hyper-gravifield spacetime. Note that such a hyper-gravifield
basis is no longer commutative and satisfies a non-commutation
relation

½ðA; ðB� ¼ f CAB ðC; f CAB � �v̂M
A v̂N

BG
C
MN; ð18Þ

with G C
MN � @MvC

N � @NvC
M. It indicates that the locally flat hyper-

gravifield spacetime is associated with a noncommutative geome-
try. Such a spacetime structure forms a biframe hyper-spacetime.
A biframe spacetime may geomatrically be treated in parallel [22].

With a projection of hyper-gravifield, we are able to construct a
gauge invariant and coordinate independent unified field theory in
the hyper-gravifield spacetime,

IH �
Z

½dv� L ¼
Z

½dv�/Dh�4 1
2
�WCCiDCW

�

� 1
4
½g�2

h ~gCDC0D0

ABA0B0 FAB
CDFA0B0

C0D0 þ WCDWCD�

þ aE/
2 1
4
~gCDC0D0

AA0 GA
CDG

A0

C0D0 � gC
Ag

D
BFAB

CD

� �

þ1
2
gCD�ðC/�ðD/� bE/

4
�
; ð19Þ

with gh, aE and bE the coupling constants. Where AAB
C � v̂M

C A
AB
M ,

WC � v̂M
C WM; iDC � iðC þAC and �ðC/ � ððC � gwWCÞ/. WM is a Weyl

gauge field [3] introduced to characterize a conformal scaling gauge
invariant dynamics of the scaling scalar field /. The field strengths
in the hyper-gravifield spacetime are given by:
FAB

CD � FAB
MNv̂M

C v̂N
D;G

A
CD � GA

MNv̂M
C v̂N

D and WCD � WMNv̂M
C v̂N

D with
WMN ¼ @MWN � @NWM.

The tensor ~gCDC0D0

ABA0B0 takes the following structure to achieve a gen-
eral conformal scaling gauge invariance,

g

CDC0D0

ABA0B0 �
1
4
f½gCC0gAA0 ðgDD0

gBB0 � 2gD
B0gD0

B Þ

þ gðC;C0$D;D0Þ� þ gðA;A0$B;B0 Þg

þ 1
4
aW f½ðgC

A0gC0
A � 2gCC0gAA0 ÞgD

B0gD0

B

þ gðC;C0$D;D0Þ� þ gðA;A0$B;B0 Þg

þ 1
2
bW f½ðgAA0gCC0 � gC0

A g
C
A0 ÞgD

Bg
D0

B0

þ gðC;C0$D;D0Þ� þ gðA;A0$B;B0 Þg; ð20Þ

with two coupling constants aW and bW. The tensor factor ~gCDC0D0

AA0

acquires the following structure to arrive at a general hyper-spin
gauge symmetry

~gCDC0D0

AA0 � gCC0
gDD0

gAA0 þ gCC0 ðgD
A0gD0

A � 2gD
Ag

D0

A0 Þ þ gDD0 ðgC
A0gC0

A � 2gC
Ag

C0

A0 Þ:
ð21Þ

When projecting Eq. (19) into the hyper-spacetime via the
hyper-gravifield vA

M, we arrive at a gauge invariant unified field
theory within the framework of QFT,
IH �
Z

½dx̂�v 1
2
�WCAv̂M

A ði@M þ ghAMÞW
�

þ /Dh�4 �1
4
ð~vMNM0N0

ABA0B0 FAB
MNFA0B0

M0N0 þ WMNWMNÞ
�

þ aE/
2 1
4
~vMNM0N0

AA0 GA
MNG

A0

M0N0 þ 1
2
v̂MNdM/dN/

�bE/
4�	þ 2aEgh@Mðv/Dh�2ANM

N Þ; ð22Þ

with the field strength and tensors defined as

GA
MN ¼ @̂MvA

N � @̂NvA
M; @̂M � @M þ @M ln/;

~vMNM0N0

ABA0B0 � v̂M
C v̂N

Dv̂M0

C0 v̂N0

D0 ~gCDC0D0

ABA0B0 ;

~vMNM0N0

AA0 � v̂M
C v̂

N
Dv̂

M0

C0 v̂N0

D0 ~gCDC0D0

AA0 ; ð23Þ

and dM/ ¼ ð@M � gwWMÞ/. A redefinition for the hyper-spinor field
W ! W=/ðDh�4Þ=2 and hyper-spin gauge field AM ! ghAM has been
made. The last term in Eq. (22) reflects a surface effect with
ANM

N � v̂N
A v̂M

B A
AB
N .

Note that it is the tensor structure ~gCDC0D0

AA0 that leads gravita-

tional mass-like terms of the hyper-spin gauge field AAB
M to be

absent from the action Eq. (22). The field strength GA
MN that

describes a gauge gravitational interaction corroborates a gauge
gravity correspondence.

Eq. (22) has in general an enlarged local symmetry,

GMS ¼ GLðDh;RÞ � SPð1;Dh � 1Þ � SGð1Þ; ð24Þ

with GL(Dh,R) viewed as a hidden general linear group symmetry,
which lays the foundation of Einstein’s GR in four dimensions. Such
a symmetry emerges due to the fact that all gauge field strengths in
Eq. (22) are antisymmetry tensors in the hyper-spacetime though
the action involves no interactions of a connection CP

MN that charac-
terizes the local symmetry GL(Dh,R). It is actually a consequence of
the postulate of gauge invariance and coordinate independence,
which becomes a more general principle that allows us to choose
a Minkowski hyper-spacetime instead of a Riemannian hyper-
spacetime as a base spacetime. The action Eq. (22) is deemed to
have a maximal global and local symmetry given in Eq. (11).

The hyper-gravifield vA
M is introduced as an accompaniment of

the hyper-spin gauge field AAB
M to ensure the hyper-spin gauge

symmetry, it is conceivable to associate vA
M with the hyper-spin

gauge symmetry. Decompose AAB
M into two parts XAB

M and AAB
M , so

that XAB
M presents an inhomogeneous gauge transformation and

AAB
M transforms homogeneously. Explicitly, we have

XAB
M ¼1

2
½v̂ANGB

MN � v̂BNGA
MN � v̂APv̂BQGC

PQvMC�;

GA
MN �@MvA

N � @NvA
M; AAB

M � XAB
M þ AAB

M : ð25Þ

XAB
M does transform as a gauge field in the adjoint representa-

tion of SP(1,Dh � 1) when vA
M transforms as a vector,

X0AB
M ¼ KA

CK
B
DX

CD
M þ i

2
ðKA

C@MK
BC �KB

C@MK
ACÞ;

v0 A
M ðx̂Þ ¼ KA

Cðx̂ÞvC
Mðx̂Þ; KA

Cðx̂Þ 2 SPð1;Dh � 1Þ; ð26Þ

XAB
M is referred as a hyper-spin gravigauge field and AAB

M as a
hyper-spin homogauge field with field strengths,

RAB
MN ¼@MX

AB
N � @NX

AB
M þXA

MCX
CB
N �XA

NCX
CB
M

FAB
MN ¼DMA

AB
N �DNA

AB
M þ AA

MCA
CB
N � AA

NCA
CB
M

FAB
MN ¼RAB

MN þ FAB
MN; ð27Þ

with DMA
AB
N ¼ @MA

AB
N þXA

MCA
CB
N �XB

MCA
CA
N .
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As the hyper-spin gauge symmetry is characterized by the
gauge-type hyper-gravified vA

M that behaves as a Goldstone-like
boson, we come to the statement that the hyper-spin gauge sym-
metry has a gravitational origin.

Such a gravitational origin of gauge symmetry Eq. (25) enables
us to yield a general relation for the field strength,

FAB
MN ¼ ðRPQ

MN þ FPQ
MNÞvA

Pv
B
Q ; ð28Þ

whereRPQ
MN � RP

MNQ 0 v̂Q 0Q defines a Riemann tensor of a hyper-space-

time gravigauge field CP
MQ � v̂P

Að@MvA
Q þXA

MBvB
Q Þ, and FPQ

MN is a field

strength of a hyper-spacetime homogauge field APQ
M � v̂P

Av̂
Q
B A

AB
M , i.e.,

FPQ
MN ¼ rMA

PQ
N �rNA

PQ
M þ AP

MLA
LQ
N � AP

NLA
LQ
M

rMA
PQ
N ¼ @MA

PQ
N þ CP

MLA
LQ
N þ CQ

MLA
PL
N ;

RP
MNQ ¼ @MC

P
NQ � @NC

P
MQ þ CP

MLC
L
NQ � CP

NLC
L
MQ ;

CP
MQ ¼ 1

2
v̂PLð@MvQL þ @QvML � @LvMQ Þ; ð29Þ

with CP
MQ as a Christoffel symbol characterized by the hyper-gravi-

metric field vMN ¼ vA
MvB

NgAB.
The relations in Eqs. (28), (29) indicate a gravity geometry cor-

respondence, which enables us to rewrite Eq. (22) into an equiva-
lent action in a hidden gauge formalism,

IH ¼
Z

dx̂v 1
2
�WCM i@M þ ðNPQ

M þ ghA
PQ
M Þ1

2
RPQ

� �
W

�

þ /Dh�4 �1
4
ð~vMNM0N0

PQP0Q 0 FPQ
MNF

P0Q 0

M0N0 þ WMNWMNÞ
�

þ aE½/2R� ðDh � 1ÞðDh � 2Þ@M/@
M/� � bE/

4

þ1
2
v̂MNdM/dN/

��
þ 2aEgh@Mðv/Dh�2ANM

N Þ; ð30Þ

with CM � v̂M
A C

A. Where NPQ
M defines a pure gauge-type field

NPQ
M � 1

2 ðv̂P
C@Mv̂QC � v̂Q

C @Mv̂PCÞ, and R is a Ricci scalar tensor

R � �RP
MNQgM

P v̂NQ .

The tensor field ~vMNM0N0

PQP0Q 0 is defined via Eq. (20) as

~vMNM0N0

PQP0Q 0 � vA
Pv

B
Qv

A0

P0vB0

Q 0 v̂M
C v̂

N
Dv̂

M0

C0 v̂N0

D0 ~gCDC0D0

ABA0B0 : ð31Þ

It can be verified that it is the structure Eq. (20) that eliminates
high derivative terms of Riemann and Ricci tensors in the action
Eq. (30). The gravitational interaction is governed solely by the Ein-
stein-Hilbert action term, which affirms a gravity geometry
correspondence.

An equivalence of the actions Eqs. (22) and (30) is realized more
explicitly by choosing a gauge fixing of SPð1;Dh � 1) to a unitary
gauge that makes a symmetric hyper-gravifield vMA ¼ vAM, so that

vMN ¼ ðvMAÞ
2. Such an equivalence reveals a gauge geometry

duality.
In conclusion, we have constructed a unified field theory for all

known basic forces and elementary particles based on the postu-
late of gauge invariance and coordinate independence. We would
like to point out that such a postulate of gauge invariance and coor-
dinate independence is more general and fundament than that of
general coordinate invariance proposed by Einstein since the laws
of nature should be independent of any choice of coordinates. Such
a unified field theory has equivalently been formulated in a non-
coordinate hyper-gravifield spacetime shown in Eq. (19) and in a
coordinate Minkowski hyper-spacetime given in Eq. (22) as well
as in a hidden gauge formalism presented in Eq. (30). As their
equivalence reveals a gravitational gauge geometry duality, the
gravitational force characterized by a gauge field strength of
hyper-gravifield is completely dual to the one described solely by
an Einstein-Hilbert action. Such a unified field theory is built from
a bottom-up approach and demands a hyper-spacetime with a
minimal dimension Dh ¼ 19 and a hyper-spin gauge symmetry
SP(1,18) to unify all basic forces and elementary particles of quarks
and leptons, it also predicts the existence of bulk mirror quarks and
leptons as well as bulk vector-like hyper-spinors fromwhich a dark
matter candidate is expected to be identified. As such a SP(1,18)
gauge symmetry is resulted by equivalently treating all spin-like
charges of quarks and leptons, i.e., helicity spin charge, boost spin
charge, chirality spin charge, electric spin charge, isometric spin
charge, color spin charge and family spin charge, to be as a
hyper-spin charge, it is expected to reproduce naturally all known
basic forces via a dynamical and geometric symmetry breaking
mechanism. For instance, a dynamical and geometric symmetry
breaking mechanism may lead to a naive pattern as follows,

SPð1;18Þ !SPð1;17Þ ! SPð1;3Þ � SOð10Þ � SOð4Þ
!SPð1;3Þ � SUð4Þ � SULð2Þ � SURð2Þ
!SPð1;3Þ � SUð3Þ � SUð2Þ � Uð1Þ: ð32Þ

Finally, we would like to make a remark that there are a large
number of articles in literature discussing extra dimensional theo-
ries with various compactification patterns and models, the well-
known theories include the 10-dimensional string theory and 11-
dimensional M-theory. Unlike those theories, all dimensions in
the present unified field theory have a physical origin due to their
coherent relations to the basic quantum numbers of quarks and
leptons. Such a correlation shall enable us to make appropriate
dynamical and geometrical evolution and symmetry breaking
mechanism to reduce a nineteen dimensional hyper-spacetime to
a real four dimensional spacetime. As the non-coordinate hyper-
gravifield spacetime is a dynamically generated one, it requires
us to develop in general a nonperturbative approach since their
evolution is governed by a highly nonlinear dynamics of hyper-
gravifield and hype-spin gauge field, which is analogous to a low
energy dynamics of QCD.
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