Science Bulletin 62 (2017) 1109-1113

journal homepage: www.elsevier.com/locate/scib

Contents lists available at ScienceDirect

Science Bulletin

Science
[Bulletin|

www.scibull.com

Short Communication

Unified field theory of basic forces and elementary particles with gravitational
origin of gauge symmetry in hyper-spacetime

Yue-Liang Wu #>¢*

2 International Centre for Theoretical Physics Asia-Pacific (ICTP-AP), Beijing 100190, China

b Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China
€University of Chinese Academy of Sciences (UCAS), Beijing 100049, China

ARTICLE INFO

Article history:

Received 22 June 2017

Received in revised form 27 July 2017
Accepted 1 August 2017

Available online 6 August 2017

© 2017 Science China Press. Published by Elsevier B.V. and Science China Press. All rights reserved.

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].

* Corresponding author.
E-mail address: ylwu@itp.ac.cn

http://dx.doi.org/10.1016/j.scib.2017.08.005

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 field ¥ (%) in an irreducible spinor rep-
resentation of a hyper-spin group SP(1,18) = SO(1,18), which
results in a Minkowski hyper-spacetime with dimension D = 19.

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

I — / [d3] %?’(&)FA Miow ¥ (%), (1)

with x=xM and AM=0,1,2,3,5,...,D, (D,=19). Where
Om = 9/0xM is the partial derivative and d§ 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., #*® = diag(1,
-1,...,-1), and y™N = diag(1,-1,...,-1).

The structures of the Majorana-type hyper-spinor field ¥ (%)
and the y-matrix I =T I'*, I') (a=0,1,2,3,A=5,...,14,
m=15,...,Dy) are found to be
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with g; (i=1, 2, 3) the Pauli matrices, 6o = I, I and I3, the unit

matrices. ¢ and I'* are the known y-matrices defined in four and
ten dimensions, respectively. The action Eq. (1) possesses a maxi-
mal hyper-spin symmetry

SP(1,D, — 1) 2~ SO(1,Dy — 1), Dy =19, (3)

with generators %% = —>B* —i[I™® I'®|/4 and X*° = _3"A_
irt/2, A,B=0,1,2,3,5,...,18.

The spinors W (%) and W' (%) are Dirac-type hyper-spinor fields
with their charge conjugated ones W¢(X) and ¥ (X) defined in the
14-dimensions. They have a general hyper-spinor structure

‘{IElpw+LIJEE"P]+l\P27 (4)

with Ww g =1(1F7;5)¥ and ¥; = Wwi + Wi (i =1, 2). Pwi and Wy
are regarded as a pair of mirror hyper-spinor fields referred as west-
ward and eastward hyper-spinor fields. Each westward spinor field
Yw; 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. Q = (U?,D}) are the
Dirac spinors of quarks and leptons with o = (r, b, g, w) representing
the trichromatic (red, blue, green) and white colors, and
Q% = (UL,Di) the conjugated ones Q% = C4Q] with C, defined in
4D-spacetime. The subscripts “L” and “R” in Qj  denote the left-
handed and right-handed Dirac spinor. Each hyper-spinor field
Yy or Wg satisfies a Majorana-Weyl type condition defined in
the 14-dimensions with a W-parity [21], i.e, Wi;p = Cia¥Pl5 =
ys‘{IWi.Ei and V]s‘ilwi.Ei = :F\I"Wi.Ei Wlth V15 = Vn ® Vs-

The action Eq. (1) is invariant under the discrete symmetries:
charge-conjugation C, parity-inversion P and time-reversal 7
defined in the hyper-spacetime with dimension D, = 19. The
hyper-spinor field transforms as

CPRIC =CroPT(R) = P(%), Cal™Cio = (I,

PYRP =Pio¥(®), Pl*Pra= (1),
TYERT " =TioW(-X), Ty = (I, (6)
with X = (x0, —x1,
Cio =T lol 61 g0l 1214l 16118 = —i03 ® 03 ® Cig,

Pig =Io; Tig=1I1130sI'709' 11113151177 4g. (7)

—x18 x19), and

A hyper-spinor field equation is obtained from Eq. (1)
rofliou?(x) =0, n"NowonP(*) =0, (8)

with yMN = diag(1, —1). 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,Dy, — 1) and Lorentz symmetry SO(1,D;, — 1) have to incorporate
coherently. Based on a gauge principle, a fundamental interaction
is postulated to be governed by taking SP(1,D, — 1) as a local
hyper-spin gauge symmetry. To realize that, it is essential to intro-
duce a bicovaraint vector field (%) and a hyper-spin gauge field
Am(X) = AR (%) 1 Zap. By requiring the theory be invariant under
both global and local conformal scaling transformations, a scaling
scalar field ¢(X) is needed.

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

In= / 14 ¢”“’4x(f<)% PRI 73 X)iDu P (%), )

with iDy = idy + Awm a covariant derivative and y(%) an inverse of
determinant j(X) = det 7¥(X). Obviously, Eq. (9) has global and local
conformal scaling symmetries S(1) and SG(1), respectively, under
the transformations

XM= 7 0M AL (R) = 2Am(R),
VX)) = PPRR); §R) = ip(X).
TR = CROINE); AR =P Rr®),
Y'(%) =EPRYE);  ¢'%) =X PR). (10)

The action Eq. (9) possesses a maximal symmetry
G=P@1,D, —1) xS(1) x SP(1,Dy, — 1) x SG(1), (11)
with P(1,D, — 1) =SO(1,D, — 1)xP'®~" a Poincaré symmetry

group in a Minkowski hyper-spacetime.
From Eq. (9), we can derive an equation of motion

A 7M(R)i(Dw + Vm(R) P (%) = 0, (12)

with Vy viewed as an induced-gauge field

1
Vm(X) =5 m In(y¢™2) - ZJ/BDNYM
D =(Om + OmIn ) YA + Ay g n- (13)

which keeps Eq. (12) be conformal scaling gauge covariance. y& (%)
defines a dual bicovaraint vector field

Im®) 7 %) =g, ) IRRE) =1y (14)
¥ (X) 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

TN (Vi + Vi) (D + VN) P = ZBB MR [ Fun + VN
— GunJei(Dp + Ve)] ¥, (15)

with VmDn = DuDnw + F&N'Dp. fMN()A(), g&N and VMN define the field
strengths of the hyper-spin gauge field Aw(X), the hyper-gravifield
y4 (%) and the induced-gauge field Vy, respectively,

. 1
Fun =OmAN — OnAm — l[AMnAN] = -7:%,52;\37

Gun =Dmin — Do ™ = IR ™,
Vun =(OmVn — OnV): Ty = ZaDmIA- (16)
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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 ({0m},{dx™}) of a coordinate system, a
non-coordinate basis via the dual condition

(01, 08) = 1m(R) 15 (%) (dx™, on) = 11,
Syt = A dx™, 9 = IM(F)om. (17)

Such a dual basis ({da}, {6x}) 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

[, O8] = fas0c;  fap = — AN 13 Gan- (18)

with Guy = dmyS — OnxG. 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,

I E/[&}ﬂ 2:/0,{]¢Dh { PreiDeY
— 3 B PR - W)
+ ot { s ” 9&o98w — nwsfén“}
+ 21000~ ﬁEqb“}, (19)

with gy, o« and f; the coupling constants. Where AR = yM A%,
We = iMWy, D¢ = id¢ + Ac and 3¢ = (dc — g, We)p. Wy 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:
Fep = Funie 1D Geo = Guni87p  and  Weo = Wwnjilyy  with
Wun = OmWn — OnWw.

The tensor 775355 takes the following structure to achieve a gen-
eral conformal scaling gauge invariance,

,CDC'D’

Nagaw =7 {[WCC Nan (1" gy — 2’73”73 )
+1' CCoDD) N+ Nan—sp))
1 ’ , ,
+ 0w L0 = 20 Nan )1 18
+n€e=pD) Nan—sp))
1 y ’ ,
+ 5 B AL an 1 = na MRy
4y CCP) 4 NAN BB (20)
with two coupling constants oy and . The tensor factor ﬁf\g,c/"'

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

jCDCD’ _ cC’ ) DD
=N

0 an + 1€ P (g ns —2n5ng).

(21)

T (MRnR — 2nanm) + n°

When projecting Eq. (19) into the hyper-spacetime via the
hyper-gravifield %, we arrive at a gauge invariant unified field
theory within the framework of QFT,

In z/[dx]y{ ‘I’FAXA (i0m + &pAm) P
, 1 o B
+ P { 2 (AR Fan T + WanWM)
’ U 1.
+ Oﬁgd) /MNM N GSING?/[/N’ —+ EXMNdM d)ngb

—Bed’] } + 2068, O (1™ 2 ANM), (22)

with the field strength and tensors defined as

G = OmiN — 5NX{\\4; O = Om + omIn o,

Taene. = A IDIE 1o iieay

RN =TI IR (23)
and dy¢ = (Om — &,Wm)¢. A redefinition for the hyper-spinor field
¥ — /P72 and hyper-spin gauge field Ay — g,.Am has been

made. The last term in Eq. (22) reflects a surface effect with
ANM = Ny AAB

Note that it is the tensor structure 7Y that leads gravita-
tional mass-like terms of the hyper-spin gauge field A to be
absent from the action Eq. (22). The field strength Gh, that
describes a gauge gravitational interaction corroborates a gauge
gravity correspondence.

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

Gus = GL(Dy, R) x SP(1,Dy, — 1) x SG(1), (24)

with GL(Dy,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 I'fyy that charac-
terizes the local symmetry GL(Dy,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 y& is introduced as an accompaniment of
the hyper-spin gauge field A to ensure the hyper-spin gauge
symmetry, it is conceivable to associate yf with the hyper-spin
gauge symmetry. Decompose A% into two parts Q% and A, so
that O presents an inhomogeneous gauge transformation and
AR® transforms homogeneously. Explicitly, we have
QQIB :% [}ACANG?/IN - ZBNGSIN - 1", po Amc)s
Ghn SOmya — Oy, AN = O + AR (25)

Q%8 does transform as a gauge field in the adjoint representa-
tion of SP(1,D, — 1) when & transforms as a vector,

Q/AB AAAB QCD (A'C‘@MABC _ AEBMAAC),

AR(R) e SP(1,Dy - 1), (26)

2
(%) = Ac (%) zm(®),

QA8 is referred as a hyper-spin gravigauge field and A;‘,,B as a
hyper-spin homogauge field with field strengths,

RAB —OMmORE — ONOAE + O OF — QRO
Fin =DuARY — DhAY + AycAY — ARcAy
fﬂ?‘l 77%%1 + FMN7 (27)

with DyAR: = duAy: + QAT — QbcAR-
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As the hyper-spin gauge symmetry is characterized by the
gauge-type hyper-gravified y% 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,

Fun = (Ryx + By 18716 (28)

where RyX = Ryng 72 ¢ defines a Riemann tensor of a hyper-space—
T is a field
strength of a hyper-spacetime homogauge field Af2 = JR72ALE, ie.,

Frd = VAR — VAR + AR ARl — AR AR

time gravigauge field I'f, Mo = Xh(Omxs + b i) and F

VmAR? = omARE + T AR + Ty AR
Rumg = MI'Ng — Inwg + Tl ng — Il g
Tyg = jj{PL(aMXQL + 9o )mL — OLlmo)> (29)

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

metric field YN = 70 (B ap-

The relations in Eqgs. (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,

N —
Iy = / clx;g{z g {zaM + (Ep +ghA"Q) 52w | ¥
DY P
+ ™ “{ 7 MO ER P+ WM
(D = 1)(Dy — 2)0mpd™ ] — fe”
1,
g PN | b+ 20,0 (20% AN (30

+ O [¢2R —

with '™ = yM* Where =2 defines a pure gauge-type field
u;Q:;(yEOM/QC 720m%P¢), and R is a Ricci scalar tensor

R= _R&Nqnp e
The tensor field yr","('l‘{,",’”T‘ is defined via Eq. (20) as

Thore = IS e A TS AN TS - (31)

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 SP(1,D,, — 1) to a unitary
gauge that makes a symmetric hyper-gravifield yy. = %am, S0 that
Imn = ( )(MA)Z. 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 Dy, =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 from which 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,

SP(1,18) —SP(1,17) — SP(1,3) x SO(10) x SO(4)
—SP(1,3) x SU(4) x SUL( ) x SUR(2)
—SP(1,3) x SU(3) x SU(2) x U(1). (32)

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.

Conflict of interest

The author declares that he has no conflict of interest.

Acknowledgments

This work was supported in part by the National Natural
Science Foundation of China (11690022, 11475237), the Strategic
Priority Research Program of the Chinese Academy of Sciences
(CAS) (XDB23030100), and the CAS Center for Excellence in Particle
Physics (CCEPP).

References

[1] Einstein A. Die Feldgleichungen der Gravitation. Sitz Konigl Preuss Akad Wiss
1915;25:844.

[2] Einstein A. Die Grundlage der allgemeinen Relativitatstheorie. Annalen der
Physik 1916;49:769.

[3] Weyl H. Gravitation und Elektrizita. Sitz Konigl Preuss Akad Wiss 1918;26:465.

[4] Kaluza T. Zum Unitatsproblem in der Physik. Sitz Preuss Akad Wiss
1921;1921:966.

[5] Klein O. Quantentheorie und fnfdimensionale Relativitatstheorie. Zeitschrift
fiir Physik A 1926;37:895.

[6] Dirac PA. The quantum theory of the electron. Proc R Soc London A: Math Phys
Eng Sci 1928;117:610.

[7] Yang CN, Mills RL. Conservation of isotopic spin and isotopic gauge invariance.
Phys Rev 1954;96:191.

[8] Glashow SL. Partial-symmetries of weak interactions. Nucl Phys 1961;22:579.

[9] Weinberg S. A model of leptons. Phys Rev Lett 1967;19:1264.

[10] Salam A. Relativistic groups and analyticity. In: Svartholm N, editor.
Proceedings of the eight nobel symposium, Stochholm,
Sweden. Stockholm: Almqvist and Wikell; 1968.

[11] Gross DJ, Wilczek F. Ultraviolet behavior of non-abelian gauge theories. Phys
Rev Lett 1973;30:1343.


http://refhub.elsevier.com/S2095-9273(17)30402-4/h0005
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0005
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0010
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0010
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0015
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0020
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0020
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0025
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0025
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0030
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0030
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0035
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0035
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0040
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0045
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0050
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0050
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0050
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0055
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0055

Y.-L. Wu/Science Bulletin 62 (2017) 1109-1113 1113

[12] Politzer HD. Reliable perturbative results for strong interactions. Phys Rev Lett
1973;30:1346.

[13] Pati J, Salam A. Lepton number as the fourth color. Phys Rev D 1974;10:275.

[14] Georgi H, Glashow SL. Unity of all elementary particle forces. Phys Rev Lett
1974;32:438.

[15] Georgi H. In: Carlson CE, editor. Particles and Fields 1974. AIP Conference
Proceedings No. 23 (American Institute of Physics, New York, 1975) p. 575.

[16] Fritzsch H, Minkowski P. Unified interactions of leptons and hadrons. Ann Phys
1975;93:193.

[17] Chou KC, Wu YL. A possible unification model for all basic forces. Sci China Ser
A Math 1998;41:324.

[18] Percacci R. Spontaneous soldering. Phys Lett B 1984;144:37.

[19] Nesti F, Percacci R. Chirality in unified theories of gravity. Phys Rev D
2010;81:025010.

[20] Wu YL. Quantum field theory of gravity with spin and scaling gauge invariance
and spacetime dynamics with quantum inflation. Phys Rev D 2016;93:024012.

[21] Wu YL. Maximal symmetry and mass generation of Dirac fermion and
gravitational gauge field theory in six-dimensional spacetime.1703:05436,
2017.

[22] Yu HF, Ma BQ. Unification of gravity and quantum field theory from extended
noncommutative geometry. Mod Phys Lett A 2017;32:1750030.


http://refhub.elsevier.com/S2095-9273(17)30402-4/h0060
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0060
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0065
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0070
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0070
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0080
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0080
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0085
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0085
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0090
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0095
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0095
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0100
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0100
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0110
http://refhub.elsevier.com/S2095-9273(17)30402-4/h0110

	Unified field theory of basic forces and elementary particles with gravitational �origin of gauge symmetry in hyper-spacetime
	Conflict of interest
	Acknowledgments
	References


