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Abstract  

A basic approach for studying Gauge/Gravity Duality is proposed. We introduce the 

concept of Quasi-Duality; and postulate Noether-charge/gravitational-charge conjugation 

symmetry. For dividing Gauge/Gravity Duality into theory-to-theory Dualities 

(Quasi-Duality), we generalize Einstein theory to contain positive/negative gravitational 

charge conjugation symmetry in terms of field strength; and adopt the gravity internal 

Space/Spacetime correspondence to explain the conversion between spin 1 and spin 2 

gauge bosons. Then we derive specific gauge-theory-to-gravity-theory Dualities 

(Quasi-Dualities) and Gravity theory-to-theory Dualities (Quasi-Dualities). We believe: 

(1) intrinsic natures disclosed by Gauge/Gravity Dualities (Quasi-Dualities) should be 

theory-independent;  (2) Dualities (Quasi-Dualities) are transferable; (3) Quasi-Duality 

should advance to corresponding Duality ultimately. Based on Duality, the U(1)g 

Gravitodynamics (GD) is generalized to Non-Abelian GD. The U(1)g GD and 

U(1)g×SU(2)g GD are unified with Electroweak in the framework of gauge theory, 

respectively, which predict microscopic short-range gravitational force, and provides an 

additional mechanism of gauge bosons gaining mass. 
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1. Introduction 

The concept of Duality has played an important role in the development of physical 

theories. The underlying idea is that the analogy in Nature is not a mere coincidence. 

The AdS/CFT Duality has been proposed [1] with negative cosmological constant that is 

inconsistent with the accelerated expansion of the universe. The dS/CFT Duality is then 

proposed with a positive cosmological constant [2]. The equation AdS = CFT contains 

all the central concepts of fundamental physics, such as Maxwell’s equation, its 

non-Abelian extension (Yang-Mills theory), and Einstein Theory [3]. The AdS/CFT and 

dS/CFT Dualities show that the concept of Duality is a powerful tool for study the 

relations between theories of four fundamental interactions. However, there are 

several topics/discrepancies, such as 

Topic 1: internal symmetries vs. none in Einstein theory. 

Topic 2: spin 1 gauge boson vs. spin 2 graviton. 

Topic 3: CPT symmetry vs. none in Einstein theory. 

To address Topic 2, a mechanism has been proposed that the spin-2 graviton is made 

as a bound state of two spin-1 gauge bosons, i.e., the graviton spin comes from two 

‘valence’ gauge bosons [3]. 

Topic 3 implies that opposite gravitational charges (g-Charge) are needed. Note 

negative gravitational charge is not negative mass. A body of positive mass can carry 

either positive or negative g-charge, which is as a body can carry either positive or 

negative electric charge (e-charge). The negative g-charge can be derived from quantum 

vector Gravitodynamics (GD) [4], and has been introduced into scalar Newton and 

Tensor Einstein theories [5]. It is considered as an evidence of existence of negative 

g-charge that by introducing the negative g-charge as a mechanism, all of scalar Newton, 

vector GD, and tensor Einstein explain equally well the acceleration of the expansion of 

the universe. The property of theory-independent of this mechanism, i.e., universality, 

provides a theoretical support. Most significantly, the mechanism predicts that the 

acceleration is time-dependent, e.g., accelerating [5, 6]. Recently a most significant 

observation is reported [7], that the acceleration of the universe is accelerating. This 

observation proves the time-dependent prediction. On the contrary, the dark energy 

model with cosmological constant predicts a constant acceleration.  

In spite of the above topics/discrepancies, it is believed that the future will reveal 

even closer connections between Gauge/Gravity Duality and Nature. “Breakthroughs 
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typically arise from a change of perspective, and the ability to discover simplicity in the 

hitherto superficially complicated problem” [8].  

In this article, we propose a basic approach to study above-mentioned 

topics/discrepancies by investigating precise and individual relations between 

corresponding theories: linear gauge/linear gravity theories, such as Maxwell/GD, and 

non-linear gauge/non-linear gravity, such as Yang-Mills/Einstein.  

We will not investigate liner theory/non-linear theory correspondence.  

The basic approach includes the followings: 

1. Introduce the new concepts of Quasi-Duality and Ultra symmetry. 

2. Adopt gravitational Internal Space/Spacetime correspondence. 

3. Generalize Newton and Einstein theory, denote as G-Newton and G-Einstein, in 

terms of positive/negative g-charge and of gravitational field strength, respectively, 

and find out that G-Newton is identical to GD. 

4. Extend U(1)! GD to Non-Abelian GD; Unify U(1)g×SU(2)g GD. 

5. Divide Gauge/Gravity Dualities (Quasi-Dualities) into specific theory-to-theory 

correspondences as below: 

U(1)e Maxwell = U(1)g GD 

Maxwell ↔ linearized G-Einstein 

Yang-Mills ↔ gauged G-Einstein  

Yang-Mills = Non-Abelian GD 

U(1)e×SU(2)w Electroweak = U(1)g×SU(2)g GD 

7. Study Gravity Dualities (Quasi-Dualities) between theories of gravity: 

gauged G-Einstein ↔ Non-Abelian GD 

Linearized G-Einstein theories ↔ GD 

8. Propose an unification of U(1)g GD, SU(2)g GD,  U(1)e ED, and SU(2)w weak, which 

predicts a mechanism that gauge bosons carry not only e-charge but also g-charge, 

therefore gauge bosons gain mass in addition to gain mass from symmetry breaking. 

The notations “=” and “↔” denote Duality and Quasi-Duality, respectively.  

This article forms a natural development of a previous series of articles on 

gravitation [4, 5, 6, 9, 10]; it is intended to take the theory to its logical consequences. 

 

2. Duality and Quasi-Duality 

 The conventional Duality is a one-to-one mapping and equivalence between two 
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theories, which have similar formulations but have different values of corresponding 

physical quantities, so that we should describe different interactions with one formula, 

rather than with two theories.  

To address the above topics/discrepancies, we restudy the concept of Duality. 

Duality between two theories should satisfy, at least, the following requirements: 

Requirement 1: both theories have corresponding symmetries.  

Requirement 2: both theories have the formulas of same forms and corresponding 

quantities of different values, e.g., linear-to-linear and non-linear-to-non-linear theories. 

Requirement 3: each side has charge conjugation. 

Duality with same kind of symmetries will disclose deeper relation between two 

theories. Based on Noether’s theorem, Requirement 1 leads to Requirement 2. But 

Requirement 2 does not necessarily lead to Requirement 1 before proving.  

As mentioned above, the conventional Gauge/Gravity Duality doesn’t satisfy 

Requirement 1. The gauge theories are dictated by internal and CPT symmetries. On the 

contrary, there are no such symmetries in conventional Einstein theory. 

Thus we introduce a new concept of Quasi-Duality as below:  

Quasi-Duality: two theories don’t satisfy all of Requirements of Duality, e.g., both 

theories with either non-corresponding symmetries or, at least, one of theories with 

unknown symmetry. 

Therefore, more precisely, we denote the conventional Gauge/Einstein Duality as 

Gauge/Einstein Quasi-Duality. The Gauge/Einstein Quasi-Duality can be applied for 

investigating various phenomena of strongly coupled systems.  

Maxwell/Gravity Dualities (Quasi-Dualities), i.e., relations between Maxwell and 

different gravitational theories, should also address well-known fundamental 

discrepancies between gravity and electromagnetism (Table 1). 

Table 1: Discrepancies between Electromagnetism and Newton’s gravity 

 
Electromagnetism Newton’s theory 

Charge  Q!! > 0,    Q!! < 0   m! > 0, 

Magnetism Yes No 

Force Attractive, Repulsive, Magnetic Attractive 

Letters with subscript “e” and “g” denote variables related to electromagnetics and 

gravity, respectively. Table 1 implies that investigating and addressing the following 
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long-standing mysteries would reveal deeper nature of gravity:  

Mystery 1: there is e-charge conjugation vs. no counterpart in gravity; 

like e-charges repel, and unlike attract vs. gravitational masses always attract.  

Mystery 2: magnetic fields vs. no gravitational counterpart. 

One of opinions about gravity is that the general goals of understanding gravity are:  

1) Reformulate gravity in terms of other forces, specifically, quantum field theories;  

2) Quantized gravity.  

In order to address above Topic/discrepancies and Mysteries, and satisfy the 

Requirements of Duality, we treat gravity as a physical field as other three interactions in 

real world 4-dimention spacetime. Scalar Newton’s theory and vector GD treat gravity 

as physical fields. We will adopt the concept that weak gravity in Einstein’s geometric 

theory is equivalent to physical field.  

 

3. Theory-‐independent	  and	  Transferability	  of	  Duality	  and	  Quasi-‐Duality  

With theory-to-theory Duality (Quasi-Duality), we postulate following conjectures: 

Conjecture 1: the intrinsic nature disclosed by a Duality (Quasi-Duality) must be 

theory-independent. 

Conjecture 2: Dualities (Quasi-Dualities) are transferable. 

Conjecture 3: Quasi-Duality will advance to Duality eventually; otherwise, at least, one 

of theories needs to be modified. 

  A Duality reflects intrinsic nature of the real world, while Quasi-Duality reflects only 

partial nature of the real world. A theory attempts to describe Nature, and is limited by 

present knowledge. Thus a Duality, as well as a Quasi-Duality, should not depend on 

theories, since theory will be modifies eventually. Conjecture 1 reflects this fact. An 

example of Conjecture 2 is that if there are theory-A/theory-B Duality (Quasi-Duality) 

and theory-B/theory-C Duality (Quasi-Duality), we must have theory-A/theory-C 

Duality (Quasi-Duality). Conjecture 3 implies that our limited understanding of Nature 

will gradually progress and reach, hopefully, full understanding ultimately.  

 

4. Ultra Symmetry: g-Charge/Noether’s Charge Conjugation, PT 

Duality (Quasi-Duality) implies that both sides in terms of the equations remain the 

same while the physical quantities are exchanged to their duals. For studying Dualities 

(Quasi-Dualities) between gauge and gravity theories, we introduce a symmetry bridging 
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both sides, i.e., mapping corresponding quantities. By analogy to Boson/Fermion 

Supersymmetry, we define simultaneous transformations of g-charge/Noether-charge 

conjugation, Q!/Q!" conjugatation, Parity, and Time reversal, as Ultra symmetry, 

 Q!" ↔ Q! and 𝑥! ↔ −𝑥!,           (4.1) 

which convert gauge theories to gravitational theories, and vice versa. Letters with 

subscript “NT” denote variables related to Noether charge (NT-charge), such as e-charge. 

Ultra symmetry is based on the idea that there is another physical symmetry beyond 

those already developed in the standard model, specifically, symmetry between 

NT-charge and g-charge. As theoretical models, Ultra symmetry is specifically designed 

to incorporate PT symmetry, and offers an extension to the more familiar symmetries of 

quantum field theory (Table 2). 

Table 2: Summary of Symmetries 

CPT Symmetry  Supersymmetry gC symmetry gC-PT symmetry Ultra symmetry 

+ Charge,         𝑥! 

 

−  Charge, – 𝑥! 

Bosons 

 

Fermions 

+ g-charge 

 

−  g-charge 

+ gC,     𝑥! 

 

−  gC, – 𝑥! 

 NT-Charge, 𝑥! 

 

g-Charge,    – 𝑥! 

At quantum level, Ultra symmetry would require a quantum operator, denote it as 

ultra charge Q!, it would transform g-charge into NT-charge, and vice versa,  

 
Q! g− charge = Q!"                                                         Q! Q!" = g−charge     
Q!Q! g− charge = g−charge                                     Q!Q! Q!" = Q!"

       .  (4.2)     

Under a sequence of two Ultra Transformation, the initial state is restored. Ultra 

symmetry turns gauge theories into its "mirror image", dual gravitational theories, and 

vice versa. Therefore we suggest that Ultra symmetry and theory-to-theory 

Gauge/Gravity Duality reflect fundamental properties of four interactions in Nature. 

Ultra symmetry is a new type of symmetry of spacetime and fundamental interactions, 

which establishes a relationship between NT-charge and g-charge. 

 

5. Generalized Gravitational Theories 

 Duality and Quasi-Duality represent common intrinsic features of both sides and, 

thus must be theory-independent. Gauge theory side has linear and non-linear theories. 

Therefore, we restudy linear gravity theories including scalar Newton theory, vector GD, 

and linearized Einstein theory, and non-linear theory, Einstein theory. 
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5.1. Gravitodynamics (GD) 

To address long-standing Mystery 1 requires a new concept. To address Mystery 2, 

historically, vector theories of gravitoelectric/gravitomagnetic fields have been proposed 

as earlier as 1865 [11] after Maxwell’s theory was proposed (1861). The vector field 

theories faced a severe issue of negative energy of fields. Even though, many effects of 

magnetic-type gravitational (gravitomagnetic) field have been studied [12]. One of them, 

Lense-thirring effect, has been explored experimentally [13]. We argue that, 

theoretically, the detection of Gravitational waves (GW) [14] is equivalent to that of time 

varying gravitomagnetic fields, which is the same as that “electromagnetic wave is 

equivalent to time varying magnetic field”. 

 

5.1.1. Review of U(1)g GD 

To address Mystery 1 and 2, GD is proposed [4,5]. GD is originated by realizing 

that a fast moving test matter violates the Universality of Free Fall (UFF) [15], which 

leads to postulate Precise Weak Equivalent Principle (PWEP): gravitational mass is 

equivalent to rest inertial mass. Then we argue that inertial mass should be conceptually 

distinct from gravitational mass; the former is defined as mass, the latter as g-charge. 

Both active and passive gravitational masses are g-charges and equivalent.  

The combination of PWEP and the concept of g-charge implies the conservation of 

g-charge, which leads to the U!(1) symmetry and GD. One of the predictions of GD is 

negative g-charge. To exam its existence, we introduce negative g-charge, as a physics 

mechanism, into scalar Newton’ theory, vector GD and tensor Einstein theory. We 

obtain the significant conclusion that all those theories with negative g-charge can 

explain the significant cosmological phenomenon, the accelerated expansion of universe, 

equally well and without need of “negative pressure” and “cosmological constant” which 

has severe fine-tuning topic [5, 6]. This physical mechanism is theory-independent. The 

most significant prediction is that the acceleration of the expansion of the Universe is 

time-dependent, unlike the mechanism of cosmological constant that always stays 

constant. Most recently, the accelerating acceleration has been observed [7]. Therefore 

we argue that these facts are strong indications of the existence of negative g-charge, 

although there is no direct evidence yet. GD has the following features: 

(1) predicts the negative g-charge, and positive/negative g-charge (gC) conjugate; 

explains the accelerated expansion of the universe;   
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(2) has been quantized to reconcile gravity and quantum mechanics;  

(3) has internal U(1)g  symmetry; and has gC-PT symmetry which is the counterpart 

of CPT symmetry; its equations have the form same to that of Maxwell; 

(4) predicts: repulsive gravitational force between unlike g-charges; gravitomagnetism 

and its force; gravitational wave (GW) and wave-particle Duality of GW [10]; 

address all of fundamental discrepancies between Newton’s theory of gravity and 

electromagnetism; 

(5) resolved negative energy issue of vector gravitational field [9];  

(6) Satisfies the Weinberg–Witten no-go theorem. 

The comparison between GD and Maxwell is shown in Table 3. 

Table 3: Similarities between GD and Maxwell 

The group indices “a” of the U(1) is 1. The reason of keeping the “a” in the formulas is 

that we will convert the internal indices “a” of GD to spacetime indices.  

 Table 3 exhibits the profound analogy between GD and Maxwell, and identifies 

source terms, couplings, potentials, and symmetries. Those similarities strongly suggest 

exploring symmetry between electromagnetism and gravity: g-charge/e-charge (gC/eC) 

conjugate symmetry, which would lead to Maxwell/GD Duality.  

The above listed features show that GD not only satisfies all of Requirements but 

address Mysteries. Therefore, we will establish Duality between ED and GD first, called 

 
Maxwell GD 

Charge 
Q!! > 0,    Q!! < 0 

e-charge (eC) conjugation 

Q!! > 0,    Q!! < 0 

g-charge (gC) conjugation 

Symmetry U(1)e and eC-PT U(1)g and gC-PT 

Quantization QED QGD  

Force 
1. Attractive/Repulsive 

2. Magnetic 

1. Attractive/Repulsive 

2. Magnetic-type 

Lagrangian ℒ! = −
1
4 F!

!!"F!"!" − J!
!A!"! ℒ! = −

1
4 F!

!!"F!"!" + J!
!!A!"! 

Field 

Equation 

∂F!
!!"

∂x! = 4πJ!
! 

F!
!!",! + F!

!!",! + F!
!!",! = 0 

∂F!
!!"

∂x! = −4πJ!
!! 

F!
!!",! + F!

!!",! + F!
!!",! = 0 

Boson Spin 1 photon Spin 1 gravito-photon  
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Maxwell/GD Duality, which will guide the search for other Dualities/Quasi-Dualities. 

Energy of Vector Gravitational Field: 

It has been shown that [9]: (1) transported energies, either lost or gained, between a 

positive g-charged test body and the source of either a positive or a negative g-charge are 

always positive; (2) the energy of gravitational fields, proportional to the square of the 

field strengths, is always positive; and (3) the gravitational potential energy of a positive 

(negative) source is negative (positive), which is the same as that of a negative (positive) 

e-charge (Table 4).  

Table 4: Field Energy and Potential Energy in GD and Maxwell 

 GD Maxwell 

 Positive source Negative source Positive source Negative source 

Energy of field g!! + B!!! > 0 g!! + B!!! > 0 E!! + B!! > 0 E!! + B!! > 0 

Exchanged energy + + + + 

Potential energy U!!~ −
!!!
!
< 0  U!!~ −

Q!!
r

> 0 U!!~
Q!!
r

> 0 U!!~
Q!!
r

< 0 

In the calculation of Table 4, we always use a test body of positive g-charge or e-charge. 

We would like to emphasize that: the gravitational potential energy of a negative 

g-charge is positive, like that of a positive e-charge 

Therefore, once again, there is no negative energy issue with vector gravitational 

fields of a source having either positive or negative g-charges. Although the potentials 

may be either positive or negative, the energy of field is always positive.  

 

5.1.2. Gravity Internal Space/Spacetime Correspondence 

Gauge fields including U(1)g GD, A!
!!, have one spacetime indices and one internal 

indices, while Einstein field, h!" , has two spacetime indices. To consider the 

Gauge/Gravity Duality (Quasi-Duality), we explore the relation between internal space 

and Spacetime, i.e., investigate whether one can be converted to other. For this aim, the 

only way is to compare the units of internal indices with that of spacetime. 

We start with the Quasi-Duality between Coulomb’s law and Newton’s law [16], 

which describe static electric and gravitational forces, respectively, in SI unit, 

 F! =
!!!"!!"

!!
    and   F! =

!!!!!
!!

,      (5.1) 

where k is Coulomb’s constant and has the unit[k] = [N m2 C−2], G is Newton constant 

and has unit[G] = [N m2 kg−2], N is Newton, m is meter, C is Coulomb.  
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Convert to Heaviside–Lorentz units (HLU) system. The Coulomb’s law becomes 

   F! =
!!"!!"
!!

,  Q! ≡ kq!,  and  unit [Q!] = Nm.    (5.2) 

 Under the Q!/Q! Ultra symmetry, or based on the transferability of Quasi-Duality, 

we must have the Newton’s law in the same form, 

 F! =
!!"!!"
!!

,    Q! ≡ GM,  and   unit [Q!] = Nm.   (5.3) 

The Q! is g-charge. Note it is important in investigating Internal Space/Spacetime 

correspondence that, in HLU system, electric charge, Q!, and g-charge, Q!, has the 

same unit. This is a justification of Ultra symmetry. 

 Now let’s consider the internal symmetry. The generators of symmetry groups of 

ED and GD are e-charge and g-charge, respectively, and internal symmetry groups are, 

respectively, 

 U(1)e: exp  (
!!!!!!

ℏ
)  and   U(1)g: exp  (

!!!!!!
ℏ

).    (5.4) 

Let’s compare the units of internal space, before adopt the natural unit ℏ = C = 1. 

The requirement that !!!!
ℏ

 and 
!!!!
ℏ

 must be dimensionless leads to 

 unit [θ!] = s N   and   unit [θ!] = s N,     (5.5) 

i.e., the internal spaces for ED and GD have the same unite. In other word, since the 

units of e-charge and g-charge are the same, the internal spaces of ED and GD must have 

the same units.  

Next we consider the relation between the gravity internal space, θ!, and spacetime. 

For this aim, let’s consider the spacetime translation Abelian group T!: 

    T! :  exp !!!!!!

ℏ
             (5.6) 

To compare the gravity internal space	   θ!	   with spacetime, we must convert mass M 

in T! to g-charge Q! = GM in U(1)g. This conversion brings us several interesting 

results [16]. Let’s study the gravity internal space and spacetime correspondence. 

For brevity of discussion, considering a free particle, we have p! = MU!, M is 

mass, U! is 4-velocity, unit [a!] =m, which is different from unit [θ!]. We have, 

  exp !!!!!!

ℏ
= exp !!!!!"!

ℏ
= exp !!!!( !!)!!

ℏ !
≡ exp !!!!!!

ℏ
.  (5.7) 

To keep the argument of the exponential dimensionless, we obtain 
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a! ≡ !!!!

!
     and    unit [a!] = s N.    (5.8) 

The a! has the exact same unit as that of the gravity internal space θ!, therefore, we 

denote the a! as the gravity internal space. From the above derivation, we conclude that, 

under the transformation between gravitational mass M and g-charge Q!, the following 

corresponding variables convert to each other, denoted as Gravity Internal 

Space/Spacetime correspondence (Table 5):  

1. Spacetime translation group T! corresponds to the gravity internal group U(1)g. 

2. 4 dimension spacetime a! corresponds to a!, which is identical to one dimension 

gravity internal space θ!! of U(1)g;  

3. Internal indices “a” of U(1)g converts to spacetime indices λ, thus Vector GD field 

F!
!!" converts tensor GD field F!

!"#, and vice versa; spin 1 gravito-photon converts 

to Spin 2 graviton, and vice versa. Thus we postulate that Spin 2 graviton and spin 1 

gravito-photon are equivalent. 

Table 5: Gravity Internal Space/Spacetime Correspondence 

Symmetry 
Abelian U(1)g:  

U(1)g:	   exp  (
!!!!!!!!

ℏ
) 

 
Abelian Translation: 

T4:  exp !!!!!!)
ℏ

 

Generator Q!!: a=1  p!:  µμ = 4 

Space 1D-Internal space: θ!!  4D-spacetime: a!= (t,x,y,z) 

Conversion 
Q!!  Q!! = GM M 

θ!! θ!! ↔   a! a! ↔ a!U! 

Source J!!! 𝑎 ↔ µμ J!
!" 

Field A!
!! and F!

!!" 𝑎 ↔ λ A!
!" and F!

!"# 

Boson Spin 1 gravito-photon  Spin 2 graviton 

Based on the Gravity Internal Space/Spacetime correspondence, GD equation with 

both internal indices “a” and spacetime indices µμ: 

 
∂F!

!!"

∂x! = −4πJ!
!!  and  F!

!!",! + F!
!!",! + F!

!!",! = 0,   (5.9) 

can be rewrite with only spacetime indices, by replacing the internal indices “a” by 

spacetime indices λ, 

 ∂F!
!"#

∂x! = −4πGJ!
!", and     F!

!"#,! + F!
!"#,! + F!

!"#,! = 0,   (5.10) 
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i.e., vector gravitational field is corresponded to tensor gravitational field. The subscripts 

“m” and “g” indicate that the variables are related with mass and g-charge as source, 

respectively. We will show later that this set of equation is exactly the same as that of 

linearized Einstein equation in terms of field strength.  

Note: (1) The internal space of U(1)e of Maxwell remains the same; (2) Since the 

product of generators and parameters are the same, Q!θ! ↔ Q!a! ↔ a!p!, the nature of 

the symmetry does not change, i.e., the gravitational internal U(1)g symmetry is 

identical to the spacetime translation symmetry T!. 

 

5.2. Generalized Einstein Theory (G-Einstein) 

In gauge theories, such as Maxwell and GD, source and field are related by first 

derivative of the field strength that is first derivative of the field potentials. In contrast, 

there is no concept of “gravitational field strength” in Einstein’s theory, only metrics 

tensor, h!", has been interpreted as corresponding to “gravitational potentials”, and R!" 

is second derivative of “gravitational potentials”. This fact makes it possible that, in 

order to explore Duality between Einstein and Maxwell/Yang-Mills gauge theories, we 

introduce the term of “gravitational field strength” and rewrite Einstein’s equation 

accordingly, so that it has the similar form as that of Maxwell and Yang-Mills theories. 

   

5.2.1. Einstein Equation in Terms of “Field Strength” 

Based on the Weak Equivalence Principle (WEP), Einstein established General 

Relativity (GR), a tensor theory. Einstein’s equation is, 

R!"!   −   
!
!
  g!"!  R! =   8πGT!"!, (5.11) 

where the letters with subscript “+” are variables related with positive gravitational 

source. GR contains only positive source.  

The form of Eq. (5.11) doesn’t look like those of Maxwell/Yang-Mills equations at 

all. We need to rewrite Eq. (5.11) in a different form.  

Let’s study a weak gravitational field,  

 g!"! = η!"! + h!"! −
!
!
η!"!ℎ!.          (5.12) 

In a weak gravitational field, as described in [17], we can think of a slightly curved 

spacetime as a flat spacetime with a ‘tensor’ potential h!"! defined on it. Then physical 

fields will be defined in terms of h!"!  and they will ‘look like’ fields on a flat 

background spacetime, i.e., h!"! is a tensor on a ‘background’ Minkowski spacetime, 



	   14	  

i.e. a tensor in SR. Then all equations will be expected to be valid tensor equations when 

interpreted in SR. Substituting g!" of Eq. (5.12) into Eq. (5.11), Einstein equation 

become, in terms of “gravitational potentials h!"!” , 

 !
!
h!,!
  !",! + η!

!"h!"!
            ,!" − h!,!

!",! − h!,!
!",! = −4πG  T!

!" − O!"!
!" (N. L),  (5.13) 

where O!"!
!" (N. L) contains all of non-linear terms of gravitational field, and represents 

self-interaction. Hereafter all constant factors in front of O!"!
!" (N. L) will be absorbed 

into it. Letters with subscript “GR” denote variables related to GR. 

For studying the Duality between Einstein and Maxwell/Yang-‐Mills	  gauge	  theories, 

let’s define “gravitational field strength” as [18], 

G!
!"# ≡ !

!
(h!

!",! − h!
!",! + η!

!"h!      ,!!" − η!"h!      ,!!" ).      (5.14) 

Substituting Eq. (5.14) into Eq. (5.13), Einstein’s equation become exactly, in term of 

“gravitational field strength”, 

 !!!
!"#

!!!
= −4πG  T!

!" − O!"!
!" (N. L).          (5.15) 

Adopting the “gauge condition”, 

 h!    ,!!" = 0,               (5.16) 

the “gravitational field strength”, G!
!"#, becomes, 

 G!
!"# ≡ !

!
(h!

!",! − h!
!",!).            (5.17) 

It is obvious that “gravitational field strength”, G!
!"#, satisfies the relation, 

 G!
!"# = −G!

!"#,               (5.18) 

and the identity, 

 G!
!"#,! + G!

!!",! + G!
!"#,! ≡ 0.           (5.19) 

Now Einstein’s equation, Eq. (5.15), and Yang-‐Mills	  equation have the same form. The 

linearized Eq. (5.15) has the same form as that of Maxwell. 

Applying the gauge condition, Eq. (5.13) becomes, 

 ∇! − !!

!!!
h!
!" = −16πG  T!

!" − O!"!
!" (N. L).       (5.20) 

This is the Einstein’s equation in terms of “gravitational potentials”. When non-linear 

term is ignored, Eq. (5.20) turns to conventional gravitational wave equation. 

 

5.2.2. G-Einstein Equation in Terms of g-Charge 

Let’s represent T!
!" in terms of g-charge. For a non-interaction matter,   
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T!
!" = ρ!!U!U!, 

where 𝜌!! is positive rest mass density.  

Now we can re-express positive gravitational sources in terms of positive g-charges, 

T!!
!" = ρ!!U!U!,  ρ!! = + Gρ!,  and   ρ! > 0.    (5.21) 

With this definition, Eq. (5.15) and (5.20) can be rewritten as, respectively, 

 
!!!!

!"#

!!!
= −4πT!!

!" − O!,!"!
!" (N. L).          (5.22) 

 ∇! − !!

!!!
h!!
!" = −16πT!!

!" − O!,!"!
!" (N. L),       (5.23) 

where O!,!"!
!" (N. L) = O!"!

!" (N. L)/ 𝐺, G!!
!"# = G!

!"#/ 𝐺, h!!
!" = h!

!"/ 𝐺.  

 Note h!!
!"  is not a geometric quantity, but a physical field. 

We believe that, for establishing the Duality between Maxwell/Yang-‐Mills	   gauge	  

theories	   and	   Einstein’s theory, Einstein equation must be generalized to include a 

negative gravitational source, T!!"，as a dual of negative Noether charge. We postulate 

that Einstein’s theory must have positive/negative g-charge (gC) conjugate symmetry, 

which demands that the negative gravitational source, T!!", generates the gravitational 

field in the same way a positive source does. Without the concept of g-charge, negative 

T!!" implies negative mass density, which violates “Energy condition”. However, with 

the concept of g-charge, negative gravitational source only implies negative g-charge, 

the mass of the source can still be positive, i.e., “Energy condition” is still valid.  

We propose Einstein-like equation with negative source as the following [5], 

 R!"!   −   
!
!
  g!"!  R! = 8π  GT!"!.          (5.24) 

For weak field, let’s assume 

 g!"! = η!"! + h!"! −
!
!
η!"!ℎ!.           (5.25) 

The letters with subscript “−” are variables related with negative g-charge. Following 

the same procedure for Einstein equation of positive g-charge, we obtain 

    !
!
h!      ,!
  !",! + η!!"h!"!

                ,!" − h!    ,!
!",! − h!    ,!

!",! = −  4πG  T!!" − O!"!
!" (N. L).  (5.26) 

Applying gauge condition,  

 h!    ,!!" = 0.                (5.27) 

Representing T!!" in terms of negative g-charge, we have 

 T!!
!" = ρ!!U!U!,  ρ!! = − Gρ!,   and   ρ! > 0.    (5.28) 

Introducing “gravitational field strength” for negative g-charge, 
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 G!!"# ≡
!
!
h!!",! − h!!",! = GG!!

!"#.         (5.29) 

Einstein-like equation of negative g-charge becomes 

 
!!!!

!"#

!!!
= −4πT!!

!" − O!,!"!
!" (N. L),          (5.30) 

 G!!
!"#,! + G!!

!"#,! + G!!
!"#,! = 0,           (5.31) 

 ∇! − !!

!!!
h!!
!" = −16πT!!

!" − O!,!"!
!" [(h!!")!].       (5.32) 

Combining Einstein and Einstein-like equations, Eq. (5.22)/Eq. (5.30), Eq. (5.19)/Eq. 

(5.31), and Eq. (5.20)/Eq. (5.32), we obtain the G-Einstein equation, 

 
!!!

!"#

!!!
= −4π  T!

!" − O!,!"
!" (N. L),          (5.33) 

 G!
!"#,! + G!

!"#,! + G!
!"#,! = 0,           (5.34) 

 ∇! − !!

!!!
h!
!" = −16π  T!

!" − O!,!"
!" (N. L),        (5.35) 

where T!
!"  represent either T!!

!"  or T!!
!"  or a net   T!,!"#

!" = T!!
!"+T!!

!" ; h!
!"  represent 

either h!!
!"  or h!!

!"  or  net h!,!"#
!" = h!!

!" + h!!
!" ; G!

!"#  represent either G!!
!"#  or G!!

!"# 

or  net G!,!"#
!"# = G!!

!"# + G!!
!"# ; O!,!"

!" (N. L. )  represent either O!,!"!
!" (N. L. )  or 

O!,!"!
!" (N. L. ) or net  O!,!"#

!" N. L. = O!,!"!
!" N. L. + O!,!"!

!" (N. L. ).  

For studying Duality, G-Einstein equation can be written with x! → −x!, as, 

 
!!!

!"#

!(!!!)
= 4π  T!

!" + O!,!"
!" (N. L),          (5.36) 

 G!
!"#,(!!) + G!

!"#,(!!) + G!
!"#,(!!) = 0,         (5.37) 

 ∇!! −
!!

!(!!)!
h!
!" = 16π  T!

!" + O!,!"
!" (N. L).       (5.38) 

where,  

 G!
!"#,(!!) ≡ −G!

!"#,!    and     ∇!≡
!

! !!
𝑥 + !

! !!
𝑦 + !

!(!!)
𝑧.  (5.39) 

Taking derivative of Eq. (5.33 or 5.36), we obtain the conservation equation,  

  
![!!

!"!!!,!"
!" (!.!)]

!!!
= 0,             (5.40) 

which implies that the combination of the energy momentum of matter and gravitational 

field is conserved. T!
!" alone is not conserved. 

To study the dual natures between G-Einstein’s theory and Maxwell theory, we 
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write linear components of G-Einstein’s equation bellow:  

   !!
!"#

!(!!!)
= 4π  T!

!!  and  G!"#,(!!) + G!"#,(!!) + G!"#,(!!) = 0,  (5.41) 

Later, we will investigate Gauge/G-Einstein Quasi-Duality. 

Spin 1 vs. Spin 2 

Conventionally, Einstein theory describes only spin 2 fields, since spin 1 

gravitational field is eliminated. On the other hand, gauge theory describes a spin 1 field. 

In AdS/CFT Duality, one of the key challenges is the conversion between spin 1 gauge 

field and spin 2 gravitational fields. A proposed mechanism of the conversion is that a 

pair of spin 1 gauge bosons including photons bonds to a spin 2 graviton [3]. This 

mechanism contains two conversions:  

(1) one is between different spin: spin 1 and spin 2;  

(2) other is between different bosons: gauge boson and graviton. 

Here we propose a different mechanism. For addressing the conversion between 

spin 1 and spin 2, it is conceptually meaningful to keep both vector and tensor fields in 

G-Einstein theory, i.e., keep spin 1 gravitational boson and spin 2 graviton. Since the 

vector gravitational field can explain spin 1-gauge/spin 1-gravity Duality naturally, we 

will not use complicated gauge conditions to eliminate the vector components of 

gravitational fields, i.e., the spin 1 gravitational bosons, denote as gravito-photon, and 

spin 2 gravitons coexist. A gravito-photon is a dual of gauge boson. Two 

gravito-photons bond to a spin 2 graviton, instead of a pair of spin 1 gauge bosons bonds 

to a spin 2 graviton.  

This mechanism contains two conversions:  

(1) One is between same spin; spin 1 gauge boson and spin 1 gravito-photon;  

(2) Other is between same boson: gravito-photon and graviton (Table 6). 

Table 6: Conversion of Spin 1 Gauge Boson/Spin 2 Graviton 

Conversion  Spin Boson 

Horowitz/Polchinski Spin 1 ↔ spin 2 Gauge boson ↔ Graviton 

Peng 
Spin 1 ↔ spin 1 Gauge boson ↔ Gravito-photon 

Spin 1 ↔ spin 2 Gravito-photon ↔ Graviton 

 

5.3. Generalized Newton Theory (G-Newton) 

Coulomb/Newton Quasi-Duality 
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   With Quasi-Duality perspective, let’s restudy Newton’s theory. Approaches have 

been proposed to address the unambiguous differences between electromagnetism and 

gravity. On the contrary, in this section, we will focus on the profound similarities.  

   We believe that the well-known similarities between Coulomb’s law of electricity 

and Newton’s law of gravity, representing the only two long-range interactions in Nature, 

are not coincidence. To emphasis, let’s list the similarities again (Table 7): 

Table 7: Similarities between Coulomb’s law and Newton’s law 

Similarities Electricity Newton’s theory 

Range Long Long 

Field  ∇    ∙ 𝐄± = +4πρ!± ∇!    ∙ 𝐠𝑵! = +4πρ!! 

Force 𝐅! = q±𝐄± 𝐅! = m!𝐠𝐍! 

   Letters with subscript “N” denote variables related to Newton gravity. It is obvious 

that, without knowing symmetries of both sides, under the transformation, 

 ρ!± ↔ ρ!±    and    x! ↔ −x!     (5.42) 

there is a Electricity/Newton Quasi-Duality, denote as E/𝐠! Quasi-Duality, which  

1. requires the existence of negative g-charge*. 

2. unifies Electricity and Newton’s gravity. 

3. must be extendable to a Duality between those two interactions. 
* Negative g-charge has been introduced into Newton’s law [5]. 

Generalized Newton theory (G-Newton) 

First let’s review conventional Electricity/Magnetism Quasi-Duality. In vacuum, 

under transformation E → −B, B →E, Maxwell equations, 

∇ ∙ 𝐄+ i𝐁 = 0,      and        ∇× 𝐄+ i𝐁 = i !
!"

𝐄+ i𝐁 .  (5.43) 

are invariant, denoted as the magnetic/electric (B/E) Quasi-Duality. Electricity and 

magnetism were unified into the complete Maxwell theory with source terms. Note this 

fact is ordinarily denoted as Duality, we denote it as B/E Quasi-Duality. 

Although E/𝐠!  Quasi-Duality is between electricity and Newton’s gravity, we 

believe that the E/ 𝐠!  Quasi-Duality reflects the intrinsic connection between 

electromagnetic and corresponding gravitational fields, in more general sense. Based on 

the Principle of transferability of Quasi-Duality, the B/E Quasi-Duality and conjectured 

E/𝐠! Quasi-Duality are extended to 𝐁!"/𝐠! Quasi-Duality and B/𝐁𝐠𝐍 Quasi-Duality, 

where gravitomagnetic field 𝐁!" is the dual of magnetics 𝐁. Therefore Quasi-Dualities 

between corresponding components, e.g., E/𝐠! and B/𝐁𝐠𝐍, must be transformed to two 
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complete theories, Electrodynamics and generalized Newton’s theory (G-Newton). We 

postulate: 

(1) there is gravitoelectric/gravitomagnetic (𝐠!/𝐁!" ) Quasi-Duality, which is the 

gravitational counterpart of the electric/magnetic (E/B) Quasi-Duality, and leads to the 

existence of gravitomagnetic field;  

(2) there is a Quasi-Duality between electromagnetism and G-Newton’s law, which leads 

to a unification as shown in Table 8. 

Table 8: Relation of E/B and postulated E/𝐠!, 𝐠!/𝐁!", and B/𝐁𝐠𝐍 Dualities 

Electricity (E) E/B 

Quasi-Duality 

Magnetism (B) 

 

Electrodynamics 

E/𝐠! Quasi-Duality 
 

  B/𝐁𝐠𝐍 

Quasi-Duality  
Ultra symmetry 

 

Newton’s law (𝐠!) 

𝐠!/𝐁!" 

Quasi-Duality 

      gravito- 

magnetism (𝐁!")  

Generalized  

Newton’s law 

Combining E/𝐠!and E/B Quasi-Dualities, we conjecture that, as electric field E and 

magnetic field B converted to each other via E/B Quasi-Dualities, Newton gravitational 

field 𝐠! must be converted to gravitomagnetic field 𝐁!" via 𝐠!/𝐁!" Quasi-Dualities. 

Indeed, to bring together Newtonian gravitation and the concept of Quasi-Dualities, the 

introduction of a gravitomagnetic field is inevitable.  

   By exchanging 𝐄 ↔   𝐠!  and  𝐁 ↔ 𝐁!", we obtain, from Eq. (5.43),  

∇ ∙ 𝐠! + i𝐁!" = 0   and   ∇× 𝐠! + i𝐁!" = i !
!"

𝐠! + i𝐁!" .  (5.44) 

An important property of Eq. (5.44) is its invariance under the transformation of 

simultaneously replaces the gravitoelectric field 𝐠! by the gravitomagnetic	  

field	  −𝐁!"	  and	  replaces	  𝐁!"	  by	  𝐠!.	  This situation is the basic manifestation of 

Quasi-Dualities between 𝐠! and	   𝐁!"	   in G-Newton’s theory.  

It is natural to extend the gravitational Eq. (5.44) to include sources,  

 ∇ ∙ 𝐠! = −4πρ!                                and                                          ∇×𝐠! = −
∂𝐁!"

∂t   (5.45) 

 ∇ ∙ 𝐁!" = 0                                                    and                                      ∇×𝐁!" = −4π𝐉! +
∂𝐠!

∂t, (5.46) 

 
!!!"

!"

!!!
= −4π  J!

!,              (5.47) 
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 F!",!
!" + F!",!!" + F!",!

!" = 0,           (5.48) 

where J!
!  is 4-vector gravitational current of either positive g-charge or negative 

g-charge or combination of both. Eqs. (5.45-5.48) are the G-Newton theory of gravity. 

We generalize the scalar Newton theory to a vector Newton theory of gravity. The 

G-Newton of gravity unifies gravito-electric, 𝐠!, and gravito-magnetic fields, 𝐁!".  

   The derivative of Eq. (5.47) gives us,  

   
!!!
!

!!!
= 0. (5.49) 

By analogy to electromagnetism, the conservation of J!
! leads to the conclusion that the 

G-Newton has the internal U(1) symmetry. G-Newton and GD have the same internal 

symmetry and equation, thus are identical. In the following discussion of Duality and 

Quasi-Duality, the term “GD” stands for both GD and G-Newton.  

    The field equations of GD and linearized G-Einstein theory have the form same as 

that of Maxwell equation, therefore, the Maxwell-type gravitational field must be an 

ingredient of ultimate theory of gravity.  

With GD and G-Einstein, we are ready to search for theory-to-theory 

Gauge/Gravity Dualities (Quasi-Dualities) and Gravity Dualities (Quasi-Dualities). 

 

6. Maxwell/Gravity Duality and Quasi-Duality 

    In this section we study Duality and Quasi-Duality between linear Gauge and linear 

or linearized theories of gravity including GD and linearized G-Einstein theory. 

 

6.1. Maxwell/U(1)g GD Duality 

Field Equation  

    Let’s rewrite GD, Eq. (5.9), and Maxwell’s equations, respectively, 

!!!
!"

!(!!!)
=   +  4π  J!

!       and         
!!!

!"

!!!
+   

!!!
!"

!!!
+   

!!!
!"

!!!
= 0, (5.9)  

!!!
!"

!!!
=   +  4π  J!

!         and        !!!
!"

!!!
+   !!!

!"

!!!
+   !!!

!"

!!!
= 0. (6.1) 

Under simultaneous transformations, Ultra Symmetry for Q! and Q!, 

 Q! ↔ Q!     and    𝑥! ↔ −𝑥!.     (6.2) 

GD and Maxwell, convert to each other (Table 9)., which is Maxwell/GD Duality, 

Maxwell = GD      (6.3) 
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Spin 1 photon ↔ Spin 1 gravito-photon    (6.4) 

Table 9: Ultra symmetry and Maxwell/GD Duality 

U(1)e Maxwell Ultra	  symmetry U(1)g GD 

∂F!
!"

∂x! = 4π  J!
! Q! ↔ Q! and 𝑥! ↔ −𝑥!, 

∂F!
!"

∂(−x!) = 4π  J!
! 

   Maxwell/GD Duality implies that superficially differences between two long-range 

interactions are actually, in a certain sense, equivalent.  

Equation	  of	  Motion	   	  

    Let’s consider effects of Ultra symmetry on the equations of motion describing a 

test body carrying q! (q!) in external gravitational field F!
!" (electromagnetic field 

F!
!") [4,5]. The equations of motion are, respectively, 

𝑚 !(!!!)
!"

= q!F!
!"V!     and       𝑚 !(!!!)

!"
= q!F!

!"V!. (6.5) 

For brevity in discussion of equations of motion, we only consider the simplest 

situation of gravitoelectric and electric forces. It is straightforward to obtain the formulas, 

from Eq. (6.5) (Table 10).  

Table 10: Equations of Motion: Ultra symmetry 

GD Ultra symmetry  Maxwell 

d γ𝐕
d(−𝑡)

= −
q!!
m
  𝐠! 	  

Attractive	  

Q! ↔ Q! 

(−𝑥,−𝑡) ↔ (x, 𝑡) 

d γ𝐕
dt

=
q!!
m
  𝐄! > 0	  

Repulsive 

d γ𝐕
d(−𝑡)

= −
q!!
m
  𝐠! 	  

Repulsive	  

Q! ↔ Q!, 

(−𝑥,−𝑡) ↔ (x, 𝑡) 

d γ𝐕
dt

=
q!!
m
  𝐄! < 0 

Attractive 

d γ𝐕
d(−𝑡)

=
−q!!
m

  𝐠! 	  

Repulsive	  

Q! ↔ Q!, 

(−𝑥,−𝑡) ↔ (x, 𝑡) 

d γ𝐕
dt

=
q!!
m
  𝐄! < 0 

Attractive 

d γ𝐕
d(−𝑡)

= −
q!!
m
  𝐠! 	  

Attractive	  

Q! ↔ Q!, 

(−𝑥,−𝑡) ↔ (x, 𝑡) 

d γ𝐕
dt

=
q!!
m
  𝐄! > 0 

Repulsive 

Where 𝐠!(𝐄!) and 𝐠!(𝐄!) are the gravitational (electric) field generated by positive 

and negative g-charge (e-charge), respectively.  

Those equations of motion show interesting phenomena that under Ultra symmetry, 
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attractive gravitational force between like g-charges converts to repulsive electric force 

between like e-charges, and repulsive gravitational force between unlike g-charges 

converts to attractive electric force between unlike e-charges, and vice versa (Table 10). 

This implies that Gravitation and electromagnetics are mirror image to each other and 

the direction of forces is reversed. This explains Mystery 1. 

Summary: 

Both GD and its dual Maxwell have U(1) symmetry, have been quantized, and are in the 

four-dimension spacetime and one-dimension internal space. Ultra symmetry converts 

GD to Maxwell by converting: (1) g-charge to e-charge; (2) equation of GD to that of 

Maxwell; and (3) gravitational attractive/repulsive force to electric repulsive/attractive 

force; and vice versa. Ultra symmetry leads to the conclusion that those two theories are 

equivalent, i.e., Maxwell/GD Duality, which is fundamental properties of gravity and 

electromagnetism. Such symmetry and Duality should have powerful consequences. 

Since the Duality exchanges electromagnetic and gravitational variables, we can learn 

phenomena of weak-coupled gravity from that of strong-coupled electromagnetism. 

   At quantum level, ultra charge Q! would transform g-charge into e-charge,  

   
Q! g− charge = e− charge         Q!Q! g− charge = g−charge       
Q! e− charge = g−charge         Q!Q! e− charge = e− charge    .  (6.6) 

Unification: 

This Duality allows us to physically unify two long-range interactions in the framework 

of gauge theory. The unified Maxwell (ED) and GD has Lagrangian 

 ℒ!"!!" = − !
!
F!"
!" F!"!" −

!
!
F!"
!"F!"!".        (6.7) 

    

6.2. Maxwell/Linearized	  G-‐Einstein	  Quasi-‐Duality	  

Vector Component of Linearized G-Einstein: 

Comparing the vector component of G-Einstein equation, E. (5.41),  

!!!"#

!(!!!)
= 4π  T!!"    and   G!"#,! + G!"#,! + G!"#,! = 0.   

with Maxwell Equations, Eq. (6.1), we conclude that under the simultaneous 

transformation,  

 J!
! ↔ T!

!"    and     𝑥! ↔ −𝑥!,     

Maxwell field converts to vector field of linearized G-Einstein’s theory, i.e. vector 

component of linearized G-Einstein theory is Quasi-Duality of Maxwell theory: 
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          Maxwell ↔ vector linearized G-Einstein   (6.8) 

And spin 1 photon converts to spin 1 gravito-photon, and vice versa: 

   Spin 1 photon ↔ Spin 1 gravito-photon   (6.9) 

Note we don’t know the internal symmetry for the vector field of linearized G-Einstein. 

If we want to advance this Quasi-Duality to Duality, an assumption is that the vector 

component of linearized G-Einstein gravity would have the internal U(1) symmetry. 

Tensor Component of Linearized G-Einstein:  

By comparing Maxwell with tensor components of linearized G-Einstein,  

   !!!!"

!(!!!)
= 4π  T!!!    and   G!!",! + G!!",! + G!!",! = 0,  (5.41) 

we obtain that under the simultaneous transformation, 

J!
! ↔ T!

!!     and     −x! ↔ x!,     (6.10) 

tensor components of linearized G-Einstein Equations, Eq. (5.54), convert to Vector 

Maxwell’s equations, Eq. (6.1), correspondingly, and vice versa, denoted it as 

Maxwell/tensor linearized G-Einstein Quasi-Duality, 

  Maxwell ↔ Tensor linearized G-Einstein    (6.11) 

And spin 1 photon converts to spin 2 graviton, and vice versa: 

Spin 1 photon ↔ Spin 2 graviton     (6.12) 

Note: this Quasi-Duality converts a pair of spin 1 photons to spin 2 graviton, and vice 

versa, which agrees with that the pair of spin 1 photons behaves like a spin 2 graviton in 

Gauge/Gravity Duality [3]. 

Maxwell/GD Duality and Maxwell/Linearized G-Einstein Quasi-Duality justify the 

Conjecture 1: Maxwell/Gravity Duality (Quasi-Duality) is gravitational 

theory-independent.  

  

7. Yang-Mills/Gravity Duality and Quasi-Duality 

In this section we investigate Duality and Quasi-Duality between non-linear Gauge 

theory, Yang-Mills theory, and non-linear theories of gravity including Non-Abelian GD 

and G-Einstein theory. 

 

7.1. Yang-Mills/Non-Abelian GD Duality 

Non-Abelian GD: 

   We have derived Maxwell/GD Duality in last Section. The Abelian U(1)e ED has 
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been extended to non-Abelian gauge theory, Yang-Mills theory. According to the 

transferability of Duality, it is nature to postulate that Abelian U(1)g GD can be 

extended to its non-Abelian extension, Non-Abelian GD (Table 11). 

Table 11: Abelian ED→Non-Abelian Yang-Mills vs. Abelian GD→Non-Abelian GD  

Abelian U(1) Maxwell  Non-Abelian Yang-Mills theory 

∥  ∥ 

Abelian U(1) GD  Non-Abelian GD* 

The “∥” represents Duality between two sides. 

* The non-linear terms of Non-Abelian GD and Yang-Mills theory have same forms. 

   The basic ideal behind this postulation is that any similarity between two or more 

phenomena in Nature is not coincidence and leads to more similarities at deeper level. 

   The Lagrangian for Non-Abelian GD is, 

   ℒ!"!!" = − !
!
F!"!!"
!!" F!"!!"!"! + 𝑔!J!"!!"

!! A!"!!"!! . (7.1) 

Letters with subscript “NA-GD” denote variables related to Non-Abelian GD. The 

non-Abelian gravitational field strength F!"!!"
!!"  is defined as 

 D!,D! = −i𝑔!T!F!"!!"!"! ,           (7.2) 

 F!"!!"
!!" ≡ A!"!!"

!!,! − A!"!!"
!!,! + 𝑔!f !"#A!"!!"

!! A!"!!"!!      (7.3) 

where the covariant derivative is defined as 

   D! = ∂! − i𝑔!T!A!"!!"!! .           (7.4) 

A!"!!"
!!  is the Non-Abelian Gravitational field, J!"!!"

!!  is the source, f !"#  the 

structure constant, 𝑔! is the coupling constant. The	  covariant	  derivative	  satisfies	  the	  

Bianchi	  identity,	    

   D!F!"!!"!" !
+ D!F!"!!"

!" !
+ D!F!"!!"

!" ! = 0.     (7.5) 

The Lagrangian yields field equation, 

 !!!"!!"
!!"

!!!
+ 𝑔!f !"#A!"!!"!! F!"!!"

!!" = −𝑔!  J!"!!"!! ,      (7.6) 

 For studying Dualities (Quasi-Dualities) between Non-Abelian GD and G-Einstein, 

let’s separate linear and non-linear terms by introducing linear field strength, 

 F!"!!"
!!" ≡ A!"!!"

!!,! − A!"!!"
!!,! .          (7.7) 

Substituting it into Eq. (7.6), non-Abelian GD equation becomes 

 
!!!"!!"

!!"

!!!
= −𝑔!  J!"!!"!! + O!"!!"!! (N. L. ).        (7.8) 
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where the non-linear term is, 

    O!"!!"!! (N. L. ) ≡ 𝑔!f !"#
!(!!"!!"

!! !!"!!"
!! )

!!!
− A!"!!"!! F!"!!"

!!" .   (7.9) 

   Following the same procedure, Non-Abelian GD, or more generally, Non-Abelian 

gravity can be quantized. 

Yang-Mills/Non-Abelian GD Duality:  

Let’s briefly review the Yang-Mills field described be the Lagrangian, 

 ℒ!" = − !
!
F!"
!!"F!"!"! − 𝑔!"J!"

!! A!"!! .	  	   	   	   	   	   	   	   	   (7.10) 

where,  

 F!"
!!" ≡ A!"

!!,! − A!"
!!,! + 𝑔!"f !"#A!"

!! A!"!! .        (7.11) 

A!"
!!,! is the gauge field, J!"

!!  is the source, f !"# the structure constant, 𝑔!" is the 

coupling constant. 

   The equation of motion is 

 !!!"
!!"

!!!
+ 𝑔!"f !"#A!"!! F!"

!!" = 𝑔!"  J!"!! ,         (7.12) 

 Now we can see that under the simultaneous transformations, Ultra Symmetry for 

Yang-Mills charge and Non-Abelian g-charge, 

 𝑔!"  J!"!! ↔ −𝑔!  J!"!!"!! .            (7.13) 

Yang-Mills and Non-Abelian GD have the same form equations, corresponding 

variables, and internal symmetries (will be discussed in next two Sections), i.e., 

Yang-Mills/Non-Abelian GD Duality.  

 

7.2. Yang-Mills/G-Einstein Quasi-Duality 

 In Section 6 we studied the Quasi-Duality between Maxwell and linearized 

G-Einstein theory. Yang-Mills theory was established by analogy to Maxwell theory. 

The non-linear terms of both Yang-Mills and G-Einstein theory represent self-interaction, 

respectively. As a nature extension of Maxwell/Linearized G-Einstein Quasi-Duality, we 

expect that there is a Quasi-Duality between Yang-Mills and G-Einstein. 

To discover the Duality between Yang-Mills theory and Einstein’s theory, let’s 

separate linear and non-linear terms by introducing a linear Yang-Mills field strength, 

 F!"
!!" ≡ A!"

!!,! − A!"
!!,!.             (7.14) 

Substituting it into Eq. (7.12), Yang-Mills equation can be written as 
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!!!"

!!"

!!!
= 𝑔!"J!"!! + O!"!! (N. L. ).          (7.15) 

where the non-linear term is, 

    O!"!! (N. L. ) ≡ 𝑔!"f !"#
!(!!"

!! !!"
!! )

!!!
− A!"!! F!"

!!" .      (7.16) 

 Under the simultaneous transformations, 

 𝑔!"J!"!! ↔ −T!
!",    and  O!"!! (N. L. ) ↔ O!,!"

!" (N. L. )∗,   (7.17) 

Eq. (5.36) and Eq. (7.15) convert to each other. This is the Yang-Mills/G-Einstein 

Quasi-Duality. This conclusion is no surprise, because non-linear Yang-Mills theory was 

established by analogy to Maxwell theory. Therefore Maxwell/linearized G-Einstein 

Quasi-Duality can be extended naturally to Yang-Mills/G-Einstein Quasi-Duality.  

Non-Linear Terms  

The linear parts of Yang-Mills and G-Einstein theories have the same forms. 

However, the non-linear terms of Yang-Mills theory,	   O!"!! (N. L. ),	   and of G-Einstein 

theory,	   O!,!"
!" (N. L. ), are different. To fulfill the conversion between two theories and to 

advance Yang-Mills/G-Einstein Quasi-Duality to Duality, we suggest an approach to 

gauge G-Einstein geometric theory and unify with Yang-Mills gauge theory: convert the 

form of O!,!"
!" (N. L. )  to that of O!"!! (N. L. ) , i.e., replace A!"

!!  by h!"  and 

F!"
!!"  by  G!"# in O!"!! (N. L. ), the gauged G-Einstein equation becomes, 

!!!"#

!(!!!)
= 4π  T!

!" + 𝑔!f!"#
!(!!"!!")

!!!
− h!

!G!"# ,      (7.18) 

This approach allows us to quantize gauged G-Einstein equation and unify physically all 

four interactions in the framework of gauge theory.  

Eq. (7.18) has the same form as that of Non-Abelian GD, which implies that when 

we gauging G-Einstein, we obtain Non-Abelian GD, and vice versa. This justifies the 

Conjecture 1: Yang-Mills/Gravity Duality (Quasi-Duality) is gravity theory-independent. 

 

8. Electroweak/Unified U(1)g×SU(2)g GD Duality 

Once the internal symmetry of Non-Abelian GD is confirmed, Abelian U(1)g GD 

and Non-Abelian GD will be unified. The unified GD will be unified with other 

interactions in the framework of gauge theory.  

 

8.1.Unified 𝐔(1)g×S𝐔(2)g GD 
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A basic property of a particle is its mass, i.e., carrying g-charge that generates 

gravitational force. Let’s consider leptons that have mass and spin. By analogy to Weak 

isospin, we postulate that all leptons have a property called gravitational isospin 

(g-isospin), which serves as a quantum number and governs how that particle behaves in 

the gravitational interaction. G-isospin plays the role in the gravitational interaction same 

as weak isospin in Weak interaction. Based on Yang-Mills/Non-Abelian GD Duality and 

Maxwell/GD Duality, we expect that in addition to Electroweak interaction, there are 

gravitational interactions of leptons, which include U(1)g GD and SU(2)g GD, denote as 

U(1)g×SU(2)g GD (Table 12).  

Table 12: U(1)e ED  →  Electroweak vs. U(1)g GD  →  SU(2)g GD 

Abelian U(1)e:    ED  U(1)e×SU(2)W Electroweak 

          Duality   

Abelian U(1)g:    GD  U(1)g×SU(2)g GD 

The Lagrangian of unified U(1)g×SU(2)g GD is, 

 ℒ!"#$#%&  !" = − !
!
F!"!!"
!" F!"!!"!" −

!
!
F!"#!!"
!!" F!"#!!"!"! ,	   	   	   	   (8.1) 

where,  

 F!"#!!"
!!" ≡ A!"#!!"

!!,! − A!"#!!"
!!,! + 𝑔!"#!!"f !"#A!"#!!"

!! A!"#!!"!! ,  (8.2) 

 F!"!!"
!" ≡ A!"!!"

!,! − A!"!!"
!,! ,           (8.3) 

A!"#!!"
!!,!  is the SU(2)g gravitational gauge field, A!"!!"

!,!  is the U(1)g gravitational field, 

f !"# the SU(2)g structure constant, 𝑔!"#!!" is the coupling constant.  

According to the gauge theory, because the SU(2)g group is Non-Abelian, the gauge 

bosons that communicate the SU(2)g gravitational interaction carry g-charges.  

NOTE: This fact leads to a significant conclusion that, since g-charge of a particle is 

related to its mass, the SU(2)g gauge bosons automatically carry mass. 

So unlike U(1)g GD which is communicated by massless gravito-photons, the 

SU(2)g gravitational interaction has a very short range. For massive particles of mass M, 

the potential of interaction is  

V(r)!"#!!" = − !
!
e!!",            (8.4) 

where K is the coupling constant. Eq. (8.4) indicates a short-range SU(2)g gravitational 

force. The range of this force is approximately equal to 1/M. 

The potential of total gravitational force including U(1)g long-range and SU(2)g 

short-range gravitational forces between leptons is, 
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 V(r)!"!#$ = − !!!"#$%
!

− !
!
e!!".           (8.5) 

This is a Yukawa-type expression, and is a theoretical derivation of microscopic 

short-range gravity. The further task is to experimentally explore it [19]. On the other 

hand, macroscopic short-range gravity has been discussed [20].  

 

8.2. Electroweak/U(1)g×SU(2)g GD Duality 

The Lagrangian of Electroweak interaction with U(1)e×SU(2)W is, 

 ℒ!"#$%&'(#)* = − !
!
F!"
!"F!"!" −

!
!
F!"#
!!"F!"#!"! ,	   	   	   	   	   	   	   (8.6) 

 F!"#
!!" ≡ A!"#

!!,! − A!"#
!!,! + 𝑔!"#f !"#A!"#

!! A!"#!! ,        (8.7) 

 F!"
!" ≡ A!"

!,! − A!"
!,!,             (8.8) 

A!"#
!!,! is the SU(2)W weak isospin gauge field, A!"

!,! is the U(1)e weak hypercharge field, 

f !"# the SU(2)W structure constant, 𝑔!"# is the coupling constant. Comparison between 

Eqs. (8.1-8.3) and (8.6-8.8) shows that there is Electroweak/ U(1)g×SU(2)g GD Duality  

 

9. Gravity Duality and Quasi-Duality    

9.1. Linearized G-Einstein/GD Quasi-Duality 

   Now we study Gravity Duality/Quasi-Duality between gravitational theories，which 

is useful for doing calculations because it relates a theory in which calculations are 

difficult to a theory in which they are easier. 

   Let’s consider the linearized G-Einstein’s equation. Under the transformations, 

   J!
!" ↔ T!

!"             and          F!
!"# ↔ G!"#,  (9.1) 

where, J!
!" = ρ!U!U! and T!

!" = ρ!U!U!, the field equation of GD, Eq. (5.10), converts 

to Eq. (5.41), thus we have GD/G-Einstein Quasi-Duality.  

   For the situation of low speed, 𝛾 ≈ 1, GD and vector component of linearized 

G-Einstein equation are identical, which suggest that vector component of linearized 

G-Einstein equation has U(1) symmetry. Thus the Quasi-Duality between GD and vector 

component of linearized G-Einstein’s theory advances to Duality.  

 

9.2. G-Einstein/Non-Abelian GD Quasi-Duality 

   Under the simultaneous transformations, 

   T!
!" ↔ J!"!!"!!    and   O!,!"

!" (N. L. ) ↔ O!"!!"!! (N. L. ) (9.2) 

The G-Einstein equation converts to that of Non-Abelian GD. Note non-linear terms in 

two theories are different.  
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10. Unification 

   There are two postulations: (1) gravity is U(1)g long-range force only; (2) there is 

short-range SU(2)g gravity. We will investigate two postulations separately below. 

 

10.1. Unification of Electroweak and U(1)g GD 

    The long-range gravitational force is described by U(1)g GD. The unification of 

U(1)g GD and Electroweak, denote as Gravito-Electro-Weak, has the Lagrangian, 

    ℒ!"#$%&'!!"!#$%&!!"#$ = ℒ  !(!)! + ℒ!"#$%&'(#)* 

                = − !
!
F!"#
!" F!"#!" −

!
!
F!"#
!" F!"#!" −

!
!
F!"#$
!!" F!"#$!"! . (10.1) 

A very interesting and significant prediction of this approach of unification is that, by 

analogy to Electroweak, the SU(2)W gauge bosons carry not only e-charge but g-charge. 

G-charge is proportional to mass, so SU(2)W gauge bosons carry mass also. In additional to 

the symmetry breaking mechanism, the Gravito-Electro-Weak provides an additional 

mechanism to make gauge boson massive. 

 

10.2. Unification of Electroweak and U(1)g×SU(2)g GD 

 The leptons and the 𝑊± bosons carry both the electric charge and mass (g-charge), 

and Z boson carries mass (g-charge). This fact suggests that Gravity, Electromagnetic, 

and Weak interactions are related. With the Electroweak/U(1)g×SU(2)g GD Duality, we 

propose the Unification of Electroweak and U(1)g×SU(2)g GD, the Lagrangian is, 

 ℒ = ℒ!"#$#%&  !" + ℒ!"#$%&'(#)* 

      = − !
!
F!"#
!" F!"#!" −

!
!
F!"#$
!!" F!"#$!"! − !

!
F!"
!"F!"!" −

!
!
F!"#
!!"F!"#!"! .  (10.2) 

 We postulate that a SU(2)weak gauge boson and its corresponding SU(2)gravity gauge 

bosons are actual bond of a gauge boson that either carrying both e-charge and g-charge 

or carrying g-charge. This postulation provides a mechanism that SU(2)weak gauge 

bosons gain mass from corresponding SU(2)gravity gauge bosons. 

Summary: 

   U(1)g GD and U(1)g×SU(2)g GD are unified with Electroweak interaction, separately, 

within the single mathematical structure. We believe that the structural naturalness of 

Unification was no frippery. New perspectives often bring unexpected insights, in terms 

of which: (1) the underlying physics is more simple and clear; (2) deepening our 

understanding. For conceptually understanding gravity in terms of physics, we have 

reformulated different theories of gravity in the framework of other interactions, and 
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postulated to unify all interactions in gauge theories. 

  

11. Summary and Remark 

In this article we have generalized Einstein theory, Gravitodynamics, and Newton 

theory. By introducing the Ultra symmetry, individual theory-to-theory Gauge/Gravity 

Dualities (Quasi-Dualities), and Gravity Duality (Quasi-Duality) are investigated.  

First let’s summarize Gravity Duality (Quasi-Duality), which represent relations 

between different gravitational theories (Table 13) 

Table 13: Duality and Quasi-Duality between Gravitational Theories 

Theory Transformation Theory Correspondence 

Abelian GD  G-Newton Duality/Identical 

Abelian GD	   J!
!! ↔ T!

!"  Linearized G-Einstein Quasi-Duality 

Non-Abelian 

GD 

J!
!! ↔ T!

!" 

O!,!"
!! ↔ O!,!"

!" ∗  

G-Einstein Quasi-Duality 

Gauged G-Einstein Duality 

*The non-linear terms of Non-Abelian GD and G-Einstein (gauged G-Einstein) theory 

have different (same) forms. The internal symmetries of gauged G-Einstein are unknown. 

We postulate that the gauged G-Einstein has internal symmetry same as that of 

Non-Abelian GD. Table 13 shows a significant conclusion that we have both linear 

GD/linear G-Newton Duality and non-linear GD/non-linear gauged G-Einstein Duality, 

which implies that GD is a center piece of gravity theories: 

G-Newton = GD/Non-Abelian GD ↔ gauged G-Einstein 

Second, let’s group Gauge/Gravity Dualities (Quasi-Dualities) in Table 14: 

Table 14: Gauge/Gravity Duality (Quasi-Duality) 

Gauge Theory Ultra Symmetry Gravity Theory Relation 

Maxwell 
J!
! ↔ J!

!, −x! ↔ x! Abelian GD/G-Newton Duality 

J!
! ↔ T!

!", −x! ↔ x! Linearized G-Einstein Quasi-Duality 

Yang-Mills 

J!"
!! ↔ T!

!", −x! ↔ x! 

 O!"
! ↔ O!,!"

!" ∗ 

G-Einstein Quasi-Duality 

Gauged G-Einstein Quasi-Duality 

J!"
!! ↔ J!

!!, −x! ↔ x! Non-Abelian GD Duality 

*The non-linear terms of Yang-Mills and G-Einstein (gauged G-Einstein) theory have 

different (same) forms. Group 1: Linear Gauge theories/Linear Gravitational theories. 

Group 2: Non-Linear Gauge theories/Non-linear Gravitational theories. 
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 Although above study for gauge/Einstein Quasi-Duality is for weak fields, we 

believe the concepts can be applied to strong field. 
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