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General Quantum Gravity

Shashwata Vadurie

Language Studies, Educational Guide Centre, 75 Patharghata Main Road, Techno City, 700135, West Bengal,
India; shashwata.vadurie@gmail.com

Abstract: General Quantum Gravity (GQG) is a formalization of quantized gravity that emerges
from General Relativity through Quantum Mechanics. GQG is developed as a sense of bosonic
and fermionic fields that additionally provides us Dark Energy and Dark Matter. Here, we have
developed two different aspects of GQG, such as: ‘Four-velocity” Comprised Theory of GQG and
‘Four-momentum’ Comprised Theory of GQG. In the former one, Hilbert-Einstein field equation is
developed in a quantum-Riemannian spacetime, whereas, the latter one gives us a Hilbert-Einstein
field equation in a purely quantum non-Riemannian spacetime. In GQG, gravity is the bending
of spacetime intermediated by gravitons in its GQG field, whose geometric part bends spacetime,
whereas its quantum part interacts with spacetime by exchanging gravitons. In GQG’s generalized
forms, the bosonic and fermionic fields (which are emerged either from Hilbert-Einstein field
equations or from line elements of Minkowski spacetime) argue that the Klein-Gordon equation is
a subset of the second order equations of GQG, whereas, the Dirac equation is a subset of the first
order equations of GQG.

Keywords: quantum gravity; general relativity; dark energy; dark matter

1. Introduction

Only at Planck scales (~ 10! GeV), the quantum effects of gravity is believed to be showed up.
The authors of Ref. [1] proposed that the quantum effects of gravity should be testable at laboratory
scales without regarding Planck scales, and in this context, they also proposed in their paper that the
possibility of looking for the effects of Dark Energy at atomic (i.e., laboratory) scales.

Cosmological observations are inconsistent with Einstein’s equations of General Relativity in
the absence of Dark Energy (or A) and Dark Matter. If we extend the idea of Ref. [2] as follows: “It
is also theoretically possible that the cosmological constant problem could be resolved by replacing
General Relativity with an alternative theory of gravity, with no dark components being imposed
separately but comprised within the explanation of this alternative theory of gravity”, then we can
able to develop a formalism of General Quantum Gravity (GQG), where, the above idea of Ref. [1] is
also being included.

In GQG, we describe gravity through Quantum Mechanics without considering Planck scales in
general. But, if we consider Planck scales in this quantum gravity formalism, our proposed scenarios
immediately develop a sense of bosonic and fermionic fields for both Dark Energy and Dark Matter quite
naturally without presuming any additional conditions, such as supersymmetry, superstrings, etc.

2. General Quantum Gravity

General Quantum Gravity (GQG) is a formalization of quantized gravity that emerges from
General Relativity through Quantum Mechanics. In the formalism of GQG, we are going to develop
two different aspects of GQG, such as:

1. “Four-velocity’ Comprised Theory of GQG, and
2. ‘Four-momentum’ Comprised Theory of GQG.

In the former one, GQG Hilbert-Einstein field equation is a classical-like Hilbert-Einstein field equation
in quantum-Riemannian spacetime, whereas, the latter one gives us a purely Quantum Mechanical

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Hilbert-Einstein field equation in a non-Riemannian quantum spacetime. But in both cases, we
always get the classical Schrodinger equation as a byproduct, though it is now in a (3 + 1)D quantum
spacetime.

No one ever ask whether Klein-Gordon and Dirac equations are the part of any large scenario.
Here, we generalizes that the bosonic and fermionic fields (which are emerged either from
Hilbert-Einstein field equations or from line elements of Minkowski spacetime, which is an impossible
thing in conventional physics) argue that the Klein-Gordon equation is a subset of the second order
equations of our quantum gravity, whereas, the Dirac equation is a subset of the first order equations of
our quantum gravity. All basic bosonic and fermionic fields, including baryonic matters, Dark Energy
and Dark Matter, which are obtainable from GQG are listed in the Table 1.

Table 1. In General Quantum Gravity, we have twelve staple bosonic and fermionic field equations in
two different orders.

‘Four-velocity’ Comprised: First Order Equations
in Gy t) +ihvI V(7 1) =0
ihvV Ay (7 t) +ihgu vy Vi ¢(7

£) =0

~

iyt [Réﬂ ~ 38 R} " V(@5 = UV Py t) =0

Second Order Equation

n? Ry, — ey R| O9(F 1) +UP2 (7 t) = 0
‘Four-momentum’ Comprised: First Order Equation

(1/2)
. l = - -
ih (m%) ’)/gng l[)(?’p, i’p) — (gl[J(Vp, tp) =0
iRy g V(7 t) —moy(7,t) =0
i V2A 7" g Vi (7 1) — (To) V2 p(7,1) = 0
Second Order Equations
—m2VoVOy(7,t)+h2V; VigFt) =0
— 2R By (7 t) + 1% g Vi Vy (7 t) =0
0§ - -
hz nT[;% Clp lP(J’p, i’p) + <521/1(7’[3, tp) =0
n? g, Oy(7,t) +mGy(7,t) = 0
21 Ag2, 0y (7,t) + (To) Y(7,t) = 0

Two different aspects of GQG are as follows.

2.1. “Four-velocity” Comprised Theory of GQG

Let the line element of Minkowski spacetime,

o 2
dszzczdtz—deldx]:gwdx"dxvE%gHVP”vV, 1)

where P# = mv# is the ‘Four-momentum’, hence P# vV = pov0 + pi v/ for i,j=1,2,3,and y,v =
0,1,2,3, whereas v# is the ‘four-velocity’. (Be careful that it is not P¥v' = po vO — pivf , because
guv takes the “—" sign.) Note it that m # mg in Eq. (1) for the rest mass mg. Thus, Eq. (1) gives us an
energy-momentum invariant line element as,
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ds 2 2 dxi dx] i 0.0 P
" <dt> = met—m) g g =E-Lp =i =) pt
= g}u/PFVV/ ()
that is, we have a new line element as,
452 — ds\? _ o o iy = o PHyY
=m {5 =p'Vv' =Y p'vi =g, P'VY, (3)
then, the rearrangement of Eq. (2) gives the following equation by using Eq. (1) as,
. ds\ 2 P ds ds P
= pty/ —_— = ptv/ HyV — =np'v/ Eyv
E pv—l—m(dt) p'v/+Plv ToF dx? p'v/ + PV gy 4)

Let us consider the representation of a wave field (7, t) by superposition of a free particle (de
Broglie wave) for Eq. (4) and by using g = g, as follows,

Y(r,t) = Wexp[;l(ﬁ-?—ﬂ)]—Wexp[;{Oﬂ—gﬁ-ﬁ)—Et”
_ Wexp[é(—gﬁ-ﬁ)}, 5)

where P — P#and R — 7Y, as 7V = (v"t). Using the first two terms of Eq. (5), we can generate the
following wave equation for Eq. (4) as,

itvOVo (7 t) +ihvI V7, t) +ihguv' Vep(F t) =0, (6)
where the ‘Four-momentum’ operator P —ih ﬁy ,le.,
X I U | = 2 1T
and Vo = (0/9(vOt)) forx¥ = (vOt), here, p; — —ih V; is the three momentum operator.

Remark 1. The signature of the metric gy, i.e., (+,—, —,—) , has been absorbed and retained unaltered by the
last term of Eq. (6), as long as it satisfies Eq. (3) and Eq. (4). Thus, readers are requested to be careful not to
presume space and time separately in Eq. (6), what we usually assume in the conventional Quantum Mechanics.

Remark 2. The wave field y(7,t) itself in Eq. (5) is now relativistic due to g = g, in its last term. So, we can
say that Quantum Mechanics and Relativity are correlated in wave field ¢ (7, t). Equally, Eq. (6) also assures us
that Quantum Mechanics and Relativity are must be correlated for g,y in the last term of wave equation Eq. (6).

Prescription 1. From Remark 2, we have a sufficient reason to use the relativistic to quantum relations, and
vice versa, as,

Pt = P

ie, mvl <= —ihV,.

We will use this trick throughout our work. (This prescription is quite straightforward than some commonly
used textbook procedures, for example, Ref. [3].)

doi:10.20944/preprints202306.1472.v1
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Again rearranging Eq. (6) by using Eq. (7), we may get,
ihvO® (1 —goo) @0 (7, t) + ihvl (1 —i—gi]-) @ﬂ[)(?,t) =0,

or, simply discarding (1 — goo) = (14 gij) = 0, we can have the ‘Four-velocity’ Comprised First
Variance of the First Order Equation of GQG as,

invOVop(7,t) +ihviVp(#t) =0,

m%lp(?,t)ﬂhvf@ilp(?,t):0. (8)

Here, (7, t) is definitely a fermionic field.
Evidently, Eq. (8) may take the form E ¢(7,t) = —ihv/ V;(7,t) for the energy operator £ —
i119;, and setting the Hamiltonian operator as H ¢(7,t) = — ihv/ V; 9(7,t) = p;v/ (7, 1), where the

three momentum operator p; — —ih V;, we can therefore have, E¢(7,t) = Hy(7,t). Interested
readers can easily check it that Eq. (8) is nothing but the Classical Schrédinger equation, which has
been written with v/ and with the signature of the metric (+, —, —, —).

It is also possible to develop a ‘Four-velocity” Comprised Second Variance of the First Order
Equation of GQG from Eq. (6) as follows,

ihv' A, (7 t) +ihguv' Vg7, t) =0,

whereih&u = [po, —Pi] T [ih@o, ih@i} T
Now, returning to the main purpose of the present work, let us multiply both sides of Eq. (6) by
(dt?/m), so as,
2 2 2
iSOGy () +in ST =~ in g ), ©)

which has the form of a general inhomogeneous Lorentz transformation (or Poincaré transformation).

Note it that Eq. (9) is exactly equlvalent to Eq. (1), i.e., ds? = (dt?/m)gu P*vY, for the
‘Four-momentum’ operator P — — ih Vy In other words, we can say that the quantum line
element is,

£2 -
ds2¢(7t) = —ih d—gw,v” Vuy(7,t)

dZ
_v7‘ ( higyvV Vﬂ)%”( t)

hdig;ﬂ,dx VV> P(7,t)

I
|
<
.:P—\
/—\

S (ingu dx"dx" ¥, ) (7,1,

(v m)

hence, by considering £ = (v m) _1, we have,
ds?y(7,t) = —ih& gudxtdx" V, ¢(71). (10)

Remark 3. Technically, £ and ( — ihﬁy) cancel each other for the Prescription 1, leaving behind a
classical-like line element. More explicitly we can say that the quantum line element, ds? (7,t) = —
in& guydxtdxV N, y(7,t), can transform into the classical line element, ds® (7, t) = gy dx ¥ dxV (7, 1),
in a quantum spacetime, as € and ( —ih @H) are canceling each other.

doi:10.20944/preprints202306.1472.v1
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Let us consider ﬁli = (5 /ox V) , etc., and let us also consider that g;,, would transform as,
ox® oxP ax® 9xP inv) (1) (1)
- gr 9 - = = = , 11
S = Sup (E)xV axV> T &up <6xP‘ aw) (ihv;, Sy ()
where fy(f Jisa ‘semi-quantum metric tensor’ in a quantum-Riemannian spacetime, i.e.,

() @ [9x® 9xP inV)
Fi _f"‘ﬁ axﬂaxvihﬁﬁ !

so as the ‘semi-quantum metric tensor’ fy(f ) and the Riemannian metric tensor guv should establish a
relation as follows,

B} B} * oxb iR
—inVefl) = iwy®f;§)<ax i lw“)

oxH oxV inv,

e ox® axP\ (inV)
= —Zth®glx5 <axi‘axv> (1?[6’1)

. ax® axP \ = . -
= _lhgtxﬂ (Maw)v"‘: —1hng,x, (12)
thus, for Eq. (11),
. _'/
w (1PVe) _
fyv <ih§0’( = 8uv - (13)

Without any loss of generality, we may assume that the ‘quantum metric tensor” is symmetric: fy(f ) =
fu(; ) , and det ( fy(f )) # 0. It has an inverse matrix f ~! whose components are themselves the
components of matrix f, as their product gives: f ~! f = identity matrix, i.e., in terms of components,
fy(f ) f(’;l ; = f(zl’)‘ fy(f ) = 5,/ , where, 8, is the Kronecker delta.

Hence, Eq. (10) should be rewritten as,

. — . =/
e fox L\ [axP L\ (inV, o ihv, .
€ fup (axudx o e, V) iy ) 900

RN L LA W LA DN
= —ihEfy <axuaxvmw ey ) Ve

ds? (7, t)

= —ingfY Vi) qerdet 9 Y7 1)
"o\invy rre

o

—ihE gudxdx? V, p(7 t).
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Let us vary the length of a curve [4-7] as,
inv! R
SLIy|p(F, 1) = /5{ih5f;5‘> (Wj)xﬂxvvy} dr (7, t)
o

1 ‘ e AN
- 2/{_Zhga€f]/l$‘ <W x”xvv’,{_

o

_ i _ (1) ih@P/‘ 2V € =
zd't'( ih€ fey (ih@oﬁ 'V dxdty(rt).

This gives,
{—in€ac fil) 30 2"Vt in€, f) s 37V +in €0, il 112"V b g7, 1)
= 2ine fP R0V, 97 1),

then the Christoffel symbol Fﬁv should be defined by,

- 1 -
T pE ) = 5 £ (0 f) +0u £ =0 i) ) v ),

such that the Christoffel symbols are symmetric in the lower indices: Fl‘fv = 1"3#.
After a little exercise, we can yield the tensor,

[ 2 argé arl% o T€ o Te€ 2
Rv'yélp(r/t) = 9xY  oxo +r’yerv§7r6ervv 1,L7(r,t),

thus we find,

o 1 -

which satisfies the properties like symmetry, antisymmetry and cyclicity as usual. Without much ado,
we can easily obtain the ‘Four-velocity” Comprised GQG Hilbert-Einstein field equations as,

1 . S
[ Rey =3 fay RSy [9Gt) =876 Ty y(7ot), 9

where 77, is the quantum energy momentum tensor, it is what the graviton field couples to, and G is
the gravitational coupling. Let us develop an unusual gravitational coupling G in Planck scale using
Eq. (13) as follows,

(dgp)z dzfp mp dzfp 2 Fp 2 Fp ¢ 31
G = _ drp)? = 22 (dep)? = 22 o, deSdr
mp (CU‘P)2 mg (dt‘P)2 (ate) mp (dtr) mp Son e
B (1MVEN e
- r — ¢ ) deSael, 15
m3 % \invy ) T )

where Fp = mp {dzﬁlg/(dtp)z} )
Since R¢y, = f(//\\g Ragyv and f /\(3 ) f&‘; = ¢y ¢ and since the quantum metric fg(ﬂé ) has constant
Ricci curvature if Ry, = A 2 for cosmological constant A, the LHS of Eq. (14) may give us the purel
4/ oy & q Y8 purely

Einsteinian form, i.e., |Rz, — 1 R+ A ,if we use Eq. (12) as follows,
oy — 280y 8y q
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(-inV)e(-invi)e [Rgﬂ—%fg(f)RJrAfg(f)] &
—n? [R@f%g@R+Ag§” VuVE.

Similarly, we can get the Einsteinian energy momentum tensor Tg, from the quantum energy
momentum tensor 77, of Eq. (14), if we assume 77, depends on quantum metric tensor (for example,
Ty = — Fou f,f + % g(né) FW Fuy = — @Syg) Fou For + %fg(,f) FH Fuy, etc.). By using Eq. (15) in
Eq. (14), we can get the modified GQG field equation as,

(-inve)e(-invi)e [Rgﬂ—%fgﬁf)RJrAfgf)} (7, 1)
= (=inVe) e (-invi) e (stGTy )y t),

1 & < >
—hz |:RC'7 — EggﬂR—f—AgCU} VH Vﬂlp(i’,t)
= —1*8nG T Vyu VFEY(7t). (16)
Note it that Eq. (14) and Eq. (16) are exactly the same thing despite their different appearances.

Remark 4. It is necessary to remember that,

1. Eq. (16) tells us that gravitation is an interaction in orthogonal curvilinear coordinates x¢ (i.e., outer
surface) of point P(x ") rather than at that very spacetime x* (i.e., core). Since —ih 6}, -+ 0 for a particle
field, then the Einstein tensor must be unity, i.e., [Rg,7 — %3577 R+ Ag@] — 1, in Eq. (16) at the
core dx ¥, and there, spacetime dx¥ behaves strongly Quantum Mechanical so as the other particle
interactions (i.e., quantum chromodynamics and electroweak) are prioritized there locally. On the
other hand, gravitational effects only start effective beyond the core dx¥, i.e., in orthogonal curvilinear
coordinates dx % outside the core dx ¥, in other words, the outer surface of dx V.

2. If we consider a cutoff energy E., then we can say that gravitons only appear in an energy zone Ejg <
E, < EpLanck, and beyond that state, i.e., Eyy > E,, other particle interactions (i.e., Quantum
Chromodynamics and Electroweak) are prioritized, where Eig is the infra red energy zone, whereas
Euv < Evpvanck is the ultra violet energy zone. Thus, for gravity in Eq. (16), ultra violet zone is
automatically ignored, i.e., the sum over Ex < E. < Eyy intends the Feynman graphs to be finite. In
the enerqy zone Ejg < E, < Eyy, all gravitons behave as real particles. Let us assume additionally that
E pLanck s not an external energy state, but the kernel of all energy states of a particle, then we can assume
the energy states of a particle from the kernel energy of the core x ¥ to its outer surface energy for x© as:

(E PLANCK) KERNEL OF THE COREXH (EUV) CORExH (E*) OUTER SURFACE x ¢

I

(EIR) BEYOND THE PARTICLE

Between core and outer surface energies, i.e., at Eyy > E,, Electroweak and Quantum Chromodynamic
interactions take place, whereas, outside these states (i.e., at E;rx < E,) gravity starts being prioritized.

3. For the RHS factor n’G of Eq. (16), the gravitational coupling G, which has the dimension of a negative
power of mass, now has lost its mass dimension due to h*. Consequently, if divergences are to be present,
they could now be disposed of by the technique of renormalization (though, this will not play a role in our
present discussion).
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Now, considering d”Alembertian operator [1 = ﬁll VH, aswellasUf = (871G Tgﬂ) , and inputting
the “Four-momentum’ operator P — — ihV u into Eq. (16), we can get the ‘Four-velocity’ Comprised
Second Order Equation of GQG as,

1 . ;
n? [Rey — 5 8oy R+ Agey | DW(F ) +UP2p(F 1) = 0. (17)

The wavefunction (7, t) in Eq. (17) is emphatically defining a bosonic field. Thus, we can immediately
develop a fermionic field (or the “Four-velocity” Comprised Third Variance of the First Order Equation
of GQG) out of Eq. (17) as,

) 1 (1/2) _, . .
ihoyh [qu - EggnR—i-Agg,?} V@) - UV PyF ) =0, (18)

where, 7# are Dirac’s gamma matrices.
(1/2) >

Dividing Eq. (18) either by [Rg,] - %ggﬂ R+ Aggﬂ] or by U (1/2) gives us (ihyt vV, —
73) (7, t) = 0, from which the classical Dirac’s equation should be derivable, but here, instead of
9/ (9t), we have considered 9/ (9x”) by absorbing v? and similarly, P is not intended here to have a
factor of rest mass, since m # mg in Eq. (1). Thus, we can say that Dirac’s equation is a subset of the
‘Four-velocity” Comprised Third Variance of the First Order Equation of GQG, i.e., Eq. (18). Similarly,
we can also say that the Klein-Gordon equation is a subset of the “Four-velocity’ Comprised Second
Order Equation of GQG, i.e., Eq. (17), and it should be derivable from (h2 O+P2)y(#t) =0. An
analogous formalism is equally applicable for the following Section 2.2.

2.2. "Four-momentum’ Comprised Theory of GQG

Let the line element of Minkowski spacetime,

2
ds? = gwdx"dxl’:<j1t> gu PH PV

ds 2 dx? dx/ - -
2 (Y — 2.2 2 it . iyj— 0,0 __ ]
’“(m) met—m*Y g =mE-Lp' P =Pt -y

= g;u/P”P ’
2 2
and, m? <ji> = m? (1 — \C/2> c? = mOZCZ, 19)

for the rest mass mg, when,

ds ' 2 P
dS’? = m? <dt> ——popo—i p'p’ ——gWP”PV,
then, rearrangement of Eq. (19) gives,

2
mE=p'p/+m? (ﬁ) _pipipprpr &9

dxh v PP PP g 20

Then, considering the representation of a wave field (7, t) by superposition of a free particle (de
Broglie wave) for Eq. (20) and by using g = g,y as follows,
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. 1 [ i I
Pp(7,t) = CEE exp o (mp-7—mEt)
1 [ i S5 o
1 [ i S
= @ P |im (‘gmp'R>] '
we can generate the following wave equation using Eq. (20) as,

— W2V Vo (7, t) +h2 Vi V(7 t) + 1% g Vu Vi (7, t) =0, (1)

which may give,
—h? (1 — goo) @0 60 l[)(?, £+ n? (1 +gij) ﬁi 6] l[J(?, t) =0,

or, simply discarding (1 — goo) = (1 + g;j) = 0, we can get the ‘Four-momentum’ Comprised First
Variance of the Second Order Equation of GQG as,

—h2VoVoy(7t) +h>V; V(7 t) =0,
—n2VoVOy(Ft) +h2V; VipFt) =0. (22)

Here, ¢(7,t) is definitely a bosonic field. But the uppermost equation of Eq. (22) may give us the
Classical Schrodinger equation by using the Prescription 1 (the exercise is left for the readers),
h e e

.0 S
1h§¢(r,t)+ﬁvivjlp(r,t) =0.

Putting differently,

N R /R
zhgtp(r,t)jtzgijviv Pp(7,t) =0.

Hence, we get the classical Schrodinger equation, though it is now in a (3 + 1) D quantum spacetime.
Now, the ‘Four-momentum’ Comprised Second Variance of the Second Order Equation of GQG
from Eq. (21) should be,

— 2R Ay (7 t) + 12 g Vi Vy (7 t) =0,
wherein &, = [py, —p;]" = [inV,inV;]".

Multiplying both sides of Eq. (21) by (dt/m)? and comparing it with Eq. (19), we have the
quantum line element for the ‘Four-momentum’ operator P — —if 6# as follows,

2
ds?y(7,t) = —h? (::) S Vu V(7 1) . (23)
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Let us now prescribe g, as follows by using Prescription 1 as,
2 2
- ox® axP\ m dt ox® 9xP
S = B\ Gxr oy ) T8\t ) \m ) \oxF axv
Lol (PEPEN L (Y in T
So\prp7 ) T3\, inv, )

To avoid any confusion between the Riemannian metric tensor g, and the above prescription of
quantum metric tensor, let us assume that,

inV, ihVg
_ Va VB ) o 24
Euv = Sup <ihvy inv, 8uv (24)

This approach is quantizing gravity. The ‘quantum metric tensor’ g,y is symmetric, i.e., gv = gvy,
and det (g,v) # 0. Components of its inverse matrix g ~1 are themselves the components of matrix g,
ie, guegh"=gMmgu = 5, , where, 8, is the Kronecker delta.

Then, Eq. (23) becomes as,

2
ds2y(7,t) = —h? (:j) g Vi Vo7 t). (25)

Let us vary the length of a curve [4-7] as,

dar 2 (1/2)

2
d , (dt ; ; ;

Similar to the Section 2.1, after a little exercise, we can develop,

5 Liy| 9 (7, 1)

RAV’M ¢(7/t) = (g/\é,v'y + 8y, A6 — 8ov, Ay — g/\'y,vé) II](?’ t) ’

N| =

and then, we can obtain the "Four-momentum’ Comprised GQG Hilbert-Einstein field equations as,

1 . o
[Rey = 5800 R+ Mgy | 97, 1) = 8TG Ty 97, 1), (26)

Let us develop another unusual gravitational coupling G in Planck scale using Prescription 1 as follows,

(pr) dzgp mp d fp 2 Pp Pp
G = 3= 0y (dlp)" = hggdepdl] = L dlfdlpg
p (dtp) mp (dtp) mp mp
o (dtp) & ec N
— =P | —5 | VpVp=—-h>LVp V5, (27)
mp mp

for Fp = mp {4205/ (dtp)’}

doi:10.20944/preprints202306.1472.v1
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Interested readers can easily check that Eq. (14) and Eq. (26) are exactly the same thing but
comprised with different components: the earlier one with ‘Four-velocity’ components and the later
one with ‘Four-momentum’ components. Another noticeable difference between them is that Eq. (14)
has a mixed expression of classical and quantum geometric expressions for f;,(f ), whereas, Eq. (26)
has a purely quantum geometric expression for g ;. In other words, we can say that Eq. (14) isin a
quantum-Riemannian spacetime, whereas, Eq. (20) is in a purely quantum non-Riemannian spacetime.

If we transform our spacetime into Planck scale, i.e., x# — /¢ 1’; and t — tp, then we can rewrite
Eq. (26) using Eq. (27) as,

0. - 1 1
W2 L, VEy(Fp,tp) + ——— | Rpey — = gy R+ A 7p, tp) = 0.
m3 VP py(Fp P)+8n7}&7[ Py~ 580 Rt gcn]lP(VP P)
Let,
1 1
2
87 Trzy [RPCW S8 R+ g&?} G, (28)
then we have,
i B
hz mfl}; Vpgvlglp(i’p, tp) —i—(lep(i’p,i‘p) =0.

Considering d’Alembertian operator Llp = v P v 1% , we can get the ‘Four-momentum’ Comprised
Third Variance of the Second Order Equation of GQG as,

0% . S
hzﬁmpw(rp,tp)+%2¢(rp,tp> =0. (29)
P

Here, ¢(7p, tp) is definitely a bosonic field. Thus, we can immediately develop a fermionic field (or the
‘Four-momentum’ Comprised First Order Equation of GQG) out of Eq. (29) as,

4 (1/2)
ih <mP3> T Ve 9(Fe,tp) — € Y(Fp,tp) =0, (30)
b

where, ¢ are Dirac’s gamma matrices. Considering (¢ 1%) = mp, let Eq. (30) be for Eq. (28) as,

ih'ygﬁpgtp(?p,tp)—m%%zp(?p,tp) =0
ihy Vp (e, tp) —mpG /D g(Fp,tp) = 0
= (87'[) (1/2)111'17&613@ lp(?p,tp) — mp l,b(_’p,tp) = 0, (31)

since 81 G = mp_z.

Now, Eq. (31) is quite handy to use. But Eq. (31) also suggests us that
whatever matter satisfies such a fermionic relation is definitely originated (clustered) as matter from
fundamentally different physics at the Planck scale, maybe at very different cosmological epochs.
Moreover, the first term of the last equation of Eq. (31) is almost five-times larger than any Dirac-like
term for baryonic matters, which is quite unusual. At this characteristic Planck scale, the matter that
satisfies Eq. (31) must not provide a natural mechanism of the electroweak symmetry breaking, thus
the matter must be non-baryonic. The only possible candidate having such characteristics is Dark
Matter, which accounts for 26.8% of the critical density in the Universe against 4.9% of the critical
density of baryonic matters, in other words, the critical density of Dark Matter is almost (87) (1/2)
times higher than the critical density of baryonic matters — it exactly matches with Eq. (31).
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Again, returning to Eq. (25) and using m? (ds?/dt?) of Eq. (19) so as m? (ds?/dt?) = m? (1 —
02) = m3 for the rest mass m, we can get,

W2 g Vi Vo (7, 1) + mg (7, t) =0.

Then, considering @V =g V" and d’Alembertian operator [ = v u VvV, we have,
h? g, Op(7,t) + my(7,t) =0.
Thus, we can immediately develop a fermionic field equation as,

ihy g V(7 t) —mo (7, t) = 0. (32)

Here, the real fermions exist only in temporal dimension. Thus, Eq. (32) gives us the Dirac equations
for fermions, but with an extension that antifermions, those are exist in spatial dimensions, are thrice in
number than real fermions in nature. As the motion in temporal dimension is the basic consideration
of relativity, the ‘+’-ve signature of g, in Eq. (32) explains us the reason of the forward expansion of
the Universe in temporal dimension.

Now, let us replace m of Eq. (19) with the Planck mass mp, when mp satisfies as [8]: m P ZA =
where the cosmological constant A = 87 G py, so as we have m} (ds?/dt?) = m3 (1 —0?) =
the Planck rest mass mp, thus, for,

<T>1

1
3
mp for

1 1
= (T)(1-2v?) — m3y A = = (To),

2 2
mpA(1—0v
P ( ) 2< 2

where, (T) (1 —v2) = (Ty), and following the argument cited above,

h? g Vi Vo (7,
21?2 Agw[llp(?
and, 12 AgWDtp(

t)+mpop(F,t) =
B+ (To)p(7,t) =
7 t) +poao (7 t) =

o O O

, (33)

by replacing % (T) with pp. So, for the cosmological constant A = 8w Gpp = mp 2pA using
87 G = mp, > and by switching (1 — v?) 1/2) right to left in the term: mp (To) (/2 = mp (T) 1/2) (1 -
v?) (172) = mpg (T) (1/2)  we can develop a fermionic field equation as follows,
inV2AY gy Vip () = (To) V2 (1) = 0
1/2 = o
n(208) "2 Y g Vi 97 1) — mpo (T) 12 (1) = 0. (34)

3

The interesting thing in Eq. (34) is that Dark Energy has a direct relationship with gravity. In other
words, Dark Energy would be obtainable from the breaking of particle symmetry where gravity counts
(though, this will not play a role in our present discussion).

The last equation of Eq. (33) is definitely applicable simultaneously whether the matter is baryonic
or non-baryonic.

Again, either from the first equation of Eq. (33), or by placing 3 (T) = p, in Eq. (34), we can find,

iyt gu V(7 t) —mpoy(7,t) =0, (35)

which is the Planck scale counterpart of Eq. (32), in other words, Eq. (32) and Eq. (35) counterbalance
each other’s actions of the forward expansion of the Universe in temporal dimension due to their g ;.
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3. Conclusion and Discussion

In this work, we have quantized the classical theory of General Relativity and contributing a very
natural geometric way, we have wrote a fundamental theory of quantum gravity coupled to matter.

Present physics is unable to provide us a more acceptable scenario of Hilbert-Einstein field
equation which is developed in a quantum spacetime. Moreover, it is commonly believed in
contemporary physics that gravity is the bending of spacetime, but in this work, Hilbert-Einstein field
equations Eq. (16) and Eq. (26) assure us that, gravity is the bending of spacetime intermediated by gravitons
in its quantum gravity field, whose geometric part bends spacetime, whereas its quantum part interacts with the
spacetime by exchanging gravitons.

In our two different aspects of quantum gravity: one Hilbert-Einstein field equation Eq. (16) is
developed in a quantum-Riemannian spacetime, whereas, another Hilbert-Einstein field equation Eq. (26)
is developed in a purely quantum non-Riemannian spacetime. This is a remarkable achievement of GQG.

Except this work, there has no evidence of bosonic and fermionic fields that provides us
Dark Energy and Dark Matter. The ‘Four-momentum’ Comprised GQG fields give us a complete
understanding of Dark Matter through Eq. (31), which will assist us to reveal the properties of Dark
Matter in quantum spacetime. Similarly, we have seen that Dark Energy also appears in the same GQG
fields quite naturally. In other words, contrary to Einsteinian General Relativity, we can say that LHS of
Eq. (16) or Eq. (26) is strongly depended upon different matter fields that exchange different types of
vector bosons causing either positive pressure or negative pressure by bending spacetime.

The grate difference between Eq. (31) and Eq. (35) is that the nature of the former one is
non-baryonic, whereas, the later one is independent of matter’s constructive property, i.e., its effects
can be observable simultaneously both in the cases of baryonic and non-baryonic matters. Another
difference is that Eq. (31) is effective at mp scale, whereas, Eq. (35) is effective at mp scale, i.e., Dark
Energy had originated at much earlier cosmological epochs than Dark Matter. Similarly, Dark Matter
had originated at much earlier cosmological epochs than baryonic matters of Eq. (32) at m scale. Thus,
we have a quite fair chronology of the formation of cosmological matters in the Universe. Note it
here that gravity was not observable at the cosmological epochs at mp( scale where Dark Energy had
originated. At this scale, gravitons just behaved as energy states rather than real particles due to
Remark 4. Gravity was also not observable at the next cosmological epochs started out at mp scale
where Dark Matter had originated. Gravity became observable first time only in the energy zone
Er < Ey < Eppanck as we had claimed in Remark 4.
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