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General Quantum Gravity

Shashwata Vadurie *

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

Abstract: Quantum Gravity is not sufficient to predict the properties of particles (baryonic and
non-baryonic) to a great extent. So, we develop General Quantum Gravity (GQG), which is a
renormalizable formalization of quantized gravity that emerges from General Relativity through
a new scenario of Quantum Mechanics. Inside every observable (3 + 1)D spacetime in this new
scenario of Quantum Mechanics, there must contain an internal hidden (n + 1) D spacetime, which
immediately yields extra hidden dimensions by a closed continuous mapping, so that the overall
spacetime must acquire Supersymmetry. We have also found that Superstrings are inevitably natural
and universal but hidden inside every (3 4+ 1)D observable spacetime. Superstrings are found
eleven-dimensional (rather than lower dimensional) within this quantum spacetime. Consequently,
eleven-dimensional Supergravity is necessarily a natural phenomenon within the GQG spacetime.
GQG is formalized here in two different aspects. The first one gives an Einstein field equation in
a semi-quantum Minkowski spacetime with semi-quantum Lorentzian metric tensor, whereas, the
second one yields a purely Quantum Mechanical Einstein field equation in a quantum non-Minkowski
spacetime with non-Lorentzian metric tensor. Dark Energy (as well as Dark Matter) appears
from GQG quite naturally. We develop here Gravitational Electroweak Dark Energy interactions,
where gravity and Dark Energy are allowed to combine with electroweak symmetry. Likewise, in
Gravitational Chromodynamic Dark Energy interactions, we combine QCD with gravitational and
Dark Energy symmetries. In a Dark Matter gauge symmetry model, we combine Dark matter with all
possible gauge symmetries. A Universal Model SU(7);p combines entire baryonic and non-baryonic
particle interactions all together.

Keywords: quantum gravity; M-theory; dark energy; dark matter

1. Introduction

This work is dedicated to those innocent children, women and infants, who were molested and
brutally killed by the invading militants during and the aftermath week of 7" October, 2023.

Present mathematical physics is unable to provide us a more acceptable scenario of Einstein
field equation which may be developed in a quantum spacetime. Even cosmological observations
are inconsistent with Einstein’s equations of General Relativity in the absence of Dark Energy and
Dark Matter. Additionally, Einstein field equation is not sufficient to predict the properties of particles
(baryonic and non-baryonic) to a great extent.

Fortunately, if we can able to develop a formalism of generalized Quantum Gravity, it is possible
that the cosmological constant problem could be resolved by replacing classical 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. This is the fundamental reason why we
develop a formalism of General Quantum Gravity (GQG) in our present investigation. GQG is a
formalization of quantized gravity that emerges from General Relativity through a new scenario
of Quantum Mechanics. This new scenario is analogous, but not exactly similar to the Classical
Quantum Mechanics. The formalism of GQG yields the Einstein field equation either in Semi-Quantum
Minkowski Spacetime, or in Non-Minkowskian Spacetime, quite unfamiliar with the previous attempts
of Quantum Gravity which have been published yet.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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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 set of bosonic and fermionic fields for both Dark Energy and Dark Matter quite
naturally without presuming any additional conditions, such as supersymmetry, superstrings, etc.

During the development of GQG, we have found that every (3 + 1) D observable system must
contain inevitably natural and universal but hidden string as well as extra dimensions within
the quantum spacetime of this new scenario of Quantum Mechanics. This string has been found
fundamentally eleven-dimensional (rather than lower dimensional) by nature in this quantum
spacetime, that is why eleven is naturally the maxinium spacetime dimension in which one can
formulate a consistent Supergravity theory.

Unification of gravity with Standard Model was tried previously by numerous authors, but no one
yet thought to unify non-abelian gravitational, Dark Energy, Dark Matter, Electroweak and Quantum
Chromodynamic gauge fields all together under a single Yang-Mills Lagrangian. In this work, we have
not only unified them all together under a single formalism, but also successfully presented here the
solutions of two open problems, viz.

1. Why Dark Matter contents 26.8% of the critical density in the Universe against 4.9% of the critical
density of baryonic matters?
2. Why is the energy density of matter nearly equal to the Dark Energy density today?

We have developed here the Gravitational Electroweak Dark (GED) interaction, where gravity and
Dark Energy are unified with Electroweak interaction. In non-abelian Dark Energy gauge symmetry,
Casimir energy is considered to associate with an abelian gauge group to complete the Dark Energy
scenario properly. Likewise, in the second scheme of unification, gravity and Dark Energy are unified
with Quantum Chromodynamics and we have developed the Gravitational Chromodynamic Dark
(GCD) interaction, where we get another set of Dark particles, which are quite different from the
particles for non-abelian Dark gauge group of GED. Finally, combining Dark Matter with all other
non-abelian gauge symmetries, we have developed an Yang-Mills Lagrangian to explain non-abelian
Dark Matter gauge symmetry.

Combining GED, GCD and Dark Matter gauge symmetry, we have a Universal Model for all kind
of baryonic and non-baryonic particle interactions as,

SU(3)GED & SU(4)GCD & SU(S)DM C SU(7)UM,

which makes it clear that Dark Energy field is homogeneous whether the matter is baryonic or Dark,
or their mixture, and the effective universal relativistic cosmological constant A ¢ at the surrounding
is always positive — that is why the Universe is expanding and accelerating, even at the present epoch.

2. General Quantum Gravity

Let us construct a quantum version of Einstein field equation out of the classical General
Relativity [1]. Let H be a Hilbert space. Let (M", g) be a manifold, where M" is an n-dimensional
differentiable manifold and g is a metric, which is either as a positive-definite section of the
bundle of symmetric (covariant) 2-tensors T*M ®s T*M or as positive-definite bilinear maps,
g (i) %) = T(ny 1M X Ty 1,yM — H for all (it)~'x € M. Here, T*M @5 T*M is the
subspace of T *M @ T* M generated by elements of the form X ® Y + Y ® X. Let { (i) 'x*} | be local

S \—1)"
coordinates in a neighborhood U of some point of M. In U the vector fields { (ih Vi) } form a
i=1
- - -\ 1 ;
local basis for TM and the 1-forms {ih Vi}fl form a dual basis for T*M, that s, i V; (ih Vi) = (5]-’.
i=

The metric may then be written in local coordinates as g = g;; (ih @1) ® (ih 6]) . Let V & denote the
Levi-Civita connection of the metric g. The Christoffel symbols are the components of the Levi-Civita
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connection and are defined in U by V(ih ) (ih @1) = l"l.'; (ih §k>, and for Kih §l> , (ih ﬁ])} =0,

we see that they are given by,
thotn = 5% [(9) gt (7)) g~ (097) 8] w7 0). M

Let the curvature (3,1)-tensor Rm is defined by, Rm(X,Y)Z = VxVyZ — VyVxZ — V|x y|Z. Thus,
the curvature tensor, Rf}k =0; Fﬁ( —9; Iﬁ +T ].77{ Ff; -T ii Fﬁ,, is purely Quantum Mechanical due to (1).
Let the tensor Rc is the trace of Rm curvature tensor: Re(Y, Z) = trace (X — Rm(X,Y)Z), defined by
Rjj = Re ((ih @J , (ih 60), and the scalar curvature R is the trace of Rc tensor: R =Y _; Rc(eq, €,)
where ¢, € T(( ih)-1x) M is a unit vector spanning L C T( (ih)1x) M". Then, the Einstein-like purely
quantum tensor Rc — %g R directly acts on a quantum space. Thus, Einstein-like field equation

[Rc ~1g R] Y7, 1) = (ih)2 81 G T (7, t),is now “purely” Quantum Mechanical for (1). But the Ricci
tensor R;; = Rc ((z’h §1> , (ih @J) = (1'7?1)2 Rc ( 9., 29 ), thus, Einstein field equation (in quantum

ox1’ 9x/
spacetime) should become as,

[Rc—;gR} P = (h)281GTy(R 1),
(in)? [RC—;gR} p(F 1) = (ih)*8nGTy(7t), )
= [Rc;gR} = 8nGT,

where [RC - % g R} is Einsteinian and non-renormalizable. In the first line of (2), all mass dimensions

vanish due to 1> G and 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). Hence, (2) should be
used as a renormalizable Einstein field equation (in quantum spacetime) for general purposes. But (2)
is not sufficient to predict the properties of particles (baryonic and non-baryonic) to a great extent,
such as, it never helps us to represent any kind of particle interactions, etc. So, we need to develop
General Quantum Gravity (GQG), which is a formalization of quantized gravity that emerges from
General Relativity through Quantum Mechanics. In the basic formalisms of GQG, we are going to
develop two different aspects of GQG, such as:

1. GQG in Semi-Quantum Minkowski Spacetime, and
2. GQG in Quantum Non-Minkowski Spacetime.

In the first case, GQG gives us an Einstein field equation in a Semi-Quantum Minkowski Spacetime
with Semi-Quantum Lorentzian metric tensor, whereas, the second one yields a purely Quantum
Mechanical Einstein field equation in a Quantum Non-Minkowski Spacetime with Non-Lorentzian
metric tensor. But in both cases, we always get the Schrodinger equation as a byproduct, though, unlike
its classical form, this Schrédinger equation is now in a (3 4+ 1) D quantum spacetime. Additionally,
this second case formalism helps us to explain Superstring/M-theory from a completely different
geometric perspective.

Basics of these two different aspects of GQG are discussed as follows:

2.1. GQG in Semi-Quantum Minkowski Spacetime

Let the line element of Minkowski spacetime,

o 2
dsz:czdtz—de’dxfngdx"dx”E d%gWP”vV, 3)
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where P¥ = mv# is the ‘Four-momentum’, hence P# vV = povo + pi v/ for i,j=1,23and u,v =
0,1,2,3, whereas v is the ‘four-velocity’. Be careful that itis P¥*v¥ # p 0y0 pi v/, because Suv takes
the ‘—’ sign. Also note that m # myg in (3) for the rest mass mg. Thus, (3) gives us an energy-momentum
invariant line element as,

ds\? dx’ dx/ ;o P
m(dt) = mcz—ngﬁ:E—Zplv]:povo—Zp’v] 4)

= g]/”/ P”l VV,
1 d 2, .. . .
when T = 5 m (d—f) is the kinetic energy [2], that is, we have a new line element as,

2
dS; =m (ji) :POVO_ZPiVj:gvaVVV, ®)

then, the rearrangement of (4) gives the following equation by using (3) as,

2
E=pivi+m <3i) = pivi 4 pH U%d(icsv

:pivf+P”v”g,W. (6)

Let us consider the representation of a wave field (7, t) by superposition of a free particle (de
Broglie wave) for (6) as follows,

p(7t) = (271171)2 exp {;l {(ﬁ-?—i—g,wﬁﬁ) —Et}]

i[(. . ds) 2
aon [ (e () 5] »

where P — P# and R — 7H, as 7" = (v#t), in addition, note it that we have taken here E as total
energy for (6). Thus, from (7), we can get the (total) energy operator E—iho, (itis analogous with, but
not exactly the same as, the classical Quantum Mechanics, as it is now the total energy and related to
(34 1)D instead of 3D due to the presence of g, in (7) in either ways), the three momentum operator
p— —ih V;, the “Four-momentum’ operator,

. > 0 0 1 4
U . . . 1 n
P %lhv"_{’ha(ct)' Zhaxi} (CE,p>,

N g . .. 0 i~
thus, Pyﬁ—zhvy—{—lha(ict),—zhaxi}— CE,p), (8)

)
and the mass operator,
s (S22 ()2 o
ds/) ot ds/) os’

where, (%) is evidently relativistic, but % is no doubt Quantum Mechanical, so as,

s = /u(gwdx"dxv)l/zdu,
a

92 92 1/2 1/2 1/2
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For constant velocity, we can develop an uncertainty principle describing the intrinsic indeterminacy
with which m and s can be determined as,

Am As >

NS

The mass-energy relation, i.e., E = m c?, of (4) yields the Quantum Mechanical definition for the mass
operator 71 of (9) for (8) and (10) as,

] _ . oo fdt\ o . dt u
Zh&lp( rt) = ihc <ds>astp(r,t)— c (ds)P P(7, 1)
= c'y’IA?V Y(7, 1), (11)
since ¢ ( ) =1/4/1- ﬁ = 1. Thus, (11) tells us that the total energy of a system directly relates to
its geometry, more prec1se1y, to d/0s. Additionally, (11) yields the following for (10) and ¢ =1,
- _ dt\ 9
dsy(7,t) = —ih < > % Y(7, 1),
hence, g (dx*dx")2 g7 t) = —inh (‘;) 0,9,)" 97 1),
dt\ o
(7 - _— _
gudxt (7 t) = zh( )axyi,b( t), aspu=v (12)
- ( I3 ) PV ¥(7,
- m
= gwPly@t) = (E>Pﬂlp

= PH Y(7,t), since,c=1.

For the second term of 1 in (9), we can rewrite (11) by squaring its both sides after considering c =1

as follows,
dS 2 . a 2 = 2 a
(dt) <1h at) p(Ft)= —nh 552 P(7,t), (13)

which clarifies more precisely that (ds/d¢) Zis evidently relativistic, but 32/9s? is definitely Quantum
Mechanical. Thus, (13), so as (12), are very peculiar equations where the LHS spacetime is classical
relativistic but the RHS spacetime is Quantum Mechanical, and the total energy is directly related to the
RHS spacetime. If the LHS spacetime of (13) changes (not more than (3 + 1)D and not less than (1+1)D,
unless it is a vacuum state) and the total energy remains fixed (so as time), then the spacetime of RHS
should not remain as same as before, but changes inversely against the LHS spacetime. Though, the
increment of RHS spacetime should not be observable, i.e., all extra dimensions would have to remain
hidden inside the overall observable system, in other words, inside the LHS observable spacetime
of (13). We will discuss it below in more details very soon.
For (10), we can rewrite the mass-energy relation (13) as follows,

n20Ow(7,t) + (j‘:)z <z’h§t>2 Y(r,t) =0.

Thus, it is somehow a kind of Klein-Gordon-like (but not an exactly similar) equation of the relativistic
waves due to the above quantum scenario derived from (7). (By the way, we will see at the very

doi:10.20944/preprints202306.1472.v4
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end of this Subsection that Klein-Gordon equation is a subset of a Second Order Equation of GQG in
Semi-Quantum Minkowski Spacetime). This equation may yield the first order equation as,

= ds 0
oue [ 9s p 9 20
[lh'y Vi (dt) (lhatﬂ Y(7,t) =0,
where, v are Dirac’s gamma matrices.

Remark 1. Definitely, the above quantum scenario derived from (7) is analogous to, but not exactly similar
to, the classical Quantum Mechanics since E is taken as total energy (and m is not rest mass) in (6). So, an
expectation of the exactness between classical Quantum Mechanics and the present quantum scenario must lead
a confusion and may yield wrong or faulty conclusions in a great extent. Readers are requested to be careful
about it.

The wave field (7, t) in (7) must satisfy the eigenfunctions for a discrete Lorentz transformation
as,

Y = I~ i = 1_ 4 14

L il = — t_— _
vo= ﬁ¢o+ﬁi;¢1 ﬁll’o \@;w, ¥,

when ¢ is the complex conjugate of ¢. Then, using summation convention and (10), we can write the
joint state of both spacetimes as,

Pyl _ o2 21 o1
02|~ o oxiow f \ V2 Yo= ot y
0 0

e R g (15)
- ﬁ{aﬂ Yo = ¥l = Gaig 0 lpl}xy
k P ,
_ (WT_WT> . — gh (s)ayav‘f‘xg
But, (15) also intends to,
9 1 02 4 2
@ . ﬁ{atz[lPO_lpl] axzax][lpo 1/11]} p
1 [ J? 1 [ ?
- ﬁ{atz[%] o 9 | ‘p’]} xﬁf {at2[ vil = xzaxf[%]} y 1o
= @3 -} |, + = {203 e - v}
_ﬂg p#vl/JO P; xg 28 yleO P; "
= 8" )oY, +8"(r I)oudv ¥ , = RSN
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for 85 = 55 = {aa—tzz, %ﬁm} and g,y = guv = diag([1l, -1, -1, —1], where ) implies d;’s dependency on

¥; and 9d,’s dependency on ¢y, respectively. Here, p and I' have been chosen arbitrarily. Hence, the
complex conjugate of (16) is,

87 t — {82_82}{1 _|_i } (17)
052 ~|ot?2  oxiow/ ﬁ% \@lpl o
0
_ g’“’(p)ayav‘lﬁ‘ LHEMD)8 | =] 4T
X0 X0 X0 Xo

But, if we take, ds™2¢ = (dt* — Y. dx'dx/)~1g, where ¢ is an operator, we can say that, (df> —
Ydxdy)™! #£ dt=2 — Y (dx'dx/) "1, so, we may assume without any objection that, (dt*> —

Ydxida/)l = % -y %zaxf — IT, for some value of I'T. Thus,

o 92 ¢ P 02
-2 _ 2 i qyiy -1, — P ¢ 4 9 _
ds™“¢ (dt* —dx'dy!) e { 3R <ax2 + 32 + 52 Il (18)

92
= 520 lle=g"0,0vp ~1Ilg,

thus, from (16), if g#V 9,0, = ¢""(p) 9,0y, we can write as,

82

pekd

-y,

Xp

— ds?p+Ilp,

50

this yields, %‘I’ |s0 =ds2¢ if T — — I, which gives the equivalency of (16) and (18). No more
combinations are possible from (16) apart from p, I' and (15) itself. The arrangement of p and I" implies
that g,v(s) = 2 (guv(p) + §uw(T)). Thus, (16) should be rewritten by using (15), (16) and additionally
replacing gy (5) with g (5) = 1 (8w (p) + g (1) as follows,

1

p
Xo

(8" () +8" ()00, ¥| , = g"(p)d,0,¥
0

LR 3], (19)

NI

Note that, IT exclusively has to depend upon spacetime. Comparing (16) with (18), let us say that,

2

Fekd

po H‘P‘ T (20)
*o X0

50

where I' — — I, suppose. Since guv(s) # 3(guw(p) — §uw(II)) = 0 as long as g = Zuv =
diag[1, —1, —1, —1], then it must be as follows, if g, (s) # 0,

(21)

N =

I
Xo

(" () +8" ()3 ¥|, = g"(0)3ua¥] , +g"(1 3,3, -]

It is impossible to decompose (19) and (21) since both of their LHS are only depended upon 9, thus,

1. The spacetimes of p and T' (so as I1) are not easily dissociative even upto a very high energy scale.

2. Since gy (s) is independent of d, the spacetime of T' (so as IT) must be an internal hidden property
of the overall system (in other words, inside the observable spacetime of p). The observable
spacetime is always d-dependent.
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But, the RHS of (21) gives us,

{[¥) e Vo V:E[¥) =|¥)} =Sym?V,
{[¥) e VRV F[¥) = —|¥)} = Anti?V,

where, the swap operator F|¥) = exp [i 8] for some phase exp [i 6], whereas V is a vector space. Then
the corresponding eigenspaces are called the symmetric and antisymmetric subspaces and are denoted
by the state spaces Sym? V and Anti? V, respectively. Note that, we have not intended here that p and
IT individually are two indistinguishable particles for the state spaces Sym? V and Anti? V; the above
equations are just the generalization forms of their kinds, because p and I1 do not have distinguished
(opposite) spins until otherwise they are dissociated as free particles; so, the observable spin is always
the spin of p, since Il is an internal hidden property of the overall system and the observable spacetime
is always d-dependent. Thus, (21) tells us that, if we allow I1 to be dissociated as a free particle at very
high energy, the internal hidden spacetime of I then must be transformed into a fermionic particle,
whereas, the overall d-dependent system remains bosonic, since, the observable spacetime is always
d-dependent.
Similarly, (17) yields,

= pvt —119f

, (22)

14 u
Xo X0

(8" (p) + 8" (11)) 0,0y [~ ¥]

w = 8M(p)9uoy [-Y]

y + g (I1) 9,0, ¥ o

N —

this tells us that the internal hidden spacetime of I must be now bosonic, whereas, the overall system
is fermionic, since, the observable spacetime is always d-dependent. So, whatever (21) and (22) want to
tell us is that the 0-dependent overall system has Supersymmetry and since the spacetimes of p and its
supersymmetric partner I are not easily dissociative even upto a very high energy scale; thus, IT must
require extremely high energy to dissociate itself from the overall system as a free particle. Instead
of being a free supersymmetric partner, IT actually works quite differently inside of the observable
spacetime p, though, at the same time, I1 is still satisfying all the properties of Supersymmetry. We
will show you IT’s actual purpose very soon in the below. But Supersymmetry needs extra dimensions
and we should have to discuss it now.
Before proceeding with anything, we can develop a §-dependent scenario as follows,

a2
¥ = ITY|  —p¥| ,, 23
852 % xg p 61 ( )
1, ~ =~ R ~ =~
E(guv(H) +8"(p)) 9,0y ¥ o= gHv(I1) 0,0, ¥ . +¢M(p) 0, 0y [ Y] I
0 0 0
and the complex conjugate of ¥ is,
P o t t
=Y = IIY b 4 24
= AN (24)

(" (IT) + g™ (p)) 30y [~ ¥

N~

+gM(p) 00, Y| .
x} xg g (p ) uHv xg
It is not important which state spaces satisfy such bosonic or fermionic representations of (23) and (24),
here, the most important thing is that the overall system as a free observable particle is must not be
baryonic because now only the internal hidden spacetime of p has ‘proper’ spacetime arrangement for
its 0-dependency, whereas, the overall (observable) system’s spacetime arrangement is quite ‘improper’
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asitis §-dependent. Despite of p’s d-dependency, here, being a supersymmetric partner, if it is allowed
to be free at very high energy, it must not be baryonic either. We should not be confused with it. We
will discuss about its property in Section 4 below.

The internal hidden spacetime of ITin (21) and (22) also provides us some additional geometry for

its §VV(H)§I4§V [£¥] structures. Suppose, for gH(T) §H5V [¥], we have, % {aa:z [—i] = 5,7 le [ll’o]}
where, neither spacetime arrangements are matched with one another in either combinations within the
curvey brackets. These ‘wrong’ arrangements must have a noticeable effect on the acceptable spacetime,
i.e., its temporal part must influence over the spatially depended ;, or its spatial part must influence
over the temporally depended ¢y, or vice versa. In other words, the acceptable spacetime should not

have to be four-dimensional in this case. Let us check it. Suppose, for - 7 { 52 =i — %Zaxf (o] }, we

can consider a dimension function (see [3]; we follow Nagata’s work throughout this paragraph and
all the proofs for this paragraph are easily obtainable by using his book [3]),

dim (5[%,14] ® \If[i,o]) Vie{1,23}, (25)

and the space (5[% i ®T[i,0]) satisfies a normal Ti-space. Let U be a collection in an initially
(34 1)D topological spacetime (3[% i ®1II[Z',O])’ ie., dim (3[% i ®T[i,o]) = (3 + 1), which is

actually hidden inside an observable (3 + 1)D spacetime, i.e., dim (8[%1.] ® T[o,i]) = (3+1) (be
careful here about the subscripts, do not confuse observable spacetime with hidden spacetime),
and p a point of (A[% 1 QY 0]>, then the order of U/ at p should be denoted by, ordU/ =

sup {ord Ulpe ( 0,1 Y, 0]> }, where, ord, U is the number of members of I/ which contain
p. If for any finite open covering U of the topological spacetime (5[% i ®‘Y[i,0}) there exists an
open covering ‘B such that 8 < U, ord®B < n + 1, then (5[% q® T[w]) has covering dimension

< n, ie., dim (5[% i ®‘P[i,0]> < n. If U can be decomposed as U = U2, U; for locally finite
(star-finite, discrete, etc.) collections Uf;, then U is called a o-locally finite (o-star-finite, o-discrete,

etc.) collection. The topological spacetime (5[% i ®‘F[i,0]) has strong inductive dimension — 1,
ie., Ind ( 0. ® Y, 0]) if (A[% 1® ¥, O]) = @. If for any disjoint closed sets F and G of the
topological spacetime (8[0 q® ‘I’[l 0}) there exists an open set U such that F C U C ( 0] ® ¥y, 0]) G,
and Ind B(U) < n — 1, where B(U) denotes the boundary of U, then ( 0, ®T[i,o]> has strong
inductive dimension < 1, i.e., Ind (5[% i ® W[i,o]) < n. Let V is an open set and V is a closed set
of (3[%,1,] ® ‘I’[wo. If Ind (5[%,1.] ® ‘-]5’[1-’0]) < n, then there exists a c-locally finite open basis B of
(5[%,1.] ® T[i,O}) such that, Ind B(V) < n —1 for every V € B. If a spacetime (5@] ® ‘"Y[z‘,o]) has a
o-locally finite open basis B such that, B(V) = @ for every V € B, then Ind (5@.] ® T[i,O]) <.
Again, Ind (3[% q® T[i,o]) < n if and only if there exists a o-locally finite open basis B such that
IndB(V) < n—1 for every V € B. For every subset A = J{B(V)|V € B}, for any integer
n > 0, of a spacetime (5[2 0, QY 0]) we have, Ind A < Ind (8[0 i Y, O])- Hence, if and only
f (5[% i QY 0]) U A for some n + 1 subsets A; with IndA; < 0,i = 1,...,n+ . For the
spacetime (A[O q® Y, 0]> we have then dim ( 0 ® Y, 0]> = Ind (8[0 7® T[i,o})- Let A be a subset
of a spacetime (8[0 q® ‘P[z‘,o]) and I the unit segment. If U is an open set of the topological product
(3[%,1.] ® ‘F[i,o}) x I such that U D A x I, then there exists an open set V of (5[%,1,] ® T[i,o]) such that

A CV,and V x I C U. Let F be a closed set of (5[2

2@ ¥ ) with dimF < n. Let Fy and Uy,
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a < T, be closed and open sets, respectively such that F, C Uy, and {U, | @ < T} is locally finite.
Then there exist open sets V, satisfying F, C V, C V, C Uy, anddimBy <n—k, k=1,...,n+1,
where, By = {p|p € F,ord, B(B) > k},and B = {V, |« < 7}. Let F, F, and U, satisfy the same
condition as above, then there exist open sets V,, Wy, & < T satisfying, F, C V, C V, C W, C U,, and
ord, {Wy — Vol <t} <nforevery p € F.Let Gy, k =0,...,n, be closed sets with dim Gy < n —k
of the spacetime (5@] ® T[i,o])' Let {Fy | a < 7} be a closed collection and {U, | « < T} a locally
finite open collection such that F, C U,. Then there exists an open collection, B = {V, | « < T}, such
that, F, C V, C V, C Uy, and ordy, B(B) < n — k for every p € Gi. A mapping f of the spacetime

(5[%’1.] ® T[i,o}) into a spacetime S is a closed (open) mapping if the image of every closed (open) set of
(3[%,1.] ® ‘1’[,»,00 is closed (open) in S. Then the continuous mappings which lower dimensions of the

spacetime (5[% q® T[i,o]) should be defined as follows,

Theorem 1. Let f be a closed continuous mapping of the (3 4 1) D spacetime (5[% % ‘P[i,o]) onto the spacetime
S such that dim f~1(q) < k for every q € S. Then,

dim (3% @ ¥ 10 ) < dim S +dimK, (26)
where dim K < k for the space K, when 0 < dim S < 2, since i should not be zero in (25).

Proof. Using Theorem IIL.6 of [3], we can easily prove this theorem. O

Since, the temporal axis is unaltered in Lorentz transformation, as we have already seen it in (14),
we can express the maximal continuous mapping of the (3 4+ 1)D spacetime (5[% q® T[i,o]) onto the
spacetime S of (26) as,

XH(T,0)

IN

{@[%J] ®T[if0]) =S ‘ 5< (5[%),1] ®1P[1,0])} ,

thus, X¥ < SUK inside the (3 + 1)D observable spacetime (8[%,1»] ® ‘P[o,i]) ,
since i should not be zero in (25), if the considered state is not vacuum; then the spacetime S
definitely intends the basic structure of a 2-dimensional worldsheet X* (7, o) with the joint states,
% {a% [—¥s] — % [I,DT}} for the spacetime X#, where S is a (1 + 1)D spacetime, but for the space K,
we will like to discuss it below in more details in the Theorem 2. Obviously, a string can sweep out the
2-dimensional worldsheet X#(7,0) for the spacetime X*.

If the internal hidden spacetime of IT is considered as the LHS spacetime of (13) and let it to
be changed from (3 + 1)D to (1 + 1)D when its total energy remains fixed (so as its time), then the
spacetime X" of RHS of (13) changes inversely against the spacetime of Il. Since the spacetime of I1
is hidden inside the overall system of (21), i.e., in other words, inside the observable spacetime of
o, then the increment of RHS spacetime X# of (13) should not be observable by any means, i.e., the
extra dimensions of X# remain hidden forever inside the observable spacetime of p. As these internal
hidden extra dimensions inside the observable spacetime of p are considered as the representation of
the spacetime S and the space K, thus, we can conclude,

1. Strings (i.e., the spacetime S for the hidden spacetime X*) are natural and universal but forever
hidden inside every (3 + 1) D observable system, i.e., the spacetime (a[%,i] ® ‘P[o,i])/ in Quantum
Mechanics.

2. Every (3 + 1)D observable system in Quantum Mechanics must contain forever hidden extra
dimensions (i.e., the space K for the hidden spacetime X*) independent of any external observer
whether she/he considers any string in this system or not (for more details, see (27) below and
its following text therein).
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But the space K should raise more extra hidden dimensions by a closed continuous mapping
beyond dim K < k by adopting the following,

Theorem 2. Let f be a closed continuous mapping of a space R onto a space K such that for each point g
of K, B(f_l(q)) contains at most m + 1 points (m > 0); then dimK < dim R + dim M, when dim R <
{dim (8[%,1.] ® T[i,o}) —dim S} and dim M < m, where dim (aﬁm ® T[w]) < (B3+1).

Proof. Using Theorem III.7 of [3], we can easily prove this theorem. [

Then, we can say for the overall spacetime X/, pzr. that,
;4 2 32
XoverarL < { (a[o,i] ®kIj[O,i]) USUK ‘ 5< (a[o,l] ®T[l,0]) and
K< [(5[%’14]@‘}’[1-,0])—S}UMVdimMgmﬂmzo}, 27)

for which,
< SUK < (5[%,/1.] ®‘P[i/0]) UM V dimM <m 3 m >0 inside the (3 +1)D

observable spacetime (8[%’1.] ® ‘P[o,i]) . (28)

Note here that stringy spacetime S vanishes in the overall spacetime X!,z a1, Of (27) for the space K

leaving behind the forever hidden extra dimensions m in X%z x; .. Thus, in other words, strings are

experimentally unobservable forever, whereas, their actions should be mandatory in the purpose of

string interactions. Also notice that Supersymmetry (now having extra dimensions m for X¥ due to (28))

remains unchanged in X%, .z 1. of (27). Thus, with these extra dimensions, the above scenario is now

perfect for Supersymmetry and String Theory without any further objections and/or adjustments.
Along with Theorem 1, what (28) actually wants to say us is,

(5[%,1.] ® \P[i,O]) <Xt < (5[%11} ® ‘P[i,o]) UM,
when X# < SUK, which yields,
[(5[%,,1.] ®‘If[i,0]) - s] <K< [(3[%,1.] ®T[i,0}> - S} UM. (29)

Since § < (5[% 1 ® T[l,o}) in (27), let the LHS of (29) gives,

(302 ¥ua) = (00 @ Y0)| < { (562 © ¥ea) U (355 © Yen) |- (30)

The most disturbing thing here is that the temporal axis is a part of S spacetime but not the part of K
space, but both (5[%,2] ® ‘F[z,o]) and (5[%,3] ® ‘I’[3,0]> spaces are influenced by the (mutual) temporal
axis, despite the fact that neither of them have contained any temporal axis within themselves. On the
other hand, it is evidence that only an influence should not be sufficient to emerge a temporal axis
within M (or K) space. Moreover, Theorem 2 yields no temporal axis for M (or K) space either. But the
influenced of the temporal axis should not ease to be avoided in (30).

From Theorem 2, if we think that the dimension of M space depends only on (3[%,1.] ® ‘F[i,o]) =
{(8[%,1] ® T[l,o]) , (a[%,z] ® T[z,o]) , (8[%,3] ® ‘I’B,O]) }, then we should be mistaken, M is not
independent from either elements of the set (/8\[%,1.] ® T[i,o}) . Thinking otherwise, let (5[% N® T[i,o]) are

related to new quantities Q; and T;, differently, which are the curvilinear coordinates of (5[% N® Fio) )
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Let the corresponding members {T}, T, T3} C T are determining v, then if each pair of members from
the either sides of these curvilinear coordinates joining the pairs of points Q; and T; (i = 1,2,3) meet in
points m; € M separately, then the three points of intersection U; of the pairs of coordinates g; and t;
(i =1,2,3) lie on a line. Let each of the pairs of coordinates Q;, T; (i = 1,2, 3) consists of two distinct
coordinates and in which g; # t; V i. Let the coordinate vectors of m; be denoted by 3;, that of Q; by t;
(i =1,2,3) and that of T; by y; (i = 1,2, 3). Then 3; can be represented by a linear combination of the v;
and v; for each i = 1,2, 3, say,

=t ity =r+n =1r3+93.

Hence,
Ty —t = h—h,
-t = 93—,
t3—t = B —h3.

Let us choose two set of coordinates,

1 {02 a ~

aj = (a1,a2,a3) = VAL (=il = 557190l [ = (a[o,i] ®(P[i,0]> €A, (31)
1 [0 0? ~

bi = (b1, b, b3) = NG {atZ [—oi] - W[QO]} = (a[%,i] ® Q[i,o}) €A,

fori,j =1,2,3,such that {a;} € v;, {b;} € v; and {a,b} is a basis of A, whereas AN Q; = {O}, where
Q; is the interior of Q and O is the origin, i.e., A is admissible for Q. Let the quadratic form,

0 ((9%2®¥ea) (9hs ©¥pa))
1 . -
= ¥ 5 |@—a) (335 @ ¥pn) + (i—b) (3F5©¥s)]
1<:,j<3

_ % [A (5[%,2] QY [2,0])2 +2B (5[%,2] ® ‘I’[Z,O]) (5[%),3] o 4 [3,0]) +C (5[%,3] ® ‘PB,O])Z] )

say, is reduced. The last fact means that 2 |B| < A < C, so that 342 < 4 (A2 — B2) <4 (AC- Bz).
Since A is admissible for Q, the coordinates a + mc (m an integer) do not belong to int Q. Thus,

{|(m+ay) (m+ap) (m+a3)| > 1V integers m} ,
this implies that,

A = (m—n)+ (@ —a)+ (13 —a)
= 2(a12+a22+a32)—2(u1a2+a2a3+a3a1).

Note it here that a;a; # 0if i = jand a;4; = 0if i # j do not hold due to (31). So as,

C = (hi—b)’+(ba—b3)*+ (b3 —1y)°
= 2(b2+b3+bF) ~2(brby+ by by +baby)
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and we can easily find that B = 0. Here,

2
Bhaoven)’ = |55 { g vl sorgmto
= ﬁ{az —{pa] — 8x32x2[%]} \2{;;[—"’]2]—85;2[%]}

1(0 9?2 9?2
= 2{2 at2 [ ¥ — m[%] X 57 (] — (32)

02 02 92
atz [ l/JZ] %2 Ox2 WJO] %2 Ox2 [lIJO] 2 o2 [IPO]}

_ e A S 32
2 (atz [_4’2]) T <ax2 ox2 WO]) - ﬁ[%] 2 92 (=]
1 /2 ~
= = (332 +95¥¢) — a3 %007 ¥
Similarly,
=~ 2 1 92 By 2
(8[0,3} ®\P[310]> = [2 {atz [—¢s] — W’[%]H

In the same way,

(3[%,2] ® 11I[z,o]) (5[%),3] ® TBW)

1 (92 02 1 (92 02

VA {atz [—2] - axzaxz[%]} X 2 {atz [—s] — axgaxg[%]}
1( o2 02 02 02

= {at2 [=92] X 55 [=9s] = 5 a5zl X 55 [=9s] =

(34)

02 0? 02 02
~ 37 ) X sl + sl x sl

_1 i[_ ]xi[— ]+872[ ]Xi[ s —
T e TV ga Tl G Pl X s o
1 02 92 92
~2 92! o =3+ S5 [
1 N w?2 N4 2
2 (ao ¥iag) 9025 TO) a0 To ( 23y @ Y3, 2})

In the last line we have used subscripts {, }, which are quite different from the subscripts [, | we
have been using yet and their purposes are quite obvious here. Since, the temporal axis is a part of

S spacetime but not the part of K space, so both ( 02 ® Yy, 0}) and ( 03 @ Y3, o]) spaces, as well
as a; and b; spaces of (31), are influenced by the (mutual) temporal axis though, neither of them have

contained any temporal axis within themselves, then we can say that all axes of g; (5[% 2 ® T[z,o])
and b; (5[% 5 ® ‘I’[3,0}> (fori,j = 1,2,3) in K space are interrelated with the (mutual) temporal axis
coming from string spacetime S, since the temporal axis is a part of S = (5[% 1 ® T[m]) but not

the part of K space, thus, a; (5[%,2] & T[Z,O]) and b; (5[%/3] ® T[B,O]) (fori,j = 1,2,3) in K space have


https://doi.org/10.20944/preprints202306.1472.v4

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 November 2023 doi:10.20944/preprints202306.1472.v4

14 of 41

individual existences as independent axes x (1+7) and x 1+(+0) (for £ = max ) influenced by the
(mutual) temporal axis x°. Let us assume that a; ( 02 © Y, 0]) and b; ( 03 © Y, 0]> (fori,j =1,2,3)

in K space have maximal weight as 1 of each dimension as an independent axis for x 1+1) and x (1+(+0),
which yields,

dim {(al +ap +a3) (5[%’2] ® ‘P[z,o})} <3,

dim [(bl + by + bs) (3[%),3] ® ‘I’B,O]ﬂ <3. (35)

Hence, they have the “proper” dimensions. Comparing the last line of (34) with (32) and (33), we
can determine that if (32) and (33) give us some ”proper ” dimensions, then (34) definitely gives us

an “improper” dimension, as both (8 Y {22 Sk o} 23} ) and ( {22 3 ® ‘I’{g,,z}) are depended on x?
and x3 axes, simultaneously. Since a and b are satisfying (31), then aa; and bibj (fori,j = 1,2,3,
i # j) must give us “improper” dimensions, too. If we consider these “improper” dimensions
(a; a])l/z (8[%2] ®‘I’[2,0]) and (b; b; )1/2( 03] ®‘I’[3O> (for i,j = 1,2,3, i # j) in K space have

individual existences as independent axes xu(H(lH)+2 D and h(H(ZM (smce they are depended

on x2 and x3 axes, simultaneously) influenced by the (mutual) temporal axis x°, then, on the contrary
of (35), let us assume that they have maximal weight as 0.5 of each dimension for Jc,z(lJr(lM)+ /) and

(1+(i+0+3 ) xu(1+(i+€)+%j> n xb(1+(i+é)+%f)

X, , 50 as they can give x 1+(+0+]) — , thus, we can say that,

dim H(ul az)l/2 + (a2 a3)1/2 + (a3 al)l/z} (5[%,2] ®T[2,0]>} <15,

dim [{(b1 b2)"2 + (ba b3)"/2 + (b3 bl)l/Z} (3[20,3] ®‘I’[3,O})} <15.

Hence, altogether they have,

dlm{ {(al a2)"? + (aza3)""% + (a3 111)1/2} (5[0 2 ® T[z,O])

U (a1 + a2 + a3) (5[%)2] ®‘I’[2,0]) ] < 45,
dlm[{(bl b2)'/? + (b b3) "% + (b bl)m} (3[03] ®‘1’[3,o])

U (b1 + by + b3) (5[%)3] @WM) ] < 45,

Since B = 0, the K space yields,

K = {(al +ap +a3) (3[%,2} ®‘Y[z,o])
U {(111 a)? + (apa3)? + (a3 ‘11)1/2} (5[%,2] ®‘1’[2,0]>
U (b1 + b2+ bs) ( 03] ®1P[30]>
U{br02)" 2+ (b253)" + (05 51) "} (335 ®‘1’[30})}
ie.,

dimK < (45+45) =9.
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Thus, X* < S U K has the spacetime axes as (using summation convention),

[ (5[%,1] ® T[l,O]) /i (5[%,2] ® 11’[2,0]) i (5[%,3] ® 1IJ[S,O]) ’

1/2 (= 1/2 (=
{(ﬂiﬂj) (a[%,z] ® T[z,o]) + (biby) (a[%,a] ® ‘1’[3,0]) H (36)
s (xo, 2l x (1) L (D) (1+(i+€)+j)) € xi,
where (3[% 1 ®‘Y[1,o]) — (x% x1), whereas, other maps are obvious, for i,j = 1,2,3, i # j and
¢ = maxi. So, (36) achieves,
dim X" < dim (SUK) < (2+9) =11,

i.e,, string has eleven-dimensions by nature, that is why eleven is the maxinium spacetime dimension
in which one can formulate a consistent supersymmetric theory.

Now, returning to our main purpose and using the first two terms of (7), we can generate the
following wave equation for (6) as,

invOVoy(7,t) +ihvi V7 t) —ihguv' Vg7 t) =0, (37)

where Vo = (0/9(v0t)) for x% = (vOt), while the ‘Four-momentum’ operator is P~ in 6#/ and
the three momentum operatoris p — — ih V;.

Remark 2. The signature of the metric gy, i.e., (+, —, —, —), has been absorbed and retained unaltered by the
last term of (37), as long as it satisfies (5) and (6). Thus, readers are requested to be careful not to presume space
and time separately in (37), what we usually accept in the conventional Quantum Mechanics.

Again rearranging (37) by using (8), we may get,
ihv® (1 — g00> 60 ll)(?, £+ ihv/ (1 +gij) ﬁi Y(7,t) =0,

or, simply discarding (1 — goo) = (1 + g;;) = 0, we can have the First Variance of the First Order
Equation of GQG in Semi-Quantum Minkowski Spacetime as follows for x® = (v9),

itvOVoup(7 t) +ihvi Vg7, t) =0,

d -
ihaw(?,t)—i—ihvaigb(?,t):O. (38)
Evidently, (38) may take the form E¢(7,t) = — ihv/ V;(7,t) for the energy operator £ — i1 d;.
Setting the Hamiltonian operator as H(7,t) = —ihviV;9(7,t) = pv/ (7, t), where the three

momentum operator p — — il V;, we can therefore have, £ (7,t) = H ¢(7,t) . Interested readers
can easily check it that (38) is nothing but the gravitational form of the classical Schrodinger equation,
where E is total energy, and now the equation has been rewritten with v/ along with the signature of
the metric (+, —, —, —).

It is also possible to develop a Second Variance of the First Order Equation of GQG in
Semi-Quantum Minkowski Spacetime from (37) as follows,

ihvY A, (7 t) —ihguv' Vg7, t) =0,

where i A, — [p,, —f?]T—> [ih§o,ih§i]T-
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Now, let us multiply both sides of (37) by (dt?/m), so as,
Ldt? e o dtR e . dt? -
Zh7V0V0¢(r,t)+1h7vjvil,b(r,t) = lFl?gnyVlel)(T,t)
dtz vAayH 2
= Wng PUy(rt), (39)

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

Note it that (39) is exactly equivalent to ds?> = (dt?/m) gu P¥vY of (3), ie., ds 2 =
(dt2/m) guv PP VY — ds2y(Ft) = (dt?/m) gu v’ P " y(7,1), for the ‘Four-momentum’ operator
Pl in ﬁy . In other words, for (39), we can say that the quantum line element is,

N . di? - . vk [ . dt? N .
ds?y(7,t) = zhﬁngv Vuy(#,t) = 7 (:hmngvvy> (7, 1)
1 < _
= (zh Suvdx VH) (7, 1)
1 . = o
= (vim) (zhgyl,dx” dx"Vy)t,b(r,t),

hence, by considering € = (v¥ m) ', we have,
ds?y(7,t) = ih€ gudx’ dx? V, p(7 t). (40)
Proposition 1. From above discussion, we can deduce that:

1. In (12), relativistic spacetime is showing a relation with the quantum spacetime.

2. The wave field (7, t) itself in (7) is relativistic due to g, in its term.

3. Equally, (37) also assures us that Quantum Mechanics and Relativity are must be correlated for the
presence of g,y in the last term of (37).

4. Lastly, the exact equivalency of (39) and (3), i.e.,

ds? = (dt2/m) g vV P*  ——  ds?y(7t) = (dt2/m) gu v’ PP (1),

for the ‘Four-momentum’ operator P ' in @H, can say us that Quantum Mechanics and Relativity
are correlated in the wave field (7, t).

So, we have a sufficient reason to replace the relativistic one with the quantum mechanical relation, and vice
versa, from (12) as,

A

gwPl = P,=-P", (41)
ie, gumvl <— —ih@y.

We will use Proposition 1 throughout our work. This proposition is quite straightforward than
some commonly used textbook procedures, for example, [4].

Remark 3. For the Proposition 1, the relation between & = (v# m)_1 and P of (40) should become as,

1 = L1
Wzlhf,u

. = . Suv = .. Suv = .
ihEV, =ih———V, =ih=~V,=1ih =
Iz S (V” m) Iz P]l M gyv P}l

Vi=1. (42)
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Let us consider V ’i = (5 /ox 7‘), etc., and let us also consider that for Proposition 1, let guv would
transform classical-to-quantum as,

_ ox® oxP B m ot ox® oxP B P® oxP
Sw = Sap\ 5w gxv ) T 8B\ 3t ) \m ) \ oxw 9xv ) T 8%B \ Pr gxv
_ — Sup P* 0xP
- gﬂCﬁ ( _gyvpy dxV ’ (43)
P oaxh ihVy oxP
Qi = QP 0xP) Q[ ilVa "
g]u/ l)b( ’ ) ga‘B (,f)]/l IxV glxﬂ 17’1@” IxV 110( ’ )/

Q)

where ¢, is a ‘semi-quantum Lorentzian metric tensor’ in a semi-Quantum Minkowski spacetime,

Q@ (@ [ihVy 0xP dx® oxP
S = Bap (ihﬁy oxv ) T 8w T 8B\ Gk axv |7 (44)

Q)

so as the ‘semi-quantum Lorentzian metric tensor” g~ and the classical Lorentzian metric tensor g,y
should differ from each other and can establish a relation (44). Without any loss of generality, we may

Q _ ,©Q

assume that the ‘quantum metric tensor” is symmetric: g~ = gy, and det (g, @ ) # 0. It has an

ie.,

-1
inverse matrix ( g (Q)) whose components are themselves the components of matrix g (9, as their

-1
product gives: (g (Q)> ¢(Q) = identity matrix, i.e., in terms of components, gpg,?) g{g) = g('g‘) gﬁg) =

5., where, 8, is the Kronecker delta.
Hence, (40) should be rewritten as,

ds?y(7,t) = ih&gudxtdx’V,y(7t)
— in€g\Y dxtdxV V(7 t) —» £\ dxtdxt P (7 1),

then, let us vary the length of a curve [5-8] as,

SLly|ly(rt) = / {zhgg(Q)x”x V}l/zdﬂ/}(?’,t)
- E/{ihgaeg,ﬁg)xﬂxvm—
—2%(ih5g§9)xvm)}5x€dr¢(?,t).
This gives,
{ihgaeg,ﬁg)xﬂxvm—iheayge(?)xﬂx*f@v—ihsavge(,?)xﬂx’fﬁe}¢(7,t)
—2ineg' P #° Ve yp# 1),

then the Christoffel symbol F]f], should be defined by,

= 1. "
Fﬁu (7, t) = Ezhgg(éé) (8,4 ge(v )V, +0, g(Q) 8eg(Q) ) P(7,t),

such that the Christoffel symbols are symmetric in the lower indices: I'; ¢, =T ‘5
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In this way, if we proceed further, we can develop a non renormalizable Einstein-like field
equation, which is useless for our goal. To avoid this problem, let us redevelop the whole scenario from
the quantum mechanical perspective as follows. Let the Christoffel symbol I’]fv should be redefined by,

L L Qe e Qe o @ .
T (7, 1) = =5 12 £ (G (Vﬁge(g) Vo + Vigld Ve - Vegi? Vﬂ) ¥(7t),

such that the Christoffel symbols are symmetric in the lower indices: l"ﬁv = l"fy. After a little exercise,

we can yield the curvature tensor,

o 2 arl‘;& arg’? o T€ o Te€e =
Rv'yﬁlp(r/t) = oxT ox O +F76rv5_r(5€rvv lP(l’,t),

thus we find,
) 1.5l o © e e @c
Rumo (1) = =i e (ViVagld Va+ ¥ Vsgld 00 -
which satisfies the properties like symmetry, antisymmetry and cyclicity as usual, but it is not

equivalent to Riemannian tensor R), s, i.e., Ryyys # Ry for il Vx in (45). Though, the Riemann
tensor (in quantum spacetime) should be derivable from (45) as,

2
(1171> R/\m&lP(it) = R/\vyélp(?/t)

1. 9 Qe 7 Qe
= Elhg <8x"8x“fg)(‘5 Va+ aanxégw)VV_ (46)
82 2

B W&(‘?) 65 B ax‘?axé g/g)) ﬁ7) P 1)
Now, let us take the classical-to-quantum energy momentum tensor, for example, as follows
for (42),
Tw = - % (091 g — 99y gur — "9y gua + 90w &5 —
— 1w 0207 85 + 1w 0797 8 ),
T @D > — 5 in€ (V19,80 9, - 929,80 9, - 929,59 0, +
+ @F@u géQ)U 6;4 — Ny Vvt géQ) VA
+ 1 VAV P Ve ) w7
= ihETW V(7 t),

or the electrodynamic,
1 1
— H —
Ty = —Fuly + 380 F" B = _8CWF€VF§H+ZLgC?7FWFw'

- : 1 &
Ty w7 t) — —ih€ (gé?) Fr, F&F + i 85(;2) FW Fw) V(7 t)
= ihET, Vey(Ft),
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etc., and so on, hence, we have the quantum energy momentum tensors ’7'(1) s 7'(1) s et those
are what the graviton field couples to. Let G is the gravitational coupling and now let us develop an
unusual classical-to-quantum G (namely G (1)) in Planck scale using [9] by accepting ¢, — ¢ 1}; as,

dve 2 2
c - ) d epz -2 d Epz (dep)? = 25 (dep)? = 22 gy, deb e,
Mp - (dtp)”  Mp (dtp) mp mp
Gy p(7t) — ihE fp 0@ qpt qe! Ve ) = inEGV g7 1), (47)

m3 S

where Fp = mp {d2€ I% / (dt p)2 } Without much ado, we can easily obtain the Einstein field equation

of the GQG in Semi-Quantum Minkowski Spacetime, which can give us the classical Einstein field
equation while using (46) and (42) as follows,

1. -1 . B
[RW -5 ingg\d Rvy] Pt = (081G 1) Ty (7 1)
= —(ih)?*8nh2EXG TV V(7 t),

. 1 3 . . e
(in) R — 58w R|9(F 1) = — (08712 E2G T ¥, Vo (7, ) (48)
= (in)?*8nGTw (7 1),
1
= |Rw-58uR| = 87GTu.

Both LHS and RHS of (48) independently have their mass dimensions. For the RHS factor hte2c
of (48), both the gravitational coupling G (which has the dimension of inverse second order of mass)
and & = (v m) ~! have lost their mass dimensions due to . Consequently, if divergences are to be
present, they could now be disposed of by the technique of renormalization. So, the last line of (48)
is not renormalizable by nature, whereas, the second equation shows us that classical Einstein field
equation with (i h)2 is renormalizable in quantum spacetime. (We will develop another renormalizable
scenario by using a purely quantum form of gravity, which will be discussed in Section 2.2 below.)

Remark 4. It is necessary to remember that, we should not introduce the cosmological constant A in (48),
because we can get Dark Energy from GQG in Quantum Non-Minkowski Spacetime quite naturally (see the last
equation of (73) in Section 2.2 below for more details). Otherwise, introduction of the cosmological constant
A in (48) should intend to double entry of Dark Energy in the same gravitational field of GQG, which should
obviously be faulty. Though, in (75) below, we will develop an Einstein-like field equation containing A, which
is slightly different from the classical Einstein field equation.

As (48) yields the non-renormalizable relation,
- 1
8h? 2847 G T Vi V(7 t) + [ Ry — Eg;,?) R|p(71) =0, (49)

then, by considering d’Alembertian operator L] = @;4 VH, aswellasU = (8 TG Tyy), we can get the
Second Order Equation of GQG in Semi-Quantum Minkowski Spacetime from (49) as,

S 1 S
n2E2uUg Y Oy 1) + [RW—Eg,SVQ)R}zp(r,t):O. (50)
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The wavefunction §(7,t) in (50) is emphatically defining a bosonic field. Thus, as U/ ~! [RW -

> g,EVQ) R| = 1, we can immediately develop a fermionic field (or the Third Variance of the First

Order Equation of Semi-Quantum Minkowski GQG) out of (50) for (43) and (12) as,
e 32
3/2
(ggg)) Pt =0, (51)

(sa) "0 =0,

ihy"Vyyp(Ft) — P
= ihyFVupFt) —P
where, v are Dirac’s gamma matrices.

The classical Dirac’s equation should be derivable from (51), but here, £ = (v” mF) ! is not
intended to have a factor of rest (fermionic) mass, since mr # mgg in (3). Thus, we can say that
Dirac’s equation is a subset of the Third Variance of the First Order Equation of GQG in Semi-Quantum
Minkowski Spacetime, i.e., (51). Similarly, we can also say that the Klein-Gordon equation is a subset of

the Second Order Equation of GQG in Semi-Quantum Minkowski Spacetime, i.e., (50). (An analogous
formalism is equally applicable for the following Section 2.2.)

2.2. GQG in Quantum Non-Minkowski Spacetime

Let the line element of Minkowski spacetime,
2 u v — dt ? U pv

ds i
2 2.2 2 _ i
m <dt> = m°c"—m E dt E pip (52)

2
differently, m? <ds> = m? (1— V) c?=mdc?,

for the rest mass mg, when,

ds) 2 o
dSp =m? (dt) =p'p’ = Lp'p =g PP, (53)
then, rearrangement of (52) gives,
o ds)\ 2 ds d o
mE:plP]-i-mz (di) =p p]+P‘uPdesy dxsv—plp]-i—P”Pngv- (54)

Then, considering the representation of a wave field ¢(7,t) by superposition of a free particle (de
Broglie wave) for (54) as follows,

Y7t = (27_[1h)2exp {h;{m@-?ngWﬁﬁ)mEt}]

. 2
(27r1h)2 exp lhlm {m (ﬁ-?—!—mt (ji) ) —mEt}] , (55)

we can generate the following wave equation using (54) combining with (52) as,

— 12V Vop(Ft) + 1> ViVip(F,t) + 12 g V Vo (7, t) =0, (56)
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which may give,
—h? (1 — goo) @0 60 l[)(?, £+ n? (1 +gij) ﬁi 6] l[J(?, t) =0,

or, simply discarding (1 —goo) = (14 gij) = 0, we can get the First Variance of the Second Order
Equation of GQG in Quantum Non-Minkowski Spacetime as,

(57)

Here, ¢(7,t) is definitely a bosonic field. But the uppermost equation of (57) may give us the
gravitational form of the classical Schrodinger equation by using (11) for ¢ = 1 as follows,

R
zhglp(r,t)—kﬁvivjlp(r,t):o. (58)

Putting differently,

N R /R
lhgl[)(i’,f)—l—agﬁviv l/J(?‘,t)ZO.

Hence, we get the gravitational form of the classical Schrodinger equation for the total energy E, and

now itisina (3 4+ 1)D quantum spacetime.
Let us now prescribe classical-to-quantum g, as follows by using Proposition 1 as,

2 2
B ax® oxP _ m ot ox® 9xP
Sw = 8ap\ Gxw gxv | T 8B\ 5y m 9xH 9xV
p* ph — 8up PY —gup PP
Sap (m PV> ~ 8up ( —guwPF —guwP’ )’ 9

oy e iy

S P P - ihV, iV .
v r/t o P P /t o = = r/t .
gwyp(rt) — gﬁ( V>1P( )%gﬁ<ihvy ihvu>¢( )

To avoid any confusion between the classical Lorentzian metric tensor g, and the quantum Lorentzian
tensor of (59), let us assume that,

B inV, ihVg B ox® 9xP
guv = Bup <ih§yih§v T 8w = &up | 5y 3y | (60)

This approach is quantizing gravity. The ‘quantum metric tensor” g, is symmetric, i.e., g v = gy,
and det (g ]“,) # 0. Components of its inverse matrix g ~1 are themselves the components of matrix g,
namely, g,vg"" =g gy = 5,), where, 8, is the Kronecker delta.

Now, applying the representation of wave field (7, t) either of (55), or (7), into (54), we can get,

. 1/ . e .
Byt = E(p f+gw7>"1?”)¢(r,t),

- N W2 o o N
ie, il p(Ft) = (vivj+ngyvv) W7 1) 61)

m

Note that, (61) should be used as an alternate of (58).
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After using the first (or, second) term of mass operator 7 from (9), the (61) yields,
2 0% ) (e Lo -
h asjlp(r/t) = —Fl (Vz V]+gyv Vy Vl/) l/)(]’,t)’ (62)

92 97
2 -
" <852 8t2>¢(r/t):0.

2 .
Interested readers may compare (62) with (13) and can easily retain that, in (13), (%) =c?2—(vi)2 ~

c2—>1lasc>viandc=1.
Now, the Second Variance of the Second Order Equation of GQG in Quantum Non-Minkowski
Spacetime from (56) should be,

—

— 2R Ay (7 t) + 12 g Vi Vyyp(7,t) =0,
o R 1T 2 . T
where i Ay — [py, —p| — [ihVo, ikV;] .
Let us try to develop an Einstein field equation, which is “purely” Quantum Mechanical (i.e., it

has neither a Minkowski spacetime and not its metric is Lorentzian) in comparison to (48). We can
start with (61), which immediately tells us that (53) is possible to be written as,

A

dSEY(,t) = gu P P () = (ME—p'pl) p(7, 1), 63)

then using (10) into it, we have,

. . aZ 82
2 - H v - _ 2 o v -
dSpy(rt) = ewP Pyt =—h <8t2 8xiaxf> viEo
902 = =
= _hzaTz‘P(“) = —hrg"V,V,y(7t). (64)

This line element has neither a Minkowski spacetime and not its metric is Lorentzian, since gy, is
satisfying (59). Note here that, the LHS of (64), i.e., d 87%, is relativistic, whereas, the RHS components
of (64),i.e., — h 2 (6 2/9s 2) , etc., are Quantum Mechanical. We can compare this line element with (13),
but this time, the relativity-to-quantum relation (or vice versa) in (64) has been explained more uniquely
and explicitly than (13). Though, despite this advantage, we should like to achieve our goal by not
accepting (64) but by accepting the way similar to what we have already discussed in the previous
subsection. Interested readers can check the workability of (64) by themselves.

Multiplying both sides of (56) by (dt/m)? and comparing it with (52), we have the quantum line
element for the “Four-momentum’ operator P " @H as follows,

. A dt\?  aav
astymn = —12 (5) e SiTuln - (5) P PuEn. @
Similar to the Section 2.1, after a little exercise, we can develop,
o 1 = = = = = = = = o
Rasp(Ft) = — 3 h? (Vv Vygrs +VaVsguy —VaVygs — Vi Vs gm) P(7,t)

2
(;1) R)u/’yéil](?rt) = R)W'yé')b(?rt)

(0009816 + 010581y — 010y 8oy — Oy 058 0y) P(7,t).

N =
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Let us develop another unusual classical-to-quantum gravitational coupling G (namely G (5)) in Planck
scale using Proposition 1 and by accepting £, — ¢ IP; as,

2
ds 2 2
c - &) d =M L any)? = T gy drfdeg = 1 drf e,
Mpo(dtp)”  Mp (dtp) np mp
2
. 2 dtp\ = =u. - 20 o o
Goy(@t) — —h"Fp 2 Ve Vpp(7,t) = —h vaﬂvp P(7t) (66)
P P

= Gy,

for Fp = mp {d2€ 1’; /(dtp) 2 } Now, let us take the classical-to-quantum energy momentum tensor
as, for example,

1
Tw = ——5 (0" 0xguw —9"0 gur — 9"y gua + 0,90 87 —
— v aAaAggJF’hw aAa‘TgAa) ,
B, 1 (ene Sy S .
Towd@D = == (V' Vagw =" Vign =V Vg + ViVl -

— v @/ﬁAgg + Juw 6/\ﬁgg)uf) P(7t)
= T]ﬂ/ lp(?/t)/

etc. Then, we can obtain the Einstein field equation of the GQG in Quantum Non-Minkowski Spacetime,
which can give us the classical Einstein field equation as,

1 N ) o
R = 35w R| 90 = (08760 T 01),
(in)? {RwigwR} PEE = (MP8TG T (i t), (67)
= [R;ﬂ,—;gwR} — 87GTy.

The first line of (67) is renormalizable, but its last line is not renormalizable by nature. Though, (67)
yields the gravitational coupling-free field equation as,

1 B . b o e
{Rw lew R] Y = = ()28t LT, Vp, VL (68)
P
4 b YaURy,
= 8mh m—%TWprVgt,b(?,t).
P

This equation does not have any mass dimensions, so, it should be renormalizable by nature.
Interested readers can easily check that (48) and (67) are exactly the same expression but comprised
with different components, that is, (48) has a mixed expression of classical and quantum geometries
due to gZEVQ), whereas, (67) has a purely quantum geometric expression due to g ;. In other words, we
can say that (48) is in a Semi-Quantum Minkowski Spacetime with Semi-Quantum Lorentzian metric
tensor, whereas, (67) is in a Quantum Non-Minkowski Spacetime with Non-Lorentzian metric tensor.
If we transform our spacetime into Planck scale, i.e.,, x#* — ¢ IP; and t — tp, and consider mp =
Y m = N m,where m is the mass of a certain particle and N is a very large constant number since Planck
mass is a very big number, thus, mp is not considered here as the mass of a particular particle but the

amount of N number of certain particle with mass m, then, by considering (¢ {; ) Tem p=Nmand
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d’Alembertian operator L1p = v Pu v 1@ , we can get the Third Variance of the Second Order Equation
of GQG in Quantum Non-Minkowski Spacetime from (68) as follows,

hZ
(?\?m‘* T Op (7, 1) + [R,ﬂ, & R} P76 = 0. (69)

Thus, the First Order Equation of GQG in Quantum Non-Minkowski Spacetime should be as follows
for the fermionic mass mg,

] . . 1 1/2 .
lh’)/pryl[J(V,t)7G1/2(Npm1:)2(m {Ryvfigva]) lP(V,t)ZO, (70)
nv

for (87'CGTW)_1 {Rw — %g;“?) R} =1land 87 G = mP_2 = (Ngmg) 2, where, 7/ are Dirac’s

gamma matrices. Definitely, (70) gives us Dirac-like equation.
By the way, we can also rewrite (70) as follows for the fermionic mass my — m,),

8m)V2ihyF Vp, p(F,t) — (N(Q)Fm(Q)F>1,IJ(?,t):O. (71)

Whatever matter satisfies (71), it must result almost (877) 1/2 times high population density than the
critical density of matter which satisfies (70), i.e., the fermions of (71) have almost five-times higher
critical density than the fermions of (70), which is quite unusual. So, the fermion with mass m(o)p in (71)
is not as same as the fermion with mass m in (70), i.e., they must be completely different particles.
The only possible candidate having such characteristics as (71) 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 (877) /2 times higher than the critical density
of baryonic matters — it exactly matches with (71).
Again, returning to (65) and using m? (ds?/dt?) of (52) soas m? (ds2/dt?) = m? (1 —v?2) = m}

for the rest mass m, we can get,

mip(Ft) = —h?guw VuVyp(7 1),

W2 g Vi Vo p(7,t) + m3p(7,t) = 0.

Then, considering Vy = guv V # and d’Alembertian operator [ = \Y, " V#, we have,
W2 g, Op(F,t) + my(7t) =0.
Thus, we can immediately develop a fermionic field equation as,
iy g Vi p(7,t) —meo (7, 1) =0, (72)

for fermionic rest mass m .

2
Now, let us replace m? of (52) with the Planck mass m 1% = Zm% N = (N( A)Ymy( A)) for a certain

particle with mass m(,), where N is a very large constant number and {N(A), mp) } #* {N(Q), my) }
2 2
as m(y) < m,); then m3 = (N(A)m(A)> satisfies as: m3 A = (N(A)m(A)> A = }(T), where the
2 2
cosmological constant A = 871 G pp, so as we have (N(A)m(A)) (ds2/dt?) = (N(A)m(A)> (1-

2
v?) = (N(A)m(A)O) for the Planck rest mass mpoy = N(5ym(,)o and ¢ = 1, thus, for,
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2 1 2 1
(N(A)m(A)) A(l-0%) = Z (I (- v?) = (N(A)m(A)O) A=5(To),
where, (T) (1 —v?) = (Ty), and following the argument cited above,
2 VAR, - 2 iz
h gyvvpyvpv¢(rrt)+( (A)M(A)0 ) P(7,t) =0,
21* Agl, Op (7 t) + (To) (7, ) (73)

and, thggvaxp(?,t)+pA04)(r,t) =

-2
by replacing % (T) with pA for the cosmological constant A = 81 Gpp = m1§2 oA = (N(A)m(A)) OA-

So, by using 871G = m,?* = (N(A)m(A)) and by switching (1 — v2)1/2

right to left in the term:

Nayma) (To) 172 — Naymay (T) /21 —0?2)VV2 = Niaymayo (T) 172, we can develop a fermionic
field equation as follows,

inV2AY g V(7 t) — (To) 2 y(F 1) =0, (74)
in(2p) 21 g Vo 9(F,t) Niayemayeo (T) V2 9(7 1) =0,

for fermionic rest mass m(5) g as Np)r 7 N(). The interesting thing in (74) 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, or vice versa (see, Section 3.1 below, for example).

Note that the last equation of (73) is definitely applicable simultaneously whether the matter is
baryonic or non-baryonic.

Since (67) and (48) are exactly the same, by combining the last equation of (73) with (69), we can
get a non-renormalizable field equation as.

8 . 1 .
h? (WTHV + Agiv>mpxp(r,t>+[Rw—zgme\o y(7,t) =0, (75)

which should be renormalizable by reintroducing (ih)2 to the both terms of (75). This field equation,
which is actually a Klein-Gordon-type equation, is slightly different form the classical Einstein field
equation.

Again, either from the first equation of (73), or by placing % (T) = pa in (74), we can find,

ihy g Vo 9(F,t) = Noayemiayro (7, 1) =0, (76)

which is the Planck scale counterpart of (71) and (72), in other words, (71), (72) and (76) are
counterbalancing each other’s actions upon the Universe.

Since, the cosmological constant A = 8w Gpp = mgz oA = (N(A)m(,\)) pA, then again

2
replacing m? of (52) with m3 = (N(A)m(A)> = (oa/A) gives us, (oa/A) (ds?/dt?) = (pa/A) (1 —

v2) = (pa0/A), for c = 1. But, we can say, E2 = (pp0/A) ¢, ie, Ex = (on0/N)Y? ¢2, as the
rightful and lawful ‘Dark Energy’ for relativistic pa.

The grate difference between (71) and (76) 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 (71)
is effective at mp = N(Q)m(g) scale, whereas, (76) is effective at mpg = N( A)M(A)0 scale, i.e., Dark

Energy had originated at much earlier cosmological epochs than Dark Matter. Similarly, Dark Matter
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had originated at much earlier cosmological epochs than baryonic matters of (72) at m scale. Thus, we
have a quite fair chronology of the formation of cosmological matters in the Universe.
2.2.1. Superstring /M-theory

Instead of considering X* of (36), let us develop X¥ with purely quantum spacetime axes as
follows,

[ (3[%,1] ® ‘P[m]) a4 (3[%,2] QY [2,0]) b (5[%,3] ® ‘PB,O]) )

1/2 (3 1/2
{(aia)""? (3% @ ¥pog ) + (i) '* (335 ¥i3)) }] @7)
s ((ih)ilxo, (ih)flxl, (ih)fl?(lﬂ'), (ih)flg(ljt(zﬂrf)), (ih)flx(l+(i+€)+j)) c xH,
fori,j =1,2,3,i # j and £ = maxi, where,

(ih)flx(l+(i+€)+j) _ <(ih)1ga(1+(i+z)+%j) + (ih)1;l7(1+(i+£)+%j)> )

For the selection of the axis from (77), we wuse fully democratic way, e.g., if
{(a3a1)1/2 (5[%’2] ® ‘F[z,o}) + (b3b1)1/2 (5[%,3} ® T[3,0])} gives the 11" dimension, then
az (5[%,2] ® ‘I’[Z,OO and b3 (5[%,3] ® ‘I’[3,0}) should give us the 9! and 10" dimensions, respectively, and
so on.

Exclusively for this sub-subsection, we will switch to the Minkowski signature (—, +,...,+) to
express a point particle and a string propagating in a D-dimensional curved spacetime.

The bosonic part of the action of the N = 1 supergravity theory in 11 dimensions should be [10],

S = 212/d11(lh) ;\/7< 4) 2% 2/F4/\F4/\A3, (78)

where F; = d Aj. Definitely, this D = 11 supergravity is now in X* spacetime of (77) with purely
quantum gravity g, which is satisfying (59) but now with the signature (—,+,...,+). The overall
scenario is condensed inside the observable (3 + 1) D spacetime, i.e., (a[%,i] ® ‘Y[o,i]) fori=1,2,3. In
other words, the eleven-dimensional Supergravity is necessarily a natural phenomenon within the
quantum spacetime of GQG.

Similarly, the bosonic part of the action of type IIA theory (N = 2, d = 10) should be (in the string
frame),

Sua = 5 z/dlo (i)~ PF(EXP( 2¢) [R+4(a4’) : Hs] -

1 1 1
_Fzz_p4z>_4xz/p4Ap4ABz, 79)

where Fy = dCs + H3 ACy, F, = dCq, H3 = d By and ¢ is the dilaton. And the bosonic part of the
action of type IIB theory (N = 2, d = 10) should be (in the string frame),

Sio= g [ d1°<z'h>wfg<exp<—z¢> Re+4(09)? - 35 2|~ 5 00)* -

1 1 1 1
—E[F3+IZH3] —4801:52> —|—4K2/(C4+232/\C2>/\F3/\H3,
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where F5 = dCy + H3 A Cp, F3 = dCy, H3 = dB,, while a is the RR axion and ¢ is the dilaton. Whereas,
the bosonic part of the type I action (N = 1, d = 10) should be,

S1= 55 [dm) Ve <exp (~29) [R+4(39)?] — 35 2 — § op (~0) Tr#) :

where F; is the modified field strength for the two form, ¢ is the dilaton and F, = dA + A A A, where
A is the gauge potential in the adjoint representation of SO(32). As the two heterotic supergravity
theories are obtained as the low energy limit of heterotic string theory with gauge group SO(32) and
Eg x Eg, respectively, the bosonic part of the actions should be,

1 e 1 - 1
S Heterotic = 52 /dlo(lh) Ly V—g exp (—2¢) <R+4(8¢)2 B— H32 — TrFZ) ,

12 4
where Hj is the modified field strength for the two form, ¢ is the dilaton and F, = dA + A A A, where
A is the gauge potential in the adjoint representation of SO(32) or Eg x Eg, respectively. In the similar
way, a solitonic supergravity solution for p-branes in 11 dimensions which interpolates between a
vacuum with SO(1,2) xSO(8) symmetry yields,

ds? = H 2By, (ih)2de" de? + HY3 8y (ih) 2dx™d2",
As = H7U(in)3d®Adet Adi?,

6
H = 1+R7,

p

where p,v =0,1,2,m,n =3,...,10, and H is a harmonic function on the transverse space, whereas
r is the radius for the eight-dimensional space transverse to the membrane. Hence, the complete
scenario of the Superstring/M-theory is condensed inside the observable (3 + 1)D spacetime, i.e.,
(8 [%),i] ® T[o,i]) for i = 1,2,3. We know that conventionally M-theory on R!! does not contain any

strings, however, as we have replaced Minkowski spacetime with X spacetime for (77), hence, we
have found that the new scenario of M-theory on X* is now definitely contain strings, which are
condensed inside the observable (3 + 1)D spacetime, i.e., (a[%),i] ® T[O,i]) fori=1,2,3.

Let Planck mass mp = }_m = Nm for a certain particle with mass m, where N is a very large
constant number. Since M-theory is the strong coupling limit of the type IIA string theory, it must be
an inherently non-perturbative theory, with no arbitrary coupling constant, but only a length scale
£y, then the relation between this length scale and the IIA length scale and coupling can be obtained
by comparing the 11 and 10-dimensional gravitational constants x11 and x19. But we know from (66)

= =1 . . . .
Gy = — h? (err)l)3 Vpu V) in the observable (3 + 1)D spacetime, i.e., (8[%,1.] ®‘I’[0,i]) fori=1,2,3.
Then, x11 and kg are related as, K121 =2 R K120/ where, 2K120 = (2m) 7 g2 a'*, whereas, by accepting

Cy L),

R |
2Kﬁ—(2n>8(—h‘29<2) (Nm)? [V, V5] ) : (80)

27
20k Op + (2m)° G ) (Nm)* =0,
which yields the first order equation as,

40-9/2
(2m) Q(z)

in®yh vy -
TV 21724,

(Nemp)?/2 =0,
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for fermionic mass my as N # N, when [p = \V/ Pu \V/ 1@' and # are Dirac’s gamma matrices. This
shows that the eleventh direction is more dynamic than what we used to think about it. Apart from
this, (80) establishes the dynamic relationship between string and the observable (3 + 1) D spacetime’s
gravitational constant G ;). We can again obtain the following relation using (80),

that,
2 3| =1 1\°
W = <—h G2 (Nm)* [Vp,, VF] ) , (81)
N N
g = R¥? <_h2g(2) (Nm) [prvf;} ) .
Hence, in presence of a bosonic field (80), when the 11-dimensional radius is much smaller than the
11-dimensional length scale we effectively have a 10-dimensional theory, which is type IIA string

theory. But this idea should be applicable for any dimensional radious R, s and any dimensional
length scale since we have taken ¢) — £ IP; ; thus, we can rewrite (81) as follows,

03 B L L1\
o = g (<070 o [, 9E])

n
s = (O Rwm)" (‘ G o) (Nm)® [V, Vi _1>3/2 ’

here @, is a coefficient for the various energy lavels of £}, for example, @11 = 1. This suggests that
the low energy limit of the strong coupling limit of IIA string theory (which is M-theory) must be the
11-dimensional supergravity for any dimensional radius R,n and any dimensional length scale in
presence of a bosonic field (80). Note it that the above all equations can yield their first order fermionic
equations derivable from them, if we like so.

Let no fields depend on the 10™ space direction (i) ~'d ', then splitting the metric and having
the three form as,

2 2 ) —1 10 2
dsi; = exp(—2¢/3)dsfjs +exp (4¢/3) (if) (dx +Cy dx”) ,
A wv, 10 = Byv ’
App = Cup,
and inserting these relations into the 11-dimensional supergravity action (78), a straightforward

calculation gives the type IIA supergravity action (79), in the string frame. If no fields depend on the
n™ space direction (i) "'d ", then we have,

2 2 2y —1 nth 2
dsiy = exp(—2¢/3)dsa + O, exp (4¢/3) (i) (d&f + Cu dzc") ,
A uv, nth = B uv s
Awp = Cuyp.
Hence, type IIA supergravity can be obtainable from a dimensional reduction of 11-dimensional
supergravity (M-theory), where the reduced dimension should be depended on any 1 space direction

(ih)~1drx " S, obtaining type IIA string theory from M-theory by dimensional reduction is now not
only restricted for the 10™ space direction but universally for any n'h space direction.
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The relations between branes in type IIA string theory and M-theory may descrbe in the following
new format of tensions establishing the relation with the observable (3 4 1) D spacetime’s gravitational
constant G () as,

M-brane:

MW :

N
M5: ——= [@ th < ]

Kko: {@nm (—h—z G2y (Nm)? [ﬁpy 55}1”

Type IIA-brane:

1 B 3/2 B I 7
DO : R = [(@ntg Rn“‘) (—h 2g(2) (Nm)3 [VPV VII::| ) ] X

F1:

)

27T R 4 _ = = -1 -6
D4 : v {@nm (—h ZQ(Z) (Nm)3 [VPHV{;] )

1 B 32 B o327t
- g [toatne) ™ (<u2g e [enei] )

1 -
NS5 : 7)5 [@nm (—hzg(z) (Nm)3 [Vp

1 3/2 B L1\ 327
= (27_[)5 [<®Mg Rnth) <—T’l 29(2) (Nm)3 [pr V}:} ) ] X

=
!
o=
| S
AN
N———
_
d

n
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n

®3t B . L o1—1\3
e (-0 0w 9,72 ) |

Note that above all tension relations of type ILA-branes are highly dynamic in nature.

Since, type IIA and IIB string theories are T-dual when compactified on a small and large circle,
respectively, then it must be possible to relate M-theory and type IIB string theory by using the same
consideration as above. Thus, we obtain the following relations between M-theory and type IIB string
theory parameters as,

_ R,
& = Riy_qym
Rp = ———— {@nth<h—2g(z) (Nm)® [@pﬁjj]l)r
R(nfl)fh R, m

This last relation can also yield its first order equation which is quite interesting in nature.

We have skipped a very interesting thing in our above discussion that would be occurred if we
construct flux compactifications of M-theory to three-dimensional X spacetime preserving N = 2
supersymmetry. Here, a scalar function depending on the coordinates of the internal dimensions A(y)
(called the warp factor) is included as the explicit form for the metric ansatz as,

ds? = Aly) Muedxtdx + Ay) Vg (y)dy"dy ™,
where,
xtt = (i) 10 ()N, i) ) forif =1,
are the coordinates of the three-dimensional spacetime M3 and,

i”=2,3,

m _ ((ip)"1 (1+i”), i) 1 (1+(i+€)), i) ~1 (1+(i+L)+j) , for
y™ = ()T, (im) (in) ¢ ) a4

are the coordinates of the internal eight-manifold M. This opens a new scope for the understanding of
string geometry.

Relating M-theory on a line interval and Eg X Eg heterotic string theory is quite obvious now, so,
we have omitted it here.

3. Dark Energy Gauge Symmetries

In the above subsections, we have gotten a group of Dirac-like equations for fermions, such as,

1. In the case of baryonic matter, it yields for (51),

. - S . vz
thxﬂvytp(r,t)—’Py<g(’g)) Y(7,t) =0,

or, in Planck scale, for (70),

. 1 1/2
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or, simply, for (72),

iyt gu V(7 t) —meoy(7,t) = 0.

2. In the case of Dark Matter, it yields for (71),

8m)V2iny " Vp, 97 1) — (N(Q)Fm(Q)F) ¥(7,t) = 0.

3. In the case of Dark Energy, it yields for (76),
ihy gu 6Pu (7, t) — Niaysm(a)ro P(7,t) =0.

If we try to develop an Yang-Mills Lagrangian for gravity, we can choose either (70) or (72). Though,
gravity is feeblest in Electroweak or Quantum Chromodynamic interactions, but gravity is always
related to their interacting particles, thus, we should like to go with (72) for Electroweak or Quantum
Chromodynamic Yang-Mills Lagrangians, as well as for gravitational Yang-Mills Lagrangian, too. Since
the last equation of (73) is applicable simultaneously whether the matter is baryonic or non-baryonic,
then we should like to choose (76) to include Dark Energy in the Yang-Mills Lagrangian along with
gravitational and Electroweak or Quantum Chromodynamic interactions.

Here, we only touch upon the bare minima of Electroweak or Quantum Chromodynamic
interactions in presence of gravity and Dark Energy. We have left a number of features for the
interested readers to check them out with their own interests.

3.1. Gravitational Electroweak Dark Energy Interactions

Let i = ¢ = 1. For baryonic matter, let us include gravity and Dark Energy in the Yang-Mills
Lagrangian of the Electroweak symmetry SU(2); ® U(1)y. Let us consider a gauge group U(1) as
the symmetry associated with gravity group and it is unbroken, since it does not directly interact with
the Higgs.

Let us consider Casimir energy is associated with the right-handed fermions, so by choosing
the isospin quantum numbers of different Standard Model fermions and by considering the U(1)¢
is the symmetry associated with the Casimir hypercharge, Y, = —1, we can consider the Casimir
hypercharge field x. So, for the overall invariance SU(2); ® U(1)y ® U(1)g ® U(1)¢, we can assume
the unbroken Gravitational Electroweak Dark Energy (GED) gauge group must be mathematically
at least SU(3)gep. If so, then, Casimir energy must be unified with the Dark Energy interactions
minimally as a Yang-Mills field with an SU(2)p ® U(1)¢ gauge group, where SU(2)p is gauged Dark
Energy isospin. So, the Gravitational Electroweak Dark Energy interactions (GED) can trigger the
symmetry breaking,

Su(3)GED — SU(Z)L ® U(l)y ® U(l)G ® SU(Z)D ® U(l)cg
= UD)em @ U(1)c @ SU2)p @ U(1)g,

which describes the formal operations that can be applied to the Electroweak, gravitational and
Dark Energy gauge fields without changing the dynamics of the system. Let SU(2)p ® U(1) fields
are the Dark Energy isospin fields Y, Yo, and Y3, and the Dark Energy hypercharge field x. We
need to remember here that fermionic isospin states in reactions/decays governed by the Dark
Energy interaction are conserved, i.e., the transition from |00) to |10) is not allowed in Dark Energy
interaction, which is quite familiar with Electromagnetic sector of Electroweak interaction, whereas,
no conservation of isospin is occurred in GED. We should remember that bosons do not give Dark
Energy by nature. On the other hand, all bosons gravitate (e.g., opposite moving photons gravitate).
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Let the Yang-Mills Lagrangian of the Gravitational Electroweak Dark Energy (GED) interaction is,

LcEp = guv [Zi’)/VDﬂg-FERi’)/HDHER+fi’)/HDy(G)f+
+ iyt D) L+ iy D ) er] — (82)

—_

— = [W]WW’W+B;41/BHV‘|‘g;wgﬂv+Y;wYIw+X;wXHV] ’

e~

where, f indicates all kind of fermions. By using (72) for Electroweak interaction and gravity,
whereas (76) for Dark Energy interaction, here, covariant derivatives and field tensors are given by,

= . Yp
Dyt = {Vy+zgwwy 2+zg3(2> By}é
= , , 1
= {Vy+zgwwy-;+zg3 <—2) By}é,
- , 1
DVER - {VV_FZgB (_2) BH}ERI
" Yo = 2
Dy f = {Vu+lgc (2)Gu}f_{vu+1gc (JFZ)Gu}f/
- Y.
L ¢
gy(p)f = {VPM+lgDY]4 2+lg<g (2)Xﬂ}f
= . LI 1
= {pr+ngYy-2+zg<g <—2> Xy}é, (83)
> . 1
@VR(D) erR = {pr—i-zg(g (—2) Xy}eR,
Wi, = (VWi = VW) +g, e wiwk,
Bu = (VuBi=ViBy),
gyv = (ﬁva_ﬁvG;O/
Y;iv = (ﬁPyYé_ﬁva;)+gDCjikYI£Y1]f,
Xuww = (ﬁpva_ﬁvaJ/J ,
here, the components Y, and g, are belonged to Casimir fields, where Yg = —1 and Yy = —1 are the

diagonal matrices with the hypercharges for electromagnetic and Casimir fields, respectively, while
Y; = 2 is an operator for gravity field, in their diagonal entries, and i = 1, 2, 3. In (82), fermions and
vector fields all are massless.

Now, to introduce spontaneous symmetry-breaking and to generate masses for the gauge bosons
by the choice of Higgs vacuum, let us consider a complex scalar field with a quartic interaction, where
the Lagrangian has the form,

S = = 2 2 2
L =Vug" VI o+ Vpug Voo —879"0 =1 (9'0)" 8,970 = A, (979) ",
from which we find the equation of motion as,

{0402} ¢+ {Op+02}p+24¢ (p") +24, ¢ (p¢") =0.

So, we have the non-vanishing one,
B o= {(-0%)/2A0)}" = {0?/2}'?,
2= {(-02)/@A)} = {022},
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Let us introduce a set of matrices in such a way,
M ] [a b « v a b c av + bw + cx
N = e f =v tw | e |+x| f|=| dotew+fx |,
O | L g h i x i gu+ hw +ix
P ] [ ¢ f i y c f i cy+ fz+ix
= ) z | =y +z +x| | = . (84)
Q | | & h i . g h i gy +hz+ix
Let the Lagrangian with gauge-boson masses is,
2,2 2,2
U8 it a— U 8p yayb
-fm—TWy W, + TY%YV+
3
WV
B
M M
3 3
+( W2 B 6, Y] xy)[MJ 6 |,
Y3
4
X

where we have written the masses for the charged WMi and Yﬁ’b fields defined as Wyi =
(Wyl Fi W’f) /V/2 and Y;’b = (YI} Fi Yﬁ) /2, respectively, and where,

o2 [ 8w —8w8  8wdp
M==1 —8w8& 8 88« |
8 WSB B BZ%”
8w8p — 838« 48G
02 gv%, _gtévgg 8w8p
Mp=—2| —8uw8 & & |- (85)

8w8p — 888« 4g62

having det (M) = 0 and det (Mp) = 0, hence allowing a massless photon and a massless graviton.
Now, omitting Wf as they are quite obvious, we choose only Yﬁ’b, whose masses can be seen from
2y are given as,
v 1/2
Mpyar = ?P (8w8&p) "~
The neutral gauge bosons mix after symmetry-breaking and the mass eigenstates are the neutral weak

boson Z,, photon A, Dark Energy boson ®,, the Casimir energy %), and graviton G, — first four of
which are given in terms of Wlf, By, YE[ and yx as,

Zy W,
Ay cosf, —sinf,  sind, By,
gy = sinf,,  cosf, —siné, Gy ,
Dy sinf, sinf, 4 cos GW’D Yﬁ

Cu Xu
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i.e., alike (84),
Zy = cosGWW’f’ —sinf,, By, +sin6,Gy,
Ay = sin QWW;’ +cosb,, B, —sinf6,Gy,
Gy = sinf, W]f +sinf, By +4 cost, Gy, (86)
Dy = sinGDYﬁ—sinGD)(ﬂ—i—éL cos0,Gy,
G = sinGDY;’ +sinf,xu +4 cost,Gy,

with the Electroweak mixing angle 6, and the Dark Energy mixing angle 8,,. Let us check their values.
The condition that the fields A, and ), should be the eigenvector of (85) with zero eigenvalue is
written as,

82 —gw8s  Swp sin 6 g2 sinb — g, 8, cosf+g, ¢,
0= 1| —gws &7 — 858 cost | =| —g,8zsinf+gicosf—gye. |,
8w8p — 88« 433 1 8w8p sint — g, 8. COSG+43G2

and the vanishing of its RHS requires,

tang = S8 _ 28 87)

Sw  Sweost’

where, tanf,, = 5—3, then, 0, = tan~1 (5—3
w w

0, = tan~! (5—3 -3 Zcige ) and the Electroweak masses are found to be My = (v/2)g,,, and
w w w

Mz = (v/2) (g2 +82) /2 while M,, = 0, similarly, the Dark Energy masses are found to be My =
1/2
(v,/2) ($,,8p) "% and Mo = (v,/2) (gvzv +g2+ 4g§) , while My = 0. This gives

). Let us consider tan§ of (87) as, tanf = tan6,, then,

1/2
My _ ($w80)'”
My b

(8vzv+832+4862> 172

Now, if we write down the charged-current and neutral-current interactions in GED theory, we can
see the condition for which the field A, couples to the electron via the electromagnetic current is
8w sinf, = g, cosf,, = ein Electroweak symmetry breaking, whereas, the condition for which the
field ), couples to the fermion via the Casimir current is (g,, 8, )1/2
Energy symmetry breaking.

By the way, the last two terms of (86) make it clear that Dark energy field is non-decaying.
Whereas, (86) also gives us that graviton has a direct relationship with Dark Energy mixing angle 6,,,
thus, Dark Energy is not separable from baryonic matter fields (and non-baryonic matter fields, too, if
we consider Section 4, that will be discussed below). Earlier, in (74), we have already seen a similar
result, where Dark Energy has a direct relationship with gravity.

sinf, = ¢ cos, = x in Dark

3.2. Gravitational Chromodynamic Dark Energy Interactions

In the gauge theory of Gravitational Chromodynamic Dark Energy interactions (GCD), if we
regard the non-abelian gauge groups of Dark Energy symmetry is only SU(2)p @ U(1) familiar to the
earlier subsection, then we have to consider minimally SU(4) for GCD. But, this consideration is not
mathematically sufficient for the SU(4) picture. So, we must have to consider the Dark Energy gauge
groups minimally as SU(2)pr ® SU(2)pr @ U(1)4 to meet the fulfillments of the gauge symmetry
SU(4) for GCD, where U(1)¢ is Casimir gauge group, but the non-abelian gauge groups SU(2)p' ®
SU(2)pn are now quite different than the previously discussed Dark Energy fields ), of non-abelian
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gauge group SU(2)p of GED. The gauge groups SU(2)ps ® SU(2)pr actually give two different kind
of non-abelian gauge groups for two different families of quarks, namely, for light quarks u, d and s, we
have Dark Energy gauge group SU(2)ps, whereas, for heavy quarks c, t and b, we have Dark Energy
gauge group SU(2)pr». With abelian gauge group U(1), the non-abelian gauge groups SU(2)p:
and SU(2)pn give the overall Dark Energy symmetry as SU(2)p: ® SU(2)pr» @ U(1)¢. Then, we can
assume the gauge symmetry for GCD is,

Su(4)GCD — SU(3)C ® U(l)c ® SU(Z)D/ ® SU(Z)D// ® U(l)%},

where the SU(3)¢ symmetry of the colour degree of freedom is now with gravitational (i.e., U(1)g)
and Dark Energy (i.e., SU(2)ps ® SU(2)p» ® U(1)¢) gauge symmetries.

Using (72) for Chromodynamic and gravitational interactions, whereas (76) for Dark Energy
interaction, let the Gravitational Chromodynamic Dark Energy (GCD) Lagrangian, which describes
quarks and gluons in interactions in the presence of gravitational and the Dark Energy fields for
baryonic matter, is as follows,

ZLoep = le]'(q) {iVVguv (Dp)je = my Jk}‘/’k
+21IJ] iy gyv( ) l/)k

+ ;‘/’f Hiv"ew (2u0)5 - N(A)Fm<(1))po5fk} 9 +

+ Zl/‘]](‘h?) Z")/P' g (@‘uR(D))jk lpk(@R) _ (88)
qrR
1 a AR 1 v

~3 LG (67) "~ 3 9m " -

1

1 wv
_ZLZYZV (Yq) _ZXWXW/
q

where, g = u,d,s, ... is the flavor label, j = 1,2, 3 is the quark color index, a = 1,2, ..., 8 is the gluon
color index, where, g indicates right-handed quarks and

= . A
D]" = vﬂ—i_lgsAllE/

= . Y, = . 2
Dy(G) = Vut+ig. (2(3) Gu=Vy+ige <+2> Gy,

= . K . ch
Tpo) = VeutigpYu 5 +ig (2))@:
= Veutigpy Yy o +ige ( )Xﬂ'
@R _ ﬁ 4 _1
u(D) — Puti8es 5 Xy s
G = (VuAl=ViAp)+g fm AL A

gyv =

Xpv =
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where x, # x, Ajj is the field of gluon and g is the coupling constant, A the Gell-Mann matrices in the
space of colour whereas f abe g the SU(3)¢ structure constant, here, Y;’ is the Dark Energy fields and
qg=12,...,6 for six quark flavours. In (88), Dark Energy fields are massless and they require Higgs
mechanism to gain masses. We left it again for the interested readers and avoid further repetition here.

4. Dark Matter Gauge Symmetry

7

If a matter satisfies (23) and (24) so as it yields the internal hidden spacetime of p which has ‘proper
spacetime for its d-dependency, whereas, the overall (observable) system’s spacetime is seemingly
quite ‘improper” as it is d-dependent, then this kind of matter must be non-baryonic, let us consider
such matter as Dark Matter.

Let us consider a renormalizable Lagrangian, £ = £ Gep+ccp) + Lo; + £ mixs Where £ (Gep+GcD)
is for baryonic GED and GCD interactions, £, is the Lagrangian for Dark Matter particles ¢;, and £ px
contains possible non-gravitational interactions coupling between baryonic matters and o; particles.
Let these g; particles are stable and behave as almost collisionless matter of Dark light quarks and /or
antiquarks because of (23) and (24). This additional set of ¢; particles must be associated with a
Dark Matter gauge group, SU(3)/, denoted with a prime ( " ). Candidates for SU(3)/ gauge group
are almost non-luminous and non-absorbing matter, otherwise if they interact/decay with any of
the baryonic particles, these non-baryonic particles would ensue the Universe very unstable with
unbelievably high acceleration rate. Thus,

1. The non-baryonic Dark Matter sector, which corresponds to the gauge group SU(3)(,, is not an
exact copy of the Standard Model baryonic sector SU(3) . Though, in both cases, the symmetry
interchanges the common type of gauge boson(s) and can be a full invariance of the two (almost)
phenomenologically equivalent theories, although they are originated from fundamentally
different physics maybe at very different cosmological epochs.

2. The particles for SU(3) /. gauge group would have only felt the gravitational attraction of other
baryonic/non-baryonic objects.

So, the Dark sector particles are solely graviton, neutral Dark weak boson, darkgluons and
darkquarks only, viz. (G, z'0,¢"u',d’,.. .), but not leptonic (e, 7, W'%,...), even no Casimir ¢’
particle, and neither any charged Higgs fields. Colored and/or electrically charged particles are
prevented from mixing with their Dark analogues by color and electric charge conservation laws,
though, the physical gluons may couple to antidarkquarks with extremely weak gluonic strength (to
be discussed shortly, vide (90) and its following discussion).

Let the above Lagrangian £ respects an exact parity symmetry, which we also refer to as mirror
symmetry [11]:

(¥, t) = (=%, 1), gt g Dy« D,
QkLH'YOq]{(R' ”kRH'YO”ﬁ(L/ dkRH%dﬁ{L,

where ¢, are the SU(3)c gluons, ®p is the Standard Model neutral Higgs doublet with its Dark
partner @/, the fermion fields are quarks qi; = (uy, di)1, uxgr, and dig whereas darkquarks
qig = (U, di)r, u, and d| | represent the (anti-) darkquark families, while k = 1,2,3 is the
generation index, and 7 is a Dirac gamma matrix.

Suppose, L, is the combination of Dark Matter GED and Dark Matter GCD interactions. Thus,
applying (71) into (82)-like and (88)-like equations for Dark Matter GED and Dark Matter GCD
interactions, we get,
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g@i _ Z]lpj(‘h) (87T)1/21’)/V ( /)jk lpk(‘h) +Z,¢j(qR) (87r)1/21’y” (Dlz/l>]-k l/}k(qR) +
qL qrR
(a' m)1/2 (@)
+Z¢ 1) { iv* (D; )jk— (Ngem(h) )k ]k}¢k
+Z¢, i7" g (Dyc) 0 + (89)

+Z¢]h i g (7, )]k‘/’(qL +Z¢;‘7R)iwgw (gf(p))jkll’/c(qR)+
q R

+L9" {i g (Zu) ~ (Nwyemd o), ‘5ﬂ<} w' -
q
1 1 Wiw (W) = i ;G;ﬁ{f (G’“) " igyug”” —
Po ()" ()"
g
where Dark Matter Weak and Dark Matter Chromodynamic covariant derivatives are,
()"

D’i = Vpﬂ—i—lgsA/

= .y , T
pr—l—lgWW woy
A/

when the other covariant derivatives are analogous to Section 3, but they do not contain either photon
or Casimir energy field. In (89), both Dark Matter Weak fields and Dark Energy fields are massless
and they require (neutral) Higgs mechanism to gain masses, but we omit it to avoid further repetition.
Here we also presume that Dark Energy gauge groups SU(2)p/ ® SU(2)p~ are analogous to the GED
and GCD Dark Energy gauge groups. So, due to (89), the Dark Matter gauge symmetry is,

U(5)pm — SUB)cr @ SU2*) @ U(1)g ® SU(2)p ® SU(2)p @ SU(2)pr,

here SU(2*), gives only Dark Z’? boson but no other Dark (charged) weak vector bosons. As a policy
of desperation, we can consider that one of the Dark Matter particles is definitely axion.

Considering that both of the ordinary (i.e., baryonic) and Dark particles are too close to
interact in spacetime no matter what their cosmological epochs are, then for the physical effects
of gluon-darkgluon kinetic mixing, let us take account of SU(3) ¢ ® SU(3)/. quantum chromodynamics
for the quark (9 and gluon field Ay, antidarkquark (@") and antigluon field .A;, as follows by
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using (88) and (89), when gravitational and Dark Energy interactions are quite obvious and unaltered,
so as omitted here, then we have the Lagrangian as,

Emix = le](q) {i'yﬂglﬂf (Dﬂ)jk - ml(:qO> 5]‘](}1[];((‘7) +
q

o P {em 2ia (o)), = (Nrmid)  onf o +
7ZGﬁy(G”)W72nZG,ﬁﬁ(GM)W7WZG;@(GM)W* (90)
S () (@) S e (o) (e -

2 ,12\1/2
S G A L
3272(8m)1/2 -
involving a sufficiently small dimensionless parameter €, and there is no symmetry reason for
suppressing this term, with the minimal particle content [12]. Here Ag = Af and .A;JC = % AIQC .

Note here, that the SU(3) ¢-SU(3) /. kinetic mixing term is gauge invariant. The kinetic mixing can be
removed with a non-orthogonal transformation [13],

Ay = Ay=Ayted, , A=A, =AV1-e? .

We can transform to a basis where only one of these states couples to gluons. By the orthogonal state
we call the sterile gluon A},

Al = AF1 €2, AL =AM +eAl,
the Lagrangian for an ordinary matter environment shows (to leading order in €) that the physical gluon
couples to antidarkquarks with gluonic strength g€, which is extremely weak for the sufficiently small

dimensionless parameter €, while g/ doesn’t couple to ordinary matter at all. Similarly, considering
the sterile darkgluon A ;’4 ,

A=Al rea'r, A = A1 —e2,

the Lagrangian for a dark matter environment becomes (to leading order in €),

m1x le {i')/'uglﬂ/ (DP‘) FO ] }lpk
)12 (@) @)

+th] { it (Dﬂ)jk B (N(Q)Fm(Q)F)jk (5jk} L
—i—Zlﬁj 85y /\ <.A Cr eAlzcﬂ> zpk(q)+

q

") y/\ A'Cu

+ ;" gy 9,

q/

in terms of the ordinary matter physical states,
A= (AL —eal),

(to leading order in €) and suppressing the G, (G") " and Gy (G') " related components in £ py;y.
Evidently, an antidarkquark would emit the state ALF, thus, the flux of 8. detectable in an ordinary
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matter detector is reduced by a factor €2. Since e is sufficiently small, this makes such emission should
not be detected in the present state collider experiments.

Remark 5. So, the above inspection implies that, antiquark-quark — antidarkquark-darkquark or quark-quark
(or quark-antiquark) — darkquark-antidarkquark annihilation channels may occur within the nucleons
and gives us the effects something like Refs. [14-16], but antidarkquark-darkquark — quark-antiquark or
darkquark-antidarkquark — quark-antiquark annihilation channels should never take place on the inside of
a nucleon (baryonic or dark), and neither any decay q' — q5 + (f f) through intermediated spin-1 gauge
bosons, where f and f stand for light Standard Model particles (assuming the conservation of a dark-parity)
unless (f f) are leptons.

Remark 5 is sufficient to explain the effectively more collisionless bow shock phenomena of the
mass component of the merging galaxy clusters like as the 1E 0657-56 cluster [17], commonly known
as the Bullet Cluster, and the similar collisionless behavior that has been observed in other merging
galaxy clusters, for example, two high-redshift clusters, CL 0152-1357 [18] and MS 1054-0321 [19], and
several other merging clusters, viz. A754, A1750, A1914, A2034, A2142 [20], A2744 [21], A2163 [22],
MACS ]0025.4-1222 [23], and A1758 [20,24], etc.

5. 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 renormalizable quantum gravity
coupled to matter fields (baryonic and non-baryonic).

Present physics is unable to provide us a more acceptable scenario of 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 GQG, Einstein field equations (48) and (67), and
then GED and GCD interactions, all they 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.

Two different aspects of quantum gravity in Section 2.1 and Section 2.2, respectively, are developed
in different spacetimes, viz. one Einstein field equation (48) is developed in a Semi-Quantum
Minkowski spacetime, while, another Einstein field equation (67) is developed in a purely Quantum
Non-Minkowski spacetime. This is a remarkable achievement of GQG.

Classical Einstein field equations have failed to predict the fundamental properties of particles
(baryonic and non-baryonic) to a great extent, whereas, it is clear from (48) and (67), that Einstein field
equations in quantum spacetime not only provide us a thorough information of all types of baryonic
and non-baryonic particles, but it also can successfully predict Dark Matter and Dark Energy within
itself. Except this work, there has no evidence of any kind of simple bosonic and fermionic fields
(neither even supersymmetric or stringy fields) that provides us that Dark Energy and Dark Matter are
appearing from the same quantum gravitational fields, simultaneously. GQG fields give us a picture of
Dark Matter in (71), through which we develop Section 4, where Dark Energy appears quite naturally
from the Dark Matter Yang-Mills Lagrangian fields.

Combining GED, GCD and Dark Matter gauge symmetry, we have a Universal Model for all kind
of baryonic and non-baryonic particle interactions as,

SU(3)GED & SU(4)GCD & SU(S)DM C SU(7)UM,

from where, Yang-Mills Lagrangians (82), (88) and (89) make it clear that Dark Energy field is
homogeneous, as well as non-decaying, in all kind of matter fields. So, it is also clear that
whether the matter is baryonic or Dark, or their mixture as like as (90), the effective universal
relativistic cosmological constant A at the surrounding is always positive — that is why the
Universe is expanding and accelerating, even at the present epoch. Dark Energy particles, that the
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fundamental interactions possessed in abundance due to the Universal Model of particle interactions
SU3)gep ® SU(4)cep @ SU(5)pm € SU(7)um, give an excellent fit to observations with the present
day ~ 68.3% content of the Dark Energy, i.e., it is providing us the solution of the ‘coincidence problem”:
Why is the energy density of matter nearly equal to the Dark Energy density today? So, from GQG, we have a
suitable solution that why Dark Energy has become dominant after galaxy formation. (Note: See the
text immediate after (71) for the relation between baryonic and Dark Matter abundance.)

The overall scenarios of unification of gravity, Dark Energy, Dark Matter with fundamental
interactions of particles or fields in GQG have left behind sufficient amount of calculations in Section 3
and Section 4 that give us a prospective opportunity for their future uses and they also ensure us that
graviton, Dark Energy and Dark Matter now become possible to be testable (directly or indirectly) at
laboratory scales (i.e., in a standard particle collider) without regarding Planck scales. So, we have a
growing possibility to find their signatures in the particle colliders, like LHC, in the future by adopting
this study.

In our present work, we have not chosen Superstring/M-theory intentionally, but it has come up
quite naturally in GQG spacetime geometry, whereas we have intentionally omitted the formalism of
Loop Quantum Gravity since its construction looks quite artificial in comparison to the emergence of
Superstring /M-theory in GQG, though we can easily develop an effective formalism of Loop Quantum
Gravity with the help of (2) or Section 2.2.

We did not know much about M-theory yet. Not even knew the origin of eleven dimensions in the
higher dimensional spacetime. This work is the first time answer of the origin of eleven dimensions
within a quantum spacetime, and surprisingly, which actually is a quite natural phenomenon, i.e.,
eleven-dimensional Supergravity is necessarily a natural phenomenon within the quantum spacetime
of GQG — better to say that within any kind of quantum spacetime. This finding not only makes an
effective impact in the field of studying Superstring /M-theory, but also opens a new possibility for
Loop Quantum Gravity to study it in a deeper level.

A new kind of Quantum Mechanics, which has been introduced here, is truly inspiring us for a
new beginning of both theoretical and experimental fields related to Quantum Mechanics, no matter
whether it is optics, or condense matter, or astrophysics, or even gravity itself.

An extreme possibility to study both Dark Energy and Dark Matter from a completely different
angle of view, which has been discussed here, can make a hope for a completely new pathway of
future theoretical and experimental studies in the relevant fields of astroparticle and astrophysics.
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