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Abstract 

The quantum gravity problem that the notion of a quantum state, 
representing the structure of space-time at some instant, and the notion of 
the evolution of the state, does not get traction, since there are no real “in-
stants”, is avoided by having initial octonionic geometry embedded in a 
larger, nonlinear (semi-classical) embedding structure. We detail some of 
what the quantum HUP is, in terms of deterministic 5-dimensional geome-
try and show that the projection of 5 dimensions into four is when the octo-
nionic structure kicks in as an emergent gravity phenomenon. The example 
of such is to consider what would happen if there was an aftermath to a pre-
sumed initial causal discontinuous structure, after math being the generation 
of millions of Planck mass black holes, which would in themselves generate 
emergent gravity. 
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1. What Is Special about Octonionic Structure? Why Should 
One Care about It? 

Our plan is as follows. We state the Modified HUP results, as a Pre-Octonionic 
space-time result, and then we will specify that we are transitioning to Octonio-
nic space time. The transition to Octonionic space time will then preserve one 
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key result that we have, due to the earlier Pre-Octonionic space-time, a mini-
mum time step. 

In a word, this is the setup of the new physics, plus our resolution 
1) In Pre-Octonionic (Pre-Planckian) Space-time there exist conditions for 

which we form an initial smallest time step, and that the Pre-Planckian 
Space-time is where we specify initially a modified HUP (Heisenberg Uncer-
tainty principle). 

2) In Octonionic (Planckian) Space-time, we recover QM and the usual HUP, 
but also, we have the benefits of keeping the minimum time step as to what is 
given from the Pre-Octonionic structure. 

3) To get “instants” of time, we need to go beyond the standard model. After 
having said this, let us go to the construction of Octonionic non-commutative 
geometry. 

4) We will conclude with how specific properties of octonion numbers algebra 
influence the structure and behavior of the early-cosmology model. What one of 
the referees reviewing this document did not realize is that the Octonionic space 
time closely conforms to the Standard Model of physics, as has been stated re-
peatedly, and that the Pre-Octonionic state is when the Standard Model of phys-
ics does not apply. i.e. the division line between the Pre-Octonionic Model and 
the Octonionic model directly correlates a transformation from Pre-Planckian 
physics to Planckian physics. 

5) We discuss the transformation from the Pre-Octonionic state to the Octo-
nionic in terms of the following equations as given below.  

6) The Transition from Pre-Octonionic to octonionic gravity and causal dis-
continuity issues will then be presented, as an embedding of quantum structures 
in a 5-dimensional deterministic setting. 

Keep in mind one basic fact: If we restrict ourselves solely to Octonionic geo-
metry, we are embedded deeply in only what the Standard Model of physics al-
lows. We should though understand what is implied by the physics of the Octo-
nionic structure and so the rest of this first discussion is devoted to it. First of all 
we bring up causal discontinuity and the Friedman equation. 

2. What Leads to Casual Discontinuity in Scale Factor  
Evolution 

The Friedmann equation [1] for the evolution of a scale factor ( )a t , 

( )
2 8π

3 3rel matter
a G
a

ρ ρ
Λ  = ⋅ + + 

 



                 (1) 

suggests a non partially ordered set evolution of the scale factor with evolving 
time, thereby implying a causal discontinuity. The validity of this formalism is 
established by rewriting the Friedman equation as follows [2]: ( ) Pa t l∗ <  for 

Pt t∗ <  = Planck time, and 0 Pa l= , for a discrete equation model of Equation 
(1) leads to 
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Here, we have that the coefficient, o, refers to the Planckian era, in general.  
So in the initial phases of the big bang, with very large vacuum energy ≠ ∞  

and ( )0 1a t∗<  , the following relation, which violates (signal) causality, is 
obtained for very small fluctuation ( ) Pa t l∗ <  for Pt t∗ <  = Planck time, and, 
which indicates that [1] 

( ) ( )
4

present-era
present-erarel rel

a
a t

ρ ρ
 

= ⋅  
 

                   (3) 

and 

( ) ( )
3

present-era
present-eram m

a
a t

ρ ρ
 

= ⋅  
 

                   (4) 

Using this above creates the following as plausible estimates which can be re-
viewed as needed. For large but not infinite temperatures, and for 1c TαΛ ≈  [3] 

( )( ) ( )
( )

( )
( )

4 3
0 0 40 0

4 3
10 1

3 8π
P rel m

t l a t a a

a t a t

δ ρ ρ∗

−
∗ ∗

⋅
⋅ + ≤

Λ
            (5) 

If we examine what happens with [4] a five dimensional version of the cos-
mological constant, we still get 

( )( ) ( )
( )

( )
( )

4 3
0 0 40 0

4 3
5 dim

10 1
3 8π

P rel m
t l a t a a

a t a t

δ ρ ρ∗

−
∗ ∗

−

⋅
⋅ + <

Λ
            (6) 

3. Equation (7) to Equation (14) Are Connected with a Shift 
in the HUP as Delegated Below 

Start with 
This leads to Planck’s mass scaling, as alluded to by Barvinsky (2006) [5] 

( )2 32
4 dim 2 2Graviton-production 360 ~ 10 KelvinPc T m c T−Λ ∝ → ⋅     (7) 

We will be looking at the value of Equation (7), if Planck~ Mφ ξ +
 . In short, 

we have then that [6] [7] [8] 

( ) ( )

Planck

&
2

~

ij
ijij ij

ij

g ll p T t A
g

M

δ
δ

φ ξ +

∆ = ⋅ ∆ = ∆ ⋅ ⋅∆



               (8) 
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If we use the following, from the Roberson-Walker metric. [6] [7] [8] 

( )

( )
( )

2
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2 2

2 2 2

1

1

sin d

tt

rr

g

a t
g

k r
g a t r

g a t
θθ

φφ θ φ

=

−
=

− ⋅
= − ⋅

= − ⋅ ⋅

                      (9) 

Following Unruth [7] [8] write then, an uncertainty of metric tensor as, with 
the following inputs 

( )2 110 35
min ~ 10 , 10 metersPa t r l− −

                 (10) 

Then, the surviving version of Equation (8) and Equation (9) is, then, if 
~ttT ρ∆ ∆  [6] [7] [8] 

( )

( )

4

4

2 2tt tt

tt tt

V t A r
rg T t A

g T
V

δ

δ δ

δ

= ⋅∆ ⋅

⋅ ∆ ⋅ ⋅ ∆ ⋅ ≥

⇔ ⋅∆ ≥





                    (11) 

This Equation (11) is such that we can extract, up to a point the HUP prin-
ciple for uncertainty in time and energy, with one very large caveat added, 
namely if we use the fluid approximation of space-time [9] [10] 

( ), , ,iiT diag p p pρ= − − −                    (12) 

Then by [9] 

( )3~ ~tt
ET

V
ρ

∆
∆ ∆                         (13) 

Then, 

( )
2

Unless ~ 1
tt

tt

t E
g

g O

δ
δ
δ

∆ ≥ ≠
 

                      (14) 

This behavior of the quantum uncertainty principle, as given will lead to the 
following inequalities.  

4. Equation (7) to Equation (14) Are Connected with a Shift 
in Delegated Inequalities Given Below 

This is assuming that one is having large, but non infinite temperatures which 
would not be in excess of, say 10^34 Kelvin.  

We are also assuming a base line time unit of 45~ 10 secPt t∗ −<  and a time 
variance 45~ 10 secPt t tδ ∗ −< . 

So, the nomenclature of 0 put in denotes near Planckian physics conditions 
for a discrete equation model of Equation (2) leads to Dr. Dowker’s paper on 
causal sets [2] which requires the following ordering with a relation  , where 
we assume that initial relic space time is replaced by an assembly of discrete 
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elements, so as to create, initially, a partially ordered set C: 
1) If x y  and y z , then ;x z  
2) If x y  and y x  then x = y for x and y in a partially ordered set C; 
3) For any pair of fixed elements x and z of elements in C, the set  

{ }|y x y z   of elements lying in between x and z is finite, which is fulfilled 
by Equation (15) below. 

( )
( )

1
a t t

a t

δ∗

∗

+
<                           (15) 

Items (1) and (2) about partially ordered sets above Equation (15) give us that 
we have C as a partially ordered set and the third item permits local finiteness. 
This when combined with as a model for how the universe evolves via a scale 
factor equation permits violation of partial ordering. It is our contention that 
this will lead to the increase in entropy as the instanton is broken by Equation 
(15) above. 

Another way to present this, and to get a tie into chaotic evolution is to make 
the following approximations to Equation (1) above: If 1u a−=  

( ) ( )( )4 4 3 3
0 00 0

dd
3

8π& 1 rel m

ut

a u a uρ ρ

Λ
⋅ = −

Θ

Θ = + ⋅ +
Λ

∫ ∫
             (16) 

Integrating leads to the following polynomial expression for 1u a−=  
8 7 5 4

9
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0 0 0 0
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5 68 9
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8π 8π
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Λ Λ   + ⋅ ⋅ + ⋅ ⋅ =   
   

           (17) 

We could go considerably higher in polynomial roots of Equation (16) above, 
depending upon the degree of accuracy we wished to obtain. This truncation so 
picked above is assuming a non infinite value of 1u a−= , as well as a non zero 
value, and non infinite value for the Λ  term. In doing so, we would obtain an 
extremely non standard evolution for the scale factor, assuming when we do so 
that 

( )
( )

( )
( )

( )
( )
( )

( ) ( )

2
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= ⋅ = ⋅

Λ
= = ⋅

                 (18) 

Beginning with Mukhanov [11] setting his spatial dimension for a “particle” 
as r a ε +∝ ≈ , we look at how to implement Equation (15) above. We have that 
if we write 
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( ) ( )

1

1 2

1 1

a t t a tδ

ε ε
ε ε ε

∗ ∗+ <

⇔ <
∆

⇔ < ∆ <

 

  

                         (19) 

The transition from 1 2ˆ ˆ ˆ ˆε ε ε ε= − ∆ → ∆  as t t tδ∗ ∗→ + . This would corres-
pond to the following picture. Have ε∆   be the net energy density inside an in-
stanton, with a boundary region of 2 0ε ε− ∆ ≥   energy density on the boundary 
of the Instanton. As the 2 0ε ε− ∆ →  , we have a release of ε∆   from the inte-
rior of the soliton (instanton) we can assume is in a Pre Planckian space-time. 
The following can be entertained, i.e. if we set energy density dimensions here as 

2ρ  [12], we use the following form for information 

[ ] ( )2 4 120
22

#operations 1 10Pc tρ≈ ⋅ = ≤                (20) 

This commences our treatment of the four dimensional discontinuity and the 
HUP, which we will then embed in a deterministic structure, in 5 dimensions 
[13]-[18].  

5. Setting the HUP, and Discontinuity in a 5-Dimensional 
Setting, as Part of Embedding to the Octonionic State 

This among other things is a fulfillment of the dream by Kaluza Klein [13] [14] 
[19], of sorts as far as how to unify Gravity and Electromagnetism in cosmology, 
but it has a much bigger cache than this, mainly as to understand the role of 
time, itself in quantum statistical ensembles, i.e. the idea of a deterministic large 
scale state, which would encompass quantum microstates in an ensemble within 
which the quantum microstates would be a way to analyze basic quantum 
thinking in terms of time dependence. In doing this, it also links itself to the 
question of why Schrodinger was so aghast at the idea of quantum jumping. 

Let us now, briefly allude to the [13] [14] reference, namely: 
Start with the idea of an embedding of four-dimensional space-time in a 5 

dimensional time interval. [13] [14], and realize its inter connections with [15] 
[16], and [17], where L = length of canonical metric in 5 Dimensional theory 

22 2
2 2 2
5 dim 4 dim2 2

4
2

d d d

3
scale of universe potential well

L LS S l
l l

x l h mc

L
L

− −

 
= −  

 
= =

Λ =
=

                 (21) 

And then we present, the five moment a as given by 
2

2

2

4

2 d
d

2 d&
dl

L xP g
xl

L lP
sl

β
α αβ= ⋅ ⋅

= − ⋅

                        (22) 

Then, if 
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( )

2 2
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d
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α
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∫ ∫ ∫            (23) 

One eventually, as given by [13] obtains the Heisenberg type of relations that 
2dd d n lp x

c l
α

α

α

  = ⋅ ⋅  
   

                     (24) 

In this case, looking at a rewrite of the time component of Equation (24) to 
read, approximately as [18] 

2
0

0

0

dd d n lp x
c l
  = ⋅ ⋅  

   
                     (25) 

With the result that 

( )

2

0

dd d

Unless ~ 1
tt

tt

n lp x E t
c l g

g O

α
α α

α

→

  = ⋅ ⋅ →∆ ∆ ≥ ≠  
   



 

         (26) 

We urge the readers to consult [13] [14] [15] [16] [17], as well as [18] for what 
we are implying. Note also in [17] that Klein does a quantum mechanical treat-
ment, which is in a sense has some elements of the later work on black body 
radiation problem.  

i.e. what we have done is to say that Equation (26) establishes that the HUP is 
embedded within a deterministic structure in 5-dimensional Kaluza-Klein 
theory [13].  

We argue that Equation (26) which is embedding the HUP, and in effect, time 
within a deterministic 5-dimensional structure, as given by [13] is in the end no 
different from the radical supposition given by Schrodinger as to quantum sta-
tistics, which was argued over in Solvay, as seen in [18] that the modeling of 
black body style quantum statistics, for a macro system was in a state which did 
not have an explicitly time dependent dynamic, i.e. as given in [19] by Shankar, 

[ ] ( ) [ ]( )2 3

d dd
Thermal-cavity-Volume π exp 1B

E
Q c k T

ω ω
ρ ω ω

ω
= =

⋅ −




   (27) 

Having said this, and including in the description of embedding of the HUP 
in 4 space in quasi deterministic reasoning for 5-dimensions, we will the make 
the following assertions as to what this is saying about Octontonionic commuta-
tion relationships. 

First, we will be examining what happens if 

0 phase-change Octonionic
Pre-Octonionic

with fixed

tt

tt

t E t E
g

t
g E

δδ δ
δ

δ
δ

∆ ≥ → ∆ ≥

≥
∆







      (28) 
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First a pre-quantum space time state, in which, in commutation relations [20] 
(Crowell, 2005) in the pre Octionic space time regime no approach to QM 
commutations is possible as seen by. 

( )Planck ,, and does notj k ijk i jx p l l T iβ δ  ≠ − ⋅ ⋅ ⋅ →         (29) 

In the situation when we approach quantum “octonionic gravity applicable” 
geometry, Equation (29) becomes 

( )
0Planck ,approaching-flat-space-after,i j ijk i jx p l l T iδβ δ−

  = − ⋅ ⋅ ⋅ → ⋅ ⋅     (30) 

This commutation behavior should not be seen to contravene the structures 
given in [21] [22].  

Equation (30) is such that even if one is in flat Euclidian space, and i = j, then 
if the phase transition from Pre Octonionic to Octonionic has occurred, and 
Equation (30) is key to what we say next here. i.e. 

The point is this, i.e. by [19] 

( )hamiltonian hamiltonian

d

d

d d
d d
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j j j

j j
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ψ ψ
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⇒ =

∫

∫





             (31) 

Put this set of values of average momentum 
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                (32) 

The last line of Equation (32) will be crucial to what we say next 

( )
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Planck
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∆ ≈
⋅

  ⋅ ⋅ ⋅
 ⇒ = −
 ⋅ ⋅ 









         (33) 

In doing this, we will make the final, identification 
i.e. 

( ) ( ) 1 2ˆ ˆ ˆa t t a tδ ε ε ε∗ ∗+ ⋅ < ⇔ < ∆ <                (34) 

i.e. satisfying Equation (33) will enable to help us to consider the causal bar-
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rier situation as given in Equation (34) and this is the linkage between the idea of 
a causal discontinuity, Octonionic geometry and non commutativity, and the 
onset of new physics. 

We claim that the details of reconciling Equation (33) and Equation (34) and 
the problem of finding a suitable time step, tδ  which will be solidly linked to 
the embedding of the HUP, as is given in Equation (24) of our manuscript. 

6. Conclusion. What Equation (33) and Equation (34) Say 
about New Physics 

What we are being told, as to the relative position of the co-ordinates as to 
Pre-Planckian, to Planckian physics, at a causal barrier situation, just before the 
expansion of the Universe. i.e. decoding the information in Equation (33) and 
Equation (34) will be crucial to all that. 

The main point in decoding Equation (33) and Equation (34) will be in the 
assembling of a suitable value for the minimum time step, i.e. what we suspect is 
that an optimal tδ  will be heavily dependent upon making sense of both Equ-
ation (33) and Equation (34) with ,tδ  a bi-product of the embedding proce-
dures given in Equation (24) and Equation (25) starting with the procedures 
given in Equation (21) above. 

Secondly, if we wish to go to the idea of many mini black holes, initially, say of 
mass one Plank mass each, initially, we can look at 

( )
2
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Planck graviton
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−
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          (35) 

Equation (35) is relevant right after a presumed shift after a causal discontinu-
ity. And it would be 

( )

( ) ( )
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        (36) 

This above should be compared to the following, from Octonionic reasoning 

( )
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Planck
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j ttj
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The key point is that the presumed massive increase in entropy, due to tδ  
say at the boundary of a Causal structure would be also reflected in the after-
math of making sense of inputs of tδ  in a Pre-Octonionic to Octonionic geo-
metrical setting. We state that the final details would also have tδ  heavily in-
fluenced by the results of Equation (24) from Wesson, which we put in, again, 
namely due to details give in [13] and this is the first part of Equation (24) 

2dd d n lp x
c l

α
α

α

  = ⋅ ⋅  
   

                       (24) 

The point is that this 5-dimensional equation, a deterministic structure from 
Kaluza Klein theory, in its 0α =  setting, is crucial for the formation of tδ  
And, that tδ  presumably helps in the formation of emergent gravity, along the 
lines also implied by [14] [15] [16] [17] [18].  

We also point out the importance in all of these in keeping fidelity with [23] 
as what we are referencing is very close in subject to the possibilities so outlined. 

References [24] [25], and [26] outline key experimental gravity considerations 
which we have to keep in mind when reviewing the suppositions so outlined. 
[14] and [26] are LIGO, and [25] is a very well thought out set of testing protocol 
we need to keep in mind as brought up by Corda. 

The reference [27], by Kieffer and Starobinsky is a partial overlap with our 
ideas, although with a substantially different flavor.  

References [28] [29] [30], and [31] are foundational considerations as to the 
main stay of quantum weirdness we need not to forget. 
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