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Abstract
In Dice 2010 Sumati Surya brought up a weaker Qumargum rule as a biproduct of a quantum
invariant measure space. Our question is statéallag/s: Does it make sense to have disjointed
sets to give us quantum conditions for a measutteeadrigin of the big bang? We argue that the
answer is no, which has implications as to quantugasures and causal set structure. What is
called equation (1) in the text requires a lengtig interval, none of which holds at a point in
space-time.singularity. What are the reasons?, Fireasurable spaces allow disjoint sets. Also,
that smooth relations alone do not define sepatgabit admit sets Planck’s length, if it exists, is
a natural way to get about the ‘bad effects’ obanic singularity at the beginning of space-time
evolution, but if a new development is to believedmely by Stoica in the article, about
removing the cosmic singularity as a break dowmfpm relativity, there is nothing which
forbids space-time from collapsing to a point. Hatt happens, the cautions as to no disjoint
intervals at a point raise the questions as toagh@opriateness of Surya’s quantum measure.
Since Stoica’s re scaling of pressure and densitplve the cube of the scale factor, a, the
differentiability and smoothness issues of thedfrian and acceleration equation vanish, leading
to problems with the Hausdorf limiting cases fajdint open sets, which makes quantum vector
meaures not feasibile, due to vanishing of disjskils, as we approach a point in space-time.
The final conclusion is that the intial singularhtgs to be embedded into higher dimensions, as
in String theory due to 4 dimensional problems vgtratum measures which in themselves in
four dimensions break down.

Keywords: quantum measures, spatial diffeomorphism, cylinslets, Caratheodary-Hahn —
Huvanek theorem, Big Bang singularity, causal sets.

[. Introduction

We consider in this paper whether singularity bébrain space-time can be affected by co-
ordinate choices

" Correspondence: Dr. Andrew W. Beckwith, Dept. bfi$ics, Chongging Univ, Chongging, PRC, 400044.
E-mail: abeckwith@uh.edu

! As noted by one of the Reviewers: “one can indeel at the induced metric at light-cone boundahy[is just

r_M~2dOmega”2. There is nothing pathological int@gology nor in the topology of future future ligbne when
seens as parts of Minkowski space,[plerfectly vedfined but metrically 2-D since radial directioives no

contribution as a light-like direction. This exampuggests that one should be extremely cautioosrisiderations
related to singularity: so much depends on a chofcproper coordinates. In fact, holography suggésat one
should consider light-cone boundary or initial sitagity as sub-manifold of space-time.”
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A proper choice of coordinates is going to invoihaere than four dimensions and that what is
chosen in four-dimensional space-time usually i@ Roberson Walker metric will lead to a
singularity problem. We claim that this affects theantum mesure problem in four dimensions.
The main point of the article is below where weliaathow to fix the glaring problems in four-
dimensional measures theory which we state as sigaly

We note here that higher dimensions will, as in Sing theory, remove this problem. We
wish to reconcile the four and higher dimensionalexamples of co ordinate behavior and
reflect upon what the four dimensional representabn does to quantum mesures, especially
if there is a removal of the standard four dimensinal representation of a mathematical
singularity at the start of inflation. To do this, we will give an argument which will point in
the direction of vanishing of disjoint shets in fou dimensions leading to a break up of the
guantum measure in four dimensions.

Our initial goal is to show that disjoint sets, a@uwe to separability in a topological sense, and
that at a point in space — time, that the veryamotif separability breaks down completely [1].

Separability in a topological sense can be contdduas follows. A topological space X is said to
be separable if X has a countable dense subsethdn words, there is a countable subset D of X
such that closure (D) = X.

Equivalently, each nonempty open set in X intes€ctThe fact is, that if there is a space — time
point, that the countable subset D of X is such tiwa closure (D) = X. breaks down completely.

Afterwards, we should note that disjoint sets to@ological space, X, are due to working with X
being a Hausdorff space.We then note the progesfielausdorf spaces can be written follows:

1.1f K is a compact subset of and y[ X is a point outside oK then y and K have
disjoint neighborhoods, i.e. there exist an opeighitmrhoodW, of yand an open set
V, 0K for whichW, nV, =¢

2. Every compact subset of is closed.

3.Any two disjoint compact subsets oK have disjoint open neighborhoods, i.eGf and
D are compact disjoint subsets &f, then there exist open sdts[1C andV [ D for
whichU nV =¢

Note that when one has a point in space time hietis not a comparable construction to
closure (D) =X.o0U nV =¢.

This lack of having at a point in space- time aotogical setX with open subsets with these
constcutions dooms having these properties. loméf does not have a Hausdorff space, one is
going to find it impossible to form disjoint setsa separableX if X is itself a point
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When one does not have separable sub sets, at aginpoint, then the construction used by
[1] for quantum measures breaks down. We review i\ppendix A what happens due to
Stoica’s [2] treatment of the Friedman and accelerton equations and show it implies a
smoothness condition which eliminates disjoint setat a point, entirely. i.e. no pressure,
density and scale factor.

It is noted that we are working with the formalismroduced by Surya [32] and submit that it
breaks down at a singularity. The sum rule in palér in Eqg. (1) will break down if there is no
length, or specified interval. The reason for thraak down is that there is nothing to measure, at
a perfect point of space-time. Surya’s paper [34 At its end speculations as to how to avoid
this issue, but the fact remains by elemetrary oreatheory, as given by Hamos [4] that a
measure requires intervals, and an interval doegxist at a perfect singularity. If one wants to
have a measure zero object, that is fine, but asumeaero entity itself is not sufficent to justify
a sum rule, as given in equation (1) which willdzElressed later. Furthermore, the existence of
another new paper by Stoica [5] removes the cosmgularity at the start of the big bang as a
mandatory break down point of general relativity.

While the existence of the pathological singuladgn be treated by use of Planck’s length,
which can be used to construct disjoint sets, dicat is believable, this Planck’s length is no
longer essential,which brings up interesting qoesti so far avoided by main stream
cosmologists. This paper merely brings up thatasand asks what can be done to correct for it,
at the point of the big bang. To do this, we réwehat happened in Surya’s paper [3] in the
DICE 2010 conference, and make a few suggestionsuofown afterwards. Appendix A
summarizes how Surya built up her gauntum measamesis mandatory reading for those
wishing to understand how quantum measures areupibutside the point regime so specified
by Séurya which is clamied to break down in usuabslarity regimes at the origin of the big
bang.

Our contribution is to examine quantum measures assning a non-string theory treatment
of cosmology. And to arguem that the break down ofa quantum measure in four
dimensions necessitates use of higher dimensionahleedding of the start of cosmologicla
inflation.

Il. Aftermath of Construction of the Spatial Diffeomorphism Leading to Quantum
Measures

The main point of the formalism for Appendix B i lm-additivity of D leading to the finite
addivity of4, . The author asks readers to go to Appendix B édise construction leading to the

following equation, which in its creation uses disj sets, in an interval [4]

2 The Reviewer noted that “[ijn Einstein's equasidar RW cosmology of course rho, p, and scaleofaatare
scalar invariants which become infinite at thei@itmoment. This is a real physical singularity.dosmic string
dominated primordial cosmology however the massparoving volume vanishes at the singularity likeoahat in
this sense everything is non-singular. As mentioStmica shows that the equations can be redefmepbt well-
defined equations also at the singularity.”
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/»@(Qm}iﬂv(aﬁ) (1)

i=1

The use of finite additivity ofy, is essential to the quantum measure prospect aAgpendix

Binheriently involves use of disjoint sets. The s@a for stating this shows up in the next
section, C. We leave the issue of if a Planck’gflens mandatory for initial cosmology to the
conclusion with our own point of view. Should thestence of Planck’s length be mandatory
due to space-time evolution, then there is no queshat (1) holds.

lll. Arguments against Eq. (1) in the Vicinity/ Origin of the Big Bang Singularity

The main problem, as the author sees it, is inguttie existence of disjoint sets at a point of
space-time. If one views a finite, infinitely sma#gion of space-time, as given by Plank’s
interval as 1.616 times 10 ~-35 meters as contiages space-time singularity, in relativity, then
even in this incredibily small length, there candigoint sets, and then the math construction of
Surya[3] goes through verbatim. Classical relagivihieory though does not have a Planck
interval, i.e. the singularity of space-time, mceffect in General relativity in its classical fior
will not have the construction so alluded to in &bpve. [5] written by Cristi Stoica gives a view
of a beginning of space-time starting that doesyaseampletely with the space-time singularity,
so mathematically, in a cosmos as constructetieretis no singularity problem, there is then no
restriction as to the collapse of space-time tinénitely small point. In which then there would
be no reason to appeal to a Planck’s length grasiaespace-time to enforce some rationality in
the behavior of (quantum?) cosmology.

The precondition for a quantum measuyggefor a quantum measurement is given by Eq. (1) [3]

for n disjoint setsa;, & A. This Eq. (1) is a matprecondition for/, being a vector measure
over A. Eq (1) right at the point of the big bang canmsiure the existence of disjoint sets

a, € A. Therefore at the loci of the big bang one woulstead get, due to non-definable

disjoint set&r, & A, a situation definable as, at best.

n

uv(Uai)iZuv(ai) @)
i=1 i=1

Not being able to have a guarantee of hawindisjoint setsa;, & A because of singular
conditions at the big bang will bring into questiwhether equation (1) can hold and the overall
research endeavor of analyzing the existence aftqoameasureg, . l.e., the triple(Q, A,/,zv)

for quantum measuregi, cannot be guaranteed to exist. Especially if ther@o bar to a

singularity existing as given by [5] And we lookahether there is sufficiently convergent
behavior for ., , so that uniqueness of convergent sequenesarsugieed by the Caratheodary-
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Hahn —Huvanek theorem. If so, the following supremexpression for all FINITE partitions
will lead to the equality expression for vector m@@s. This is what becomes very problematic
if [5] is true about non pathological consequermfes BB singularity.

|4 (@) = supy, ;HuV (a,)] 3)

The singularity will not allow us to analyze digjopartitions. What happens if instead of EqQ. (3)
[3] a situation for which there is longer finiterpaons, ordered sets, but the replacement for Eq.
(3) is now an inequality written as:

|14, (a)] # sup,, Zp:Hﬂv ()] (4)

Or worse, a situation where there is no finite ipliyt ordered set, i.e., nouasal set? The
inequality of Eq.(4) can occur if there is no fendisjoint sets to make a supremum over.

Eq. (1) depends upon having [3] am¢onditional convergence of the vector measure over all
partitions.” Replace partitions with causal set structure, @amel still has the same requirement of
an unconditional convergence of the vector set over all "causal set structure" within a finite
geometric regime of space-time. One does not getitathe necessity of conversgence of
sequences and sub sequences in a causal setrstridie convergence of sequences and sub
sequences has the same rules as when causal s#trstris replaced by partitions.Surya’s
construction [3] of taking a least upper bound (sapm) over finite partitions does not work if
there are no finite partitions at a singularity.

VI. Conclusions

References [3] and [5] together suggest a way btiheimpasse. First of all, the question we
need to ask is, is the existence of a Planck leragta minimum length mandatory as to space-
time? If it is, the problem of the existence ofjaiist intervals is solved. l.e. we need not worry,
even if it is 107-35 meters in length. If this mmmim length exists, (1) holds everywhere.

If a mandatory minimum non-zero space-time intergalecessary then there is nothing which
forbids the existence of (1) above. If such anri@kdoes not exist, then (1) breaks down.
Furthermore, the space of all infinitely differeaiiie functions is also separable, and a
fundamental sequence is the sequence of all pogfexs This is shown by Taylor series and
Weierstrass's theorem [1] . But having either Wass theorem or Taylor series at a single point
of space-time is a non starter, and also the daafgasing the simplification of a finite
dimensional normed space breaks down. No longamaint can, many of the computations be
simplified by the existence of a finite basis, whervery vector in the space is a linear
combination of some subset of vectors in the b&me does not have a finite basis in a point
of space time[1].
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It should be noted that Connes [6] outlines coondgifor non commutative geometry in space-

time for the development of exotic basis which igher dimensions could restore separatable
space, i.e. even Hausdorff behavior, as would loessary for disjoint sets to exist. But such a
development would be involving encasing the founehsional singularity as embedded in a

hierarchy of higher dimensional geometric space#h\V8 dimensional space and time at a

singular point, one does not have a Hausdorf imebpace X, separatability and without having

either of the above, then the construction for anjum measure, as outlined and developed in
the given Appendix A will not work out.

In essence, for making a consistent cosmology, orgsults argue in favor of a string theory
style embedding of the start of inflation and whatwve have argued so far is indicating how
typical four dimensional cosmologies have serious athematical measure theoretic
problems. These quantum measure theoretic probem arunphysical espeecially in light of
the Stoica findings.[5]

Acknowledgements:| thank Johnathan Dickau for valuable discussiam$ assistance with this paper
and one of the Reviewers for his astute obseratipoted in the footnotes. | am deeply debted to my
recently deceased father who discussed decadesvilgome as to the worth of five-dimensional
gemoetry, in cosmology. | further thank the Depamnbof Physics, University of Chongging, P.R. China
for affiliation, and Dr. Fangyu Li, who encouragea to explore such issues. This work is suppored i
part by National Nature Science Foundation of Clgirsant No. 11075224,

References

1. Ryszard Engelking, General topology, Second adittéigma Series in Pure Mathematics, 6.
Heldermann Verlag, Berlin (1989).

2. Cristi Stoica, Big bang singularity in the Friedmaemantre-Roberson-Walker-Spacetime, arxXIV
1112.4508 v 2, 16 March, 2012 ( GR/QC)

3. Sumati Surya, In Search Of A Covariant Quantum$deahttp://iopscience.iop.org/1742-
6596/306/1/012018

4. Paul Hamos, Measure Theory, Graduate Texts in &haditics,VVolume 18, Springer Verlag

5. Cristi Stoica, Beyond the FRWL Big Bang Singubgriittp://arxiv.org/pdf/1203.1819.pdf

6. Alain Connes, A short survey of non commutatieemgetry” , arXIV hep-th/0003006 version 1,
March ', 2000

7. R. Loll, On the Diffeomorphism-Commutators of liedt Quantum Gravityhttp://arxiv.org/pdf/gr-

qc/9708025.pdf
8. T. Tao, An introduction to Measure Theohytp://terrytao.files.wordpress.com/2011/01/measure

book1.pdf

Prespacetime Journal www.prespacetime.com
Published by QuantumDream, Inc.



Prespacetime Journal| October 2012 | Volume 3 | Issue 11 | pp. 1012-1021

1018
Beckwith, A. W., Does the Sum Rule Hold at the Big Bang?

Appendix A

Stoica [2] does a re-scaling of the pressure amgitjealong t he following lines, namely the
initial Friedman equation is changed i.e. it stariih

[):E@@ZL-'-k (1a)

Furthermore we also have the accelleration equagiien by

4

o5 (22)
a

p+3p=-

X |o

Using the re-scaling of [2] using as part of a ‘typical space’

detg =-a° det 9= - /-g =a’\/gZ (3a)

We then re-scale the density and also the pressui@lows:

(4a)

6 (5a)

The upshot is, as explained in [2] that then;

a(0)=0 = p(0) =pa(0f,/gz = 0

6
a(0)=0« p(0)=pa(0fgz =0 (6a)

So then the acceleration equation and Friedmartiequaanish ata(0) = 0
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Appendix B

We introduce the formalism by appealing to the emioof spatial diffeomorphism [4] as a
necessary condition for linking the physics of whappens at a singularity to outside of the
singularity of inflation generated space time getnelrivially, a diffeomorphism involves an
infinitely differentiable, one-to-one mapping ofetrmodel to itself. In contrast, there is a
breakdown of differentiability at the start of theg bang, based on non-loop-quantum-gravity
theories.

We submit that the difficulties in terms of conersty of Eq. (1) of this document. In terms of
initial causal structural breakdown -- which weirldeads to Eq. (1) being re written as an
inequality -- one has to come up with a differerywto embed quantum measures within a
superstructure, as noted in the conclusions ofpgyer. Spatial difiomorphisms as stated in [4]
do not work unless there is a lattice structuréeotifvely doing away with a singularity. If the
lattice structure is not used, differentiabilityebks down and one does not have one-to- one
mapping of the physics of the big bang singulaoityo the rest of the inflationary process. We
submit that this breakdown would then make Eq. (bd) definable.As to the measure set
structure, the readers are referred to [4] to getfoundations of the measure theory structure
understood. The rest of this text is an adoptatibowhat was done in [3], with the author’s re
interpretation of what the significance is of quantmeasures as stated in [3], in the vicinity of a
singularity.

The author's main point is that there is a brealwrd@f measurable structure, starting with
definitions given in [3] and [4] where the concepdisjoint sets becomes meaningless in a point
of space. In the causal set approach, the probebilare held to be Markovian [3], label-
independent and adhere to Bell's inequality. Thbauof [3] refers to a sequential growth called
a classical transition percolation model. Then nexfee [3] extends the classical transition
percolation model to complex models involving quamt measures in the definition of a
(quantum) complex percolation model. Referenced@jnes the amplitude of transition as

follows. For a quantum measure space defined ple @is given bQQ, A,,UV), with £, a yet to

be defined vector measurd, is an event algebra or set of propositions abloetsystem, and
Qs the sample space of histories or space-timagunations.

Let p € C be amplitude of transition, instead of a probghiand setz//(C”)as the

amplitude for a transition from an empty set tolenent of a causal sét, and with Cyl (C“)

cylinder set as a subset 6f containing labeled past finite causal sets whos# fi elements
form the causal subggét. Note that the cylinder sets form event algeBraith measure given
by form the sub-causal <8t. Here, ¢/is a complex measure én, so then ¢ is a vector

measure [3]. This is the primary point of breakdoivat occurs in the case of a space time
singularity. Away from the singularity we will beorking with the physics of

D(cv(cr).cn(cm))=w7(c)y(c") (b1)
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This is done for a cylinder set [3], whese is a given path, ang/'as a truncated path, with
oyl (V) a subset ofQ and,u(cyl (y‘)) = P(y‘), with P(V)the probability of a truncated path,
with a given initial(x,ti)to final (xf ,tf) spatial and times. Note that themeasure would be

for 4: A - R"obeying the weaker Quantum sum rule [7]

u(@0pOy)=pu(a0p)+u(aly)+u(BO0y)-u(a)-u(B)-u(y) (b2)

This probability would be a quantum probability wiiwould not obey the classical rule of
Kolmogrov [3]

P(1.0y.)=P(y.)+P(r.) (b3)

The actual probability used would have to take atoount quantum interference. That is due to
Eq. (1b) and Kolmogrov probability no longer applyj leading to [1]

oyl (V)E[yDQ|y(t'):V(t') for all Ost's<t Jb4a

Here,D:AxA - Cis a decoherence functional [1], which is (i) Hetrem, (ii) finitely
biadditive, and (iii) strongly additive [8], i.e¢he eignvalues oD constructed as a matrix over
the histories{ai} are non-negative.A quantum mesurement is then etfita

p(a)=D(a,a)=0 b5
A quantum vector measurment is defined via
4, (a)=[x,]OH 6fb
Where

1 . :
)(a(/s’)={0 . X.(B)= 1if B=a, x,(B)=0if B#a (b7)

Also V is the vector space oveék with an inner product given by

{uv), =2 > u'(a)v(B)D(a.p) (b8)

alOA SOA
with a Hilbert spaceH constructed by taking a sequence of Cauchy seqséng} sharing an
equivalence relationship

{u} ~{u} i lim,__|u -v|, =0 (b9)
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So then as given in [1], the following happens,

{u}]+[{v}]=[{u +v}] (b10)
[{Au}]=[{u}] b1Q)
({u} T [{w} ) =tim, . (uw), (b12)

This is for all [{u}].[{v}]0H and A0C so then the quantum measure is defined for

U, : A — H so the inner product oHl is

(4, (@).14,(B))=D(a.5) (b13)
b
The claim associated with Eq. (b1) above is thatesiyis a complex measure Af, Eq. (bl)

corresponds to an unconditional convergence of/dotor measure over all partitions. Secondly
according to the Caratheodary-Hahn theorem therm@®nditional convergence for classical
stochastic growth, but this is not necessarily gsvaue for a quantum growth process.

The main point of the formalism for Eq. (b13) is wfadditivity of D leading to the finite
addivity of 4,

(Uaj=zn:/,4, (b14)

i=1
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