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Abstract

The results of an empiric simulation by parametric down converBid@)(fitted
observational evidence. This data, was plotted in relationship toatties of the
universe (y) in Mpc multiplied by Hubble’s constafitlp): ry[Mpc]” Ho[Km/s/Mpc]=c
(velocity of light) [Km/s], characterising expansion as subject, functioning as a
relativistic causality horizon.

PdC allowed describing expansion as a function of the observable imtrefme
photon number (n ). This one multiplied by the increment of the quantum dimensional
locus (Compton-volume:V ), equals the increment of the universe volume: V
= Vy. The nature and frequency of primordial energy differ by much thatsof i
residual cosmic microwave background (CMB), but the simulation coscamly to
relate their frequency by a mathematical treatment, lzer@by both may be refer
indistinctly. The following theoretical treatment, of the proposed quantum and
relativistic parameters, were amalgamated into a siegjeation and verify by
simulation.

The Einstein’'s equationmp=Ep/[C" c], allows to introducec equivalents:
En/[r /t 1oc rufty] and it's restructuring with Planck’s mass equivaleng= *# ¢
G"? results the equality: ** ¢ G2 = Eni[r It 1oc’ rult] Ve gla=ct”
Enl[r /t oc rulty]. Introducing recession rate aquivalento ¢ ¥* G*=[ry" Ho **
Ep/[r /t oc rulty]l.  Since  Planck’'s  energy: Ep=  2p " vp, replacing

] G:fgpms' Hoﬂz' rU3/2 where Planck’s frequencyp = vews ” 2"
VPI' l.U, E;-Ioc

The plotting of the dimensions of and the radiusf CMB-photon ¢ ) vs.ty, and
time of localization (t .oc), shows that all this parameters must increment
simultaneously, in order to preserve the constants. The simulsgbing attached as an
addendum and shows best-fit with known markers. The expansion formula couples
guantum and relativistic parameters, predicting observableiis and n , effect not
accounted by black energy.

A sequential cascade of PdC-cycles which by generating photons af éode
lowers energy, could maintain “a continuum of decreasing dissigatieatial”. Hence,
because the product from a preceding PdC-cycle becomes the substasgabsequent
one, accumulation of product is prevented, as if were open thermodysgstéms.
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This state of the system, without any considerable reversjhiliyld endure until near
extinction of the energy of CMB. The continuum @fys and its time of localization

( cme/ t.oc=C), continuously generate entropy at the level of and V structuring
the arrow of time.

Introduction

The Big-Bang ¥ successfully predicted nucleosynthesis and a cosmic
thermodynamic chronology. Friedmaffh proposed that evaluation of the density of
matter in the universe would allow distinguishing between a clodepen geometric
predictions of cosmic evolution.

Albert Einstein and Willem De Sitté?), contributed the alternative flat model, a
geometry, that allows Euclidian triangles. The NASA observatiamgespond with a
flat parameter of inflation-expansion.

There is a wide consensus in a Big-Bang, which does not starafingularity,
a non dimensional point but still could be debated, if the generatedtyeaibparticles,
could overcame their own gravitational attraction to drive expan$ios.origin could

correspond to a quantum limit of very high energy density, the Planags
(QE)A)E)E)(7)E)O)(10)

An alternative model, could postulate a Big-Bang mechanism bastthtira
decrease in the energy of CMB-photons, links a decrease in tiezgyedensity to a
quantum dimensional expansion in their space-time 18¢U#A mechanism that fits a
gravity-independent requirement would be the splitting of the energhaibns by a
concatenated sequence of PdC proce$3gd(1415) (16)

The latter allows a cosmic chronology of CMB®®) that only from the Era of
last dispersion to present, a change of temperature of black bodgi@mifrom
T=3000 K to T=2.725 K. This, corresponds to a Doppler or shift of frequspexstra of
z =1000 over. Hence, either a wavelength elongation process drdtehisag-out of
space became transducers of an incrementirtb and magnification of the space-time
dimensions or vice verse.

However, the relationship which is cause and which effect, becoleaser by
noticing that expansion it's couplé?®® to an increment ofi , which is predicted by
PdC-dependent elongation and not by black enétyy

The simulation results, predicts that phenomena, like the Casifaat @24
which has been attributed to virtual energy, could be alternatierplained by
parametric up conversion (Pup@y ¢®)

The universe has maintained an energy potential allowing expansionfegnd |
therefore, it is still far a way from equilibrium. Howevirthe cosmos is self-contained
could not be and open thermodynamic system. This apparent contradictisnlvest
by considering that the universe by photon elongation could be maintainedoftg a
period of time, as a system away from its equilibr%J 27)

Elongation, allows a partial recreation of a non-equilibrium potefftfalby
recycling photons, through the temporal bottleneck of the PdC proce$sPH& cycle
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results in less-energetic photons, which by reentering in the Rai@, dike quanta of
less and less energetic content; prevent significant reudysilind product
accumulation, conformed a temporal vector the arrow of time.

Results

The quantum dimensional chronology of CMB integrates as an exparmsiary
space-time continuum

Gravity shapes the geometry of the universe; stellar lighturved by the
gravitational field of the sun, but the expansion parameter has beerttehaed as
showing cero (offlat) curvature®®®®) This discrepancy in measurable effects may
indicate different causes.

Thus, gravity may induce a close curvature, without preventingriantitlynamic-
dependent progress of expansion. However, the latter, requires beniy-g
independent as is the case with the experimentally observableTR#Cspontaneous
process, splits one photon into two, each one with half energy. ®iehstg-out of
space by PdC could occur as a topological change, without affectinguich a
gravitational-dependent curvature of the universe.

However, its may be possible to differentiate between the paeasnof expansion
and curvature. If that is the case, a flat curvature margesent a thermodynamic axis
rather than a geometrical one.

These roles may be complementary rather than antagonistic tisencentinuum-
guantum elongation of CMB-radiation, would dimensions vacuum and galactic
recession. The non-continuum quantum structure of matter by its aji@vl
attractions, could locally overcome uniform CMB-expansion, drivingpgas into
clustering and forming cumulus.

The newly formed CMB-photons, continuously and smoothly, spread their energy
over a stretching-out space-time. However, because of their mnéfiorergence, would
increase the size of the galactic voids at a greatessiecevelocity (; = Hy’ r), than at

the intergalactic distances within clusters.

The energy of Planck particles, as primordial CMB generatgtermand a leftover
of residual CMB radiation, which was calculated: 2.35%1eV" 3.7816" = 8.89
10" MeV. The simulation checks this value, as a function of 411 CMB-photons per
cm® multiplied by the present volume of the unive$&'®)

However, since simulation adopted a critical enefn) bf two protons per fi
total residual CMB-energy represents 0.005 % frigg If black energy would be
detected, the indicated percentage could be decreased, accordingetoofamore
endurable values.

The cosmos observed coordinates of expansipas; ty) plotted in fig. 1, fits the
predicted quantum structured-expansion of CMB, calculated by multiglygngn by
V [cm’] (Compton scattering volume). The CMB-photon enlargement (elongation),
responds to the relationship: radius of the photon over its time ofzatah,r /t o=
¢, velocity of light™?.



Figure 1 shows that expansion, after the formation of galaxies coulgcasured
by recession velocity (v), for galactic recession-distanc@élpc] = v/Ho. The summa
of distances of the widening galactic voids plus galactic remessntegrates as a
universe radius, which keeps the relatiogfMpc]=c/Ho. Calculation shows, that a
galactic void 50 Mpc wide, will increase by a linear recesg@acity 50 times greater
than for an inter-galactic distance of 1Mpc.

The figure illustrates by a diagonal intersecting the coordirzdtepace-time (-
tu), thatHo maintainsa relativistic relationship of “space-time-velocity”. Tredtér, is
shown as complementarities to expansion, by a function of the quantatmship
“space-time-photon-elongation (v )”. Hence, expansion appears as an energy
continuum, which through photon multiplication-elongation constructs a quantum-
structured vacuum, which is the major contributor to the cosmos grow.

Fig.1: Observation vs. calculated Quantum Integrdt&xpansion.The figure, shows that the
multiplication: n "V [ecm’]= V[cm®], determines the quantum-integrated volume of the
universe in crf) under the relativistic restriction: radius of thmiverse in cm over its elapsed
time in seconds:yfcm]/ ty[s] = c[cm/s]. If the chronological radius of the unige equals
recession distancefU =r . The velocity of expansion could be measure, #iteappearance of

galaxies, as a recession veloc{;)gr[MpC]' H, ru[Mpee] © Holkm/sA¥pd=c, as shown in

the figure: c[km/s)/ 1, [Mpc] = Ho[km/s/Mpc: Hence, j=ty" ¢ ty'==="Hpy==e= H, =1/t =

3.086710"km/ t, /Mpc, t[s], example: H=3.086"10"km/4.3410"'s /Mpc=71.1 km/s/Mpc.
A after the CMB-radiation, becomes separated from matter,-deg€ndent

photons multiplication of CMB, by emerging uniformly everywhereha tniverse,
could have proportionally greater number of photons incremenj &t larger volumes.



The relationship of the fundamental constants to the quanturparameters of CMB
elongation

The simulation shows a role odefining the causality horizon as a function of the
rates of progress of CMB universe radius.

A. Connes® describes a universe integrating a continuum and non-continuum
geometries. If these could be thermodynamic differentiable stas;twould require
separate energy transduction pathways, for the specific cosreginbégrating CMB-
radiation with ordinary matter. The model integrates within a quastwmatured
universe a relativistic expansionary continuum.

This model was simulated by keeping track of the energy spaeeréhation
using the transformation of particle energy into a Compton wavelength:

| = h | Dimensionally .is similar to , this relationship allows to reach from its
¢ 2pmc
duality the equivalence ofin terms of a wavelengthand frequency.

These relationships reveal a thermodynamics structure with éspuieato the
Planck massn, and its relationship to the fundamental constants. According to Planck:
me= Y% ¥ GY%=2.1764510%

Eq.1: Planck’'s:;,, — | C and Eq.2: Einstein’s; _ Ep, since both share the same
Mpy = G M =—5
c
termsme;, became equalized: Eq.3: € _ Ep
G c'c

fo-cme _ andr, _o @ becuseg, = 2p - v, (vei:Planck’s frequency =

tg— loc ty
2.952119155 x181/s)

c_2p v, _ _ _ . “Ho'ry _ 2p "V
Eq.4: G 1 feows introduciegquivalentry” Ho=c. Eq.5: G Ty Tgcve
ty tg— loc tU tg— loc
S W vy 1
G . Tgems HY? Y2 G Iy Tgoms HGY? Y2
tU tg—loc tU tg—Ioc
Iy - Tg-cvB ,
EQ6. t, towe .. y.. u,Because: Ve TVows 2"
v
Pl
Iy - Tg-cmB
5 to 1oc . 3 Eq.7 S U2 32
2/ TG =N I 2p/ 7 G=leewe Mo b
o .
Veme 2 Vems 27ty tgioc




. 312 1/2
- _ r, I , H
Eq.8: 2pJ762 g CM,B u 0, .
u tgioc Vems 2

(The addendum reports results based in Eq.8.)

EPI = EgCMB ~ 2" “n” could be calculated for present CMBsk, predicting a PdC
sequence of 105 cycleg;22” 10>2MeV = 2.35%" 10*°MeV " 2" U n» 10t

Fig.2: Plotting merging quantum and relativistic pameters. The quantum dimensions
starting as:rg, / tgy = ¢, are quantum dimensions which interrelate witha relativistic
parameter. The photon radiugy as 4/3p” (rg® adds to the observable universe volume
dimensions,tg,,. does not, but c links universe radius as a fumctbthe universe time. Total
energy (E = entropy + enthalpy) for its conservation at thevél of CMB, requires a
compensatory mechanism like the spontaneous Pdégspin which the halving of the energy
of 1 photon generates 2 of twice the originaénd conservation of momentum. Accordingly,
even if photons are subject to Gravity, a dynami¢BCstructured-vacuum could expabg a
PDC-dependenfhgand DVg a process independent of Gravity.

The model is concordant with the observed behaviour of vacuum increbsing t
distancing between galaxies, but without apparently interfering teir gravity-
dependent mutual approach.

Quantum gravitation would exercise attraction according to cosmiss ma
distribution, this leads to greater galactic density along thdeb®rof the enclosed
voids, producing the observed filamentary and laminar galactictstescreported by
the CfA galactic survey.

As the universe expands, the relative contribution to expansion of veids v
intergalactic space, leads to the eventually predominance ofotirer. Voids by
becoming larger over time, changes the distances in-between usumilich is
participating in the encircling of the voids. This lowers theiatumal gravitatory
attractions.



The formula predicts that Hubble’s constant, a measure of costpangon,
could also encompass a function of a quantized treatment of cetieafly. Thus a
decrease in CMB-photon density, quantum dimensionally relates tdiws rand n
simultaneous increments with that of the universe time and the 6fCMB-
localization.

Quantum-parameters of Inflation
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Fig.3: Inflation. lllustrate that the total energy-Eor critical energy E) becomes quantized in
the course of inflation as Planck (PI) particlesckaone generating by PdC two photons of half
energy. Thus, expanding by 816 the space-time locus, allowing a chain reattiof
additional Planck photons incoming into the inftatary universe, up to summa of their energy
equals k.

A Physical worthless description of an origin preceding the Plawochkd be based
in that whereas there is a physical limit for mass, theret a gravitational limitation
of how high could be the frequency. However, the causality horizon coulekretceed
for the future or the past.

It is widely accepted, than from a source outside the actuahpéees of physics,
the universe started at the Planck dimensions, creating a “quantuense” that could
be defined bymp=[ c¢/G]*?. The Planck limit: 1.2210?> MeV, could be described as a
theoretical particle, but also corresponds to the minimum dimensiomstlack hole,
according to quantum mechanics.

Exceeding the Planck time of localizatigf;,.=5.39 10* s, the particle or black
hole energy, is released (“vaporized”) as a pH&torwhich may indicate that the
quantum universe, could be initiated by a single particle openingptme-dime to
subsequently incoming particles. An increment in the number of gatialll change
the temporal relationship from an/t c.=cC, for a single particle to the universe time:
rultU:C.



ty increments in relationship to the universe radius, and vaporizatierwtould
exceed that of Planck. Calculation shows, that if all the atitemergy would be
incorporated into the quantized universe at once, the resulting iedreazass would
not allow the Big-Bang.

Figure 2: Inflation for a Planck or quantum structured universe,imgljcate that
the initial cosmic increment in volume, would be dominated by the dgsaof
increment in the number of Planck particles. This because, evka &nd of inflation
the number of Planck particles, which PdC degraded to lower ereargig,| would be
smaller than the lastly incorporated as Planck. Hence, ahthefenflation the energy
spread would have frequency dispersion with some similarity toothatblack body
spectrum.

It is in the realm of causality descriptions, to use quantum pdessn to
theoretically evaluate inflation. This was done, as shown inigeef by assuming that
the space-time grows as a function of dual dimensional paramgtersimultaneous
incorporation of new photons and their PdC-dependent elongation. Under thisaconditi
of a quanta increasing and expanding universe, energy density would rexsgenor
would increase entropy. Unfortunately, physics could not reveakriétis any causality
relationship, that could link such a process with a primordial donor.

Entropy and the arrow of time

A flat universe requires some form of smoothly extending spachoutit
significant energy expenditure. The pattern of PAC uniformly spredldingnergy of
the CMB system would expand vacuum without an observable influencevienfirey
local galactic clustering or any disruptive effects overrssystems. The calculation
shows that the number of newly generated photons, as a function of time and
volume may require elaborating detection experiments according to ifodjow
projection: png/pv _ 186" 10°g /863 1¢**cm® _ 395" 10’ g/ Km®

Dt 172" 10's - year

The surging of new photons may be detected as vacuum fluctuatiomes,later
exceed by much this number, may be due to partial reversibilizebatPdC and PupC
cycles.

The PI density,dr;, evolves as a dissipative function of PdC incrementing photon
number progressively, but each PdC cycle leading to less anghessn energy
density,de =Ev/ Vy =E ~ &= /V ~ & dc =E / V , a quantum relation linking the
increment of -volume to the V chronology.

:E: ET = ET
VUV 413 p (D) 413 pct(Dy,)°
Er_ E _ E;

DOIU=v7_V'n T 4/3 p’ (Dr)*”
T g g p ( g) ng

Penrose®, calculate the entropy of the primordial cosmos to present ‘&8 10
Gravitational entropy ,~10"*®°),

The entropy based in the disorder increment for the summa of photons and
baryons for the periodS +g[n =n/prs] =10¢*® k. Thermal of relic CMB and gravitational
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entropies have been considered the main components of the universe ¢natopy,to
present volume equals £ (Boltzmann constant’s) unit&.

Fig. 4: Increment of CMB system entropyf®cwus). The chronology of CMB density

( d:n lcn?), was used to plot normalized the entropy chamge fthe Era of equal
number of photons and baryons to preser@ewman =ns/prs The latter, is illustrated by
vertical lines, which integrate the decreasing aiply (OH: full lines) with its
corresponding entropy increaséq: broken lines). The cosmos volume increases from
1.5710" cnt to 9.3'10% cnt. Photon density decreases according to a geometric
progression 1.2510™. Thec appears to indicate the presence of a space+ésteiction

to expansion. As describeWyreiic.cus =2.5710° cn ~ ngy = total VureLic-cme or
Viyprt =9.3710% cnt’,

The guantum-dimensioning entropy gain of the PdC expansionary process, was
specifically evaluated by considering only the contributionsrofand V .

The mol, a unity of density was used as a function ft¥’ assay entropy of the
CMB system, which according to Boltzmann for arstate of a box volume: the
constantk = 1.38 10 % J/K = 8.61410 **MeV/K and entropy S =k’ logV.

If the initial number of Planck particles ¢)) could had remain constamt,that
represents the number of photons should not be included in the equation. Foiothe pe
n =nB/prs: VB[N =nB/prs].

vV . 4 .3
Ulprsl _ - log 9.3, 10280m3 -k’ Iog(6.2’ )
Vun =ng 1.5 10%cm

PdC continuously increases “ because each Planck particle spreads its energy
to reach the actual value of CMB.

DSCMB[ng:nB/prﬂ = k, lOg

However, for the Era of equals number of photon and baryons, the increasent
only betweem =1.9 10" andn cvs =3.8 10°", because most of the primordial photons



were consumed in the generation of matter. The increment redpireducing this
difference as n cus.

=k’ Iog(6.2’ 1036)

), ng -3 3 7

; g . 246 10 *cm* 378 10°

DSCMB[ng:nB/prs] - k |Og 9 _ present - k |Og o 5 & present
g "Y9g-ne 882 10 *'cm® 1.7 108 ng=ns

R=8.314472 J/moK =5.189486 10"3MeV/mol K

Bn \Y,
7,923 "R’ |Og _ " Ulprs]
6.023" 10 Vi ngy

_ (878 107 197 10%8). sMeV, s 36 Anar
DScwetng-roig = g oo 1o 518946 10°~ ™ Iog62" 10°=119'10

DSCMB[ngan/prs] =

9 MeV

The very low, remaining energy in residual CMB, about only 1/2000&cpf
reduces its role after having transfer energy for the foomadf matter, to only its
elongation. Hence, spontaneous PdC is a process with entropy gain,astsbown in
the preceding equations, is mainly a function of expanding vacuum, amttement
inn .

Evaluation of PdC-entropy

PdC as a spontaneous process does not implicate, at its own quantum
dimensioning level, any significant energy expenditures.

PdC at the cosmos level could magnify its entropy impact by pheestime
changes incrementing quantum disorder over the totalifg.oThis one implicates at
least an energy dimension 20000 times larger, than that of reSIMEl The resulting
guantum disorder is additional, but could be differentiated and separakalyated.

Taken in account the Planck or initial to inflation volume:
Y, 92" 16%*cm®
=k” log—Y =k’ lo =18%
Spac gvpl 91768 10 %cn?
However, quantification of the universe energy leads tol.51 10°° Planck

particles which requires the aggregated volume Z1LaZ cn?’.

378 107 - 151 10°°)
D =( * 518946 1
Spac 6.023 102 K 9114 10 e

geMev. 92" 10%cm’ _ 304" 1070 MeV

The space-time parameters for quantum dimensions

The known relationships, between particle radius and time of logahza
c=h/2pmc, define the minimum localization distance or radius for a partEmassn
and for De Broglie’s ges=h/2pmv, when velocity ve 2.

It is outside the scope of this work, to advance the understanding phykial
nature of time, buty a relativistic parameter arige, a quantum parameter appear as
linked as shown by Eq.8. This one, incorporate as a functi@) afconstant involved
into the warping of relativistic space, both dimensions of timehvhiso became link
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as interdependent with simultaneous increments of the CMB-quantum amic cos
radiuses.

. Dr “ Dr. 32 1/2
Eq.8: 20/ " G= ¢ CMB u - DHp

I:)tU ’ Dtg— loc DVCMB, 2Dn

tioc results from an inverse relationship of frequenay This, allows to infer that
toc €ncompass an oscillatory relationship to space because c/ 1/ ¢/ = t.. The
equation: /ti,c=c, predicts that by increasing. would decrease the energy obr vice
versa.

Experimentally, the velocity of li ht—fropagation could be slow downl umnti
stops, becomes in a confinement stSf&*¥®* The latter, may result from the
uncoupling between energy and its oscillatory characteristicghwdefine a photon
locus. The energy transfer as vibracional, oscillatory or ootatito a lattice (semi-
crystal) media, may not increase molecular collisions (lasatpuld be the case within
a liquid phase.

The sodium atoms in the confinement media respond to the light byngniteio
superposition. The atoms may acquire two energy states simultyn&dusn where
the photons become entangled, transferring into the atoms the tbhtacteristics of
shape, amplitude and phd®2 Subsequent excitation of the atoms, returns into emitted
light the original information

Hence, the thermodynamic structure within a confinement locus, satloat the
guantum dimensions and the “energy parameters” of a light pulse, bermoepled
(190 syggesting that their link was mediatedtfy

Thus, confinement may be one of the phenomena that could be described by
space-time parameters, because suggest reversible timeddapdelocalization, of the
energy and quantum information parameters.

Conclusions

The premise of an earlier universe dominated by radiation wdsagd by a
simulation ©®® seeking a better-fit with astronomical observations. These riealpi
calculations, became supported by a simulation based in eq. 8 @ars®ed), which
was develop from a framewookquantum mechanics and relativity postulations.

This mathematical treatment allows a cosmic chronology of CMWBEch by
decreasing frequency, an equivalent value to the black body emissigperature,
allows a formula to be use as guantum-transducérinto a formalized model
mechanism, for describing an expansionary continuum of the dimensionsspfaite-
time.

The cosmos if self-contained could not be open. This apparent contraeieson
solved, by considering that the universe by photon elongation could be meihtar a
long period of time, as a system away from its equilibriuron@tion, allows a partial
recreation of the non-equilibrium potential by recycling photons, througtethgoral
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bottleneck of the PdC process, reentering in the PdC chain like cqpfdets and less
energetic content.
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Annexed

. 3/2
Addendum Simulation for Eq.8 20/ "G = Drgcws” D™ ", DH,"?
’ , D’]
I:)tU Dtg— loc DVCMB 2
ro/tu=c Ho=3.086E+24/t, ry [r = c= /2p] . a2, 12
tu ro=[Vuxa/a 14 re Ho=c r=c"hi2 E t loc Geme L Ho

[s] [Km/s/Mpc] [em] [km/s] [em] [s] { E-loc eurs N
3 3.46E-22 2.89E+21 1.04E-11 3.00E+05 4.520E-32 1.508E-42 513E
4 8.72E-22 1.15E+21 2.61E-11 3.00E+05 9.039E-32 18042 5.3E-17
5 2.20E-21 4.55E+20 6.58E-11 3.00E+05 1.808E-31 36042 5.3E-17
6 5.53E-21 1.81E+20 1.66E-10 3.00E+05 3.616E-31 06241 5.3E-17
7 1.39E-20 7.17E+19 4.18E-10 3.00E+05 7.232E-31 12@41 5.3E-17
8 3.51E-20 2.85E+19 1.05E-09 3.00E+05 1.446E-30 24841 5.3E-17
9 8.86E-20 1.13E+19 2.65E-09 3.00E+05 2.893E-30 49641 5.3E-17
10 2.23E-19 4.48E+18 6.69E-09 3.00E+05 5.785E-30 93QE-40 5.3E-17
11 5.62E-19 1.78E+18 1.69E-08 3.00E+05 1.157E-29 859E-40 5.3E-17
12 1.42E-18 7.06E+17 4.25E-08 3.00E+05 2.314E-29 719E-40 5.3E-17
13 3.57E-18 2.80E+17 1.07E-07 3.00E+05 4.628E-29 544E-39 5.3E-17
14 9.00E-18 1.11E+17 2.70E-07 3.00E+05 9.256E-29 088E-39 5.3E-17
15 2.27E-17 4.41E+16 6.80E-07 3.00E+05 1.851E-28 176E-39 5.3E-17
16 5.71E-17 1.75E+16 1.71E-06 3.00E+05 3.703E-28 235E-38 5.3E-17
17 1.44E-16 6.95E+15 4.32E-06 3.00E+05 7.405E-28  47Q0E-38 5.3E-17
18 3.63E-16 2.76E+15 1.09E-05 3.00E+05 1.481E-27 940E-38 5.3E-17
19 9.14E-16 1.09E+15 2.74E-05 3.00E+05 2.962E-27 880E-38 5.3E-17
20 2.30E-15 4.34E+14 6.90E-05 3.00E+05 5.924E-27 976E-37 5.3E-17
21 5.80E-15 1.72E+14 1.74E-04 3.00E+05 1.185E-26 953E-37 5.3E-17
22 1.46E-14 6.84E+13 4.38E-04 3.00E+05 2.370E-26 907E-37 5.3E-17
23 3.68E-14 2.71E+13 1.10E-03 3.00E+05 4.739E-26 581E-36 5.3E-17
24 9.29E-14 1.08E+13 2.78E-03 3.00E+05 9.478E-26 163E-36 5.3E-17
25 2.34E-13 4.27E+12 7.01E-03 3.00E+05 1.896E-25 328E-36 5.3E-17
26 5.90E-13 1.70E+12 1.77E-02 3.00E+05 3.791E-25 26%E-35 5.3E-17
27 1.49E-12 6.73E+11 4.45E-02 3.00E+05 7.583E-25 529E-35 5.3E-17
28 3.74E-12 2.67E+11 1.12E-01 3.00E+05 1.517E-24 058E-35 5.3E-17
29 9.43E-12 1.06E+11 2.83E-01 3.00E+05 3.033E-24 012E-34 5.3E-17
30 2.38E-11 4.21E+10 7.13E-01 3.00E+05 6.066E-24 023E-34 5.3E-17
31 5.99E-11 1.67E+10 1.80E+00 3.00E+05 1.213E-23 047E-34 5.3E-17
31/32 1.33E-10 7.49E+09 4.00E+00 3.00E+05 1.80E-23  6.00E-34 5.3E-17
32 1.51E-10 6.63E+09 4.52E+00 3.00E+05 2.426E-23 098E-34 5.3E-17
33 3.80E-10 2.63E+09 1.14E+01 3.00E+05 4.853E-23 1.619E-33 5.3E-17
34 9.58E-10 1.04E+09 2.87E+01 3.00E+05 9.706E-23 238E-33 5.3E-17
35 2.41E-09 4.14E+08 7.24E+01 3.00E+05 1.941E-22  47BE-33 5.3E-17
36 6.09E-09 1.64E+08 1.82E+02 3.00E+05 3.882E-22 293E-32 5.3E-17
37 1.53E-08 6.52E+07 4.60E+02 3.00E+05 7.765E-22 59QE-32 5.3E-17
38 3.86E-08 2.59E+07 1.16E+03 3.00E+05 1.553E-21 186E-32 5.3E-17
39 9.74E-08 1.03E+07 2.92E+03 3.00E+05 3.106E-21 036E-31 5.3E-17
40 2.45E-07 4.08E+06 7.36E+03 3.00E+05 6.212E-21 072E-31 5.3E-17
41 6.18E-07 1.62E+06 1.85E+04 3.00E+05 1.242E-20 144E-31 5.3E-17
42 1.56E-06 6.42E+05 4.67E+04 3.00E+05 2.485E-20 288E-31 5.3E-17
43 3.93E-06 2.55E+05 1.18E+05 3.00E+05 4.969E-20 658E-30 5.3E-17
44 9.89E-06 1.01E+05 2.97E+05 3.00E+05 9.939E-20 31B8E-30 5.3E-17
45 2.49E-05 4.01E+04 7.47E+05 3.00E+05 1.988E-19 636E-30 5.3E-17
46 6.28E-05 1.59E+04 1.88E+06 3.00E+05 3.976E-19 326E-29 5.3E-17
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47 1.58E-04 6.32E+03 4.74E+06 3.00E+05 7.951E-19 652E-29 5.3E-17
48 3.99E-04 2.51E+03 1.20E+07 3.00E+05 1.590E-18 308E-29 5.3E-17
49 1.00E-03 9.95E+02 3.01E+07 3.00E+05 3.180E-18 061E-28 5.3E-17
50 2.53E-03 3.95E+02 7.59E+07 3.00E+05 6.361E-18 122E-28 5.3E-17
51 6.38E-03 1.57E+02 1.91E+08 3.00E+05 1.272E-17 244E-28 5.3E-17
52 1.61E-02 6.22E+01 4.82E+08 3.00E+05 2.544E-17 48B8E-28 5.3E-17
53 4.05E-02 2.47E+01 1.21E+09 3.00E+05 5.089E-17 697E-27 5.3E-17
54 1.02E-01 9.80E+00 3.06E+09 3.00E+05 1.018E-16 398E-27 5.3E-17
55 2.57E-01 3.89E+00 7.71E+09 3.00E+05 2.035E-16 796E-27 5.3E-17
56 | Subsequent ? ? ? 4.071E-16 1.358E-26 ?
57 | steps ? ? ? 8.142E-16 2.716E-26 ?
58 | (56-68) ? ? ? 1.628E-15 5.432E-26 ?
59 involves formation ? ? ? 3.257E-15 1.086E-25 ?
60 | of matter from the ? ? ? 6.514E-15 2.173E-25 ?
61 ngincrement ? ? ? 1.303E-14 4.345E-25 ?
62 | Assuming that ? ? ? 2.605E-14 8.691E-25 ?
63 | from original ? ? ? 5.211E-14 1.738E-24 ?
64 | 1.7E+82 MeV ? ? ? 1.042E-13 3.476E-24 ?
65 | remains ? ? ? 2.084E-13 6.953E-24 ?
66 | 8.893E+77 MeV ? ? ? 4.169E-13 1.391E-23 ?
67 | asCMB ? ? ? 8.337E-13 2.781E-23 ?
68 | only 0.005% ? ? ? 1.667E-12 5.562E-23 ?
69 5.31E+03 1.88E-04 1.59E+14 3.00E+05 3.335E-1% 112E-22 5.3E-17
70 1.34E+04 7.47E-05 4.01E+14 3.00E+05 6.670E-17 223E-22 5.3E-17
71 3.37E+04 2.97E-05 1.01E+15 3.00E+05 1.334E-11] 45@E-22 5.3E-17
72 8.50E+04 1.18E-05 2.55E+15 3.00E+05 2.668E-11 898E-22 5.3E-17
73 2.14E+05 4.67E-06 6.42E+15 3.00E+05 5.336E-11] 78QE-21 5.3E-17
74 5.40E+05 1.85E-06 1.62E+16 3.00E+05 1.067E-1@ 566E-21 5.3E-17
75 1.36E+06 7.36E-07 4.08E+16 3.00E+05 2.134E-1¢ 119E-21 5.3E-17
76 3.43E+06 2.92E-07 1.03E+17 3.00E+05 4.269E-10 424E-20 5.3E-17
77 8.63E+06 1.16E-07 2.59E+17 3.00E+05 8.537E-1(4 848E-20 5.3E-17
78 2.18E+07 4.60E-08 6.52E+17 3.00E+05 1.707E-09 696E-20 5.3E-17
79 5.48E+07 1.82E-08 1.64E+18 3.00E+05 3.415E-09 13%9E-19 5.3E-17
80 1.38E+08 7.24E-09 4.14E+18 3.00E+05 6.830E-09 278E-19 5.3E-17
81 3.48E+08 2.87E-09 1.04E+19 3.00E+05 1.366E-09 558E-19 5.3E-17
82 8.77E+08 1.14E-09 2.63E+19 3.00E+05 2.732E-09 119E-19 5.3E-17
83 2.21E+09 4.53E-10 6.62E+19 3.00E+05 5.464E-08 1.823E-18 513E
84 5.57E+09 1.80E-10 1.67E+20 3.00E+05 1.093E-07 648E-18 5.3E-17
85 1.40E+10 7.13E-11 4.21E+20 3.00E+05 2.186E-07 290E-18 5.3E-17
86 3.54E+10 2.83E-11 1.06E+21 3.00E+05 4.371E-071 458E-17 5.3E-17
87 8.91E+10 1.12E-11 2.67E+21 3.00E+05 8.742E-07 918E-17 5.3E-17
88 2.25E+11 4.45E-12 6.73E+21 3.00E+05 1.748E-0§ 838E-17 5.3E-17
89 5.66E+11 1.77E-12 1.70E+22 3.00E+05 3.497E-04 16GE-16 5.3E-17
90 1.43E+12 7.02E-13 4.27E+22 3.00E+05 6.994E-04 333E-16 5.3E-17
91 3.59E+12 2.78E-13 1.08E+23 3.00E+05 1.399E-09 668E-16 5.3E-17
92 9.05E+12 1.10E-13 2.71E+23 3.00E+05 2.798E-09 332E-16 5.3E-17
93 2.28E+13 4.38E-14 6.84E+23 3.00E+05 5.595E-05 1.866E-15 513E
94 3.92E+13 2.55E-14 1.18E+24 3.00E+05 7.634E-05 548E-15 5.3E-17
95 5.30E+13 1.89E-14 1.59E+24 3.00E+05 8.190E-05 732E-15 5.3E-17
96 1.34E+14 7.49E-15 4.00E+24 3.00E+05 1.638E-04 468E-15 5.3E-17
97 3.36E+14 2.97E-15 1.01E+25 3.00E+05 3.276E-04 093E-14 5.3E-17
98 8.48E+14 1.18E-15 2.54E+25 3.00E+05 6.552E-04 183E-14 5.3E-17
99 2.14E+15 4.68E-16 6.41E+25 3.00E+05 1.310E-03 374E-14 5.3E-17
100 5.38E+15 1.86E-16 1.61E+26 3.00E+05 2.621E-03 .748E-14 5.3E-17
101 1.36E+16 7.37E-17 4.07E+26 3.00E+05 5.241E-03 .748E-13 5.3E-17
102 3.42E+16 2.93E-17 1.02E+27 3.00E+05 1.048E-03 493E-13 5.3E-17
103 8.61E+16 1.16E-17 2.58E+27 3.00E+05 2.097E-02 .998E-13 5.3E-17
104 2.17E+17 4.61E-18 6.51E+27 3.00E+05 4.193E-07 .399E-12 5.3E-17
Pt 4.34E+17 2.30E-18 1.30E+28 3.00E+05 8.386E-02 2.797E-12 5.3E-17
105 5.47E+17 1.83E-18 1.64E+28 3.00E+05 8.386E-02 792E-12 5.3E-17

“E” indicating exponential in base 10

The nature and frequency of primordial energy differ by muchthat of its
residual cosmic microwave background (CMB), but the simulatin concerns
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only to relate their frequency by a mathematical treatment, andereby both
may be refer indistinctly.
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