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Abstract

Simulations relating the Big-Bang-chronology to primordial quanta incrementing in number and elongating
into CMB, suggested a quantum dependent-expansion based in parametric down-conversion (PDC). The
PDC-dependent increase in the number of photons, by uniformly emerging and aggregating, when measure
along the cosmos radius, yields per Mpc the Hubble’s constant value. Seeking to elucidate the
correspondence between quantum-microscopic and macroscopic scalar-levels, their interaction was idealized
by assuming that a quantum of space-time could be represented as an adiabatic Schrédinger’s box.
Conjugation of the time-independent equation allowed a 3D-visual description of the intra- or inter-
relationship between energy and space for a PDC-turnover. A chain of PDC turnover events, by conforming
steps of lower and lower dissipative potential, operate a quasi-open thermodynamic system. Hence, allowing
that at each of the sequence of PDC turnovers, the product, two photons of twice wavelength, do not
accumulate, because in turn these become substrates for subsequent turnovers. The schematic representation
of this process in a Schrodinger’s box, allowed predicting a photon-division transition as a two-peak wave.
To analyze a theoretical bridge between gravitational independent sequences of PDC process, that by
incrementing photon number and by their self-dimensioning expansion shows best-fit with the data obtain by
astronomical observation. It is widely accepted that the increment in the universe volume could be related to
the energy axis from Planck limit to present CMB. This has been idealized as a dissipative potential, of
frequency decreasing in function of expanding Schrédinger’s boxes. This could become integrated as a
dissipative potential, conforming a continuum of decreasing frequency density.

Introduction

Quantum theory ['] usually described
particles as points within external coordinates of
the space-time, without assigning internal
parameters that could be dimensioning as a
function of the evolving cosmos. String theories
[l as a solution develop multi-dimensional
descriptions using lines in place of points to avoid
infinites.

In order to restrict the number of
dimensions, to the ones known, the quantum
parameters of cosmic evolution were described as
departing from the progress of a quantum
structuring inflation in the energy-space-time [>*
°]. Simulation based in this model integrates the
observable dimensions of the cosmos, as the
resultants of the dynamics of internal quantum
parameters [> " % % 191 The open-like
thermodynamics [*] of this quantum-structured

universe could therefore show properties of a
continuum [** 1],

Simulations relating the Big-Bang [“]
energy chronology [* " ' ¥ ] to CMB [%]
elongation, suggested a self-contained cosmos,
emerging with a quantum structure according to

22 xGlc® =4x107%3cm or/and

lpy =VAxGlc® =1.6x107*cm, delimiting a

causality horizon.

Primordial energy was undergoing
quantification and localization by integrating the
space-time of Planck particles. The causality
delimiting velocity of light (c) was overpass
during inflation [**?* 242> 2] presumably because
simultaneously and cooperatively was increasing
the number of Planck particles (yp) from an initial
one to the number required to constitute critical
energy.

After completion of the universe
aggregate quantum structure, by the lack of



further addition of yp, enthalpy ceases to increase.
Expansion thereafter becomes based in single
parameter of energy density decrease as a function
of cosmic time. This relationship allowed to
obtain thermodynamic [*] coordinates for energy-
space-time. Evaluated from a cosmos structured
by the aggregate of 1.5x10% Planck particles
reaching by PDC [*'] the present photon number
(ny) of 3.8x10% of actual CMB [* %% %%,

This mathematical treatment shows a
geometrical increment of 10* from the Planck
length (1.6x10™* cm) to the mean value of the
photon-radius [*'] of residual CMB spectrum. This
value 8.38x107 cm has a 3D a correspondence of
2.5x10°° cm® that multiplied by 3.8x10% yield the
actual volume of a universe 9x10% cm? of radius
1.3x10% cm.

However, it could be assumed that PDC
operates to duplicate photons and halve their
energy at all corresponding wavelengths of the
CMB-spectrum.

This would allow a range of intermediate
values for photon-radius, in such a manner that
the detection of CMB as a spectrum turns difficult
the calculation for a more precise evaluation of
the best-fit, between aggregate quanta volume and
the universe volume.

Total energy enthalpy plus entropy could
be shown constant by describing the increases of
entropy ["'] as a function of the increases of
number photon (ny) and decrease in energy
density. Einstein’s model for Planck’s law:

p, =8nhvi/c® xe™ T or p, =8rh/2’ xe ™"

suggested that density of spectral energy could be
more schematically treated, as frequency-density.
The latter, applied to the universe chronology,
was studied because applied to an energy gradient,
represents quantum thermodynamic structures
perceivable as a continuum.

Results

It could be estimated that the decrease of
density frequency (o), as a function of the
decrease between Planck density (1.5x10®
MeV/cm®) and the present universe photon
density (1.86x10° MeV/cm?®), corresponds to an

exponential gradient 10"° (figure 1). This value
corresponds to a slope of 2.1, which indicates a
cooperative dependency [*’] of the reaction rate
from two or more parameters. On the other hand,
the increment in the universe radius as a function
of time shows slope of 1.
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Figure 1: Cooperative parameters. The energy
density decrease rate (log [py]) as a function of
the expanding universe volume, measured in
MeV/cm®, was plotted on the y-axis. The x-axis
(log [t]) shows the chronology from Planck
energy limit to present CMB. Simulations to
evaluate the rate of quantum-dependent increment
of the universe volume were based in the
increment and dimensionality of the photon:
nys\y. The Compton localization,
Ac=h/2nmclead to an equivalence: A2z
=JAc=ry. The PDC-dependent changes in ny were
incorporate directly as increment in the universe
volume. During inflation the slope of energy
density, was much lower than one, because the
progress of quantification by incrementing the
total energy within the system increases density

(p), adding as cooperatively negative.

1

According to Boltzmann for an x state of
a box volume: the constant: k = 1.38x10* J/K =
8.614x10 "' MeV/K [*] and entropy AS = kxlogV.



A unity of energy density MeV/cm® was
used as a function of Vy, to assay entropy along
the chronology of universe.

S(V), inflation-expansion: Taken in account the
Planck or initial to inflation volume:

V,
AS\ =kxlog—L =
V) Vo,
34 3
_kxlog 9.2x10™"cm _18%

1.768x10%%cm?
S(V), expansion: However, quantification of the
universe energy leads to ny=1.51x10% Planck
particles which requires the aggregated volume
=1.14x107% cm’.
78x10°" ~151x10%)
6.023x10%

oo eV

84 3
—9'2X10_3§m —=3.04x10° MEY
1.14x10°cm K

PDC at the cosmos level could magnify
its entropy impact by the space-time changes
incrementing quantum disorder over the Er.

After having transfer energy for the
formation of matter the remaining radiation
energy (CMB), equals to 1/20000 of total energy
(Et). Hence, reducing contribution of division-
elongation to entropy, generated as a function of
expanding vacuum, and the increment in ny. The
resulting quantum disorder is additional, but could
be differentiated and separately calculated.

If the initial energy remained constant, n
that could represent the number of photons does
need to be included.

The Planck density, pp, evolves as a
dissipative function of PDC, incrementing photon
number progressively, but each PDC cycle
leading to less and less photon energy density, pe,
=E+/ Vy =E, x 8¢ [ V, x 8¢ ".pg, =E, / V,, a
quantum relation linking the increment of y-
volume to the V chronology.

Ap :E: ET = ET
V. 4/3xmx(Ar)® 413xmxcdx(At,)?
pp, —Er__Es E,

:VT_Vyxny - 4/3><n><(Ary)3><ny

S(p), inflation:

AS :kxlog{ﬁ} and V:E
0 Pu

ASe =k xlog M} —kx Iog{&}

| Er/pp PEx
I 20
AS e =k xlog f_::—]l-gllw} =k x |Og(1.9><103)

S(p), inflation-expansion:

AS(p) =k x log M}zkxlog{&}
| Er/pp Prr

[ 2.8x1012°
AS(p)=kxlog ===~ | =k xlogl1.6x10"%°
(p) =kx g_l.8><10‘3} xloglL.6x10)

Gravitational entropy Sg.,=10"" would
add cooperatively, indicating the requirement to
integrate the entropy contribution of different
origins. Penrose [*°] calculated the entropy of the
primordial cosmos to present as 10™.

The increment in entropy measure for
energy density decrease shows as cooperative
functions between the decreasing A-energy
(elongation) and the increment of the universe
volume.

This suggested that expansion may be
analyzed by elucidating the integration between
two dynamics. The one corresponding to the
stretching of the wavelength from primordial to
present CMB, a frequency or energy decrease and
a l-directional parameter and its 3D dynamics
correspondence within the parameters of the
stretching space.

This one could be analyzed according to
wave time-independent equation:
w, =2/ Lsen(nx/L)+0xi  (i:
part). This treatment allows idealizing a transition
as a succession of wave functions, as contained in
Schrédinger’s box.

The use of a linear Hermitic operator,
[ (Ao = [ (AW) ¥ do,
Q Q
uniform restricted, but continuous functions that
could be applied to discrete changes of the energy

imaginary

produces



potential. Thus, allowing idealization of the
possible states of quanta aggregating into an
expanding space. Sequence of resultants
dissipative potential: W, ,%¥, , Ws—... ,, ¥,, with
E; >E;>E>...> E,.

It is inferred, that each of the resultants
would contain less and less energy but each step
would still be able to maintain the system away
from its equilibrium conditions.

Hence, resultants as PDC products reenter
as substrate to PDC generating a continuum
dissipative potential; interacting as if were within
an open thermodynamic system. An undefined
pre-causal state of energy-space-time could
progress through quantification to a quantum
structure self-contained universe, resulting in
inflationary structuring of energy.

A 2\

Schrodinger’s box. The PDC process, assimilated
to a gravity-independent spatial increment of a
quantum, delimits for each photon a space region
(), for its energy splitting transition: 4 —
(DoubleA plus doubleAd). Each PDC-like turnover,
allows a dissipative chain of stair cased
potentials, by reusing the PDC product as the next
substrate, and therefore could be integrated as
driving an overall cosmic expansion.

Hermitic Operator

[ (A, )do = [ (A¥,)" ¥, do
Q

Q
- . ~ d
Derivative of primer OperatorA=d—; space
X

integral (Jo); do=d x d y d z; ¥, and ¥, delimit
functions, uniformly and continuously by
extending to all the space an assumed to be
convergent; n; and n, energy levels for interval 0 <
X < 2m. The different auto-values are represented

as perpendicular (orthogonal), commuting the
same auto-function.
Schrodinger wave time independent equation:

v, =+2/Lsen(nmx/L) +0xi (i: imaginary
part) = conjugate: y; =~/2/Lsen(n,nix/L) .-

A= di(\/Z/ Lsen(nlnx/L))z V278270, cos(an,x/ L)
X

(Ay)” =|A(V27 Lsen(nym) |

(Ay,)* =~2732m, cos(amyx/ L)

v, = MSen(nznx/L) =

Ay, = AlV27 Lsen(n,zxiL))

Ay, =232z xn, cos(am,x/ L)

J"I’f (A, )do = Ix/ﬁsen(nlnle)ﬁ L*"2n, cog(nn,x/ L )dw

1.
j ¥ (AY,)do = I 2mn, L% cog(mn,x/ L )sen(rn, x/ L o
Q Q

[ (A, o= nz(_ cos(mx(n, —n,)/L) cos(mx(n, + nz)/L)J
Q L n,—n, n,+n,

2.
J'(A‘Pl)*‘yzdoa = J.ZnnlL’2 cog(nn,x/ L)sen(mn,x/ L do
Q Q

J'(A‘P J o= _ cos(nx(n, —n,)/L) cos(mx(n, +n,)/L)
o L n,-n, n,+n,

Analysis of Hermitic in 2D-Plot

J“Pf (AW,)dw = IZnL’an cos(mn,x/ L)sen(n,nx/ L o
Q Q

I‘I‘l* (A, Yoo = nz(_ cos(mx(n, —n,)IL) cos(mx(n, + nz)/L)J
o L n,—n, n,+n,

[¥ (A¥,)o =W, +¥,
Q

—n, cosfax(n, —n,)/L]

Y, = (Red curve)
n—n;
-n n,+n,)/L
Y, =—2 cospax(n, +n,)/ ](Blue curve)
n +n,
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Figure 3: The 2D-dynamics of the PDC process.
Phermiic  TEPresent a re-composition of two
wavelengths 4, of higher energy than A; to
generate the Hermitic wavelength that may
represent an approximation to characterize the
transition state like a wave function.

Figure 4: The 3D-dynamics of the PDC process.
The energy level equation in the Hermitic left was

numerical adapted to Parametric down-
conversion division of one photon into two by

selecting amplitude: A=n,/L, and n;= 2 and
n,= 4. For a) F(x,L)=4/L[1/2xcos(-2axL)

~1/6xcos(6x/L)], 0<x<2m 2mn<L<4n.
For b) F(x,L)=2/L[1/2xcos(-2ax/L)-1/6x
xcos(6zx/L)].  The

correspondence: E; < Ei. Energy level 1 it’s
represented by the shorter wavelength (n=2)
and energy level 2 a longer wavelength
(n=4).
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Figure 5: Contour-plot for the 3D-dynamics of
the PDC process (figures 4 a] and b]). A
topographic representation, likes looking from
above.
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Discussion

Several mathematical treatments are
hereby tested, to further characterize the
relationship of energy-space-time between its
interactive levels. The quantum level of
primordial energy in a multi-step dissipation into
CMB-photon was analyzed. It shows an integrate
correspondence by  structuring  dissipative
potential of  frequency  density. The
correspondence between quantum-microscopic
and macroscopic scalar-levels was idealized by
assuming that a quantum of space-time could be
represented as an adiabatic Schrodinger’s box.

Conclusions

The figures 3 to 5 illustrate the proposed
integration of energy-space-time parameters, in an
interaction, that by decreasing frequency induces
a multi-step change of the quanta number, time
and locus of localization. Its equivalent is the
PDC model in which one photon generates two of
twice wavelength. This time-space tension along
the cosmos chronology, allows the continuous
stretching of the wavelength containing space (-
box), represented by the Schrédinger’s box.

If applied to all the space, the integration
of quanta, could be shown as A-boxes extending to
converge as an arrow of time, leading to the future
extinction of the dissipative potential density of
spectral energy or frequency density of CMB in
relationship of its locus in the space-time.

References

[1] Can Quantum-Mechanical Description of Physical
Reality Be Considered Complete?, A. Einstein, B.
Podolsky and N. Rosen, Institute for Advanced Study,
Princeton, New Jersey. Physical Review, volume 47
May 15, (1935).

[2] Barrow, John D., Theories of everything the quest
for ultimate explanation, Oxford University Press,
1991.

[3] Hawking, S. W., <<The Quantum Theory of the
Universe>>, en T. Piran y S. Weinberg eds.,
Interactions between Elementary Particle Physics and
Cosmology, World Scientific Press, Singapur, 1986.

[4] Hawking, S. W., A Brief History of Time, Bantam,
Nueva York, 1988 (hay trad. cast.: Historia del tiempo,
Critica, Barcelona,199013).

[5] Vilenkin, A., <<Creation of Universes from
Nothing>>, Physics Letters, B 117 (1982), 25.—,
<<Boundary Conditions in Quantum Cosmology>>,
Physical Review, D 33 (1982), 3560.

[6] Bennun, A.: “A Model Dimensioning the Space-
Time by Parametric down-conversion”, The general
science journal, Astrophysics: Sep. 5, (2007).

[7] Bennun, A.. “Changes in Space-Time
Configuration of CMB for a Role in Vacuum
Fluctuations”, The general science journal,
Astrophysics: Sep. 13, (2007).

[8] Bennun, A.. “A Simulation Shows the Distinct
Roles of Matter Curving and CMB Expanding Space”,
The general science journal, Astrophysics: Dec. 18,
(2007).

[9] Bennun, A.: “CMB Radiation and the Casimir
Effect”, The general science journal, Quantum Physics:
Dec. 12 (2007).

[10] Babin, W., “Relativistic Transformation
Equations: Additional Support for the Existence of
Dual States” The general science journal, Astrophysics:
Mar. 15, 2006.

[11] Prigogine, 1., EI Nacimiento del Tiempo, Tusquets
Editores, Buenos Aires (2006).

[12] Hartle, J. B., y S. W. Hawking, <<Wave Function
of the Universe>>, Physical Review, D 28 (1983),
2960.

[13] Einstein, A. & W. de Sitter, “On the Relation
between the Expansion and the Mean Density of the
Universe,” Proceedings of the National Academy of
Sciences 18, 213 (1932) [reprinted, with commentary,
in Lang, Kenneth R. & Owen Gingerich, eds., A Source
Book in Astronomy & Astrophysics, 1900-1975
(Harvard Univ. Press, 1979), 849-50].

[14] Alfano R. R., “The Ultimate White Light”, in
Scientific American, Vol.295,No 6, pages 64-71,
December, 2006.

[15] G. Gamow, Mr. Tompkins, Cambridge University
Press, Cambridge (1993).

[16] Borner, G.: 1988, “The Early Universe”, New
York. Springer-Verlag, Second Ed. (1992).

[17] Liddle, A., “An introduction to Modern
Cosmology”, John Wiley & Sons Ltd. Second Edition
(2004).

[18] Weinberg, S., “Gravitation and Cosmology”, New
York, John Wiley. (1972)

[19] Penrose Roger, “El camino a la realidad”, Randon
House Mondadori, Barcelona, (2006).



[20] H. Reeves, EI Primer Segundo. Ultimas Noticias
del Cosmos 2, Ed. Andrés Bello, Santiago de Chile
(1998).

[21] Smoot, G. and Scott, D., Cosmic Background
Radiation, in Hagiwara, K. et al., Physical Review
D66, 010001-1, 2002.

[22] Guth, A., <<The inflationary Universe: A Possible
Solution to the Horizon and Flatness Problems>>,
Physical Review, D 23 (1981), 347.

[23] Guth, A., y P. Steinhardt, <<The Inflationary
Universe>>, Scientific American (mayo de 1984), p.
116.

[24] Calzetta, E. and El Hasi C., “Nontrivial Dynamics
in the Early Stages of Inflation”, Phys. Rev. D51, 2713.
(1995)

[25] Linde A. D., “Particle Physics and Inflationary
Cosmology”, Phys. Lett. 129B, 177 (1983).

[26] El Hasi C. “Non Trivial Dynamics and Inflation”,
en “Chaos in Gravitational N-Body Systems” de J.C.
Muzzio et al (Kluwer Academic Publishers) 239-244.
(1996).

[27] M. Torres Cisneros, J.W. Haus, P. Powers,
P.Bojja, M. Scalora, M.J. Bloemer, N. Akozbek, L.A.
Anguilera Cortes, R. Guzman Cabrera, R.Castro
Sanchez, M.A. Meneases Nava, J.A. Andrade Lucio y
J.J. Sdnchez Mondragon. Conversién Parametrica en
un Cristal foténico no-lineal. Revista Mexicana de
Fisica 51,pp 258-264 (2005).

[28] Smoot, G. and Scott, D., Cosmic Background
Radiation, in Hagiwara, K. et al., Physical Review
D66, 010001-1, 2002.

[29] Smoot, G., COBE Observations and Results,
<arXiv:astro-ph/9902027> (1999).

[30] Tegmark, M., The angular power spectrum of the
four-year COBE data, the Astrophysical Journal, 464:
L35-L38 (1996).

[31] L. de Broglie, Tentative dInterpretation Causale
et Non-Liniare de la mécanique Ondulatoire. Gauthier-
Villards, Paris (1956); D. Bohm, Phys. Rev. 85, 166,
180 (1952).

[32] Bennun, A. The unitary hypothesis on the
coupling of energy transduction and its relevance to the
modeling of mechanism. In "Mechanism of Energy
Transduction in Biological System™ (D.E. Green, ed.).
(1974). Annals New York Academy of Sciences, 227,
116-145.



