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Abstract. The 2011 Nobel Prize in Physics was awarded “for the discovery of the
accelerating expansion of the Universe through observations of distant supernovae.”
However, it is not the case that the type Ia supernova data necessitates accelerating
expansion. Since we do not have a successful theory of quantum gravity, we should
not assume general relativity (GR) will survive unification intact, especially on
cosmological scales where tests are scarce. We provide a simple example of how GR
cosmology may be modified to produce a decelerating Einstein-de Sitter cosmology
model (EdS) that accounts for the Union2 Compilation data as well as the accelerating
ACDM (EdS plus a cosmological constant).
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1. Introduction

It is widely acknowledged that the universe is undergoing accelerating expansion as
evidenced by type la supernova data[l]. Indeed, the 2011 Nobel Prize in Physics
was awarded specifically “for the discovery of the accelerating expansion of the
Universe through observations of distant supernovae”[2]. Of course, cosmological data
isn’t literally “expansion velocity versus time” whence one reads off acceleration or
deceleration. The Union2 Compilation of type Ia supernova data, for example, provides
distance modulus p and redshift z for each supernova. In order to find u versus z for a
given cosmology model, we first find proper distance as a function of z, then compute
the luminosity distance Dy, and finally
Dy,
=stog (1o ) )

Each cosmology model will, in general, have different forms for proper distance as a

function of z and Dy, as a function of proper distance. Thus, the kinematical conclusion
of accelerating expansion comes indirectly from the cosmology model that produces the
best fit to p versus z (as long as it’s in compliance with other cosmological data as well,
of course). That model is currently ACDM, which simply adds a cosmological constant
A to the Einstein-de Sitter cosmology (EdS) model (25 + Q25 = 1)[3][4][5]. Since A
produces accelerating expansion, the conclusion in the Nobel citation follows.

While ACDM does work well in the context of all cosmological data, it introduces
a new “problem,” i.e., we have no explanation for a cosmological constant of the size
needed in ACDM [6][7][8]. This, in part, has spawned alternatives to ACDM. Yousaf
Butt at the Harvard-Smithsonian Center for Astrophysics writes|9]

Various alternatives to an accelerating universe have also been proposed (see,
for example, C. Tsagas, Phys. Rev. D 84, 063503 (2011)). Whether such
alternatives are viable remains to be seen, but the Nobel Committee for
Physics has perhaps acted somewhat prematurely by selecting a preferred
interpretation of the supernova projects’ data. The effect, intentional or not,
is to bully the skeptics into silence, self-censorship, or ridicule, whereas good
science proceeds with a healthy dose of skepticism and with open minds.

Even Perlmutter, a co-recipient of the 2011 Nobel Prize in Physics, said[10]

Not only do we not know what dark energy might be, that would be making
the universe expand faster and faster, we don’t even know whether really the
answer will turn out to be a new energy in the universe. It’s possible that
we've just discovered an extra wrinkle in Einstein’s Theory of Relativity, and
that that would be the real final result.

While the most popular attempt at explaining the supernova data without accelerating
expansion (inhomogeneous spacetimes[11][12][13][14]) and, therefore, without A has
not been ruled out, the possibility is increasingly constrained by WMAP and Hubble
data[15]. Herein, we introduce an alternative to ACDM that is compatible with a current
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(2011) “best estimate” for the Hubble constant[16], as well as the facts that space is flat
and sources are distributed (roughly) isotropically per WMAP[17]. In this model, the
universe is decelerating and contains no “new energy.”

2. The Model

After decades of effort by some of the greatest minds in physics, we still have no generally
accepted theory of quantum gravity or unified physics. Of course, there are any number
of reasons this might be the case, but consider the possibility that we’ve been trying
to quantize the wrong classical theory of gravity. That is, perhaps general relativity
(GR) is only an approximation to the correct classical theory of gravity, as evidenced
by the supernova data. We were motivated to consider this possibility by our work on
foundational issues[18][19][20], so this was not an ad hoc response to the supernova data.
Since our foundational method employs a graphical path integral approach to quantum
physics, we are motivated to pursue and modify a graphical, least action approach to
GR, i.e., Regge calculus[21][22][23][24].

Specifically, we constructed a Regge differential equation for the time evolution
of the scale factor a(t) in EAS and made two modifications (for details see our recent
paper[25] in Classical and Quantum Gravity). First, we allowed spatial links of the Regge
graph to be large (as defined below) in accord with the assumption that Regge calculus
is fundamental while GR. is the continuous approximation thereto. Second, we did not
assume that luminosity distance Dy, is trivially related to graphical proper distance D,
between photon receiver and emitter as it is in EdS, i.e., in EAS Dj, = (14 2)d, where d,
is proper distance between photon receiver and emitter. There are two reasons we did
not make this assumption. First, in our foundational view, space, time and sources are
co-constructed when rendering the transition amplitude, yet D, is found without taking
into account EM sources responsible for Dj. That is to say, in Regge EdS (as in EdS)
one assumes that pressureless dust dominates the stress-energy tensor and is exclusively
responsible for the graphical notion of spatial distance D,. However, even though the
EM contribution to the stress-energy tensor is negligible, EM sources are being used to
measure the spatial distance Dy, so in our foundational view the EM interaction should
contribute to the spacetime metric. Second, in our view, there are no “photon paths
being stretched by expanding space,” so we cannot simply assume Dy = (1 + 2)D,
as in EdS. Indeed, we find the trivial EdS relationship between luminosity distance
and proper distance holds only when D, is small on cosmological scales. In order to
generate a relationship between Dy, and D, we turned to the self-consistency equation
K@ = J in our foundational approach to physics[19], where K is the differential
operator, () is the ‘field’ and J is the source. Since we want a relationship between
Dy and D,, the ‘field’ of interest is a metric h,p relating the graphical distance D,
obtained theoretically using no EM sources, to the luminosity distance Dy, obtained
observationally via EM sources. The region in question (inter-nodal region between
emitter and receiver) has metric 7,5 given by ds* = —c*dt* + dD]%, so the inner product
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of interest can be written 7,3 + hos where the spatial coordinate is D,. Since each
EM source proper is not “stretched out” by the expansion of space, the spatiotemporal
relationship between emitter and receiver is modeled per this inter-nodal region alone.
Thus, unlike EAS, we have no a priori basis to relate Dy, to D,, so we begin with the

assumption Dy = (1 + z)\/ﬁp : ﬁp = (1+ 2)D,\/1+ hyy, where ﬁp = (0, Dy).

The specific form of K@) = J that we used was borrowed from linearized gravity in
the harmonic gauge, i.e., 9*hog = —167G(Thp — 31as7T). We emphasize that has here
corrects the graphical inner product 7,4 in the inter-nodal region between the worldlines
of photon emitter and receiver, where 7,5 is obtained via a matter-only stress-energy
tensor. Since the EM sources are negligible in the matter-dominated solution, we have
62ha5 = 0 to be solved for hy;. Obviously, hy; = 0 is the solution that gives the trivial
relationship used in EdS, but allowing /1, to be a function of D,, allows for the possibility
that Dy, and D, are not trivially related. We have hy; = AD, + B where A and B are
constants and, if the inner product is to reduce to 7,4 for small D,, we have B = 0.
Presumably, A should follow from the corresponding theory of quantum gravity, so an
experimental determination of its value provides a guide to quantum gravity per our
view of classical gravity. Our modified Regge calculus (MORC) best fit to the Union2
Compilation data gives A~' = 8.38 Gcey, so the correction to 1, is negligible except
at cosmological distances, as expected. Essentially, we're saying the supernova data is
an indication that A # 0 so that one cannot simply assume the distance D measured
using EM sources corresponds trivially to the graphical distance D, even though the
EM sources contribute negligibly to the stress-energy tensor.

Our Regge EdS equation for the time evolution of the scale factor a(t) is

T —cos ! <%) — 2cos™! (2—%) Cm
Vv2/e? 4+ 4 T e 2)
where r = Ra(t), R is the internodal distance today, and v = dr/dt. If v?/c* < 1, then
a power series expansion of the LHS of Equation (2) gives

v2 4t Gm
2to() =5a (3)

2 Gm
Thus, to leading order, our Regge EdS is EdS, i.e., 5 = which is just a Newtonian
r

conservation of energy expression for an unit mass moving at escape velocity v at
distance r from mass m. In Regge EdS, v is the relative ‘Newtonian’ velocity of spatially
adjacent nodes of mass m. So, spatial links are “small” when the ‘Newtonian’ graphical
velocity v between spatially adjacent nodes on the Regge graph is small compared to
c. In that case the dynamics between adjacent spatial nodes is just Newtonian and the
evolution of a(t) in Regge EdS is equal to that in EdS. For the best fit MORC trial, the
use of large spatial links did make a small difference (Figure 1), but generally the Regge

evolution played a minor role in the MORC fits, so the major factor in improving EdS

was Dy = (14 2)D, — Dy = (1 + 2)\/ D, - D,
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Figure 1. Top graph shows Regge evolution (dotted) without the hj; correction and
EdS evolution (gray) for the best fit MORC trial, i.e., SSE = 1.77. The bottom graph
makes the same comparison for a trail in which SSE = 1.78.

3. The Fit

We fit EAS, MORC, and ACDM to the Union2 Compilation data[26] (Figures 2 and 3).

In order to establish a statistical reference, we first found that a best fit line through
D

log —L ) versus log z gives a correlation of 0.9955 and a sum of squares error (SSE)

Gpc
of 1.95. EdS cannot produce a better fit than this best fit line. The best fit EAS gave

SSE = 2.68 using H, = 60.9 km/s/Mpc. Both MORC and ACDM produced better fits
than the best fit line. The best fit ACDM gave SSE = 1.79 using H, = 69.2 km/s/Mpc,
Q= 0.29 and Qp = 0.71. This best fit ACDM is consistent with its fit to the WMAP
data[17]. The best fit MORC gave SSE = 1.77 and H, = 73.9 km/s/Mpc using R = A™!
= 8.38 Gey and a nodal mass m = 1.71 x 10°? kg. Both MORC and ACDM are within
two sigma of a current (2011) “best estimate” for the Hubble constant of H, = (73.8 £
2.4) km/s/Mpc [16], while EdS lies over five sigma out. Given the scatter in the data,
MORC and ACDM produce essentially equivalent fits, clearly superior to EdS.
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Figure 2. Plot of transformed Union2 data along with the best fits for linear regression
(thin black), EdS (dashed), ACDM (gray), and MORC (dotted).
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Figure 3. Plot of Union2 data along with the best fits for EdS (dashed), ACDM
(gray), and MORC (dotted). The MORC curve is terminated at z = 1.4 in this figure
so that the ACDM curve is visible underneath.

4. Conclusion

We have shown that a modified Regge calculus (MORC) version of Einstein-de Sitter
cosmology (EdS) produces a fit of the Union2 Compilation of type la supernova data
equaling that of ACDM. MORC’s value of the Hubble constant is within one sigma
of a current (2011) “best estimate” and its distribution of sources in flat space is
consistent with WMAP data. Thus, the supernova data may point to such “an extra
wrinkle in Einstein’s Theory of Relativity” and, since MORC models a decelerating
universe (without “new energy”), it may well be premature to claim “the discovery of
the accelerating expansion of the Universe through observations of distant supernovae.”
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