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Abstract It is demonstrated that gauge invariant states within local super-symmetry are
equivalent to quantized states of global super-symmetry that are preserved by (oblivious to)
super-gravitational interactions (analogous to the stationary atomic states that derive from
gauge invariance in the theory of Weyl). The cosmology which emerges from this equiva-
lence is unique and finite, and parallels observation. Specifically, mass-energy distributions
occur about intersections of phase transitions that modify the shock front of global expan-
sion, and the predicted number of galaxies approximates that determined by observation.
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1 Introduction

Osp(1/4) pure super-gravity on M4:

L = √−gR + eψ̄μγνγ
5Dσ ψρε

μνρσ

and the sector of those fermions that characterize the standard model can be simultaneously
derived from AdS7XS4 [1]. The above Lagrangian density is based upon the super-Poincare
algebra

[MA,MB} = f C
ABMC, (1)

where the components of the MA are

MA = {Pa,−iMab,Qα}. (2)

The Pa generate the translation group, the −iMab constitute the adjoint representation of
the Lorentz group and the Qα are components of the SUSY generator.
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Fig. 1 SUGRA mediated
quark-lepton transitions

If the ωA
μ describe all connection fields:

ωA
μ = {ea

μ,ωab
μ , ξ̄ α

μ}, (3)

and transform under Osp(1/4) as

δωA
μ = f A

BCεBωC
μ, (4)

then the Osp(1/4)-covariant derivative is

∇μ = ∂μ + MAωA
μ = ∂μ + ea

μPa − iωab
μ Mab + ξ̄ α

μQα, (5)

and the Riemannian curvature tensor assumes the form

[∇μ,∇ν] = RA
μνMA, (6)

where

RA
μν = ∂μωA

ν − ∂νω
A
μ + ωB

ν ωC
μf A

BC (7)

[2].
In this context the interaction Hamiltonian for SUGRA interactions becomes

−i(α)ψ̄μγνγ
5MAωA

σ ψρε
μνρσ , (8)

from which one obtains first-order SUGRA interactions between gravitons 
 and spin-(3/2)
composites of photons and quarks (or leptons). Observe that the proposed SUGRA interac-
tions produce amplitudes for similar (pure SUGRA) interactions that are characterized by
absorptions of composite spin-2 particles; e.g. interactions described by SUGRA vertices

γLUL + ψLνe−
L ŪR → γLνe−

L + ψL and γLνe−
L + ψLνe+

R UL → γLUL + ψL. (9)

It is clear that such interactions involve net absorptions of spin-2 action Ld4x by the super-
gravitationally interacting 4-vacuum, and it is argued that each absorption of action beyond
a critical threshold results in a critical increment of mass-energy density L (a critical 4-
curvature) that seeks the gravitational equilibrium (Friedman flatness) which is achieved by
an expansion of 4-volume d4x. It is argued that the proposed isotropic distribution of critical
action absorptions constitutes a device which behaves like an isotropic diffraction grating.
Specifically, it is argued that a typical SUGRA 4-curvature occurs about every critical ab-
sorption of SUGRA action in the set that collectively constitutes the proposed isotropic
distribution, and that each such 4-curvature produces a typical phase transition or inflation
event. The proposed model identifies these phase transitions with the gauge transformations
that are intrinsic to local super-symmetry. In this context admissible phase transitions are
restricted to those that produce one super-gravitationally stationary state from another.
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2 Gauge Invariance

The connections of local super-symmetry lend themselves to gauge transformations

exp(iβ)δωA = exp(iβ)f A
BCεBωC

μdxμ, (10)

under the local SUSY group Osp(1/4), where β represents a scale factor. The proposed
model identifies the phase transitions that, according to the previous section, occur to the
shock front of global expansion with the phase transformations (10). Moreover, this model
imposes gauge invariance, which restricts such gauge transformations to those that preserve
maximal Riemannian symmetry:

exp(iβ)f A
BCεBωC

μdxμ = exp{2πiN} N = 0,1,2,3, . . . ; (11)

i.e. to those that preserve 3-states of constant Riemannian curvature [3].

3 Model Calibrated in Terms of a Large Scale Boundary Condition

The proposed SUGRA spectrum can be simplified in terms of an alternative base that is
indicated by observation of the large scale, provided that the scale factor β is chosen as

β

2π
∼= .434294482 . . . . (12)

In this context, the admissible phase transitions that are described by (11) become

exp{f A
BCεBωC

μdxμ} = 10N N = 0,1,2,3, . . . . (13)

The selection of base 10 is founded upon the observed boundary condition that galaxies
are typically separated by a distance that is about ten times the diameter of the typical
galaxy; that galactic clusters are typically separated by a distance that is about ten times
the diameter of the typical cluster etc.

The transformations of SUGRA states that are described by (10) are analogous to the
gauge transformations that were proposed by Hermann Weyl [4], and the proposed con-
straint of gauge invariance upon such transformations is analogous to that by which Fritz
London derived stationary atomic states from the theory of Weyl [5].

Adopting the proposed, naïve model, the observable universe assumes a form in which
the global flatness that was traditionally observed is embellished by the prescribed phase
transformations on the shock front of global expansion (Fig. 2).

It is assumed that the value N = 0 corresponds to a single galaxy (to the original isotropic
mass-energy distribution); that the value N = 1 corresponds to that galaxy after it has been
embellished with, and surrounded by a basic Huygens pattern of admissible phase transi-
tions; i.e. admissible inflation events; that the value N = 2 corresponds to the initial config-
uration plus an isotropic proliferation of the initial Huygens pattern of inflation events etc.
Thus it is argued that gauge invariance in the context of local super-symmetry selects a spe-
cific large-scale spectrum; i.e. selects a unique history from the continuum of histories that
is admitted by conventional string theory and by the corresponding conformal field theory
of super-gravity. But the question that immediately arises is whether or not the predicted
galactic hierarchy parallels that which is observed.
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Fig. 2 Secondary shock waves
of universal expansion

4 Confirmations of the Predicted Structure

The large-scale that is indicated by Fig. 2 and described by the associated discussion in-
deed parallels large-scale observations. Specifically, the sector labeled ‘Friedman limit’ is
revealed by observations of the immediate and intermediate past (of the region that has, from
our perspective, had time to undergo complete inflation and achieve Friedman flatness). The
Huygens fringe, which is purportedly constituted by isotropic phase transitions (inflation
events) on the shock front of universal expansion, which are constrained by condition (13),
and then by isotropic proliferations of such phase transitions is revealed by observations of
the early universe (by radio surveys of regions near the event horizon).

Since the proposed phase transitions produce instantaneous, advances of the global shock
front, the resulting semi-spherical shock waves which cumulatively produce the Huygens
pattern that is indicated by Fig. 2, enclose 3-dimensional voids. But how can 2-dimensional,
secondary and tertiary shock fronts constitute domains of mass-energy distribution? An ex-
planation in terms of macroscopic considerations might be as follows: If two inflation events,
occurring about neighboring critical absorptions of action (two semi-spherical surfaces) in-
tersect at a point, then they share a common, 2-dimensional vector space. But if such surfaces
intersect along a curve, then, generally, three linearly independent vectors are tangent to the
intersecting surfaces at each point on the boundary. Because 3-space is spanned at each point
of intersection and only along the boundaries that consist of such points, the proposed model
restricts distributions of mass-energy to formations about such boundaries.

This naive model seems to parallel observations by radio surveys of regions that lie near
the event horizon (near the edge of the observable universe). According to a semi-annual
report from the Harvard-Smithsonian Center for Astrophysics, “The distribution of galaxies
in the red-shift survey slice looks like a slice through suds in the kitchen sink. The galaxies
are on the surfaces of bubble-like structures with diameters of 25–50 Mpc.” It is further
stated that “The appearance of the coma cluster at the intersection of several (semi-spherical)
shells provides a clue to the relationship which we will explore more fully as the survey
covers a larger and larger volume.” Finally it is stated that “In a toy model with close-packed
bubbles of fixed size, and with clusters located at the interstices between bubbles, the typical
separation of clusters is equal” [6]. A photograph taken by one of the radio surveys to which
the above discussion refers is as in Fig. 3.

One can confirm from Fig. 3 that distributions of super-clusters lie along boundaries of
intersecting ‘bubbles’.

A quantitative feasibility argument for the proposed model is also motivated by the se-
quence of cosmological scale factors that is prescribed by (13). Specifically, the scale fac-
tors that are described by (13) motivate an iterative calculation, which predicts a number of
galaxies that is approximately equal to the number indicated by observation.
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Fig. 3 A radio-survey of regions near the event horizon

Observations of local conditions establish that the typical galaxy is about ct0 = 105 light
years (ly) in diameter, and that five galaxies populate the typical basic cluster. Based upon
these boundary conditions, and upon an assumption of homogeneity, one can associate the
equation (4/3)πR3

1 , describing the volume of a typical basic cluster, with the number 5.00.
Thus, rounding to three digits, it is concluded that, typically, R1

∼= 1.06. (According to (13),
which indicates that RN = ctN = ct010N , the radius of the typical galactic cluster in light
years is about ct1 = ct010 = 105(10) = 106 ly.) Now, continuing the initial iteration: utilizing
the value N1

∼= 1.06 and rounding to three digits, one determines the approximate ‘radius’
of the N = 2 state (2(10)1.06 = 21.2), the N = 3 state (2(10)21.2 = 424), the N = 4 state
(2(10)424 = 8480) and finally the N = 5 state (2(10)8480 = 169600 ∼= 170000).

Complementing this, one recalls the postulated isotropic distribution of phase transitions
or inflation events, and the consequent isotropic distribution of semi-spherical 2-surfaces
(and proliferations of this Huygens pattern) along the shock front of global expansion. In
this segment of the early universe, the distribution of galaxies as entities that fill 3-volumes
is, according to the proposed model, replaced by distributions of galaxies that populate the
surfaces of semi-spherical shells. To calibrate this aspect of the postulated model, one en-
lists another observed boundary condition, which demonstrates for scales larger than or
equal to 109 ly; i.e. for scales corresponding to N = 5 and larger, that the number of ho-
mogeneously distributed galaxies indeed appears to populate the surfaces of semi-spherical
shells, providing a structure which parallels that indicated by Fig. 3 (as indicated above, the
hypothesis of isotropy and homogeneity is modified by dimensional considerations which
force galactic distributions that would otherwise be isotropic to form along the boundaries
of the prescribed 2-surfaces. Nevertheless, isotropy is appropriated as a counting device).
In this context, the number of galaxies in the N = 5 state is (summing areas, described as
numbers of galaxies, of opposite semi-spherical hyper-surfaces) given by

4πR2
5 = 4(3.14)(170000)2 ∼= 3.63 × 1011. (14)

According to the above discussion, the radius of the N = 5 state in light years is about
ct5 = ct0105 = 1010 ly, which is the approximate radius of the observable universe.
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5 Conclusion

Prior to the theory of super-strings and to the corresponding theory of super-gravity, some
assumed that the observed galactic hierarchy was related to a specific early history that
occurred to the universe when it was small; i.e. that the observed hierarchy was related
to an isotropic pattern of phase transitions or inflation events that occurred to the early
shock front of global expansion and to isotropic proliferations of this pattern. But string
theory, and the corresponding theory of super-gravity indicate an infinite number of possible
histories that are not distinguished by the theory; i.e. the string landscape appears to embody
a fundamental uncertainty regarding the early history of the universe. It is, of course, difficult
to reconcile this model with the correspondence principle.

The above discussion associates the continuum of possible histories that is convention-
ally admitted with a continuum of possible Huygens patterns (each a pattern of inflation
events on the shock front of universal expansion; each pattern associating with a corre-
sponding isotropic pattern of critical spin-2 action absorptions that have occurred to a super-
gravitationally interacting vacuum). Implicitly then, a theory of super-gravity is formulated
as a CFT that is analogous to the theory of H. Weyl, and the continuum of possible Huygens
patterns that is prescribed by conventional super-gravity is compared with the continuum of
electronic orbitals that is predicted by the theory of Weyl. It is recalled that F. London essen-
tially reduced this continuum of electronic orbitals to the stationary states which correspond
to actual atomic orbitals by implementing the concept of gauge invariance. Accordingly,
the gauge transformations that are intrinsic to local super-symmetry are implemented, and
admitted super-gravitational states are restricted to those that satisfy gauge invariance. In
this context the continuum of possible histories that is conventionally prescribed is reduced
to a dynamical analogue of London’s stationary states: an analogue which admits a phase
transition (10) if and only if it satisfies the condition (13); i.e. if and only if it transforms the
physical universe from one SUGRA-invariant state to another. This formulation is advanta-
geous because the gauge-invariant spectrum of local super-symmetry becomes a spectrum
which consists of a finite number of globally super-symmetric states, which seems to ad-
dress the problem of non-renormalizability which has traditionally plagued super-gravity.
Moreover, when the proposed, gauge invariant spectrum of local super-symmetry is com-
pared with the observed galactic hierarchy, the prescribed theoretical structure parallels that
revealed by radio surveys and contains a number of galaxies which is approximately equal
to that determined from direct observation [7].
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