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Abstract

This work makes use of a link between gravitationally
bound large-scale systems and the group SO(3,R) to predict
a massive black hole at the center of all such systems. The
standard cosmological relationship between curvature and en-
ergy density is applied to collapsed systems, uncovering a
strong analogy between astrophysical objects and the Bianchi
Type IX homogeneous cosmology. A realistic overdense uni-
verse is isomorphic to the group SO(3,R)-homogeneous, which
includes rotation and anisotropy. Non-gravitational physical
processes can prevent the formation of a singularity in systems
of small mass, but singularity formation is inevitable in suffi-
ciently large astrophysical systems.

Astrophysical Collapse

The standard Friedmann equation governing the curvature of
an isotropic, homogeneous universe is
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where (ρm +ρr +ρΛ)/ρc ≡ Ω0. Curvature is determined by Ω0,
as shown below:

The timescale of recollapse of a region of the universe is depen-
dent upon Ωm ≡ ρm/ρc of the region, with larger Ωm resulting
in a faster recollapse:

Real Astrophysical Systems

If ρm > ρc, gravity overcomes Hubble expansion and leads to
a gravitationally bound system. Some large-scale structures of
interest are:

Structure ρm (eV/cm3) Ωm Total Mass (g)
Total Universe 103 0.3 1057 g
Galaxy Cluster 105 10 1048 g
Spiral Galaxy 106 200 1044 g

Globular Cluster 1016 1011 1039 g

Globular Clusters, Spiral Galaxies, and Galaxy Clusters are of
sufficiently high density that they have collapsed due to grav-
ity by the present epoch. A region of space with positive cur-
vature (Ωm > 1), such as the astrophysical systems above, can
be identified with a closed FRW universe.

Bianchi Type IX Cosmology

Of the various Bianchi-type homogeneous cosmologies, the
type IX cosmology is identified with the closed FRW universe.
The underlying space of this cosmology is the 3-sphere S3, or a
hypersphere (below).

There is a fundamental connection of the sphere S3 with group
theory. S3 is not only associated with quaternions, but is iso-
morphic to SO(3,R), the 3-dimensional group of rotations. An
entire class of model universes can be based upon SO(3,R).

Model SO(3,R) Universes

The invariant hypersurfaces of a homogeneous SO(3,R) uni-
verse are spacelike 3-spheres. A fourth, timelike invariant must
exist. Choosing this allows the construction of a metric,

ds2 = −dt2 + gij(t)ω
iωj , (2)

which is the general FRW metric. Realistic models include mat-
ter, rotation, and anisotropies. In this case, gij(t) cannot be
made diagonal by choice of ωi. Examples of bound astrophys-
ical systems where SO(3,R)-homogeneous may apply are:

clusters of galaxies (such as Coma),

individual galaxies (such as NGC4414),

and globular clusters (such as M14). Mathematically, there
is a seven parameter family of general SO(3,R)-homogeneous
models. Each one contains a true singularity.

Physics of the Singularity

If the analogy between an SO(3,R)-homogeneous universe and
a gravitationally bound astrophysical system were perfect, all
bound systems would contain true singularities. There are
three considerations that prevent this analogy from being rig-
orously correct:

• Baryonic Physics: Gravitational collapse and Hubble ex-
pansion are not the only forces at work in this system. As
a system collapses, nuclear burning begins, and this stalls
gravitational collapse for some time. Even after nuclear
burning is complete, in a system of insufficient mass for
collapse to a singularity, the Fermi degeneracy pressure
can support baryons against gravitational collapse.

• Virialization: As a system collapses gravitationally, it viri-
alizes. This virialization prevents perfectly spherical col-
lapse to a singularity, and supports the formation of a
quasi-stable object with potential and kinetic energy of
comparable order. However, a non-negligible fraction of
the mass is still expected to collapse to a singularity.

• Not an Isolated System: The topology of a section of the
universe is not truly SO(3,R)-homogeneous, as the topol-
ogy of the entire universe must be considered. The ap-
proximation made here that a section of the universe can
be treated as an independent universe may not be valid.

When the mass of an object is sufficient so that baryonic
physics cannot halt collapse to a singularity, true singularities
do indeed form in these bound systems, in the form of either
Schwarzschild or Kerr black holes.

Clusters of galaxies and individual galaxies are known to con-
tain supermassive black holes on the order of 10−5 the total
mass of the system. This analysis, if correct, predicts that
the centers of globular clusters should similarly contain black
holes on the order of 10 to 100 solar masses.

Conclusions

• The Bianchi Type IX homogeneous cosmology may
hold insights into the physical properties of gravitation-
ally bound astrophysical systems. The group SO(3,R)-
homogeneous, while not applicable to the entire uni-
verse, may be applicable to sufficiently overdense re-
gions.

• True singularities, in the physical form of black holes, are
predicted to lie at the center of massive, collapsed objects.
This leads to an expectation of supermassive black holes
at the centers of galaxy clusters, individual galaxies, and
even globular clusters.

• The presence of black holes in globular clusters is a pre-
diction that can be tested observationally, and has yet to
be either verified or refuted.
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