
Gravitation by Condensation

by
 Jonathan J. Dickau

for the 15th

Frontiers of Fundamental Physics 
symposium Orihuela, Spain 

November 27-30, 2017



Why choose this metaphor?
•

 
A 2014 paper by Dvali and Gomez describes 
a Schwarzschild black hole EH as the 
quantum critical point in BEC formation.

•
 

A Schwarzschild object is defined only by its 
mass, or by gravity, so it is solely gravitic.

•
 

A 1967 paper by Sakharov first suggested 
the connection of BECs with gravitation.

•
 

My research into the Mandelbrot Set (~1987) 
revealed this connection years before 
learning of Dvali or Sakharov’s work.



Condensation and Condensates
•

 
Gases when cooled will turn into liquid.

•
 

Droplets or pools of liquid have a surface, 
so they are topological objects.

•
 

Pauli exclusion and repulsive EM forces, 
render a normal fluid incompressible.

•
 

Bose and Einstein suggested that a deeper 
condensation was possible, with fermions 
behaving like bosons –

 
a BEC.

•
 

This was validated experimentally, and it is 
now easy to make BECs in a laboratory.



Variability into Fixity
Connes suggests there is a hierarchy 
among the categories of forms and 
spaces, such that:

for smooth, topological, and measurable 
spaces and forms –

 
less to more fixed.

In Physics; from a precursor state with 
energy too high for condensation, fluid 
forms with surfaces arise, and solids with 
fixed size appear when it is cooler still.
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More variability into Fixity
The Octonions can be viewed as the most

 general regular algebra, with Quaternions, 
Complex, and Real numbers as a subset.

This is important when considering early 
universe or near Planck Scale dynamics.

•
 

Non-associativity = Interiority/Exteriority is 
relative to perspective and/or relational.

•
 

Non-commutativity = Size/distance relational.
•

 
Directionality and scaling of forces get set by 
gauge fixing events, or by geometry.



What this means
•

 
A condition of extreme variability precedes 
the present state of well-defined forms. 

•
 

Our current condition is a reduction from a 
larger palette of Maths/Physics via early 
universe dynamics and geometric action.

•
 

Forces that were outward-pressing in the 
early universe may be polarized or inward-

 facing in the current cosmological era.
•

 
So gravity can stretch the boundaries of 
space then, but be purely attractive now.



Cosmology as a Progression
•

 
Pregeometry and Geometrization

•
 

Inflationary expansion
•

 
Baryogenesis

•
 

Nucleosynthesis
•

 
… according to the standard view.
As the universe expands and cools, it 
allows fermionic particles to form, then to 
create compound forms like atoms and 
molecules –

 
ordinary condensed matter. 

Forces also condense from a unified field.



Free Energy into Bound Matter
•

 
High temperature defines the early universe.

•
 

Large amounts of free energy are available.
•

 
Spacetime evolution soaks up some.

•
 

Particle formation quenches some.
•

 
Fusion of hydrogen releases some.
What remains fuels the ongoing expansion 
until decoupling of matter from the energy 
soup of the early universe then allows atoms 
and molecules to form.



Does gravity follow this pattern? 
•

 
If gravity is not a fundamental force as was 
suggested by Jacobson, Padmanabhan, 
Verlinde, and earlier by Sakharov.

•
 

If we see it as the residual of other forces, 
including the universe’s expansion, and 
radiation pressure from the cosmic and 
quantum background energy.

•
 

If it is a process of condensation, by which 
free energy becomes settled onto the 
gravitating surface

 
of a massive body.



Gravitational Radius as a Screen
•

 
Eddington stressed that a key difference of 
Relativity with Newtonian Gravity is that 
lines of attraction don’t converge to a point.

•
 

Instead there is a throat with the radius of 
gravitation , at its surface of action.

•
 

In the case of a black hole with no charge or 
spin, we call this value the Schwarzschild 
radius –

 
defined as:

•
 

It is the limit of how
 small a massive object can get.
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Black Hole Thermodynamics
For simplicity’s sake (not realism), and 

because it is purely gravitational; we will 
again consider a Schwarzschild object. 

•
 

The 2nd

 
law of thermodynamics requires 

that all black holes must have entropy.
•

 
Entropy is proportional to the area at the 
gravitational radius in Planck-area units.

•
 

Thus that surface is effectively quantized.
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Newton’s Gravity from Entropy
•

 
Area law reveals the holographic principle.

•
 

Information contained in the volume at      is 
determined by Planck areas on its surface.

•
 

Surface at an EH boundary is auto-quantized.
•

 
Newton’s law is straightforwardly derived.
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Dimensional Reduction or Bound
•

 
A change of dimensionality in spacetime 
or degrees of freedom for variations.

•
 

A trade of one set of variables for another.
•

 
A holographic screen for mapping higher-d 
and lower-d descriptions of objects, forces, 
and interactions, to each other.

•
 

A means of recovering information that 
would otherwise be lost or hidden.

•
 

A boundary that drives form into fractional 
dimensions and fractal forms of evolution.



Was gravity last to emerge?
•

 
We presume the forces were once unified.

•
 

Particles in the early universe heralded the 
strong force’s appearance binding energy 
into (stable) forms.  Gravitons (or…) too?

•
 

Later on the weak force became distinct, 
and then the electromagnetic force 
emerged through symmetry breaking.

•
 

Perhaps gravity is simply the last force to 
separate from the other forces, and it can 
therefore be seen as a remnant or residual.



Many see Physics in Symmetry

But what if Gravity arises from Asymmetry?



M is Maximally Asymmetrical 
Can we make 

this dark 
brooding figure 

reveal its 
secrets?

1 –

 

It has a simple quadratic generating formula.

 2 –

 

It is one of the most complex objects known to Math.

 3 –

 

It is a ‘table of contents’

 

for its large family of Julia Sets.

 4 –

 

It is a representation of increasing entropy or dissipation.

 5 –

 

It is a catalog of archetypal symmetry-breaking structures.

 6 –

 

It is a shadow or projection of a higher-dimensional figure.

 7 –

 

It illustrates Cartan’s ‘rolling ball’

 

analogy of G2

 

symmetry.
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Color in where the iterand shrinks

1 2size size size n n nz z z− −< <
Highlight areas where the magnitude of the iterand 
decreases monotonically over three calculations.



Map of Cosmology/Physics?
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A different rendering

Image by Paul Bourke

Source of 
variations

Sink

An old-style bulb 
thermometer, but 
with wings.

Absolute zero 
temperature.



With detail of the base

Misiurewicz point M3,1

Mini-M points in 
the direction of 
increasing 
entropy.

Basins of attraction



M and the Onset of Chaos

The Mandelbrot Set and its bifurcation map Mini Ms appear in the gaps

The prime band merging point is the Misiurewicz point M3,1

 

near 1.5436 )( 89,0i−

At the band merging 
point, trajectories 
converge. 

Where the boundary 
folds back on itself, 
the trajectories split.



Surface of Condensation

Misiurewicz point M3,1



What is Below the Surface?

Misiurewicz point M3,1

Planck Star?



Zoom in on Misiurewicz point 

Mimics Quantum 
Critical Point



Event Horizon at M3,1
 

Restored

Mimics Black Hole 
Event Horizon



Misiurewicz point M3,1

2 2 2 2 2((c +c) +c) +c = (c +c) +c

(-1.543689012692,0i)

The Misiurewicz points of M are places 
where the scale factor goes to zero.

These locations may be branching points, 
inflection points, or terminal points.

M3,1

 

is the lowest order branching point, with 
one inlet and one outlet, and it is also an 
inflection point exhibiting phase inversion.

It has the value of ~ :

Satisfying the eqn. :



Exact and Precise values for M3,1
M3,1

 

is one of the few places in M that allow 
an exact analytical solution, where numerical 
results of extended precision are possible.

We can solve to find two 
trivial results at 0

 
and -2, two results which 

are the imaginary maxima of M, and M3,1 : 
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Calculated to Many Decimals
This analytical solution allows a numerical 
result to be calculated with arbitrary precision.  
Here is an extended precision value giving the 
precise location for the Misiurewicz point M3,1

 

:
-1.543689012692076361570855971801747986525203297650983935240 

804037831168673927973866485157914576059125462120829226367060 
189278756463322141011522909218905292722992781697157582950422 
170089518563410700385200128000282366477261779986908996884104 
614976976927086847969611978920181446128991348585592145309524 
153482664595734117098522176434389326263543393937637861596321 
991246778909541806274987275657314799920191066093455727443186 
409799911554184677317541006847088177067596744933391559037024 
490072743842093947624299476858021814236680891765387460029177 
563608220435803992788777820556050367509668431452581000660479 
923719409341669347 



Complex Numbers and Beyond
Have two components –

 
Real and Imaginary

…

•
 

Real = familiar, or ordinary numbers
 Represent a constant value, a specific 

amount, or a scalar quantity
•

 
Imaginary = magnitude per degree of freedom

 The freedom to vary by a specific amount
 A certain amount of ‘play’

 
or ‘slack’

 A given range and orientation of motion
 A varying quantity’s extent of variability
 Oscillation, rotation, & other cyclical motion

a bi+



The Number Family
•

 
Four Normed Division Algebras

•
 

Real, Complex, Quaternion, and Octonion 
number types, where Octonions are the 
most general case or type of number

•
 

1 degree of fixity (the real part) and 0, 1, 3, 
and 7 degrees of freedom (imaginary parts 
or dimensions) respectively

•
 

Only sums of squares/parallelized spheres



Is our view Inside Out? 
•

 
We imagine our cosmos is empty, residing 
in the bulk –

 
but with other dimensions.

•
 

What if the bulk is in the universe existing 
before the current cosmological era?

•
 

DGP gravity arises in a braneworld model 
with a 5-d precursor universe.

•
 

Afshordi, Pourhasan, and Mann describe a 
5-d Black hole White hole scenario.

• M in the Octonions looks similar, and it 
shows that G2

 
provides a unique solution.



The Mandelbrot Set and G2
•

 
G2, the automorphism group of the Octonions 
and smallest exceptional Lie group, and its 
Lie algebra g2, are important to Physics.

• M exactly mimics Cartan’s rolling ball 
analogy for G2

 
symmetries.

3:1 ratio of 
rolling radii

5-d 
volume

Works 
best in 5-d

4-d

 
space-

 
time

Predicts a 
unique exit 

from 
Octonionic 
Inflation!



Higher-dimensional spheres

•
 

Adding more dimensions does not endlessly 
add more space, or surface area.

•
 

Instead volume is maximal in 5-d, while 
surface area is maximal in 8-d and additional 
dimensions are less spacious.

Surface area of n-dimensional hypersphere Volume of ball or filled hypersphere



Are Gravitons 2-d dilatons?
•

 
Dilatons appear in some higher-dimensional 
theories and serve to dilate or hold space.

•
 

Could ground state gravitons be 2-d dilatons 
instead of 3-dimensional objects?

•
 

Gravitons could be both massive and active 
in higher-dimensional spaces.

•
 

Can condensing gravitons serve to hold 
space open at the gravitational radius?

•
 

Is there a limiting surface or quantization 
matrix for condensing gravitons?



G2
 

Symmetry onto 2-d



Condensing surface or boundary
•

 
Degrees of freedom change upon the 
phase change during condensation.

•
 

This is partly why a condensation horizon 
resembles a holographic boundary or 
dimensional reduction/expansion.

•
 

BEC formation opens up the space that 
had been occupied letting atoms fall in.

•
 

In this way; a Schwarzschild event horizon 
resembles the quantum critical point of 
Bose-Einstein condensation.



Condensation research papers
•

 
Sakharov’s 1967 short paper “Vacuum 
quantum fluctuations in curved space and 
the theory of gravitation”

 
set the stage.

•
 

A 2014 Dvali and Gomez paper “Black 
Holes as Critical Point of Quantum Phase 
Transition”

 
fueled the fire.

•
 

Since then; we see quite a few papers by 
Dvali with collaborators, and a few others, 
have appeared on this topic.

•
 

One finding is that a black hole is the 
ultimate quantum computer, but is mute.



Does Energy itself Condense?
•

 
Steven K. Kauffmann wrote a paper in 2012 
suggesting there is an upper bound to 
concentrations of energy due to self-

 gravitation.

•
 

A similar result was earlier suggested by 
Christoph Schiller on different grounds.

•
 

This suggests that gravitational energy itself 
reaches a saturation point or condenses.

•
 

Is this also gravitation by condensation?
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Virtual Ground at the Horizon

Feedback Loop
Amplitude null acts as 
a Virtual Ground or 
Virtual Earth

Perhaps the tools of 
Category Theory used to 
model circuits can used 
to study the Misiurewicz 
points in M.

Summing Junction



A ride down Mount Mandelbrot

•
 

A ball placed on the peak would roll down 
toward the lowest well efficiently.

•
 

Where a condensing fluid would find a well 
of attraction to coalesce into.



Analogy to Walking Droplets
•

 
Oil droplets provide a way to study QM, via an 
analogy with the DeBroglie-Bohm model.

•
 

Couder and Fort @Paris Diderot, Bush @MIT.
•

 
This analogy is also evident with M at M3,1

 

.

Is this node like M3,1

 

?

a suspended droplet a walking droplet



Related Work by Others
•

 
Giulio Tiozzo proved the monotonicity of 
entropy conjecture of M for the complex #s.

•
 

Gerardo Pastor with M. Romera, F. Montoya, 
G. Alvarez, have researched the Misiurewicz 
points, bifurcation, and entropy, in M.

•
 

Kricker and Joshi showed back in 1990 the 
connection of M with the Octonion quadratic.

•
 

Christian Beck demonstrates Physics use of 
M in a limited class of dissipative systems, 
including kicked charged particles.



Summary of Findings
•

 
Early universe was too hot for condensation.

•
 

Over time more forms and forces emerged.
•

 
The Mandelbrot Set and G2

 
suggest a 5-d 

black hole white hole scenario.
•

 
Outward-pressing forces in the early 
universe could thus point inward today.

•
 

Gravity’s action mimics all of the other forces 
condensing onto a radius of gravitation.

•
 

It may have been simply the last to emerge.



Thank You for Your Attention!
•

 
I began researching this subject more than 
30 years ago.

•
 

I had conversations with Benoit Mandelbrot 
and published a letter in Amygdala, in that 
same timeframe.

•
 

The idea was set aside for many years.
•

 
I finally published a review article in 
Prespacetime Journal

 
a few years ago.

•
 

I presented a poster at GR21 last year.
•

 
This talk includes my latest research.



Additional Information
•

 
I have collated a long list of references for 
all the material I cited or referred to.

•
 

I will be happy to share my findings, plus 
algorithms and assistance for those who 
would like to research this independently.

•
 

I am collecting all of the materials used in 
this talk, and more, in a folder on the web.

•
 

There are also some videos on YouTube.
•

 
I will provide links to anyone who writes me 
at: jonathan@jonathandickau.com

mailto:jonathan@jonathandickau.com


Iterand diminishes over 2



Iterand diminishes over 3



Iterand diminishes over 4



Iterand diminishes over 5



Butterfly complete



Butterfly minus one layer



Butterfly minus two layers



Butterfly minus three layers



More available on request
The images in the last sequence are but a 

small sample of the collection that has been 
accumulated for the purpose of elucidating 
this research, or related findings.

It is likely that I have already created an image 
or sequence that answers questions you 
have after seeing this presentation.

I will be happy to collate or create files, to 
illustrate specific points of interest, for those 
who want to know more.
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