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Abstract: Graphity models are characterized by configuration spaces in which states correspond to graphs and Hamiltonians that depend on local
properties of graphs such as degrees of vertices and numbers of shortcycles. It has been argued that such models can be useful in studying how an
extended geometry might emerge from a background independent dynamical system. As statistical systems, graphity models can be studied
analytically by estimating their partition functions or numerically by Monte Carlo simulations. In thistalk | will present recent results obtained using
both of these approaches. In particular, | will describe the transition between the high and low temperature regimes and arguethat matter degrees of

freedom must play an important role in order for the graph states dominating in the low temperature regime to resemble interesting extended
geometries.
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- Why graph(ity) modeis?
|

¥ | : triangulation-based
a S gt v A * . approaches:
- (C)DT, spin foams, ...

lattice-based

approaches: approaches based
Lattice QFT, ... A x4

on non-triangulations:
e.g l randomized lattices.
— matrix models,
causal structures. ...

-
u

General graphs are the pre-cursor structure used in many approaches
to studying dynamical geometries.
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The goal of graphity models is to select a background geometry dynamically
fromthe space of all possible graphs.

A (atilal ™~ A Taalal HE
AsSsumption NON-ASSUMpuons

The existence of a microlocal existence of an underlying manifold

weighting function (e.g.
an action or a Hamiltonian) existence of a dual triangulation
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Why numerical studies?

Most models are defined in terms of a path integral or partition function.

Exceptin some very simple circumstances, it is not possible to evaluate Z or (O
analytically — numerical methods are thus necessary.
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Definition of Graphity Models

Monte Carlo Simulations
-High to low temperature transition
-Characteristic graphs

Effects of matter

Conclusions
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The configuration space is the set of all possible simple graphs with N vertices.

NN =1
Take a complete graph A ywith \verticesand ———— edges

Assign a label 0 or 1 to each edge: label 0 means
label1 means o——

An assignment of labels to every edge in A v describes agraph &

€.g. -

i A
——
-
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Graphs will be distinguished by assigning an energy to them.

f_‘.."; — "__'.."rfi

The choice of H defines a particular model.

Higtal = Hijree + Hing

"

H,,: is assumedto be local and
to preserve connectedness
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H, .
“Valence Term” “Cycle Term’

general form general form

Ho=ou 'y I (T‘\ H; :fo;,

R B S

a particular choice a particular choice

r 4
pr—

Thus the energy is given by

e With P(«a. L) the number of cycles of length L at vertex «, and g;
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A graphity model can be treated like any other problem in statistical mechanics.

i (e 1
A T‘ f x = —[ Is the inverse temperature

The basic model can also be supplemented with other (matter) degrees of freedom.

Within the statistical interpretation, one can try to compute expectation values
for observables, transition temperatures, etc.

One of the primary questions to address is whether a graphity model contains
a phase wherein the expected graph state approximates a manifold.
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Some features of graphity models were already known/expected

Existence of geometrogenesis’ transition

Lattice graphs are local minima
Local minima are stable thermodynamically

But so far it was difficult to discuss full graphity systems because of the
complexity involved with cycle counting and the extremely large size of the
configuration space.
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Monte Carlo simulations are a numerical method for approximating a
partition function and expectation values in a complicated model.

Monte Carlo simulations can also be used to optimize (minimize) some function.

For (classical) graphity modeis this means:

Specify V. ty. r. J. (and pu)

Specify an initial graph state
Run a simulation for long enough

Collectand analyze the results
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Monte Carlo simulations are a numerical method for approximating a
partition function and expectation values in a complicated model.

Monte Carlo simulations can also be used to optimize (minimize) some function.

For (classical) graphity modeis this means:

Specify \. ty. . 3. (and
Specify an initial graph state
Run a simulation for long enough —

Collectand analyze the results
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A dedicated programis neede
to simulate a graphity model
analyze the output

This program is available for
download online with 0805.2283
Algorithms used: Metropolis

and Simulated Tempering
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Results from simulations:

As \ increases:
Transition becomes sharper

Transition 7 increases

Peaks in specific heat
indicate possible
phase-transition
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H , -
“Valence Term” “Cycle Term”

general form general form

He=9v ¥ K1} Naw Hg =) Hp

e

a particular choice a particular choice
—— r" -_ T‘ ¢ = ]

F
pa—

Thus the energy is given by

e With P(«. L) the number of cycles of length L at vertex «, and gzl L
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Results from simulations:

As \ increases:
Transition becomes sharper

Transition 7 increases

Peaks in specific heat
indicate possible
phase-transition
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Some features found in the simulations can be understood analytically.

The partition function can be written as a sum of terms that describe contributions
of various classes of graphs

Z = .,T" T - Z ¥ ZE'

Lr

The most relevant terms are those describing random graphs and low energy graphs.

InZ; ~NIn N — 3N (g + € €y < | is the average cycle energy
per node in the low-energy graph
InZgp ~ =Nugln NV — 3N g

The transition temperature can be obtained from the above in several ways.

B i LT

[

Since J scaleswith .\ the transition occurs at zero temperatureif .\ —

i

I I This estimated transition temperature agrees with simulations to within 20/
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High temperature: regular random graphs

small diameter, few short cycles

Low temperature:

free and chain graphs

larger diameter,
many shortcycles
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Solution A is ad-hoc: Add a homogeneity requirement.

let 7 =N ¢ JEG)—uV(G with 1(G

N =

PR

Simulate again with large i so that non-homogenous graphs are suppressed.
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Solution A is ad-hoc: Add a homogeneity requirement.

]

N2 )

Let Z =) ¢ PEO-#VG i V=Y [(E3(a)-

Simulate again with large ¢ so that non-homogenous graphs are suppressed.
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Solution B involves modeling matter on graphs.

As a warm-up, consider a toy model of a set of particles in a rectangular box with
area A and sidelengths (L.. L

J

k_’ For simplicity, take

Eplly. Ly} =10

Take a collection of _\ particles

C is the space of box

configurations. Assume: sl L. 11

:
N
(L. L)= Y

VA.VA) el
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Flexible Box partition function depends on energy spectrum of the particles.

Suppose the energy spectrumis set by boundary conditions so that

inlimit 4 —

Contributionto -: and henceto : from each box configuration is also different

exp | — — for (£.4/f) and (A

() \

for (v A. 7

b L)1
| A

In the end, if there are enough particles. matter can significantly alter the

PRy g TR .ty py e,
geometry of the XiDie DOX
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Again write Z for graphs as a sum of parts.

Z —S < () e I : —Z T Z T /:"

This time, taking matter into account, one has

InZ
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Graphity models are designed to test if the manifold-like structure of the universe
is fundamental or if it can be an emergent phenomenon.

Monte Carlo simulations provide concrete information about the high- and
low-temperature behavior of the models.

It seems matter must play an important role in these models if they are to describe
extended emergentgeometries.

Will matter also have a similar effecton the model you are working on?

Thank you.
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