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Abstract: | present a proposal, originaly motivated by a result in graph theory: the entropy function of a density matrix naturally associated to a
simple undirected graph, is maximized, among all graphs with a fixed number of links and nodes, by regular graphs.l recover this result starting
from the Hamiltonian operator of a non-relativistic quantum particle interacting with the loop-quantized gravitational field and setting elementary
area and volume eigenvalues to a fixed value. This operator provides a spectral characterization of the physical geometry, and can be interpreted as a
state describing the spectral information about the geometry available when geometry is measured by its physical interactionwith matter. It is then
tempting to interpret the associated entropy function as a genuine physical entropy: | discuss the difficulties of this interpretation and | present a
possible viable definition of quantum-gravitational entropy.
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things you know Loop Quantum Gravity
Yang-Mills Theory Gravity as a SU(2) gauge theory
electric field. vector potential ( E¥(X). As(Xx))
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Yang-Mills Theory
electric field. vector potential

angular momentum
L2|j.m) = R%j(j —1)j.m

siates

Hilbert space

Pirsa: 11070059

” i s Am ¥ i T AN
Loop Quantum Gravity

Gravity as a SU(2) gauge theory

(B2 (). Al x))
g (X) =

(M

Page 7/33




ararg -
- oy = o
-~ o o |y oy e T T R =Tt o e m e e 8y e - e e g [
= —~ 4 4 —a - a1, g | - ey - | 4 by —~ —~ — ~4 {
o L e o - = - e — - e o - o . wt T e
-~ e o g e o - e e o R - = 5 - E pm e 4 -
St o [ T B =] e e R = B = el ! L - - - — - - =
- -~ - P e e e ma pew W e L N el =il T e - o~ - = - - ]
- = = — = o i g Y - =
— - = w o - - o - - - ! e - " v

[ = (N.L) undirected simple graph

Page 8/33

Pirsa: 11070059




A ol snlaria
2 = Laplacia
N AT
= ! CLE SRR L
- 8- This - =
— = = o =7
AAiararnmm
Ad|aCerCy
3

=)
(@]
D

Pirsa: 11070059

- e e e - il e e e = — e = S ——
= - 3e 3 anc = = = o 3 a1} -
. = QUS| H=i W dao o UG b= = | cd Uddo - ciiiJ =fgg=i8 ¥ = L
- o, — o - e - e - - - Y 4
-l . & — ' ~r o =t r — - ‘b o - '
e = = PR - . = . - - Ei
- - ar o' -r - - - e - - - - —

[ =(N.L) undirected simple graph

A(M)]am=1 i {n.m} € L(T) and [A(IN)]y.v = O otherwise
j&[r]]“*‘ == dr'-
L(IM) = A(IN) — A(IN)

Ty LD
o Tr(A(N))

or -

S(IN) = —Tr|pr log pr]

Page 9/33




L
=

- o -

- ~ | Lk
Al VI UIT LAl

Bl Interaction Hamiltonian
single quantum particle on the quantum gravitational field
- construction and proprieties -

B comparison with Graph Theory
our Hamiltonian provides (up to a certain approximation)
the same objects already studied in Graph Theory

B Loop Quantum Thermodynamics
this Hamiltonian is a tool to construct statistical objects in LQG
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Phase Space ( gan(x). 7°(x). X2. P2)

Hamiltonian constraint  C(x) = Hou(x) — 3°(x. X) P,
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Phase Space ( gas(X). #°(x). X2. Ps)

Hamiltonian constraint  C(x) = Hyu(x) — °(x. X)Po
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Phase Space  ( gas(x). #2(x). X2. Pa)

Hamiltonian constraint  C(x) = Ham(x) = 03(x. X) P,
P? = g% (x)PaPs

o ab PEPD
H — g (X) o
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(Gas(X). 2(X). X2. P2)

Phase Space

Hamiltonian constraint
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Phase Space (gau(Xx). #3(x). X2. P.) — (E#(x). A (x
Hamiltonian constraint C(x) = Hyu(x) = 7°(x. X) P,
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Phase Space a6(X). ®

Hamiltonian constraint

P2 — g% (x)P4P,

pointlike nature of the particle — regularization by a smearing function

£
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AUantum oSliales
Spin network states S X)=|8)=|Xx) CHis=Hop .
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Spin network states ¥

S. X |&. X
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Spin network states =X
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Uanitum otates
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ean energy or tine paricie on a graviational feia
from a measure of the particle from a measure of the geometry
(geaometry known) (particle position known)
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E e

ean energy of the particle on a gravitational field
from a measure of the particle from a measure of the geometry
(geametry known) (particle position known)
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Jayne’s principle of maximum eniropy

Partition function L =Th|e""]
Z=Y_e % where Es=FEqds andtake +:=p — Z(u)=\_e "%
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m Hamiltonian of a non-relativistic particle on a gravitational field
described by a spinnetwork:

B we have calculated a partition function. and from this other statistical

quantities... is this a first step through a viable thermodynamics of the
gravitational field?

“Single particle in guantum gravity and BGS entropy of a spin network”
by C. Rovelli and FV. Phys.Rev.D81:044038.2010 (arXiv:0905.2983)
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