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� Boundary entropy in LQG

� Bulk entropy

� Bulk entropy in BF theory

MotivationMotivation
Black hole entropy, 
holographic principle(s)



• Count the degrees of freedom inside a region on a fixed 

graph before the Hamiltonian constraint is imposed

• To get finite entropy more gauge fixing is required

• Identify the scaling regimes [& see what is the

relationship with the Hamiltonian constraint]

The model: The model: LQGLQG

Assumption: boundary carry spin-½



2n spin-½ boundary edges

One loop inside

GaugeGauge--fixing: ideasfixing: ideas

� “Black point”

� 1-loop

Entropy = infinity, 
unless j is fixed

2n spin-½ boundary edges

Total coarse graining/ no loops



Gauge fixing: Gauge fixing: LL loopsloops

If LQG is a holographic theory than more constraints  
are required!



The model:  The model:  BF theoryBF theory

• Count the entanglement between inside and an outside regions

on a fixed graph

• Regularized entanglement [von Neumann entropy of the reduced

density matrix satisfies the area law

• Explicit calculations for SU(2) and SUq(2)

• Renormalized entropy in the presence of holonomies

Flatness constraint

Gaussian constraint



Basic building blocks 1Basic building blocks 1

Reduced density matrix

Regularization



Normalization constant

Useful notation

Regularized entropy

• Role of the cut-off



Basic building blocks 2Basic building blocks 2

Non-zero holonomy around (13)

Reduced density matrix

Entropy



Regularized entropy

A more complicated example



General boundsGeneral bounds

Basic definitions

Edges:
• internal   g
• boundary h
• external   q

Loops: internal, boundary, frontier, external

Counting:

Spaces:



Number of δ-functions: L

Reduced density operator: 

Important parameter: the minimal number of boundary loops

that involve distinct internal edges Lb*

The boundary law

“Area law” 

12

Example



SummarySummary

� LQG: the gauge-fixing is not enough. If some
sort of a holographic bound is valid, then the
Hamiltonian constraint reduces the graph
complexity.

� BF theory: holographic, even with non-trivial
holonomies.


