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Black hole entropy,

A
holographic principle(s) 412
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Boundary entropy in LQG
Bulk entropy
Bulk entropy in BF theory

ERL & DRT, Nucl. Phys. B 741, 131 (2006)
ERL & DRT, arXiv:gr-qc/0603008

ERL & DRT, arXiv:0706.0985 [gr-qc]
[soon ?]



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]

Assumption: boundary carry spin-V2




'Gauge-fixing: ideas

\ |
Q "Black point”

\ '''' 2n spin-2 boundary edges
— - Total coarse graining/ no loops

.,
-----
iy

S0 e Sy = log Ny = log ( n) ~ 2nlog Q—Sbgn

/// \ \ "n+1\n /) n—x

Alog2 3
A=20)l} Ny Sy ~ 222 — Zlog A
z lp ay 2

Q 1-loop 2n spin-'2 boundary edges
One loop inside
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e j Entropy = infinity,
j — | unlessj is fixed
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If LQG is a holographic theory than more constraints
are required!



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 SU,(2)

Renormalized entropy in the presence of holonomies

L=tr(ENF)

F=0 Flathess constraint

d4F =0 Gaussian constraint




U(g1, 92, 93) = 0(g195 ' )0( 9295 ")

w U™ g1, g2, 93) = 0(g195 )5(5-'/‘293_1)5(9391_ g
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Normalization constant
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Useful notation
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Regularized entropy

E(W|i:j, k)= S(p;) =log A(J) ~ 3log J + log(8/3)

e Role of the cut-off



Non-zero holonomy around (13) Wy = 0a(g195 )0(gog3 ")
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Reduced density matrix
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Regularized entropy
E(9) = hm E(\If]\l 2,3) — E(W |1 :2,3)

5(n/2)
B(r/3

— o ROAR _
2+ log(3/2) & =155, 5 g log 6 ~ —1.20824
) — -2+ 1(_)%2 ~ —1.30436

A more complicated example

E(dg]124 - 356)
= lim E(WY|1:2,3)—E(U,[1:2,3) = E(f)
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Edges:
e internal g ------------
e boundary h
e external q

Loops: internal, boundary, frontier, external
Spaces: Hinte = E_)((; dg){X}Eim Hout = [:2((; dg);::!E]d_E(\Xt
Counting: V= Vint + Vet E=FEyx+E +bx L=F-— V+1

Lint. =F it — Vint. + 1 Lext — Eext — V(;,xt + 1

| -LI) + Lf — L T L’illt’ T L(‘Xt — EIJ T l



Number of o-functions: L

Reduced density operator:
pint(g? g) _ Jint.(g? g) / dqifﬁ}Ep,xt dh-x:-E],Jext-((L (j)(ff(q, (jg h-, E-)O'b(g, h-, q, g fl-, q«)

Important parameter: the minimal number of boundary loops
that involve distinct internal edges L.

The boundary law

S(p™) = Ly, log A J Example

“Area law”

S(p‘q) < (Ey, — 1) log A




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.



