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Abstract: Motivated by the analogy proposed by Witten between Chern-Simons theories and CFT-Wess-Zumino-Witten models, we explore
way of computing the entropy of a black hole starting from the isolated horizon framework in Loop Quantum Gravity. The results seem to in
that this analogy can work in this particular case. This could be a good starting point for the search of a deeper connection between the de
of black holes in LQG and a conformal field theory.
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PLAN OF THE TALK

-Black hole entropy in LQG

-Black hole entropy from Number Theory

New perspective to compute black hole entropy

» Conclusions



BLACK HOLE ENTROPY IN LQG

Ashtekar, Baez, Caorichi. Krasnov (2000): Quantum geometry of IH and BH Entropy
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BLACK HOLE ENTROPY IN LQG

Ashtekar, Baez, Carichi, Krasnov (2000): Quantum geomeitry of IH and BH Entropy

* The black hole is introduced in an effective way: the horizon is introduced ¢
an inner boundary of the spacetime manifold
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Ashtekar, Baez, Carichi, Krasnov (2000): Quantum geomeitry of IH and BH Entropy

¢ The black hole is introduced in an effective way: the horizon is introduced ¢
an inner boundary of the spacetime manifold
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S

N

Pirsa: 08110048 Page 8/127 3 10



BLACK HOLE ENTROPY IN LQG

Ashtekar, Baez, Carichi, Krasnov (2000): Quantum geomeitry of IH and BH Entropy

* The black hole is introduced in an effective way: the horizon is introduced ¢
an inner boundary of the spacetime manifold

mm) Boundary conditions (at the classical level):
3

« SU(2)connection A, on the bulk

v « U(1)-Chem-Simons Theory on S

U(1)-connection W, on
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BLACK HOLE ENTROPY IN LQG

Quantizing...
Bulk:
- SU(2) spin networks — |, label

- finite number of edges piercing the hornzon (punctures) — m labels
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Quantizing...
Bulk:
- SU(2) spin networks — j. label
- finite number of edges piercing the horizon (punctures) — m labels
Horizon:

- U(1)-Chem-Simons theory on a punctured horizon — a. labels
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BLACK HOLE ENTROPY IN LQG

Quantizing...
Bulk:
- SU(2) spin networks — |. label

- finite number of edges piercing the horizon (punctures) — m labels
Horizon:

- U(1)-Chem-Simons theory on a punctured horizon — a labels

[ - Boundary conditions:
—L - Area of the horizon 4 =877/3Y /j.(j. +1)

- -2m=a
F il s - Spherical topology — » a = 0 (projectio constraini
___ S Entropy- S(A) =log N(A)

i N(A)= number of ordered {a} sequences compatible
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BLACK HOLE ENTROPY IN LQG

« Domagala M., Lewandowsky J. Class. & Qunt. Grav. 21, 5233 (2004)

Combinatorial Problem:
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Quantizing...
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« Domagala M., Lewandowsky J. Class. & Qunt. Grav. 21, 5233 (2004)

Combinatorial Problem:
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BLACK HOLE ENTROPY IN LQG
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« Domagala M., Lewandowsky J. Class. & Qunt. Grav. 21, 5233 (2004)

Combinatorial Problem:

S(A)=log N(A). where N(A) is given by the number of all the finite,
arbitrarily long, ordered sequences m=(m,,....m_ ) of non-zero half-
integers, such that

;mi:ﬁ, va ﬂmHl){:
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Quantizing...
Bulk:
- SU(2) spin networks — |, label

- finite number of edges piercing the horizon (punctures) — m labels
Horizon:
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- Boundary conditions:
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BLACK HOLE ENTROPY IN LQG

- Domagala M., Lewandowsky J. Class. & Qunt. Grav. 21, 5233 (2004)

Combinatorial Problem:

S(A)=log N(A), where N(A) is given by the number of all the finite,
arbitrarily long, ordered sequences m=(m,,....m_) of non-zero half-
integers, such that

Z;:mf:{}, zvm ﬂmHl}{:

smf
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Quantizing...
Bulk:
- SU(2) spin networks — |, label
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BLACK HOLE ENTROPY IN LQG

« Domagala M., Lewandowsky J. Class. & Qunt. Grav. 21, 5233 (2004)

Combinatorial Problem:

S(A)=log N(A), where N(A) is given by the number of all the finite,
arbitrarily long, ordered sequences m=(m,,....m_ ) of non-zero half-
integers, such that

;mi == 1 ; {émiﬂme l}i r—
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BLACK HOLE ENTROPY IN LQG

- Domagala M., Lewandowsky J. Class. & Qunt. Grav. 21, 5233 (2004)

Combinatorial Problem:

S(A)=log N(A), where N(A) is given by the number of all the finite,
arbitrarily long, ordered sequences m=(m,,....m, ) of non-zero half-
integers, such that

gmf:ﬁ, va ﬂmhl){

» Meissner K_: Class. & Qunt. Grav. 21, 5245 (2004)

smf.

Using exact methods, (but with some assumptions):
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BLACK HOLE ENTROPY IN LQG

- Domagala M., Lewandowsky J. Class. & Qunt. Grav. 21, 5233 (2004)

Combinatorial Problem:

S(A)=log N(A). where N(A) is given by the number of all the finite,
arbitrarily long, ordered sequences m=(m,,....m_ ) of non-zero half-
integers, such that

;mf:ﬁ: fom Qm|+l){

» Meissner K.: Class. & Qunt. Grav. 21, 5245 (2004)

sfcm

Using exact methods, (but with some assumptions):

g
e N(4)=Cy
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BLACK HOLE ENTROPY IN LQG

= A_ Corichi, J. Diaz-Polo, E_.F. Borja Class & Quant. Grav. 24, 243 (2007),
Phys. Rev.Lett 98, 181301 (2007)

Brute Forze analysis:
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= A. Corichi, J. Diaz-Polo, E_F. Borja Class & Quant. Grav. 24, 243 (2007),
Phys. Rev.Lett 98, 181301 (2007)

Brute Forze analysis:

One can use a computer to explicitly enumerate every sequence
m=(m.....m_) verfying the required conditions. When any
approximations is done:
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BLACK HOLE ENTROPY IN LQG

= A_ Corichi, J. Diaz-Polo, E_F. Borja Class & Quant. Grav. 24, 243 (2007),
Phys. Rev.Lett 98, 181301 (2007)

Brute Forze analysis:
One can use a computer to explicitly enumerate every sequence

m=(m,....m_) vernfying the required conditions. When any
approximations is done:

anlrogpy
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BLACK HOLE ENTROPY IN LQG

= A. Corichi, J. Diaz-Polo, E_F. Borja Class & Quant. Grav. 24, 243 (2007),
Phys. Rev.Lett 98, 181301 (2007)

Brute Forze analysis:
One can use a computer to explicitly enumerate every sequence

m=(m,,...m_) verfying the required conditions. When any
approximations is done:

ailrogy

Questions:
- |s this effect an artifact the way of counting?

» Where is this effect coming from?

« |s this effect present for large areas where the Isolate Horizon

Pirsa: 08110048 & - " 5 . Page 29/127 i
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BH ENTROPY FROM NUMBER THEORY

- |. A, F. Barbero, J. Diaz-Polo, E.F. Borja, E.J. Villasefior: Phys. Rev. Lett. 100. (20(
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BH ENTROPY FROM NUMBER THEORY

- |. A, F. Barbero, J. Diaz-Polo, E.F. Borja, E.J. Villasefior: Phys. Rev. Lett. 100, (20(

We are looking for the number, N(A), of ordered sequences m=(m,,....m,)
verifying:

i:mi:ﬂ, Zwﬂ'—" (| +1)< Bﬂ?ffp
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BH ENTROPY FROM NUMBER THEORY

- |. A, F. Barbero, J. Diaz-Polo, E.F. Borja, E.J. Villasefior: Phys. Rev. Lett. 100. (20(

We are looking for the number, N(A), of ordered sequences m=(m,,....m )
verifying:

g;m,.:a, I A

Strategy:

- Look for the number, d(A) , of ordered m-sequences verifying

Z;:mi:il, él,,km |(Jm +l)—

Rzz;rtl
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BH ENTROPY FROM NUMBER THEORY
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- |. A, F. Barbero, J. Diaz-Polo, E.F. Borja, E.J. Villasefior: Phys. Rev. Lett. 100. (20¢

We are looking for the number, N(A), of ordered sequences m=(m,,....m_)

verifying:
 — 4 +1)<
;:m, , fo\ﬂ' (m | +1)< M#P
Strategy:
- Look for the number, d(A) , of ordered m-sequences verifying
- 3 ! A
R R A

-d(A)= degeneracy N(d)= Y d4&

-

<A
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BH ENTROPY FROM NUMBER THEORY

- |. A, F. Barbero, J. Diaz-Polo, E.F. Borja, E.J. Villasefior: Phys. Rev. Lett. 100. (20(

We are looking for the number, N(A), of ordered sequences m=(m,,....m,)
verifying:

me =0, Z Jmf(m +1)< erlp

Strategy:

- Look for the number, d(A) , of ordered m-sequences verifying

-d(A)= degeneracy N(A) =) d(A
_1- <A
Definitions:
Use units in which 4my£.2= 1
Definek=2|m| 41— E VE (ki +2)

Define n, as the number of punctures carrying label k
A = T I 'VJEL*('I%. +2)

Pirsa: 08110048 - ! Page 34/127 7 170
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BH ENTROPY FROM NUMBER THEORY

d(A) can be expressed in terms of {n,} like:

S
d(A) = (%E:R'P(m
!




BH ENTROPY FROM NUMBER THEORY

d(A) can be expressed in terms of {n,} like:

i(4) = (?[: Z’: P(ne)

Reordering
factor




BH ENTROPY FROM NUMBER THEORY

d(A) can be expressed in terms of {n,} like:

d(A) B (Zk nk)!P(n.k)

[ !
| | Sings assignment to the k
Reordering labels, verifying the
factor projection constraint
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BH ENTROPY FROM NUMBER THEORY

d(A) can be expressed in terms of {n,} like:

a(4) = 2™ p

Ha ”kr
Sings assignment to the k
Reordering labels, verifying the
factor projection constraint

Steps:
1. Find {n,}

2. Find P(n,)

Pirsa: 08110048 Page 38/127 g 120



BH ENTROPY FROM NUMBER THEORY

Step 1 Finding {n.}: Black hole area spectrum in LQG
4= 'EZ Viilgi +1)




BH ENTROPY FROM NUMBER THEORY

Step 1 Finding {n.}: Black hole area spectrum in LQG

;Z Vil mmp A= Z("“v P g.: positive integer number
i p,: squarefree number
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BH ENTROPY FROM NUMBER THEORY

Step 1 Finding {n.}: Black hole area spectrum in LQG

;YU -1 mmp A= ZGWE g, positive integer number
i p.. squarefree number

Y+ 1= q,./p,
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BH ENTROPY FROM NUMBER THEORY

Step 1 Finding {n.}: Black hole area spectrum in LQG

;y‘\‘—'} ) mmp A= Z{ME g.: positive integer number
p.. squarefree number

Y A&+ 1= g, p
s i

Eack ./ -12—1 can be written as an integer times a SRSFN

JEY 1=y /p
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BH ENTROPY FROM NUMBER THEORY

Step 1 Finding {n.}: Black hole area spectrum in LQG

i _EZ JiGtl) mmp A= Z giv/Di g.: positive integer number
i i p.. squarefree number

Yo+ 1= q,/p,

Eacl /(-1 -1 can be written as an integer times a SRSFN

JE&+) 1=y [p wmp Pell equation
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Step 1 Finding {n,}: Black hole area spectrum in LQG

1_]2‘” Girl) mmp A= Zﬂprz g.: positive integer number
i p,: squarefree number

> E+1Y 1= g, /p,
' i

Eacl /-1 -1 can be written as an integer times a SRSFN

J&+)’ 1=y /p =mp Pell equation

Given a p,, the solutions, {k™ y ™} are known
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Step 1 Finding {n.}: Black hole area spectrum in LQG

Zw Jo+l) mmp A= ZGWDT g,: positive integer number
i p.. squarefree number

Yo+ 1= q,/p,

Eacl ./t -12—1 can be written as an integer times a SRSFN

.,,‘.f(tﬂ)z —1= y\g’;,._ mmp Pell equation

Given a p,, the solutions, {k™ y ™} are known
Then, given an area eigenvalue 4= Tmp_ we have

Z Xy P = Z g.\P:
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Step 1 Finding {n.}: Black hole area spectrum in LQG

& ]Z " el E D) - - Z%»E g.: positive integer number
i p.. squarefree number

>G4 1= g,/p,

Eacl /(i -12—1 can be written as an integer times a SRSFN

JE&+)Y’ 1=y /p wmp Pell equation

Given a p,, the solutions, {k™ y ™}, are known
Then, given an area eigenvalue A= V %P We have

ZZ” =4 *vp Z‘?xp - Z”m,; —9q. i=12..
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BH ENTROPY FROM NUMBER THEORY

Step 1 Finding {n.}: Black hole area spectrum in LQG

v . _ - positive integer number
.{:'EZ\UJ_.I_J ~1) A:Zqig"p_-g G-P g
: i p.: squarefree number

Yo+ 1= g, /P,

Eacl ./t -1)2—1 can be written as an integer times a SRSFN

JE&E)Y’' 1=y /p =mp Pell equation

Given a p, the solutions, {k™ y ™} are known
Then, given an area eigenvalue 4= E %P We have

USRS WA DA

Set of decoupled diophantine equations ==y  {n}
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BH ENTROPY FROM NUMBER THEORY

Step 1 Finding {n.}: Black hole area spectrum in LQG

A ;Z ; ) -_—) - Zgl Jpi g, positive integer number
p,: squarefree number

S G+ 1=Yg,./p,
- i

Eacl .,/ -1)2—1 can be written as an integer times a SRSFN

JE&+) 1=y /p =mp Pell equation

Given a p, the solutions, {k™ y ™} are known
Then, given an area eigenvalue 4= Y VP  We have

ZZH -y lp th - Zm,; =q, i-1

Set of decoupled diophantine equations ==y  {n}

Il

I
H
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Step 2: Finding P({n.})



BH ENTROPY FROM NUMBER THEORY

Step 2: Finding P({n.})
Distributions of signs over the sequences (K;.k;,... K, .K.... Ky, K,.... K,) verifying Z m, =

Ng,-tmes ng,-times 7, -times
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BH ENTROPY FROM NUMBER THEORY

Step 2: Finding P({n.})
Distributions of signs over the sequences (K;.k;.... Ky.k,... Ky, K,.... K,) verifying Z m, =

Ng,-times N, -times T, - times

This is a well-known problem in number-theory called Partition Problem
AM—-1

P({n}) Z [ 20k cos (2msk/M) . M=1+Y nik

s=i) ke
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BH ENTROPY FROM NUMBER THEORY

Step 2: Finding P({n})
Distributions of signs over the sequences (k; Ky.... Ky K, Ky, .. K,.... K,) verifying Z m. =0,

Ng,-times ng,-times N -times

This is a well-known problem in number-theory called Partition Problem
M-}

1
P({n}) = U Z HQN;; cos(2msk/M)Y. M= I—Z nek
- s=1)}) Ek k
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BH ENTROPY FROM NUMBER THEORY

Step 2: Finding P({n})
Distributions of signs over the sequences (K.Ky.... Ky K>, K. K, ... K,) verifying Z m. =0,

Ng,-times ng,-times TN _-times

This is a well-known problem in number-theory called Partition Problem
M-

1
P({ni}) = i E_“ Him- cos(2xsk/M). M=1+ E# ngk
Putting all together: d(4)= TR P(ng)
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Step 2: Finding P({n})
Distributions of signs over the sequences (k; Ky.... Ky K. K. K. K,) verifying Z m =

Ng,-times ng,-times N -times

This is a well-known problem in number-theory called Partition Problem
M—1

P({n}) = Z [ 20k cos (2rsk/M). M =1+Y nik
| .

s=) L

x"

Putting all together: d(4) = T[ = - Pms)

dl A)

= " - - * - - w
¥ % - L] Fa
Pirsa: 08110048 i . e . o - Page 54/127 .
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BH ENTROPY FROM NUMBER THEORY

- . Barbero, E.J. Villasefor: Phys. Rev. D 77 (2008)

Generating functions
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Step 2: Finding P({n}) |
Distributions of signs over the sequences (k; Ky.... Ky K>, K. K,.... K,) verifying Z m. =

Ng, -times nNg,-times Tt -times

This is a well-known problem in number-theory called Partition Problem
M—1

{ni} Z H 2npcos (2nsk /M) . M= I—Z nek
. 3

s=l k

Putting all together: d(4)= % = Pu )

g i ? » - T 1A
d(4) | - s N(4) =) dA)

Pirsa: 08110048

Page 56/1%} 196
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- . Barbero, E.J. Villasefor: Phys. Rev. D 77 (2008)

Generating functions
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BH ENTROPY FROM NUMBER THEORY

- . Barbero, E.J. Villasefior: Phys. Rev. D 77 (2008)

Generating functions

* There are generating functions for each part of the combinatorial problem
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BH ENTROPY FROM NUMBER THEORY

- . Barbero, E.J. Villasefor: Phys. Rev. D 77 (2008)

Generating functions

* There are generating functions for each part of the combinatorial problem

* Closed expressions for the degeneracy == Starting point for an
asymptotical expansion (work in progress)
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- . Barbero, E.J. Villasefor: Phys. Rev. D 77 (2008)

Generating functions

* There are generating functions for each part of the combinatorial problem
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BH ENTROPY FROM NUMBER THEORY

- . Barbero, E.J. Villasefor: Phys. Rev. D 77 (2008)

Generating functions

* There are generating functions for each part of the combinatorial problem

* Closed expressions for the degeneracy == Starting point for an
asymptotical expansion (work in progress)
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BH ENTROPY FROM NUMBER THEORY

- . Barbero, E.J. Villasenor: Phys. Rev. D 77 (2008)

Generating functions

* There are generating functions for each part of the combinatorial problem
* Closed expressions for the degeneracy == Starting point for an

asymptotical expansion (work in progress)

For instance, to obtain P({n:}) the generating functions is:

G(i) — H(IA:"’; —-—i‘_ki’)
=1
Which gives:

Pirsa: 08110048

| 1
P({ng}) = 2—__/ dQanQcos k6
il O k

Page 62/127 | ¥y



NEW PERSPECTIVE TO COMPUTE BH ENTROPY




NEW PERSPECTIVE TO COMPUTE BH ENTROPY

Motivation:

- S.Carlip: an underlying conformal symmetry driving the exponential growing of
the number of states of a horizon with area. independently of the particular details of
the quantum gravity theory considered.

- E. Witten: connection between the Hilbert space of a generally covariant theory
and the space of conformal blocks of a conformal invanant theory.
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

Motivation:

- S.Carlip: an underlying conformal symmetry driving the exponential growing of
the number of states of a horizon with area. independently of the particular details of
the quantum gravity theory considered.

- E. Witten: connection between the Hilbert space of a generally covariant theory
and the space of conformal blocks of a conformal invariant theory.

First application of this idea to LQG: R.K. Kaul and P. Majumdar Phys. Lett B. 439 (1998)
SU(2) Chern-Simons 4= SU(2)-(CFT) Wess-Zumino-Witten

» SU(2) CS theory on the horizon
« SU(2)}-WZW theory on a 2-sphere
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

Motivation:

- S.Carlip: an underlying conformal symmetry driving the exponential growing of
the number of states of a horizon with area. independently of the particular details of
the quantum gravity theory considered.

- E. Witten: connection between the Hilbert space of a generally covariant theory
and the space of conformal blocks of a conformal invariant theory.

First application of this idea to LQG: R.K. Kaul and P. Majumdar Phys. Lett B. 439 (1998)
SU(2) Chern-Simons <= SU(2)-(CFT) Wess-Zumino-Witten
» SU(2) CS theory on the horizon

« SU(2)-WZW theory on a 2-sphere
Computing the number of conformal blocks of the SU(2) WZVW:

AP S ‘*\“f'l_ P ~Ip
4 = h.f:‘\" -"'-_f'x“"xr',--—;e.f;:q

where |0i] ® [9;] = %rN;;,' [0y
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

Motivation:

- S.Carlip: an underilying conformal symmetry driving the exponential growing of
the number of states of a horizon with area. independently of the particular details of
the quantum gravity theory considered.

- E. Witten: connection between the Hilbert space of a generally covariant theory
and the space of conformal blocks of a conformal invariant theory.

First application of this idea to LQG: R.K. Kaul and P. Majumdar Phys. Lett B. 439 (1998)
SU(2) Chern-Simons 4=smmp SU(2)-(CFT) Wess-Zumino-Witten

» SU(2) CS theory on the horizon
« SU(2WZW theory on a 2-sphere
Computing the number of conformal blocks of the SU(2) WZW:
NP — Y ND N e DY

where |0i]| ® |0;]| = %rwﬁi [0y
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Motivation:

- S.Carlip: an underiying conformal symmetry driving the exponential growing of
the number of states of a horizon with area. independently of the particular details of
the quantum gravity theory considered.

- E. Witten: connection between the Hilbert space of a generally covariant theory
and the space of conformal blocks of a conformal invanant theory.

First application of this idea to LQG: R.K. Kaul and P. Majumdar Phys. Lett B. 439 (1998)
SU(2) Chern-Simons 4= SU(2)-(CFT) Wess-Zumino-Witten

» SU(2) CS theory on the horizon
« SU(2)-WZW theory on a 2-sphere
Computing the number of conformal blocks of the SU(2) WZW-
M=V NN N ==y Entropy

Bl o - e

where |0i] ® [¢;] = BrdV;; o]

"= PROBLEM: In LQG the horizon d.o f. are described by a U(1)-CS theory ™= *472
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How to account for the U(1) degrees of freedom?
GEOMETRIC SYMMETRY REDUCTION

- .

u()y | ue1) |

Chemn-Simons |

Page 71/127 o



NEW PERSPECTIVE TO COMPUTE BH ENTROPY

How to account for the U(1) degrees of freedom?
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

How to account for the U(1) degrees of freedom?
GEOMETRIC SYMMETRY REDUCTION

- SU(2)
| connections

u(1) a5 ) |
Chern-Simons |
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

How to account for the U(1) degrees of freedom?
GEOMETRIC SYMMETRY REDUCTION

L SU@2)
| connections

|

‘ (1) O 7
connections Chem-Simons |
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

How to account for the U(1) degrees of freedom?
GEOMETRIC SYMMETRY REDUCTION

SU(2) SU(2)
| connections Chemn-Simons

U Uity |
| connections Chem-Simons
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

How to account for the U(1) degrees of freedom?
GEOMETRIC SYMMETRY REDUCTION

| SU@) SU(2) | SU(2)
| connections ' Chemn-Simons | | WZW

U(1)
connections

] U(1)
Chern-Simons
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

How to account for the U(1) degrees of freedom?
GEOMETRIC SYMMETRY REDUCTION

‘ SU(2) SU(2) SU(2) |
' connections Chem-Simons | WZW

l waw

LU ‘ u)y e, ) u()
' connections | Chemn-Simons | ‘reduction’
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

How to account for the U(1) degrees of freedom?
GEOMETRIC SYMMETRY REDUCTION

| SU©@)

SU(2) SUQ) |
! connections Chem-Simons | WZW
u(1) , u(t) | u(1)
connections Chemn-Simons ! ‘reduction’
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

SYMMETRY REDUCTION

Given a fiber bundle P(G.2) with connection w, the homomorfismA: H —G
induce the bundle reduction P(G,2) — Q(H,2) with a “reduced” conexién w’
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

SYMMETRY REDUCTION

Given a fiber bundle P(G.2) with connection w, the homomorfismA:H — G
induce the bundle reduction P(G,2) —» Q(H,2) with a “reduced” conexién w’

Ourcase: G=SU(2) and H=U(1)=T(SU(2)) ={diag(z. z7") | z=e"% = U(1)}
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

SYMMETRY REDUCTION

Given a fiber bundle P(G.2) with connection w, the homomorfismA: H — G
induce the bundle reduction P(G,2) — Q(H.,2) with a “reduced” conexién w’

Qurcase: G=SU(2) and H=U(1)=T(SU(2)) ={diag(z. z") | z=e*® = U(1)}

All homomormphisms in Hom(U(1), T(SU(2))) are given by

A :z > diag(Z,z7")
-k and -k conjugated by the Weil group action — k € N,
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In our case:
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

In our case:

- We want to make this symmetry reduction locally at each puncture.

- Each SU(2) irep | can be seen as the direct sum of 2j+1 U(1) irreps:

F’UH o Fs-_;—l_]b] D@ FH 1—j)6 a F—r_;h*
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

In our case:
- We want to make this symmetry reduction locally at each puncture.
- Each SU(2) irrep | can be seen as the direct sum of 2j+1 U(1) irreps:
o180 o oi(G-1)8 o o Li(1-5)8 g —ij6

- To be consistent with the embeddings U(1) — SU(2) we cannot differenciate
signs.
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

In our case:
- We want to make this symmetry reduction locally at each puncture.

- BEach SU(2) irrep | can be seen as the direct sum of 2j+1 U(1) irreps:

' = {3—17) T - TH == = —11H
116 TFJ j—1)8 4 .“—FJ 1—j)# ot

[

- To be consistent with the embeddings U(1) — SU(2) we cannot differenciate
signs.

- At each puncture we take the direct sum of two U(1) irreps (£m) which gives
us a (reducible) U(1) representation.
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

In our case:
- We want to make this symmetry reduction locally at each puncture.

- BEach SU(2) irep | can be seen as the direct sum of 2j+1 U(1) irreps:

i10 o ii-100 o o Gi(1=5)0 g —ij6

€ et B

- To be consistent with the embeddings U(1) — SU(2) we cannot differenciate
signs.

- At each puncture we take the direct sum of two U(1) irreps (+fm) which gives
us a (reducible) U(1) representation.

- We consider these representations instead of the ireducible ones as a
consequence of the reduction from SU(2)
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

In our case:

- We want to make this symmetry reduction locally at each puncture.

- BEach SU(2) irep | can be seen as the direct sum of 2j+1 U(1) irreps:

ij8 ~ Ff"_j—l_]l.‘;i T S Fi! I-7)0 ~ F—r'jﬁi’

€

- To be consistent with the embeddings U(1) — SU(2) we cannot differenciate
signs.

- At each puncture we take the direct sum of two U(1) irreps (+fm) which gives
us a (reducible) U(1) representation.

- We consider these representations instead of the irreducible ones as a
consequence of the reduction from SU(2)

- This is precisely using the homomorphisms A, as U(1) representations
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

L et us compute the number of conformal blocks with the symmetry reduction:
e For the SU(2) case:
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| et us compute the number of conformal blocks with the symmetry reduction:
¢ For the SU(Z) case:
= L N NN 1610 05] =8N (01

Fn—2im—1
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

L et us compute the number of conformal blocks with the symmetry reduction:

e For the SU(Z) case: I Verlinde formula
= L NNy 1018161 = @,V (6)]
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

| et us compute the number of conformal blocks with the symmetry reduction:
e For the SU(2) case: | Verlinde formula
AP S s - ¥ Tk § e ATk 1
N = Z '\".,r'zjz'x r‘i_,,r.:}.“?\'fr:—fj.ra—‘-_ [‘1}"; & [@JJ = &\ ij Pr]

We can re-write this expressions using the theory of characters: XiX; = Z -‘ﬂ:fjr;r
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

| et us compute the number of conformal blocks with the symmetry reduction:
¢ For the SU(2) case: i Verlinde formula
N = Y N NN 69 [0 = 6N

We can re-write this expressions using the theory of characters: X:X; = Z N,—'}xr
. . p 2T

Using that (XilX;) =05 being  (y.|y;)spe = - [ dosin® oy

Jo

i
I
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

L et us compute the number of conformal blocks with the symmetry reduction:

¢ For the SU(2) case: | | Veriinde formula
NP=N"ND NP NP . [6]8 ] =N [0
We can re-write thié. expressions using the theory of characters: X:X; = Z --‘«_,-'}JU-
Using that (Xi[Xj) =0i; being XilXj)su(2) = % / 4 dfsin” By;x;
T Jo

- N7 = (X1X2--Xn|X0)
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

L et us compute the number of conformal blocks with the symmetry reduction:
e For the SU(Z) case: I Verlinde formula

= LNy (018161 = @,V (6)]

We can re-write this expressions using the theory of characters: X:X; = Z -'V,-'}xr

P2
Using that (XilX;) =%; being  (y,|y,)sra = — / dfsin® ;i x;
0

e 1 il

— N7 = {x1x2--Xnlx0)
¢ For the U(1) case:

; -5 =ik ‘ o
The characters we are usingare Yp =€ +¢€ = 2cos kf
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

L et us compute the number of conformal blocks with the symmetry reduction:
e For the SU(2) case: - Verlinde formula

\P Z \Ji' 1j2” ';'}5 -\ fz— Jn—1 [ 8 [@JJ D ’\{Ejl.@f

We can re-write this expressions using the theory of characters: X:X; = Z .-‘{:}J(r

Using that Xilxg) = i being (xilx;)sr2) = l/_ 18 sin> i X;
0

-— = (X1X2---Xn|Xo0)
¢ For the U(1) case:

. k6 , —ik® _ o . __
The characters we are usingare \i =€ —¢ = 2cos kf

Given a {k;} list we have to project the product of the characters Xi, Xk,---X%,, Over
the trivial U(1) irrep to require gage invariance.
(This is the implementation in this context of the projection constrain).
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NEW PERSPECTIVE TO COMPUTE BH ENTROPY

| et us compute the number of conformal blocks with the symmetry reduction:
¢ For the SU(2) case: | - Verlinde formula

Z Y 4 \_r{ Fif _;-;1_. o ['ﬂz & [@JJ = :-:’P‘VL LG&P

We can re-write this expressions using the theory of characters: X:X; = Z N, i Xr

Py
Using that (X:{X;j) =% being Xilx; .::z-:z-lzl / dbsin” B;x;
0

i

mp V7 = (x1x2--XalX0)
¢ For the U(1) case:

. k8, —ik® o 1.
The characters we areusingare Yz =€ +€  =2coskt

Given a {k;} list we have to project the product of the characters Xz, X&.---X&, over
the trivial U(1) irrep to require gage invariance.
(This is the implementation in this context of the projection constrain).
.. .I 1 2 )
=== Taking into account X: Xi)r) = P / dbhyix; we obtain
£

g 4 1

2_
Pirsa: 08110048 < tk-[ X.L_--: .ee K X{EJ 5' —_— / dg H ) COS 9& Page 97/127 1on
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