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The ABCK quantum horizon

fixed value a of the classical area, prequantized:
a = 4nvylpk, keN

The horizon Hilbert space H%, . states:

® |Omor, - ,|(b1, -y by))Hor, -

® 0#£b,€Z;, i=1,.,n, neN, Y" b = 0€Z.
The bulk Hilbert space Hg, States:

® [(0), .0Bul, - |(M1,015 My dn)s - )Bul

e jiesNi=1..n m;e{—j, —j+1, .., J}

o m; and j; represent the bulk geometry at the horizon,

o *“. stand for the other bulk degrees of freedom

The Hilbert space H;,; of the horizon coupled with the bulk
» the vectors |(b1, ..., b, ))Hor @ [(M1, 51, o, Mps Jn)y - )Bul, 1 EN
# the constraintb; = —2m; mod k, for 1 =1, ...,n.
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The meaning of js and ms

® js: the LQG bulk quantum area operator

» defined for any 2-surface contained in the bulk, in particular for
the horizon 2-slice

~ &LQG |(m17j17 "'7mn7jn)7 "'>Bu1 —
81yl > iy \/Ji(Ji + 1) [(m1, 1, ey My Jin)s o) Bul

# the spectrum is an interesting application of the number theory
(Barbero’s talk)

® ms: the flux across the horizon 2-slice of the normal vector field
» defined only at the horizon by a function
r : horizon — su(2) given by the ABCK model
o d"™(E 1) = s Js |Ereqpeda® A dz®|

® A" (ma, g1, M, Gy ) Bul =

87—‘-76%1 Z?:l |mi||(m17j17 "'7mn7jn>7 "'>Bul
# the spectrum is 87/ pN

® Classically a"Q% = gfivx,
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Entropy: what we want to count

According to the direct definition, the isolated horizon entropy is the
logarithm of the number of states |(b1, ..., b ))uor SUCh that there are states

|(b17-“7bn)>Hor®‘(mlajla---7mn7jn)7--->Bul S 7_(Tot (1)

which satisfy the condition

a(mla.jl)‘"amn:jn) < @:477’75%3]@ (2)

where a(ma, ..., jn) IS the eigenvalue of the quantum area operator.
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The map (ml,...,mn) — (bl,...,bn)

The counting of the suitable sequences (b4, ..., b, ) can be translated into a
counting of the sequences (my, ..., my).

» b =0 modk = » m; = 0mod k/2 3)
a(my,....jn) <a = zn:\/jz-(ji—l—l) < K = i:\/\mz\(|mz|—|—1) < K
T i=1 -2 i=1 -2
(4)
= Z’mZ’ < - Zmz =0, |m, < (5)
’ 4

Now,

(my, ma, ..., my), (M, mb,..., m.) — (by,ba,....0,,) < m; —m, = N;k/2

The last enaquality implies, that (mq,...m,) — (b1,...,b,)is 1 to 1.
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The counting problem in terms of ms only

How to get rid of the js? Given (myq, ..., m,) such that

wl?v

Z\/‘mz (Jmi| +1) <

there is |(m1, j1, ..., Mn, Jn))Bu SUCH that

i \/Jz(]z +1) < 5

Therefore, it is necessary and sufficient to use the former condition, and

a5

forget the js.
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The set of (m4,...,m,)s acounting to the entropy

In summary (Domagala, L 2004):
The entropy S(a) of a quantum ABCK horizon of the classical area

a = 4%76%316, ke N,is

S(a) =log (1 + N(k))

where N (k) denotes the number of all the finite, arbitrarily long,
sequences m = (myq, ..., m,) of elements of Z, /2 (i.e. non-zero elements

of Z/2), such that the following equality and inequality are satisfied:

N)|PT‘

Zmi =0, Z\/|mz (lm1] +1) <
i=1
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