Deconfinement transition
as black hole formation
by the condensation of QCD strings

(and toward real-time simulation)
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« interaction (joining/splitting) is 1/N-suppressed

“large-N limit is the theory of free string”

« lItis true when L is O(N9). (—=confining phase)

« In deconfinement phase, total length of the strings
is O(N2) = number of intersections is
O(N2)—interaction is not negligible

large-N limit is still very dynamical!

Real-time study for BH thermalization

charge
O
S —
BH
Ui, Us — <:>
I

< U>U ®©&

9

ieigenstate ~ “thermal state”

He=E®e
A |2 bability that
S Bi=2 100 i isenes
Ei= % + % x(integer) P
. . /[ L=N=26
thermal distribution ox
# of k-string states

Pk = el
# of all states (=d) k

e generic state is indistinguishable from “thermal state”

* Does it satisfy Sekino-Susskind’s fast scrambling bound?
13

= gas of short strings

gauge/gravity duality claims
deconfinement phase = Black hole

Quantitative test:
DO-brane matrix model vs. black 0-brane
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[Iooks correct, even at quantum gravity Ieve\.l
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long and winding string,
which is interpreted as BH,
appears

confining phase

as the density of strings increase,
interaction between strings
becomes important,and...

strings

(@)
O\ l /O
O— — OO :>

ARN'S'
SN

U OO O
LU O O C

ron ling limit  # = XX

(A=1 for simplicity)

O s (O

L = length of string
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Understand it by using the Hamiltonian formulation
of lattice gauge theory (Kogut-Susskind, 1974)

2 strings
L Hilbert space is expressed by |_ 1
;Tijkt: N2 Wilson loops. ey ? +N OQ
1 string
3 4

[ D-dim square lattice at string coupling ]

[ matrix models at string coupling !

deconfining phase = long string

4
huge mass and entropy are packed Uo
in a small region = BH Uia Te= 1
E = L(T)/2, S = L(T)xlog(2D~1) 3 2log(2D-1)
U o - )
F=E_TS = L(T)x(1/2 - Txlog(2D-1 single-site with D-links
(Mx(1/ xlog( ) 1 Uz 2 (Eguchi-Kawai model)
Te= —1-—-— tetrahedron Te= 1 - =072 (Equivalent to large-volume lattice
) 2log(2D-1) . etraheadro °= 2log2 e via Eguchi-Kawai equivalence)
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thermalization= the simplest case: 1-link model

formation of generic string

Vi=(Tr UL) — 1-string state
o (#of Uj) — (# of Uit) is fixed. W=(Tr U)(Tr UL1)
N . e
« In the strong coupling limit, number of link variables l/f=(Tf UA)(Tr U-2) »= 2-string states
does not increase. The Hilbert space can be truncated )(Tr UL3)

va=(Tr U3
to finite dimensions. :
- _ L :
* When there is no Uit in the initial condition, simply the Va=(Tr U}~ L-string state

combinatorics of fixed numbers of Us,...,Uq. d = # of string states with total length L

[t\'me evolution can be studied! He=E¢e B=c;iV
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