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Motivation

QGP is the strongly interacting deconfined QCD matter

The critical temperature in the non-rotating case at 3
pw=0is T, =150 — 170 MeV

stout HISQ
(e-3p)/T4 =
pT4
s/4T*

QCD at high T has a quasi-conformal behaviour T/ ~ 0
(Bazavov'14)

T [MeV]

The large initial orbital angular momentum of the ions is
partially transferred to the medium, that leads to a
non-vanishing averaged vorticity — rotating QGP

A probe of the medium rotation is the polarization of
A-hyperons (Abelev'07; Adamczyk’'17; Becattini'13)
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The AdS/CFT conjecture

The conjecture

4d N = 4 SYM with SU(N) is dynamically equivalent to type IIB superstring
theory(contains strings and D-branes) on AdSs x S° with a string length £, = v/o/ and
coupling constant gy with the radius L and N units of F{s) flux on S

4
912/M = 2mgs, 29‘2/MN Pk A= g%/MN

Forms of the AdS5/CFT, correspondence

N =4SYM IIB theory on AdSs x S°
Strongest form | any N and A Quantum string theory, gs # 0, o/ /L? # 0
Strong form N — oo, \ fixed but arbitrary | Classical string theory, gs — 0, o’ /L? # 0
Weak form N — oo, A large Classical supergravity, gs — 0, o//L2 — 0

Classical (super)strings in asymptotically AdS5 can predict results
for strongly coupled 4d A = 4 SYM with SU(N), N — oo
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Holography at finite temperature

o < T =04d N =4 SYM at strong coupling with SU(N) (Maldacena’97)
the isometry group SO(2,4) of AdS5 is a symmetry group of the dual CFT

the field theory “lives” on the boundary of the gravity background
flat boundary < CFT on R*; spherical boundary < CFT on cylinder R x 3

o & thermal ensemble of N'=4 SYM SU(N) at strong coupling (Witten'98)

e T of the thermal ensemble of CFT is identified with the Hawking temperature Ty of BH
e The Hawking-Page phase transition in the BH = the first order phase transition in the dual

theory
e N =4 SYM has 1 vector field + 4 spinor fields + 6 scalar fields

Sundborg'00: free ' =4 SYM on R x S? at T # 0 has a phase transition at the Hagedorn
temperature (free energy on S® at N — 0o, A — 00)
Harmark et al."18'20: the Hagedorn temperature at any value of the 't Hooft coupling
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Some results within AdS/CFT

o Shear viscosity bound for plasma (Policastro/Kovtun, Son, Starinets'01/05)

e Second order transport coefficients (Son, Starinets'06; Herzog et.al.’07; Cherman’09; see
review Aref’eva’l4)

° (Maldacena’98; Sonnenschein et al.’98; Theisen'98; Kol,
Sonnenschein'11; Chen, Hou'22)

° (Sin, Zahed'05; Liu, Rajagopal, Wiedemann’'06'07;
Herzog'07; Ficnar, Gubser, Gyulassy'14; Rajagopal, Sadofyev'15; Golubtsova,
Gourgoulhon, Usova'21)

e High-energy fixed-angle scattering of glueballs (Polchinski, Strassler'02)

e Chiral symmetry breaking and form factors (Gherghetta, Kapusta, Kelley’'09)

e Meson mass spectra (Li, Huang, Yan'12)

e Heavy-ion collisions as shock waves (Grumiller, Romatschke’'08)

e Initial conditions before hydro (Schee, Romatschke, Pratt’13)

e Holographic models of QCD (Erlich/Karch, Katz, Son, Stephanov'05/06; Aref’eva et al.’18'20)
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R! x S® black holes

The gravity action:

1
S = ﬁ/dsm\/—g(Rg, —2A)

Solutions to Einstein equations with S3-symmetry:
o Schwarzschild-Anti-de Sitter black hole (SAdSs) with mass < non-rotating plasma

o Kerr-Anti-de Sitter black hole (Kerr-AdSs) with mass M/ and angular momenta J,,, J;, <
rotating plasma
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Non-rotating black hole

Schwarzschild-AdS; (SAdS;)

2
ds® = —f(r)dt* + dr” + r2dQZ,

G dQZ% = db?* + sin® 0d¢? + cos® Oda)?,
0<6<m/2 0< ¢, < 2m,
r2  2M 6
f(r)=1+€—2—r—2, -

The horizon 7, and Hawking temperature Ty are defined by the following expressions:

T — fr) B 2r2 + (2 2

4
= — 22 -2
SO - s e (e erioam)|

2 Y 2 2

ry  2M T T

b = = M=-2[1+2

flrn) =1+ 3 2 0 5 1+ %
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Rotating black hole

Asymptotic Kerr-AdS; metric in non-rotating at infinity frame!

ds? = — (14+2°072) dT + 2 (4T — asin® ©d® — beos? 04T)° + dy”
A3y2 1+y20-2 — A221\52
+y? (dO? + sin® ©dd? + cos” OdT?)
A=1-a%0"25n’0 — b*>(2cos O at a=b=0 the same as SAdSs!

The horizon y; and Hawking temperature Ty of a stable big BH:

1 1 1 1
T = — ]. 26_2< )_7 = = T )
H= 5 (y+( +yil™) yi+a2+yi+bg " Y+ = Y+ (Tn)

2 B 2

Yy 2M Acyy YL

1+ g = M= 14+ 2
e T A2 2 \Te

lew. Gibbons, M.J. Perry and C.N. Pope, The First law of thermodynamics for Kerr-anti-de Sitter black holes, Class. Quant.
Grav. 22, 1503 (2005) 8
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Conformal limit

e The physical temperature at the boundary is red-shifted via the Ehrenfest-Tolman effect:
Ty Ty ul
T(yo) =

T;
vV—=Gulyo) \/1+Z—§ 2M \/yg

- A3y§

)
— 2
so rotation affect on the Hawking temperature Ty and horizon y, but there is no dependence

on spatial coordinates, in opposite to the approach?, where rotation warms up the periphery.
For a rotating at infinity frame, this is also true, since GB* ~ Gy at y >y, .

e At yg — oo the Kerr-AdS; approaches the same limit as SAdSs5:

ds®> — ﬁ(—dt“‘ + £2dS23)
< 02 v 3)s

so T'— 0 at the conformal boundary y — oo (in both and frames).

2v.v. Braguta, A.Y. Kotov, D.D. Kuznedelev and A.A. Roenko, Influence of relativistic rotation on the
confinement-deconfinement transition in gluodynamics, Phys. Rev. D 103 (2021) 094515
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Thermodynamics

e Angular momenta of a Kerr-AdSs BH in non-rotating frame3:
mMa 7 — wMb
2(1 — a20-2)2(1 — b20—2)’ b 2(1 —b20-2)2(1 — a2072)’
and corresponding angular velocities*:
1+ K_Qyi Qp = 1+ E_Qyi
y3 +a?’ y3 + b2

I =

Q. =a

e These definitions obey to the First law of thermodynamics:

dE =TdS + Q.dJ, + QdJy

3G.W. Gibbons, M.J. Perry and C.N. Pope, The First law of thermodynamics for Kerr-anti-de Sitter black holes, Class. Quant.
Grav. 22, 1503 (2005)

4The rotation parameters are limited by the condition a, b < ¢ and the case of a = £ (b = £) corresponds to the critical
rotation, when the entropy diverges

10
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Phase transition without rotation (SAdSs)
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Figure 1: The minimum temperature T, at
which the Schwarzschild-AdS5 black hole solution
exists, depending on the AdS radius £. We can
"tune " the temperature of the first-order phase
transition via selection of £.
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Figure 2: The Hawking temperature 7" dependence on the black hole
horizon rj,. Below T}, a BH solution doesn't exist, and we need to
consider the thermal AdSs spacetime. The first-order phase transition
occurs at rp, > L and T > T, = 3/(2n€), when AF < 0. A small BH
(left branch) is not allowed as a stable equilibrium, due to AF > 0. A big
BH (right branch) is not globally stable, so decays to the thermal AdSs.

11
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Phase transition in Kerr-AdS;
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Figure 3: Temperature dependence on the horizon, free energy vs. temperature and critical

temperature vs. a at different values of b. The parameter ¢ = 1, while the temperature is scaled by the

factor 2.9 to restore units. The minimal critical temperature Tcrp =~ 0.134 GeV°.

5] Ya. Aref'eva, A.A. Golubtsova, E. Gourgoulhon, Holographic drag force in 5d Kerr-AdS black hole, JHEP 04 (2021)

12
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Holographic Wilson loop

e d=4 N =4 SYM with SU(N):

1 , .
W(C) = NTrPexp (% dsA,it + j:’q)iQZ)

e The AdS/CFT duality (Maldacena'98):
(W(C)) = e~ Swamn=so,

where the Nambu-Goto action of an open string in asymptotically AdSj5 is

1
Sng = ﬁ/dadﬁ/—det(gaﬂ),

with the induced metric on the string worldsheet
Jap = GMNaaXMaﬁXN,
Gy Nv— spacetime metric, X — embedding coordinates, «, 5 — indices on worldsheet

Zarembo et al.’98; Gross et.al.'98: (W)|x—00 ~ eVA
Sonnenschein et al.’98; Theisen’98: finite T' holographic WL for “planar” AdS BH 13
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Heavy quark-antiquark potential

e The interquark potential is related to the expectation value of the temporal Wilson loop:
(W(C)) ~ e TVE),
with the distance between quarks L and the temporal extent of the Wilson loop T — oo.
e The quark-antiquark potential can be found in the following way:

Sna
%q:‘?ﬁTaM.

e The Cornell potential is
K
Za
with o and k are the string tension and Coulomb strength parameters.

Vog=0L —

e In the confined phase the expectation value of the Wilson loop reproduces an area law
<W(C)> ~ efcrLT — efcrArea(C).

14
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Wilson loop configuration

Kerr-AdS; in non-rotating at infinity frame

ds? =~ — (1+42072) dT% + 220 (4T — asin® ©d® — beos? ©4T)° + dy” -
A3y 1+ y2=2 — Z2
+y? (dO? + sin® ©dP? + cos® Od¥?), A =1-—a*("?sin’© — b*("? cos’ ©
LT
The worldsheet parametrization: ———— Tt
T=T. o0—0, “’"";/""i;,/’z"i;,‘/i"""" /{V

y = y(P), ® € (0,27 Lg] /

ry
t, T
The boundary conditions: vy
_Le (L2
Y\ )T\ ) T

Th, Y+

At a = b =0 the same as SAdSs5! 15
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Wilson loop calculation

e The Nambu-Goto action is

T =+ fas(y) )
_ 2 2F 4
Sna S /_?dq) \/y Faa) + y?Fas(y) sin” ©,

where we define

2M 2M
_ 2)-2 _ 22
faz(y) =1+y7t T AR faz(y) =1+y7t T A%
2Ma?sin? © B
Fas(y) = fas(y) + JAAT (1+y%07?)
e The integral of motion:
2FA3( )sin® © 14

\/y’2 fAs y) + y2Faz(y) sin ©

show induced metric

16
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Wilson loop calculation

e The turning point is defined by /|, _, = =0, so we have

—ysin O/ Fas(y)

%
o |o=a,,

L
=——, with yyn =y(Pn).
Y=Ym C Y y( )

e The equation of motion is

~—

Iaz(y
fas(y)

2
Y% = y?Fas(y) sin? © {32 sin? Oy? Fas(y) — 1} .

e The distance between quarks Lg:

Lo _ ("% h £ fas(y)
S e/ w L)
0 Ym sin Oy+/ Fas(y) \/02 sin? @y2Fs (y) — £2 faz(y)

17
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The holographic renormalization

e Coming to the integration in terms of y we obtain

C'sin @ym fas(y)

sin® Oy2 Fas (y) — £2 faz(y)

Ym

e The holographic renormalization
Sxé = Sna — So

is a subtraction of the self-energy of two free quarks ( from y = co up to y)

T o Ym fAs
So = 7 dy \/ _GTTny / /
yey fN

m

e The quark-antiquark potential (A = a/z)

Vg = SNG / [fa3(y) C'sin Oy+/Fas(y 1 7/ymdy Tas(y) .
T w2 Ym faz(y) \/02 sin2 @2 F s (y )_gz vy Faz(y) 15
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Figure 4: The distance L between quark and Figure 5: Numerical results for the dependence
antiquark, depending on the string turning point 7, of V44 on the distance between quarks L

o With increasing of T or 6 we receive smaller L and larger V45!
e Upper branch is unphysical (quarks become free) 19
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Figure 6: The distance L vs. turning point ym,

e Rotation leads to decreasing of L and increasing of V4!
e The influence of the parameter b is stronger! due to string configuration on ®
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Figure 7: The potential V,; vs. distance L

show angular velocity plot

20
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The relation between S and Lo

The relation between the string action and the quark-antiquark distance
Lo

— = I m o
D) 2(Ym, C)

T
qren _— _© 7 mac :
NG = 1(y )
We have the following relation:
aIQ(yHH C) o gall(ymv C)

oC -l oC

We find for the quark-antiquark potential

A L
Vir = Dt sin 0y Fiaslu) (22 1) |

oo Fas(¥) \/6’2 sin? ©y2Fas(y) — £2 C [Yym fas(y)
I3 = d -C|-—= d
’ / Y\ Tazw) ( ysin©y/Frs (9) ¢ /y+ YN Tazv)

where

21
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0.00 [+ _ K, X
F T1=0.17GeV Vgg(L) = oL — 7 VI
_01055_ ‘ a/t | b/l | o, GeV/fm | k, GeV-fm | x, GeV-fm!/2 ‘
= -0.10F 0 0 2.21704 1.28893 1.55392
=t 0.15 | 0.05 | 2.76058 1.30234 1.71247
~o15 01 | 01 | 291683 | 1.31574 1.80647
r T¢(0,0)=0.17GeV
-0_20-— TH"(0,0)=0.16GeV | 005 015 313669 133658 195819
b a=0.15¢ ©=r1/9
_0.25'b=0'05/| | | Table 1: Fitting coefficients at Ty = 0.17 GeV and 6 = 7/9
0 5 10 15 20

/L [1/fm]

e We recognize linear and Coulomb terms

e With an increase in rotation, the string tension, the Coulomb strength, as well as the
parameter x increase

e The most simple additional term to fitting is ﬁ With 1/L? gives large o, small x and

worse precision. With const gives negative o
22
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Jet-quenching parameter

e The jet-quenching parameter ¢ gives the squared average transverse momentum exchange
between the medium and the high-energy parton per unit path length:

. (D)
1=

Gyulassy, Pliimer'90; Baier, Schiff, Zakharov'00: jet-quenching classical works

e The suppression of elliptic flows vo and hadrons yields with high transverse momentum
pr, as well as observed increase in the nuclear modification factor Raa are related to the
jet-quenching phenomenon (BRAHMS'05; PHENIX'05; STAR'05)

23
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Light-like Wilson loop and jet-quenching parameter

e The expectation value of the the light-like WL on the contour C in the adjoint representation
and the jet-quenching parameter § are related as follows (Rajagopal et. al.’06):

(WA(C)) ~ exp|———=¢L~ LQ}

4f

where L~ is a large side of the rectangular contour C and L is a short side.

e The WL operator in the adjoint representation is related to the the WL operator in the

fundamental representation: <WA(C)) ~ <WF(C)>2
e Following the holographic dictionary, we have (WF(C)) = e=SNe,
1
== WAC)) ~ e ——AL_L2] ~ e~ 25NG |
(WAC) ~ exp[- s
N ; PTG sy
e Planar case (AdS on R?): gsym = VAT? |
(%) 2
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Light-like Wilson loop in Schwarzschild-AdS;

e “Light-cone” coordinates: dot = 2(dt — bdg), dx~ = (3(dt + ldp).
e The string parametrization
T=x", o=1, 2*¥=a"(0), 0(c)=-const, xt(c)= const.

e The Nambu-Goto action is

L~ -L/2 r ]c(7) o 9.2 ) 72 .
= 5o /L/leﬁw (726 r? sin 0) <005 9+f(r)>’ r' = Or /oy

e The first integral is given by cos? 0\/f(r) 24020
== =-C.

202, [cos? 6 + %

e The equation of motion for r(o) :
P f(r)cos® 6

oage |cos” O(f(r)? — r*sin® 0) — 4C2(°).

25
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Jet-quenching parameter calculation

e Regularized action:

- /oo J \/f(r)ﬂ2 —r4sin? 0 cos 6\/f(7“)€2 —rdsin? g
— iF
T Jryte 203/ f(r) \/cos2 0(f(r)€2 — risin® §) — 4C2¢6

=1

reg __
SNG -

e Expanding for small C' (low energy limit)
L= 2¢? e d
Slileé = o2 917 = / -
ey’ ©us P W\/f(r) — r40—25in% 0
and r,, is defined as a positive real solution to the equation

r2 4+ r*2cos?0 — 2M = 0.

e To find the relation between L and C' we remember that r(£L/2) = oo:

L_/‘X’dr_ZCE?’/"O dr
2 rg 7 €080 Jry /f(r) \/cos2 O(f ()02 — r4sin® §) — 4C246 26
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Jet-quenching parameter calculation

e For small C' we have

L 2020
2 cos?6
and we come to
reg _ L~ L? cos? 9

NG —
T 1642
f“" \ f(r) \/f T) r4¢—2 sin2

e Wilson loop and jet-quenching parameter relation (Rajagopal’06):

(W4(C)) mexp{ ——GL™L?| = e~ 25NG,

4v2
Then the jet-quenching parameter is (A = a'2)
G= VA cos? 6
4 dr P
Vor e [ VIO Fr)—r*2sin 6

27
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The temperature dependence of JQ for the SAdS;

20 — T e e fare o

L B o T

Schwarz-AdSs

Schwarz-AdSs
TA(0,0)=0.16GeV

TH"(0,0)=0.16GeV

151 | T4(0,0)=0.17GeV ) A Planar case (AdS on R?): 60 i | Te(0,0)=0.17GeV 1
i A=6r 7/ 1 I : Ao ]
E Y/ 1 Y : 6=11/6_1
& // ] INE) oz, [ | 1
> L a - ~ 5 '
g Asvm = ] Gsym = e )4 VAT | &4
;— 6=m1/6——>/ /4, ] 4 ET
i / 1 L
5 6=1/9 G . 20
L 7, 4 L
7 =112
o] I PRI BT PR 0||||
00 01 02 03 04 05 0 1 2 3 4 5
Th [GeV] Tw/TE"(0,0)

e Near critical temperature T, we have ¢ < Gsyw (at some values of 6 always § < Gsym!)

o We have G ~ T} at high temperatures Ty and G ~ gsym at 0 ~ /9

28
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Light-like Wilson loop in Kerr-AdS;

e “Light-cone” coordinates (Cvetic, Gao, Simon’'05): for simplicity £ = 1
dx™ = dT — ad®, dx™ =dT + ad®.

e The string parametrization

r=x", o=V, z!¥=z1'(0), O(c)=const, z1(0)=const.

e \We introduce the following notation:

2
v oM,
n(y) = (1+y?) — 2SO, ((y) =n(y) - AsyE °0 ]
2M

Bly) = cos® © (n(y) Niy? b* cos® © + ¢ (y)y2>

e The first integral and equation of motion (' = j—&’,) are given by
2 By) __c )2 = 162WEW) <6(y) B 1) .
2,/By) + =Y ’ ) \4C?

Faz(y) 29
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Light-like Wilson loop in Kerr-AdS;

e The regularized action and distance between quarks:

eg _ L7 (% ((y) Bly)
=25 ) W3 (m(y) —i0? 1)’
L [®dy [™ 20/((y)

2 /J /y+ W V. fa2(y)By)v/Bly) —4C?

e In the low energy limit (small C):

T L > ¢(y)
ses = L e 4 oo, L _scrvo0(c®), 7- / dy —YSW)
YE T mal 2 v BW)VIa(y)
e The final expression for the jet-quenching parameter (with restored units):

VA
¢ V2mlAT

30



The temperature dependence of JQ for t

q [GeVZ/fm]
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The rotating plasma is more strongly coupled!

The phase transition temperature decreases with rotation!

The behaviour ~ T3 at high Ty is saved in the rotating plasma.

1 2 3 4 5
Tw/TH"(0,0)

The singularity at a — 0 is due to the metric transformation (string configuration). 31
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The rotational parameters dependence for the Kerr-AdS;

Ty = 0.17GeV (blue),
Gmax = 0.18¢

Ty = 0.20GeV (red),
Gmax = 0.19¢

/aSYM

Gl

mpupupapajenen®t

Ty = O.3OGe€V (green),

Amax = 0.

= |amunuy

0
0.00

The singularity at a — 0 is due to the metric transformation (string configuration).
e At some value of a near an.x we have § =~ qsywm and weaker dependence on b

The JQ parameter increases with b and sharply drops to zero at byax

bmax decreases with increasing of a 32



Comparison with D-instanton background
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< : o' oo 1—w? R—4d7’
b -] re \ FEA—Tm)
) a‘O 15¢, b=0.05¢ 1 5 5
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ARCSTR
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w=0 ]
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0.0 02 0.4 0.6 08 00 02 0.4 06 0.8 1.0
Th [GeV] w, bl
The D-instanton background (Chen, Hou'22):
2 2 4
2 2T f(T) —wif(r) o 2w(l— f(r)) 1 R 2 2 2
ds? = ez — dt> SN s dtde + —— ——d d dz2 |,
s " Re 1—w + 1—w? o 1— w? Lp+f(r)'r4 e
3 75
e’ =1+ — log — f( y? f(r)y=1- —i, radius to the rotating axis: | = 1GeV™'; AdS radius R = ¢
t

Jet-quenching parameter
00000000000

In the dual picture the D-instanton density represents the vacuum expectation value of gluon condensation



Summary




Summary
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Summary

We have computed the temporal (heavy quark-antiquark potential) and light-like

(jet-quenching parameter) Wilson Loops in the SAdS5 (non-rotating plasma) and Kerr-AdSs

(rotating plasma) geometries:

The analytical expression for the potential contains the linear and modified Coulomb parts.
With increasing of T' or 6 we receive smaller L and larger V5!

Rotation leads to decreasing of L and increasing of V4!

With an increase in rotation, the string tension and Coulomb strength parameters increase

Near critical temperature T, we have § < gsywm (at some values of 6 always § < gsym!)
We have ¢ ~ T3 at high Ty and § =~ dsyn at 0 ~ /9

The rotating plasma is more strongly coupled!

The phase transition temperature 7. decreases with rotation!
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Induced metric

The Nambu-Goto action: 1
Sna = S~ /dadﬂ/—det(galg)

The string configuration:

The induced metric:

2M 2Masin® ©
TT:G = = 1 2£_2— y ‘ro':G =S =——rar o9
g T ( +y A3y2) 9 T A3y?
2Ma? sin® © y'"?
vo = Gas +y°G si112®(2+ > , 2
g OP y yy y Agyz 1 + y2£_2 _ A2£\§2 ( )



Angular velocity in Kerr-AdSs

T = 170MeV | Ty = 300 MeV | Ty = 500 MeV
a/l Q., MeV Q.. MeV Q.. MeV
0.05 35.107 20.7284 18.7286
0.10 68.811 41.3958 37.4411
0.15 100.175 61.9422 37.4411
0.20 128.823 82.3104 74.7549
000“|||
0.1 0.2 0.3 0.4 05
Ty [GeV]



Temperature in Kerr-AdS;
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Hopf coordinates

dQ2 = d6? + sin? 0dp? + cos? Odip?,
0<0<m/2, 0<¢p<2m

For any fixed value of 6 the coordinates (¢, 1) parametrize a 2-dimensional torus. Rings of
constant ¢ and v form simple orthogonal grids on the torus. In the degenerate cases §# = 0 and
0 = /2 coordinates (¢,) represent a circle



Confinement in AdS/CFT

e Any CFT on R" is , S0 there is no confining phase
o If we the AdS spacetime, the gauge theory will also be deformed in some way
e Some or geometries of the N' = 4 SYM bring the theory “closer to QCD”

and lead to the confinement

Toy confinement model at 7' =0

The holographic coordinate r refers to the gauge theory energy scale, so if we cutoff ® AdS
spacetime at 7 = rin ~ A¢? (A is the mass of the lightest glueball state and / is the AdS
radius), we receive the confinement behaviour near 7y, and Coulomb-like potential at

P = i

5¥)] Polchinski, M.J. Strassler, Hard scattering and gauge/string duality. Phys. Rev. Lett. 88, 031601 (2002)



Confinement-deconfinement phase transition

Phase transitions’ in AdS5/CFT,:

e D-branes (flat horizon) + background (dilaton, bulk scalar field): hard-wall® and
soft-wall® AdS/QCD (or KKSS model)

e Black holes (compact spaces'® and ): Rt x S3 or R? x S?

R3 x §t R! x §3 i

“precise correspondence

e AdS soliton +— confining phase e thermal AdS'? «+— confining phase

e AdS R? x S! black hole <— plasma e AdS R! x S? black hole <— plasma

7The phase transition in AdS black holes is called Hawking-Page phase transition. S.W. Hawking, D.N. Page, Commun. Math. Phys., 87, 577 (1983)
J. Erlich, E. Katz, D.T. Son and M.A. Stephanov, Phys. Rev. Lett. 95, 261602 (2005)

9A. Karch, E. Katz, D. T. Son and M. A. Stephanov, Phys. Rev. D 74 015005 (2006)
10In gauge theory on the sphere we get "kinematic confinement", which comes from the Gauss law. Therefore, the physical states on a sphere cannot have any net color. So our
"confinement* is not the same as QCD one, which comes from dynamics in a complicated way
6E. Witten, series of works in 1998
12The AdS spacetime with Euclidean time periodicity 3



The Kerr-AdS; solution in the rotating at infinity frame

The Kerr-AdS; metric the in rotating at infinity frame!3

2
5 A, asin’® 6 bcos ? Agsin20 (r? + a?)
ds? = -2 (dt - dé — dp) +205 0 g - T gy
p

2

2
Ag cos® 0 (T —|— bz) 9

—

2/— 2 2\ i 2 2 | 12 2 2
+(1—!—7“( ) abdt—b(r —i—f)sm Qd(bia(r —l—b)cos 9d1/1 ’
r2p2 Ha =

Ar =5 (P +a) (P +8) (147207) — oM

, Ba=(1-d%"%), E=(1-b%?
Ay = (1 — a2 cos? 0 — b202 sin? 9) ,

P’ = (r2 + a? cos? 0 + b? sin? 0)

13S.Vl/ Hawking, C.J. Hunter and M. Taylor-Robinson, Rotation and the AdS/CFT correspondence, Phys.Rev. D 59 (1999) 064005



Modified potential
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