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Outline:

e Introduction (Motivation!!)

e Sct up a Question

® Approach: AdS/CFT or Gauge/Gravity Duality

® Results

® Summary



Introduction: phase diagram (Isotropic case)
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Running Coupling:
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Question



Question:

What is the dependence of running coupling on temperature

and chemical potential at different phases?
(For LQ and HQ)
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Our Approach (bottom-up):

Classical gravity 4mmm) Strongly coupled QFT

Anti-de Sitter Space (AdS)  (— Vacuum state

Black hole temperature —— Temperature in QCD

Maldacena, Adv. Theor. Math.Phys. 1998; Witten, Adv. Theor.Math. Phys. 1998 3



Geometric picture:

z=0 Boundary

z z = const. RG flow

< —* 00

J.~Casalderrey-Solana, at al, Gauge/String Duality, Hot QCD and Heavy lon Collisions;
[arXiv:1101.0618 [hep-th]]



Our Model:

I 5 | f{]{ﬁﬂ} . ! _
S = d’x\/—gq|R - F2——0,p¢p—-YV
1672G- f VEETTY 2 WP ¥ {‘p}_
, 9V F? )
Fields EOMs: Vg = 0 | ?% > 0,1\ /—af(@)F*] =0

’ 2
Einstein EOMs: Ry, _Egmﬂ ~ T (F ,HﬂFi —Eﬂmf )

1 >
| |idﬂl¥}db ~29m (99)" = G V{:;.ﬂ}]

10

b | =



Ansatzes for the fields:

Metric:

Gauge field: A, =(A,(z),0,0)

H

Dilaton field: ¢ = @(z)

Lf,ﬂ.{z]

7
ey

(Warp factor)
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Solving EOMs: (Potential reconstruction method )

() f ! !
Gauge field: A} ( FA — —)A ;=0
0 i
2
Dilaton field: A" — A2 + EAF + % —0
: . . , 3 o4 9 ”
Blackening function: g+ (34" —=|g —e 77 fAlF =

3¢ 6 g

Dilaton potential: A" +3A7 + (— — —) Al —— (— — —) =0
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Warp factor: ds® = B(z) | —g(z)di* + di>

B(z) =

-~

Has very crucial effect on the physics in the QFT side.

Light quark: A(z) = —a In(bz? + 1)

Li, Yang, Yuan 2015

Heavy quark: A(z) = —cz?/4

Zakharov, Andreev, 2008
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Warp factor and gauge kinetic function:

Heavy quark:  fo(z) = e A
¢ = 1.16 GeV?

C 5 _ 4
A(E} — _EEH _ FEd p =0.273 GeV

1- Linear Regge trajectory of J/v meson

2- Transition temperature at ;o = 0 with: lattice QCD simulation of 1y p ~ 0.6Gel
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Warp factor and gauge kinetic function:

” — o=z —A(z)
Light quark: folz) = e =~ o
: b =0.01613 GeV>
A(z) = —alog(bz* + 1) ¢ = 0.227 GeV?

1- Linear Regge trajectory of £ meson

2- fitting the confinement-deconfinement phase transition temperature at /¢ =0
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Back to EOMs:

() A l !
Gauge field: A} ( FA — —)A ;=0
0 Z
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: C A ! ! 3 —24 .2 r2
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Boundary conditions:

Gauge field:

Blackening function:

Dilaton field:

At(o) — H,
g(0) =1,
(2, 20)

Ai(zn) =0

g(zn) =0

L
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String tension: LQ Model
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Physical boundary condition for dilaton: LQ Model
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Physical boundary condition for dilaton: LQ Model

a(T)/ag
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Physical boundary condition for dilaton: HQ Model

Physical boundary condition:

(2, 20) =0 =) 20 =j3,,(%)= =) 4+ 0.1

zZ=2z(

Holographic running coupling for LQ , HQ:

a(z) = cP(2)

A.W. Peet and J. Polchinski; Phys. Rev. D 59, 065011 (1999).

U. Gursoy and E. Kiritsis; J. High Energy Phys. 02 (2008) 032. 21



Thermodynamics:

T . 9l
emperature: T — 4_
T ~—<h
Entropy: . B3(z,)
-4

Free energy: = —/SdT :/
<h
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Back to Question



Question:

What is the dependence of running coupling on temperature
and chemical potential at different phases?

(For LQ and HQ)
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Phase diagram: (LQ Model; Isotropic case )
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Phase diagram; (HQ Model; Isotropic case )
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Logarithm of running coupling:
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Logarithm of running coupling: (HQ phase diagram)

z=0.3 2=0.3
' ' = 1.2
0.8 .
1 0 é 0.

0.6 01 04 07 ‘1 ’< 0.8 e 04 0A7 1
— + CEP ) — 1 (GoW)
? >
Qe ©® 0.6
= 0.4 -

0.4

0.2

05 10 15 20
[ (GeV)

" _ _ — (=)
Boundary conditions: 2o = Zp Zp = 5HQ(Eh) =e "1/ 4 0.1



Running coupling vs T: (LQ Model)

Running coupling senses the jump at
[-st order phase transition line.
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Running coupling vs T: (HQ Model)

Running coupling senses the jump at

[-st order phase transition line.
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Running coupling vs E in QFT: (LQ Model)
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Running coupling vs E in QFT: (HQ Model)
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Summary:

® Obtaining the physical-boundary condition for dilaton field

® Describing the running coupling behavior in phase diagram of LQ, HQ models.

® Phase structure of QCD 1s independent of the boundary conditions.

e Coupling senses the 15 order phase transition with a jump.
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Future plan:

1- Extending to anisotropic models

2- Considering the hybrid model

Thank you for your attention!
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Complementary slides



String tension of Light quarks:
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Figure 4: String tension as function of the temperature
for Ny = 4,6, 8,12 combined with the results from the
Bielefeld group. The black line corresponds to the
ferromagnet magnetization M /M sat critical curve, [1].

arXxiv:
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Light quarks:

4. Dependence of energy scale I on the
holographic z coordinate

To obtain the dependence of the running coupling on the
energy scale E or the square of the transferred momenta 02,
it 1s necessary to relate the holographic coordinate z to the
E or Q? [45]. The energy scale E in the boundary field
theory can be identified with the warp factor in the metric
(2.4) [45]. For the light quark model we have

(2.30)
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Our Model: Einstein-Maxwell-dilaton action

L=y=g|R-

fo(¢)
!

£1(6) o fi(@)
2 _
4 4
¢ = o(2),
Electric anzats Fy:  Ag = Ay(2), Ai—10234 =0,
Magnetic anzats Fy: Fy} = g dz* Adz®, Fy = gadz! A dx?.

1 N

F 0 — Chemical potential

F | ¢  Spatial anisotropy

Aref’eva, Rannu, .
Slepov, JHEP, 2021 F 5 —— Magnetic field
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Our ansatz for the metric:

LE
ds® = — b(2)

Z

_g(2) dt? + d2? + (E)

b(2) = AG)

Warp factor
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Kree energy
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=10.3

Kree energy
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Phase diagram of heavy quarks:

(considering spatial anisotropy)
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