Holographic Hydrodynamics
from 5d Dilaton—Gravity

Liuba Mazzanti
(University of Santiago de Compostela)

based on:
U. Gursoy, E. Kiritsis, L. M., F. Nitti, [arXiv:1006.3261]
U. Gursoy, E. Kiritsis, L. M., F. Nitti, [arXiv:0903.2859]
U. Gursoy, E. Kiritsis, L. M., F. Nitti, [arXiv:0812.0792]
U. Gursoy, E. Kiritsis, L. M., F. Nitti, [arXiv:0804.0899]
see also:

U. Gursoy, E. Kiritsis, G. Michalogiorgakis, F. Nitti, [arXiv:0906.1890]
U. Gursoy, E. Kiritsis, F. Nitti, [arXiv:0707.1349]
U. Gursoy, E. Kiritsis, [arXiv:0707.1324]

Kolymbari, September 12, 2010

Liuba Mazzanti (USC) Holographic Hydrodynamics from 5d Dilaton—Gravity Kolymbari, September 12, 2010 1/ 25



Introduction

Motivations and Goals: Gluon Plasma and Holography

@ Motivations: phase diagram & hydrodynamics of the plasma
@ 4D gauge theory: deconfinement phase transition
@ lattice results for thermodynamic functions (equation of state, ...)
@ heavy ion collision experiments for hydrodynamic and transport coefficients

© Goals: 5d holography for the plasma
@ setup: confinement & running coupling for 4D YM
@ can it match the thermodynamics from lattice?
@ if yes, can it give the hydrodynamic and transport coefficients ?
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Outline

5d dilaton—gravity setup: zero T and finite T (TG & BH)

@ Phase transition and thermodynamics
9 Drag force from worldsheet background

@ Diffusion constants and “jet quenching parameters”

Numerics

Liuba Mazzanti (USC) Holographic Hydrodynamics from 5d Dilaton—Gravity Kolymbari, September 12, 2010 3 / 25



Introduction

Thermodynamics and Hydrodynamics
@ Finite temperature: gauge/gravity correspondence waing agess wittenos

Gravity solutions with periodic time: thermal gas and black hoIeJ

{ gauge/gravity

Gauge theory at finite temperature )
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Thermodynamics and Hydrodynamics

@ Finite temperature: gauge/gravity correspondence waing agess wittenos

Gravity solutions with periodic time: thermal gas and black hoIeJ

{ gauge/gravity

Gauge theory at finite temperature )

@ Langevin diffusion: momentum broadening

Casalderrey-Teany'06, Gubser'06,deBoer-Hubeny-Rangamany-Shigemori'08, Son-Teaney,Giecold-lancu-Miiller'09

quark moving worldsheet
drag force < background f)o > Ap Z
diffusion fluctuations -
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The model
©000

5d Dilaton—Gravity Holography: Action e

Field/operator correspondence

gt < TH
¢ & trF?
@ Action in the Einstein frame
MB3N? 4
Sgp = — 5 C /d5x\/—g [R— §(8¢)2—|— V(9)

@ Dilaton potential determined phenomenologically: bottom-up
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The model
(]

BIaCk HOIe SOIUtion for 5d Dilaton_GraVity Gursoy-Kiritsis-Mazzanti-Nitti’'08

Finite T": asymptotic AdS BH + dilaton

Uniqueness: integration constants

@ A & strong coupling scale
QN &T

@ “good singularity”

@ UV normalization = f(0) =1
@ unphysical
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The model
( 1o}

Zero T': Asymptotic Freedom and Confinement
UV geometry < YM [—function (V=4w2, — iw?) (r—0)

BN) = —boA2 = A3+ ... = —%AQ O logW, asA—0

@ by and by fixed from YM
o A=Nye®~— L b:f(l—k%logﬁ) and V ~ Vh + 1\

- bo log rA?
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The model
( 1o}

Zero T': Asymptotic Freedom and Confinement

UV geometry < YM [—function (V=4w2, — iw?) (r—0)

)

BN) = —boA2 = A3+ ... = —%AQ O logW, asA—0

@ by and by fixed from YM
o A=Nye®~— L b:f(l—k%logﬁ) and V ~ Vh + 1\

- bo log rA?

IR geometry < confinement via Wilson loop (r — o)

W, ~ A5 (log \)F/2

¢ singularity at co = P > 0 (P = 1/2 for linear confinement)
@ magnetic screening and discrete gapped glueballs for all confining backﬁr
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The model
[e]e]e] )

Black Hole: UV and IR Horizon

UV: same log expansion as the thermal—gas (rrn, — 0)

Ar) = Xo(r) [L4+ 2G(T)r* log Ar + ... |
fr)y=1-=3B(T)r*+...

Holography

9 G(T'): vev of the A = 4 operator = gluon condensate G(7T') ~ —5—=
o B(T): thermodynamic quantity B(7) = T'S
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The model Thermodynami
[oele]

Black Hole: UV and IR Horizon

UV: same log expansion as the thermal—gas (rrn, — 0)

Ar) = Xo(r) [L4+ 2G(T)r* log Ar + ... |
fr)y=1-=3B(T)r*+...

Holography
9 G(T'): vev of the A = 4 operator = gluon condensate G(7') ~ IOZTAIT
o B(T): thermodynamic quantity B(7) = T'S
IR: good singularity singled out (rp, — o0)

b(r) ~ bo(r),  Alr) ~ Ao(r)
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Introduction The model Thermodynamics Hydrodynamic Numer

Phase Transition

F S-S5, B(T
= oo _15g(r) - B0
M3Vs  BM3V; 4
J
First order phase transition < confining backgrounds )
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Thermodynamics

000

Holographic Thermodynamics

Trace Anomaly vs. Gluon Condensate: the Trace Anomaly Equation

From dilaton fluctuation and field/operator correspondence

180

152t F?) = e —3p = 60G(T)M>N?

o Trace: e — 3p  condensate = latent heat ~ N?
@ Pressure, Energy, Entropy: p,e,s ~ N2 for T > T, = deconfinement

@ Sound speed: c? — 1/3 at high-T, small at T.
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Thermodynamics
(o] J

3)), Lucini-Teper-Wenger'05 (large-N ),

Thermodynamic Result coeaio <o

e-3p
T4NZ
0.4}
R ST LyNST
03}
02}
01f
5 ™ T
00 s ‘ ‘ , — il
0 1 2 3 4 5 T, I 2 3 4 5 T,
c
04¢
[ freegas
03} &
02}
01f
T U
0 1 2 3 4 5 T,
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Hydrodynamics
[

Holographic Langevin Diffusion
Heavy quark dynamics:

di - o .
L rnpi=€ (€)= 8t —t)
T [

viscous force ) diffusion constants

< momentum broadening

1
10 = = 3o MGRE)um0, = Gaym(w)luo

@ Gsym and Gr are correlators of F(t), the instantaneous force on the quark
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Introduction Hydrodynamics

Holographic Langevin Diffusion
Heavy quark dynamics:

di - o .
L rnpi=€ (€)= 8t —t)
T [

viscous force ) diffusion constants

< momentum broadening

1
10 = = 3o MGRE)um0, = Gaym(w)luo

@ Gsym and Gr are correlators of F(t), the instantaneous force on the quark

Field/operator correspondence

F e xM

o correlators are computed holographically from the string fluctuations § X
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>dynamic Hydrodynamics

000000

Trailing String cusswssmsssenieio

boundary

@ Worldsheet background:

Xt=ut+a(r), X?=X3=0

v2 . worldsheet horizon
SNG:—#egfd’/’dtbzﬂl—T—Ffl‘Q 7 - B

BH horizon /

Worldsheet Horizon

The induced metric has a horizon at r, with temperature: f(rs) =02
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Introduction

Thermodynamic Hydrodynamics
000000

Worldsheet Background: the Drag Force

@ Drag force = classical momentum lost by the moving string to the horizon

oM 1 b2(rs)
ywM M 2ml2

np =

@ Diffusion time = attenuation time for the momentum

1 272
p— A, M S
D Cb2(rs)

™D

(/\AdS fixed)

9 Tp AdS = —~———— momentum—independent
W\/)\Adst
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Thermodynamic Hydrodynamics

[e]e]e] le]e]

Worldsheet Fluctuations

@ Worldsheet onshell action to second order
Xt =vt+a@r)+6Xt, X?=6X?% X3=0X°3

1
2702

af
SGL = / drdt GTaaéX 936X

Leading Asymptotics from eom

o boundary: SXT ~ el +ebor?

__iw _dw
o horizon: SXT ~el, (re —7) T £l (rs —r) TS

@ Retarded wave functions Vg: cour = 0 and cgppyr = 1

U
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Introduction The model Thermodynamic Hydrodynamics lumer

O00@0

Diffusion Constants and Jet Quenching c.. s s o

GR _ __Gra\I,* 8 \I’R|

" Goym = — coth (%) ImGr

bound

4
= L}JILIIO Goym = llﬂ})('(,)‘[l) <F> J

o J" is a conserved current (number current)
o (= (Ap®)/L at strong coupling

4

1 i ) 167 b2 4
K] = 51'(]7 = mbsfg, /-" = l'(j‘ = @f_‘?TS

S
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Hvdrodynamlcs
[ 0000

Diffusion Constants and Jet Quenching c.. s s o

GR = —WGTQ\I’* 8 \I’R|

bound Gsym = - COth (Q%Q) ImGR
I

o = lim Gaym = lim coth [ —— | J7
F lim G sym lim co ]<‘T>

o J" is a conserved current (number current)
o (= (Ap®)/L at strong coupling

1 1, . 167 b2 4
K| = 51'(]7 = ﬂ_—@bsfg, /-" = l'(j‘ = @—:2 s

Generalized Einstein relation to diffusion time

Tph | = 2vyMTs;

U

Kolymbari, September 12, 2010
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Hydrodynamics

ooe

WKB Approximation for Large Frequencies

@ WKB for wr, > 1: Wp~ Croos | [ 722 + 6] + Casin | [ 25 + 0,

Q@ Coefficients determined by boundary and horizon behavior

Spectral Densities p=—1ImGpr

@ Infinite mass: cubic in w

_ ZQ 2 4
pL =7 P = 2/-;2 (4)3)\%)
TS

o Finite mass, high velocities (ywrg > 1): linear in w

2 Gy 35,04 A
pL=7 "p| —71_2@(4) rQboAS {1 + (ywrq) ]
S

M ~ 1/rg,Atp = A at turning point
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Introduction The model Thermodynamic Hydrodynamic

Spectral Densities — Infinitely Massive Quarks

Symmetric Correlator

1 Gev2 . Gev?
S| | Sy
10° 0%
10°; 108 '
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Introduction The model Thermodynamic Hydrodynamic

Spectral Densities — Finite Massive Quarks

Retarded and Symmetric Correlator — Charm

T=3T, T=3T
ReG l[GeVZ] *[Gevz]
1 m YL fm
- 14000}
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nodynamic

Diffusion Constants
Ratio to AdS

KoK conf Ku/Kicont
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Jet Quenching Parameter

Bottom and Charm Quarks: ¢ vs. momentum

bottom charm
4, (Gev?/fm) 4, (Gev?/fm)
30 30
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Summary

5D dilaton—gravity < 4D holographic large-N. gauge theory

4

Confinement with discrete spectrum in agreement with lattice at low-T" )

@ Phase transition first order Hawking—Page confinement/deconfinement
9 only for confining backgrounds
@ Thermodynamics in good agreement with lattice
@ Hydrodynamics compatible with phenomenological models and experiments

Q Flavors
@ Chemical potentials
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Ansatz for the Potential cu. i

12 1/2
V) =5 {1 + VoA + A2 [log (1+ VX2 4+ V302 }

@ Monotonic

@ Asymptotic freedom and confinement
© Linear Regge trajectories

Q@ YM for Vy, Vo

_|_

o Vi=14  p/T*atT =21,
@ V3 =170  ¢/T* at T =T, (latent heat)
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Thermodynamic Results

Summary of Parameters

| HQCD | N. =3 | N. — oo | Parameter

mo++ /o | 3.37 3.56 - 3.37 - /./0 =0.15
[t | w45 | w215 | w25 | e =[as(amy s
p _ —
(ot ], | 12 | 12 V=14
ey | 031 | 028. | 031.. | V3=170

Table: *=chen-et al.'05,**=Lucini-Teper'01, e=Boyd-et al.'96, 8 8 =Lucini-Teper-Wenger'05
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Thermodynamic Results

Summary of Results

| [AQCD | M.=3 | N.— o |

Moe++ /mo++ | 1.61 | 1.56(11) + | 1.90(17) -

m2*++/m2++ 136 140(4) * 146(11) *x

Tc/m0++ 0167 - 0177(7) (X

Table: *—chen-et al. 05, *=Lucini-Teper'01, e =Boyd-ct al."96, ® 8 =Lucini- Teper-Wenger'05
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