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Holographic QCD

@ Quantum ChromoDynamics
: Theory of Strong Interaction
= Usual tools such as perturbation are not valid

@ Holography
(d+ 1)-dim. (bulk) gravity ~ d-dim. (boundary) field theory
ex) Ad S/CFT J. M. Maldacena, Adv. Theor. Math. Phys. 2, 231 (1998)
N =4 SYM on 4 dim. <— Type IIB SUGRA on AdS; x S°

e AdS/CFT dictionary

Gauge theory (boundary) Gravity (bulk)
operator O field ¢
source J non-normalizable mode ¢g
expectation value (O) normalizable mode
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Introduction

Holographic QCD

@ Toward to QCD 77

* 3 Aqcp = Not conformal
* No SUSY
* Fermions in fundamental representation

= To find an appropriate dual geometry to real QCD !l

@ Holographic QCD
* Bottom-up approach :
Looking at QCD, gathering field contents
— constructing (DBI) action
:: Hard-wall model, Soft-wall model, ...
* Top-down approach :
From string theory, setting brane configuration with DBI action
— reproducing QCD-like theory
:: D3/D7, D4/D6, Sakai-Sugimoto (D4/D8/D8), ...
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From String to D-brane

o String
* one-dimensional object

XH*(r,0) = X”(UO,Ul)

* Nambu-Goto action

Sna = —T/dA = —T/drda\/(X - X2 — X2X/2

using an induced metric 745 on the world-sheet

X" OXY
el = G Gt

in the reparametrization invariant form

SnG = _T/dza\/—'y where v = det (Yap)
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D-brane

From String to D-brane

o Dp-brane
* multi-dimensional object

X" "y = X" o', 0"
* DBI action
Sp, = =T, [ d**'o+/—det P[g]
using a pull-back metric P[g]as on the world-volume

_9X*aXY
=9 G g

Plg]

including a gauge field A, on the world-volume

Spp1 = —Tp/dp+10\/—det (Plg] + 27a/ F)
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D4/D6 model

Configuration
@ background D4 + probe D6
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D4/D6 model

Configuration

e confining D4 background
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D4/D6 model

Configuration

@ add compact D4 branes = Baryon
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D4/D6 model

D4/D6

@ background D4 + probe D6
3 (M)l p | ||y | @
D4 °
D6 ° ° ° °
The brane configurations : the background D4 and the probe D6

EYVR (AU 2ge3)

2 _ U\3/2 2 2
as? = (7)) (dad s+ F@)a?) + (5 o)
U\ 3/ 27N,
e? = g, (f) , Fy=dCs= WQ4 o

where f(U)=1— (U/Ugk)?
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D4/D6 model

D4/D6
@ background D4 + probe D6

* DBI action for D6 brane

Sps = —p,g/d70' e~ %/—det(P[g] + 2na/F)

—mo [ dtdp o1+ 1/ 114y - P

* equation of motion with respect to A;

O0Lps _ P (L+1/*3F

OF s yepsa sy -

Q

* through Legendre transformation

oo =75 [ dpy[(1+ 1/602 [ (14 1/€)/ + Q)1 +y?)
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D4/D6 model

D4/D6
e confining D4 background

lim y(p) + 54
i v(e) ~ma
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Finite density

@ background D4 + probe D6 + compact D4

t 1 2 3 (M)l p | ||y | @
D4 ° ° ° ° °
D6 ° . ° . ° ° °

t 1 2 3 () U Q4
cbh4 . ° ‘ ° ‘ ° ‘ °

The brane configurations : the compact D4

* baryon ~ compact D4 transverse to N. D4 branes
on which N, fundamental strings are attached
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Finite density

@ compact D4

* DBI action for compact D4 brane

Spa = —pis / o e /—det(Plg] + 2ra' F)

774/dtdp p°(1+ 1/53)4/3\/(1 T 1/€3)4/3(1 4 y'?) — F2

* equation of motion with respect to A;

OLp4 . sin® OF

=D

oF \/(1 +1/€3)4/3(€2 4 £2) — F2

* through Legendre transformation

Hps = 74/d0\/(1 +1/€3)4/3(82 + 52)\/152 +sin® 6
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D4/D6 model

Finite density

@ add compact D4 branes = Baryon
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D4/D6 model

Force balancing condition

@ confining D4 background

_OH
o 8§C fixed other values

f
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D4/D6 model

Force balancing condition

@ confining D4 background

(1N
\/

%fm = fpe
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Holographic EoS

Energy density ¢ and pressure p

@ Gibbs relation:
Q=U-TS5 —uN =—pV

@ The grand potential is identified with thet on-shell DBI action:

Q = SDBI |on-shell

o Finally we can get the thermodynamic quantities:

1
€= %H|on-shell
1
p= *VSSDBI lon-shell
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Holographic EoS

Holographic EoS

e Equation of States, €(p) and p(p), are given from D4/D6 model.
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Holographic EoS

Compact star with Holographic EoS

@ TOV equation

dP(r) _

Gy (e(r) + P(r)) (m(r) + 47r3P(r))

dr

mass, M (Msun)
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Summary

Summary

@ There is a restriction to deal with strongly coupled system
perturbatively.

o AdS/CFT correspondence is a powerful theoretical tool to study
strongly-coupled gauge theories.

@ Here equation of states are obtained from D4/D6 model as an
example.
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If needed

@ Holographic EoS
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Summary

If needed
@ Holographic EoS
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Summary

If needed
@ Holographic EoS
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