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Hologra.pha. as o tool for o guantum gravity
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e The effekive degrees of freedom in gravity ave those
at the beundary of the system .
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In the limit wher the interaction between epen /closed strings can be ignoved
Open string theory
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string duality
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AdS /CFT dictionary
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Two appreaches of Ads/acb

1) Top down approoc
: brane configuration for the gravity dual
ex) NeD? and N D7
[ Kruczeuski , Mateos , Myers , Winters 2004 ]
Ne D4 and Ng D&-D&
[Sakaf , Sugimoto 2004 ]

2) Bottom wup approach
¢ field theory on the (asymptotic ) AdSs

ex) hard wall mode|
[Erlich , Kotz / Son ,Stephonov 2005 |
L Do Reld , Pomarol 26065 ]
Softt wall medel
[Karch  Katz , Son , Stephanov 20 06:]



(Geometry
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Howking temperature

S= '4%'1‘ (S X ewh'opg A :S‘w"Fa.ce )
T~k (k :surface growity )
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hovizon @

Mmetric in Eucidean Signedure ds'= £ d+ ?'Zr)drl+ rdQ*
- £0u)=0 2 deftnition a-F the horizon
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Near +he hovizon r—ry
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Black heole
% Houdking radioton
= Hartle — Hawking state

s BH inside the thermal bath of T=Ty

— Unruh stote

° Howking temperatuve defined
BH evapovates by Hawking radiation .

AdS Schwarzschild BH

m thamall SCFT on the bow'\darg_ of AdS.
V)




Black. hole (in Euclidean sighodure) |, 1n Global Po.tcl,,.
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Confinement  / deconfinement [Witken 9]

temporal Wilson fne, oS
v T~T+
wy= G AN wonp (6F ) i

quark in thermal bath with temperature T=p-

{W>*0  fnite free enevgy for external quark — decontinement
{W>=o0 t finite free energy for external uark — onfinement

- thermall AdS % AdS in Euclidean Signature
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- confinement
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Haooking - Page, transition (:Ha.wldna ) Page, 83]

Euclidean on-shell action
48 = S (themal AdS blackhole) — Se (thermal AdS)
43=0 at T=Te Hawki ng - Poge transition

T<Te  thermall AdS stable
T2Te ¥ thermal AdS BH stable

=0 CDV\‘GMA
+ 0 deconfined

« oVesponding parameter § mass {:g tAACiISS BH

* parameter <W? {



But -his avgumevrt IS hot a.lwa(ats applicable .
For example arXiv @ 1203.488)3
D3-DF
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A fundamental string
i' localized on (R3!
o fundamental for SUWDP) and fundamental v SUWo3)
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block D> branes + D-instanton

A gingle D7 brane as a probe
L> probe approximation [ quenched approximadtion .

oD  Swpegravity action  [Liuw, Tseytlin 94]
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"A dual geometvy of dhe hadron In dense matber
B-H lee , C Park , ST Sin  JHEP 0F (2004 ) O&F

® Dual. Geometvry for RCD wid, quark matters
- growity Tn the Minkowskian Signature 1
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© Dual geometvy of the guark—gluon plasma
T the Buclidean sighature
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Hortzon 2+ as a Hunction of u and Tew
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A system having e fixed chemical potential
On shell action w/ +he boundary ondrtion  Alo)=iu

VaR® 1 1 1 22 12
gD = 3 - _ ). — diven /
SEN k? TrN (E"l 2 3¢°R%22% )7 di ges .

Va : Spa:l:'ial volume of Hre bounda.rg_ :

Superseript D . Divichlet b.c.
Subseript RN ' RNAdS BH

Regulavize e actioh using the background subtraction method .

Sm = SzM = SAJS



* gromd potential (in grand canonical ensemble )
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® Dual geome{‘ﬂg, of the hadronic phase
R (f@)d+ i+ o 5%%)

In the absence of quark matiers

confinement deconrfinemeuntt
thermal AdS Schwavzschild AdS BH
+@)=1 +2)= - mz2%

Tih the presence of quark matters
Confinement deconfinement:
thermal, charged AdS Reisnev— Nordstrom AdS BH
£@)= 1+524 +2)= I-mzt+t g

*
sakisties, 4 Cinstein and Maxwell e3.
asymprotically AdS .



'+ Dual geometry of -t hadvenic phase
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* Grand anonicall ensemble — Dirichlet boundary condition
A(2R) = idu (o¢ : constant )
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¢ Coanonical engemble — Neuwmann boun dary cmdition

MN= SpTee
_ M 2R
Sb = Tte %"&VS
\
== 7

Ranormalized action
192 _VgRE 1 ( 1 32 ,‘IZ)

+
Py ‘ ‘ )
4 202 R? 2%

~“IR IR

M2 chomical potential
R : Puark # density



® Confinement / Dewnfinement Phase tansition
In grond canonical ensemble
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Th anenical ansemble
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® Moss of the excited vector mesons
SAn=Vu(2.p)etP*

in thermal dnarae,c{ AdS .

1 1 — 5¢°2%)
0= 0%V, — S T 0.V +m2V;,
m[GeV]
" 2 @B - = ® B E B H
2.5} 3rd excited state
2_
st g e state
l_
0.5¢ T _‘____‘_'_‘*———f——f——@
1st excited state
0.2 0.4 0.6 0.8 1 1.z HlceVl
=0 |p=0245];=0491]p=0.736p = 0982]p = 1.227
mass of the Ist | 0.774 0.724 0.622 0.530 0.458 0.404
mass of the 2nd| 1.775 1.737 1.702 1.704 1.724 1.750
mass of the 3rd | 2.782 2.75H8 2.743 2.747 2.755 2.762




Summowy

e Grovitotional backreaction 1S congideved .

e Thevmall charged AdS, which is the zero mass
Limit of RN AdS BH s propesed as the gravity
dual geomebvy of the hadron phase .

* Phose diagrams close -

+ \eckor meson mass Spectrum s calewdoted in te AdS.



Summowy

e Grovitotional backreaction 1S congideved .

e Thevmall charged AdS, which is the zero mass
Limit of RN AdS BH s propesed as the gravity
dual geomebvy of the hadron phase .

* Phose diagrams close -

 Vector meson mass Spectrum s calewlated in te AdS.

Thank you for your attention.
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