. 8ARBON -E.R. ver-T[ttosi43"

3. BARSON- L KOGA-E.R



- @ HOLOGRAPHY VS, ERTENSIVITY LW THE

CONTEXT: OF THE - AAS[CFT copes peva
+  REVIEW 6F p(s*) REWLTS

v STOdY oF o(N°) CASE.

TSSUES AND HE THoD

+  SEARCH Fok STRWGY LCHFORMATION -

HAGEDORN I SSUES,

HhLlleJHH,
I GUBSER , KLE®AWOU, PEET, T gEYTLIN

GussER , POLYAKOY, WLE BAWOU

WITTEW
POLGLAS, peLCH N SKl | STROMINGER



R0 deprkive By HEATWG THE

SYSTEM

M @T{-ﬁ Aoy

gL M
VTD-I S |
Lo
F _L -
™ ey 1
T LARGE

A CowvbiToN FOR HOLOGRAPHY "
de < D

- £ @ pow

hﬂ*ﬂl



_1
EuTgnP7 AS A EUNCTIOM OF 'r“lv

(ML), % Ep s | fs

2 o T’l © Gw |, WeFT.
OR0ER I T T = .T
CLASSWCAL WURANTUM
2 /
0 T T
o ROER N —a > T
To
QUAMTUH
EXAMINE:

I, THE . RoLE oF Ads
1. THE RSLE  6F GRAVITY

3, VALIDITy oF THE CoRRESPONDENCE

(4]
T ©ORDER N



A PocIBIITY OF SEVERAL  HASTERFIE LOS

b &
A RoLE TFoR GRAUITATIONAL Dy NAHICS

DX

@ -
2cpq T 5::“@—%(' fﬂg”

SEVERAL STRINC BACK(GRO#OS HLLED



O(W*) - REVIEW

wl-'TTE'IJ
HAWK NG~ PAGE

CLASSMCAL 5{:&1#./ PLAMAR CF T

CFT oW

A j\ﬂ

WORLD VOLUME

COoRRESPNDE TO LWGRA

ToRuoey:

x" - [A:IS*'I;,,E
z

gi! Rfﬁi Hﬂ_ﬁ_l

'é!u{f""F’n
ANy e

s; « g - 9X.

xHD%-L : }(_1'.' (ﬂJ£L+1?‘: Hb'ﬁ-'l.

7
R x g;l: HD, 2
-T - "Eu}a-q
mim AN
B--.' clp HI
‘:':% b3
5=3 (29






REGUNTE

oy
: "
T, - (-ﬂ-mﬂnlip( "Nl
5 Lo

Bo > Praxlft)

oNLY X, EX16T¢

Tjn (%) =0

I(%) po vacoun gwersy "

SUBTRAT
S = p,%r-r = 0O o(nY

GwWw PHASE o0 THE CFT SWE



F"Q ﬁ‘l‘-‘lﬂ.}{

RoTH X, A#D X, CONTRIRUTE

| §0-1) D2 Y
T(X)-T(x)= N C ﬂ' 0
( ) Eﬁﬁ%ﬂﬂ F

(Erd o)

Lﬂmﬂé)ra (: fr'
X, DOHINATES

1!['t- <Pﬂ <Fm (o

7:?,

YA
| OHINATES
F <l‘i Xa O
f"" HIEH TEHPERATURES AL WELL

FReM ¥, DOMINANCLE

ALNLE jﬂ(%)l '

Cwin=Te I P - DEPENOENT
THL ¢ S=%0



f(-2)
s (%) pLAAR ! | r;‘u[.%)ﬁ

CLASMCAL

Mf[b*l}ﬁm (.[.,E“Em] R)%
h=3' bei0 =
() ~ N VT

HERE wWAS HeLOoGRAPHLEL V. O
HIClo CoL #TIiV

NEXT  THC oNE LeoP (QUANTUH CHRRECTION



OME LoopP SUGRA — L. CFT  CeRRECTIONS
M
wWolld yalLURE EYTEUSIVE

F‘FLF'X} = ILK)I-&.,( -_-%Tr gﬂ‘; (I“ )

(T"), —THE COMPLETE FLUCTUATINS KERMEL

EXTERUVUE D-l VS, HOLOGRAPHIC ﬁ
WILL ONE OBLERVE D AT HIGH T 7
U DEPENDENCE (N  CUOLRA SIBE CrclUDED IV

THE RACK fRovdd — ppT TN THE WVHRER OF

SPECIEC, QUARKS . yADReNS )
- LUswS

Hoko wi T2
0OG-URI



CRISPERRY | Dowker K EXEDY
THE HETHoD OF EVALULAT WG F’F

FOR HWGEH T Terg TS A WKB LIKE

APP RO X \M ATlON FoR THE FREE ENERAY.

FF[F} Wk j}tbx ‘E— f-[xi,Ffqu)'

Boear = Y900 LocAL RED SHIF TED
TEHPERNTURE
@ CEWS oF Loeal T
LOCAL FLAT

THE FLAT-SPNCE  FREE ENERGY DELSITY

FOR A FLELD OF HASE M Bt

__ %) b4 @) >
& (Prm)h"' nth r\[l" '( t E.E"'[‘_'”F




Fm), » -5 T e (peo(€™)

mP‘::':r |

M TS <omE MALS-(-AP

| ' |
M, or —— 'nt A -
$ 35 / KK Ruc

A KK THRESHoLD TL REACHED WHEW :

KK

Ffﬁﬁi mfﬁﬁf < [

OTHERWILLE D%‘&“ DRoPS .

&
WHAT REMAING TS THE MASSLESS

FREE EWNERGY LN A¢  EFFECTVE VOWHE



Oep ~Oeyy
PEWuke ==Cppy JAd X g (p4..)

Dy U
=-C, P Vot (Xegy)

Vol (Xefy) Is THE VOLUWE oF X I[¥

i I
THE OPTICAL METRIC

W
oo = 20



OPE LeoP Iw X,

THE OPTICAL METRC oF ¥, LS

“ q ) 1+_£‘LL__...I-1-‘—-JI -16—-14!.1”}
ds (= PR () * == (

Cay gw'
vl g0 [ 2T

fmh
™in 2.
= L
2= 7 :
Fa P md% Eﬁ
V(Adeg,) =.Q},L B, & [ ROLS

THE LOCAL TEMPERATURE T<¢ LARGER THAN
THE KK  THRE CHoLD FoR HD_ _a WHEW!

(Hg]p: <4



TLﬂcAL, > KK Typgsuecsd For Hb-/
1) <

FOR LARCE LOCAL TEHERATURE THAT IS!

WHEW
1

Y-

gi'.
Be
Deﬂ DROPS  NO KK EXCITATIONS ON

o FOR LARGE T"H; |

Hb-f.-a.‘
oNE LooP oM X,

- ﬂﬁlﬂﬁﬂm (Mg, ] ¢ _(%]/l

-1
L LARGE T -(&] Do MINATE,



A CLEAR VIOLATIoN oF HOLOGRA PHy
AN
FOR LARGE V> —THE OPTIcAL

VOLUME TS FIMITE , ASyMTOTICALLY X~

h[! DOEC NeT RECEIE EXTERIUE ConTRIBITouS

6 1r
X, LS EXTENSIVE FReH ©<L YL 5
e oavce

cou TRIRLUTIDN S,

THvs  Ad¢- X, LEFT ow [TS oww
ILs EXTEPSIVE,

HOWEVER FoR LARGE T (T>T)
IT T¢ Xa (AdS BLACK WOLE) WHicH
DOMINATES.

GRAVITATIONAL ASPECTS OF THE
CORRECPLNDENC E



ALnesT SUMHARY
OME Leol T X,

EYTEUIIWWE | He
N\
—2
Xa

HOLOGRA PHIC
B H=Hopm 260 2
r r; o ‘rﬁ oo T '.Bl,
a) CuToEF ro

o)
THUS THE THECRY DOES OBEYT A
L]
HOLO GRAPHY ConDITION To croER N

DUE o (RAVITATICVAL EFFECT S

. AV ALDG W STRWEY PICTURE,
Cey = Aeff Elow (1 MuEs BAUGRoumS?
GRAVITAToNAL pyPAHICY Fol ETHeR

VALUVE( OF A



CRoss—OUVER
BoTH X, ARS X, CowT RIRUTE

X, § CONTRIRUTION T& <OPRESSED

By

exp(~u" Af)
THE LIMITS ARE  FIRCT H"ﬂ-ﬂjHEngF—’m

NEVERTHELE¢S ELTIHATE THE CRessoUER

o
YEHPERATUIRE Po

1=A)
ﬁcut" ﬂp M o(B=p=1)
THU ¢ FoR f.:a.f

co
Be v 4p CUTSIOE  LUGRA REGIME
£

CHORT OIS TAUCE EFFETS



SHORT DICTAWNCE FEFFECTS %

LEAD A(So Fer HICH T To Co~TRISUTI

6F nnan f' _

THEY ARE LINEARY] DEPEADELST oW u.,;?(g ﬂ‘[

O HAS 2n  DERIUATIVEY oF §

91“ A tﬁwa v 2“

;
s ,[ N

F(ﬂ -1) "=l
}j Un-e (P}-ﬂ_) {
6}.-#1_ - (ﬁ

(h
weakey covpees sTRWE Cp=2d Ly! 2 Ased(t)

LBy ( o llinl LY (o]

tn-i.“ { AL

ve A,



A SEARCH ForR MHAGEODOLRN EFFECTS

1
Fok OX= Slxg
X, MAY <CUPRORT [opofs oF ODRIER .é"s

oMLy FoR

SN ) LN
o L A

* YH 06T VAL~ BAK T STRWG

oo X, TAKES 6VER- LEWETH f; Leeolts

ARE  SHIELOED By ~“THE Heli2e,

HALEDORNY (EnioR SHP
! 3 s =y
FoR  Qx= § ' x7T X=X, , X, He=E
SIRLULAR

Looes or eevee U5 ow x' Foe AT e

X, EXUSTS FOR AP7  Bo



Ya
FoR (W) $1 CEUwRHIP PERUSTS,

t{..l
FoR (38) &1 AMReXmATIor BREAKS

DOWN pwd HAGEDORY EFFECTS Could

VE EXMesED- SPECULATE T

MORE

THAN HEETS THE EYE
LEsS 1



BREAK Dowd OF HoLOGRAPHY
FoR woed CET TuEoRES oW ﬁ/l

A D ;‘357

THE ofrTILAL UVolLUHE TS m»T FINTE—

o pECOUPLISEG,



