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. String fchewg w A0
“defined® through AdS/CFT
Studied emfenshreé’;t in SUGRA Zimit

THIS TALK Is ABOUT
STRING THEORY \w A<O.
on AdSjz :

o Standard worldsheet constyuction
Produces direct relation to
bdr; CFT. UPCF&’I(DY_{J
bdry coor., dimensions

e string theory automaticatly
computes the interesfing quantities

like covrelation Auns. in Hq CFT

[ ]
L



Applications to some Proé&m& of
recent intevest:

e Virasoro afg. andl affine G
n Spacla_ﬁ'me ave identified
wil) 00 # of hof@mrlp}u‘c

VeﬂLEX OPEm‘f*c:- s

§dz 4(3)

e RTZ black hole <
<
Fundamentas Sﬁ‘r’ng States

E Es‘héff's}n Cah;ecfured
AO(SgHCFT



o States c:mfrféﬁing t0
QMJCVOP% of black obfects
with AdSs neay horizon
ae ometry ave identifred

? T}ﬂe bouwdarg Cnohl o;p
AdS, ave identified
E’_Xpﬂichtfg /n Sﬁ’*iﬂ; '(%ea.
and may Lead to betey
Un ole’f‘s'fav«oh'ng of ﬁofﬂ;rﬁphg



2. Bosonic S‘crmgs on

AdS, A

§L(1)f2 A §L(Z)k for f:L CFI;T‘
e TAE C=26-35

RemarRks
p Eckyﬂn — widd olisaFPeqv in SUSY case

» Bosonjc case ‘ttchmmé’f’g S.;W}ngr_.
anETﬂfiiﬁ fﬂ Supe‘r”s’f'rina fa’l“er
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Geometry
Fuclidean AdS; = HJ :
r,T,e

ds* = (!%E)ﬂilrh 1 2(I +1'}:-)o{tf+ r*d6°
ARD
As? = LH g™+ ey T)

=T+
X-—WE
B Trihoy (1+53)
Baundﬁwg oF AdSs:

— ©o g— oo
- T+H

(T, 9) y=e
cylinder (¥, Y) Spheve




Free field rep. of SL(2)
{_= 2L (238 + € 302F)
|
e —ne 2o
pr Y +P’SI+F=N’"§ BP
\I/ RXP- renormiéfize
and Ar’fﬁ'\"ﬂ“ furned on,

Cike in Liouvidle
2o

28730~ 2 RO +pIVT-PEL =
af_i‘-‘ 2k-4
VALY
TRy 50
T = BY e, 12+ R
J =P

Vimm = (R
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Spaceff'me FroFerJrr'es of
Strings on AdSs

o Wovldsheet affine SL(2)
\LL

2 consevved charges in the
Spaceﬂmﬁ ﬁhear&:

L o= ‘éoii T ()

| o= -§dz TE
which 5::11":'57031
[Ln,Lm]Z(H-m)L“+m . 'ﬂ;ﬁﬂlﬁ

* This extends to co-d Virasoro

[Ln,‘-ml = (""m) Lapem® ';':E(na'”) xn*-ﬂ, 0
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e Ouy F}Fi}(f fclﬁk'. )Cflﬂc:! an:wnm am(
cDmPute_ -

. Warmup exevcise .

Waorldsheet CFT on N contain
affine G

a b= RS2 iFKS
K" K (w) (=) + pr
alb,t:=l“,...‘, dim G

N
Normaty, this leads to dim G

CQHEEWEJ CMTH‘EH{"S n SF&ICE?LF‘WE:

To=6§dzK"f2)
[T T ] = oF T

HDLJEJJEY] Ihn OUV CaSe 1% SFace'f'ime
ﬂit{ar; s 2-d CFT andwe find




Affine G in Spac:eﬁm'f_
—rnJ ]" E'Fab T+m+ !’IE [h *Mm, 0

Lo, T = =T

|




KK W) = F T K | RS2

Z2-W (2-w)%

‘ l:; < I".'+.ﬂ"l(J
o G e K&

E_Fal:i gﬂttﬂ K!Er:h/rﬁm

Il .
(-'F C Tn+m Kg.iéﬂ!w ‘5’5& Ejﬂ{a)a,m{wll
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Il
1 cab
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1 Cab +Mm-
hhg §dwxn ’“a.,}f
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e

centvral

commutes with T, |
[and o/ pLgs. vertex GPEWT\”‘S)

2.3



@Aw BH+M-4 owl = PSH-I-FH,O

p=bdz 228
T é §
charge Cﬂ.rr;'ecl fc:g H’le Vacuuum

Cﬂunﬂng; winaling# of § around o

when 2 winds ownce

o Spacetime interpretation:

o« P =3 of times s‘frfng w::rfa[sl:eef wrane
] fargef-spaca sim,afy connected =
no wfnding of Peﬁ‘wlmﬁve sfr:‘ng states

[, Vibgs] = © J

Interpret string theory on Adss
as having P stretched ﬁmJamliai

strings at  y— oo
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SUH’IFH&T(E}:

e Affine G on worldsheet is

Lifted to Affine G in
SPﬁLr:e.HMG_ with  Level

ksfaace‘f'fmﬂ = Pkf

e String vacua with

different P co rregf:ona! 10
-~ SQCthS of the Hneurg

We aye how \'"E’Q.GJ? 'ILﬂ '}"U.I"‘M +ﬂ 7"}1{?_
ﬂrfginaﬁ Prubt?em of ﬁ'ﬂah‘n? 1','}16'_ |
spacetime Virasoro algebra;
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L= §d2[nTg"-007Y]
[L,.,; Lm] = ﬁdwﬁdz [ 1&[ 1)

(1) Ly + S22 G

CSPaceJr'rme = 6k P

/ \# of fun.

level of SL{E) S‘f’rinas in the
sL(2) Eacka.

F{?_Fﬁﬂ.rh

Vir, afg‘ acts as Aaé;amrph{::

TEFaraME'f'riZﬁri‘mn S9mm. & h y.

L Y@= -¥""6)

|’
Ln _Hnﬂi_
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Quantization of Js:
(Q_+4 “Gl gmv{%&( with N <O

fme 5{:13X\]__'(R+ i)t Sw

b dius of
CSPace+1mE ge — ;lma(g: o
NON=- sz

/

€P = NewTon's const.
In s‘f'rina fLeer‘?:




PhHS}Cie S'Ef.d:ﬁj-; for example

(S) _ Ag-AL
\/Phla,s (d) m' m) =LML,AR(REX). \/QMFE
_ e _
Pﬂﬂﬂar of th f;cnupﬁzd fo Ang-_-s
2-d. cET on A EEC'I‘E\""

with dim = (Ac, Ag)
and Sffﬂ S:ﬂR—AL

JtM = J+m —E'i_—'ﬁ’
ngm:?ﬁ e <

Thn ﬁfmceﬁme -
(s _ h,h
\/?hyz (&,m,m) N Am,'ﬁi

mode mwm of primary

in spacetime with —
:’icmfina aﬂ?ﬂl= (}2,;7-)} h:4+1
Syin=s=h-h; h=¢+-s

Spin =S=
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ta see hew F govks, Yestrict to holomo rphi'c par;
for simplicity: @xample

vPhgs (3: m) = WN v;m
4
Primara oF / At:lgg ‘;&Artsiinﬁ“

iy ek
= i+l)
dim(V) = N - 4;_2) = {

Vihys (4,m) <> mode m of
Pr:mava opevator

in the S{oarze‘f‘fme
CFT with SCaf’?ng

h=4+1

Er«pfa.mﬁw: "



In 2-d ceT: rimary A%(2)
I’l= SCﬂf’fﬂg a“m. })ﬂs‘ MO&’E EKPQM.:
-m-h

AV - A2
m
A(;) sat 55:105: |
L, A= h0-mIAy.,
\U/ (h)
\/ph?s (drm) N Am ) }1244_1



Properties of ihys. states unoer

gpaceﬂme G : ceveyators of G
in rep. R
war-é’alS}aE.E‘{: _ 4
a “(r)
K (2) WH ) = WN ()
Z2=-W
SpaCE‘HME \U,

[—l_ha) \/Phgs @J mjj = fq(R)vPhﬁs(ﬁ,mi'ﬂ)

i.e,‘, \/Pl'l?f fTﬂHSJCUY’H?S As a4
primary in vep. R
oFf Space_{‘.fme &
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summav}

Worfd.s LEE{: © SPd.CE.'Hme

cgrr‘espmnaﬂence ;
SL) »SL@), <> Virx\Vir. c=Gkp
A A
Gh N | GkP
1S «  h h=h+s

R ofF G < R of G
Left/Right moving <> L/R <hivadity

<Vphzs '”Vph;:s> sat fsfg
Ward identities of 2-d CFT
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¢ Fermionic strings on AdS;:
N:O —3 N= '{

® SuEgrstn‘nas on /({';/4053353‘*7":
Pﬁﬁ%r‘ﬂ r:Af'mf Gso ,ﬂrﬂofﬁ*tﬂﬁhﬂ "

* Find 8 mutuMly lical BRST invaviant
SP;'h )Crefafs S’ = Su,ﬂercimf;es:

Q=§dz§

: fﬂgﬂ'}')lﬂlf“ with C:GkP Vir, alq.
and SU) kp

U
N = (‘LQ) SCFT in sFar:eﬁmf

¢ Ph’aﬂfaf rf-a.feg Ward :'JEHH‘HESJ.”
. NS/R  sectors
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4. AppLicaTions

5 Refa+i'0n {',G %Ae. WIEGI’}} of LL/E
NS Fivebrane

o Relotion to the :Di/bg S'asﬁ?m

o Comparison to o-model on
4RP
T /Shp

. BTZ bhlack holes

and

Cundamentad String States
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RxNSS + PxF{

QDS + Q<1
|

— T
o — 9

hvoot hU'h weakty Coupled

ft | et Strivgs e g
A 4 \L hu-

superstring on with

Adgs * Sl" Tuf'
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RTZ black holes

As? = < N2 + N Art+ rE (N2t +dg)°

e M=T=0 bh= R vacuum of
Spnce.hn':g SCF T

£ c _ _RkP = NS

« ML= SEF = T T 2 T vacwum

Me = Lg'*‘[o J = La‘En
Bﬂhﬂﬂi‘!‘ﬂfh f‘&mking Enfmpg:

A _|elen+3) L(IM-T)
S ‘!EP \i 2Ga +TTJ 12Gy

= 2 (kPL, + 2T0|kPL,
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compare to spaceﬁma CFT:

SCFT(L'DI*?): ZN@ + LT EE":A

Rﬁmarks

- mwf’ﬁ-— states with
o MT bh Lo L, total oM, T

cawespnnﬁh'na n s'f‘rrng fx’atn?‘; to
Fundamental String states

o St unr*fﬂ'.r“y CET ; for
SMPETI']'ﬁh& on /46{53’* SaFTI':
Space~f-ime {hﬁnr; IS Hnr"f‘arg
(ot fesst at weak coupling : P>1)

o Mags $op of RTZ Ur

Lo o 1 1
Mgty H/(PHP<<

)4
at farge / t P

: natuvaf mass
h= N scale of the

P=Q, {:Leﬂr'a[

bk



