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SHovto THE CONCEPT oF TI/ME

“BE MODIFIED /N STRING THEORY <

C.F. THE CONCEPT oF SPACE HAS BEEN REVISED.
o M/RrROR SYMMETRY . ~T - DUALITY

o SpmootrH TorPoroayr CHANGES

PERTURBATIVE [ FLOP, ) £ MNONPERTURBATIVE (ComiFoLD, -+ )

o DJIMENSIONALITY 1S NOT INVARIANT .

jod TA sTRING — 1) 4 SuPERGRAVITY

AdSs IS AN INTERESTING CASE To STuDY

SINCE  Joo (XD IS  NON-TRIVIAL.

= Tue TI/ME VARIABLE DOES MoOT DECOVPLE
ON THE WORLDSHEET.

WiTH A BACkGRounD NS-NS 2-Form,
THE WORLDSHEET THEORY IS
THE SL(2,R) WZW MopEL,

o THE PROOE OF MNO- GHOST THEOREM WAS MON-TRIVIAL.
( ~ 10 YEARS )

o Tooay | wite Discuss How THE Evctipean RotaTion

WORKS FOR CORRELATION FUNCTIONS.
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THE SEMI-CLASSICAL DESCRIPTIoN oF STRWGS w AdS3
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2. Owe -Loop TesT

FREE ENERGY AT TEMPERATURE T.

X, Lo (1- e“E"/T)‘ E{ : SINGLE STRING SPECTRUM
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- g d2t @ compuTep on Evcuvean AdSs

|EE WwiH PERIODPICc /MAGIMVARY TIME
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{ « EucLioEaw PATH INTEGRAL IS | TERATIVELY
| G AVSSIAM.

. Sclzt EVALUATED A LA ToLCHINSKI.

[E;l AGREES wiTH THE SPECTRUM
DERIVED FRoM OUR “PROPOSAL.
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THerMAL AdS; : Cowsiper THE Eucuiean AdS;,

AND PERIODICALLY IDENTIFY THE IMAGINARY TIME,
t »> €+ P

el 090 T 3y EEm

THE WORLDSHEET THEORY FoR THE Eucupeaw AdSs,
S = —f—é— Sd‘i (2¢3¢ + (9+9¢)27-(5+5¢)v),

1S EXACTLY SOLVABLE BY THE ITERATIVE (Saussiav INTEGRAL.,

( GAwepzki, 1989)
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T P,
7 = [
0 1
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THE AMPLITDE X (T, B) HAS SINGULARITIES
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Gawepzki, 1991 E;: SIWGLE STRING SPECTRUM
| GIVEN IN HEP-TH/0oo/083 .

(a2 Z (T, 8) = L Ly (
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THE POLES AT X
=> LowNg STRING WITH COoNTINUDOS SPECTRUM

: d
THE DENSITY oF STATES : P (E) ~ Ly, + 2= S(E)

S(E) = Puase swiFT

AGREES WITH THE 2-PoNT FUNCTION

COMPUTED BY TESCHNER ,
(ZAMocopcHIKoV) 2.




SL(2.,R) W2W MODEL, LEVEL R >2
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ARE THEIR SPECTRAL Flow /MAGES.

© THIS SPECTRUM wAS TFROPOSED AND THE NO- GHOST THEOREM
wAS PROVEN v HEP-TH / 0001053.

e THE SPECTRUM (VAS CoNFIRMED BY EXACT ONE-LoOP

COMPUTATION IN HEP-TH / 00051783 .




SL(2,¢C) /50(2) CoSET MoDEL
Evcupgay RoTATionw oF AdS;
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Z. POINT ON THE WORLDSHEET
X . Po/NT ovn THE BOUNDART OF AdS3

NORMALIZABLE ¢ J=51iS . SeR | Gaepu

COoRRELATION FEUNCTIONS OF THESE OPERATORS
HAVE TBEEN C(OMPUTED. - TESCHNER
' 2

- Fateey + ( ZaMooocHikov )

THE SPECTRUM S TDIFFERENT
EROM THAT OF THME sStc2.R) WZW MovEL .

{ . ONLY lW=0 SECTOR EXISTS
- No DISCRETE REPRESENTATION S

EXCEPT For THE TACHYoAN, AlL THE STATES
IN THE SC(2,R) W2W HoDEL CORRESPOND

To NON-NORMALIZABLE STATES
N THE SL(2,C) /SK2) CoSET MODEL .




FOR “PHYSICAL OBSERVABLES JN STRING THEORY,
CORRELATION FUNCTIoNS IN Evcuoeav AdS;
AND LorenTziay  AdS3 SHoup BE RELATED

BY ANALYTIC CoNTIMUVATION,

WORLDSHEET 2 -PoinT FUNCTION
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Bey) Is REGULAR AMD PoSITIVE FOR --<
IN AGREEMENT WITH THE SPECTRUM
OF THE SL(2,IR) W2W MoDEL.

Bej) HAs A PolE AT 5= B2
FroM THE POoINT oF VIEW OF (WORLDSHEET,

THIS 1S DUE T0 LARGE WORLPSHEET WSTANTOMS.




'mRCvET SPACE 2-PoINT FUMCTION ¢
(B, (x) P, (x = (24- ' ot
j (%) 2 (x )>‘rnnaew (25-1) B(j) 12-x']

FOR SHORT STRING WITH W=0 .

° THE EXTRA FACTOR (2j-1) COMES FRoM

RE GULARIZIN G S0 < 3(5-5') | =57

o0 =,
VoL ( CoNFORMAL GROUP)

o THis FACTOR CAV ALSo BE DERIVED

FROM THE WARD IDENTITY /¥ TARGET SPACE.
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THE VERTEX O0PERATOR FOR J(xX) wAS DEFINED
By KuTASov awD SEIBERG,

Tuis 1S A STRING THEORT VERSION OF
THE RESULT By EREEDMAV, MatHur, Matusls awp ZASteLs) .

THE FACTOR (2 J'-;) IS NECESSARY
FOR THE FEACTORIZATION OF 4 -Po/NT FUAMCTION
T0 WORK TPROPERLY.
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TARGET SPACE 2-POoINT FUNCTION FOR W # 0
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THIs EXPRESsIoN IS For w= 0.
We HAVE GENERALIZED THIS FOR W # O .

G (]') HAS POLES AT J:[ m + mCk-2)
| ~(mtt) — (m+1) (k-2)

m0m=01/12'...

@ S//VGULAR/T’ES AT a‘, ‘f'J‘z ';‘].3 7+ 5 m=90, /\2' ces

INTERPRETED AS DUE To MIXING oF
7 PARTICLE STATE witH 2 PARTICLE STATE

@ 12293 . Jrtja = g3




@ SwéwsriTe AT Jrt)at)3=R

© From THE WORLDSHEET PoInT
OF VIEW, IT IS DUE TO

LARGE WORLDSHEET /NSTANTONS.

VVERTEX (PERATOR ~ ezJ"f’
-/ o =
e (Ivstanron Acrion) ~ O Zk‘}"

°© FroM -THE TARGET SPACE POINT OF UIEW,

THE DIVERGENCE IS NON-LOCAL IN THE BouNDARY CFT,

‘v SHoWD WE ADD NON-LOCAL COUNTER TERMS ¢

— Nb, WE Do voT RENORMALIZE THIS DYVERGENCE.

* THE “BouwpARY CFT, 1s a locac QFT.

* THE DIVERGENCE |s DUE To THE MNow- CoMPACTNVESS

o THE TARGET SPACE oF CFT,. T |
il SMALL
Mobull SPACE YM INSTANTONS

o YM nSTANTONS

THis Hapeews w A SWER QM MoDEL ALSO.
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A S/MPLE MODEL WITH SIMILAR BEHAVIOR
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4 ~ POINT FUNCTION fi

X - 2 = —
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X! CRoSS RATIO OF 4-PonTs ON THE BOUNDARY OF AdS;
Z: CRosS RATIO OF 4 -Po/NTs ON THE WORLDSHEET,
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T ACTORIZATIoN ON THE GORLD SHEET

0 CCJ) = C(a),()z,‘;)’g—(}-)'C(J;JL]#)

° ?'3' (2,X) * CoNFORMAL BLOCK .
UNIQUELY DETERMINED BT
e Tne Kwmzumk - ZAamocopcHikov EQUATION
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To Do

(D TPerFoRM THE ) - INTEGRAL

@  AwaLrTicAawty CONT/MVE THE RESULT,
: ) : -

Jr=z+is - <<

J.Z =-i" "'A'Sz e ’2" <J.z < EZ;,-

Some Potes w CCj) CRoss THE CowTOUR

oF THE j- INTEGRAL IV A .

= (WE WNEED TO TAKE NTO ACCOuNT
HE POLE RESIDUES.

( No poLEs w 3'3- CROSS THE CoNTOUR . )

3 PerrForM THE Z - INTEGRAL .
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Z - INTEGRAL | 15

A NOVEL FEATURE : SJNGULARITY AT Z=X
AS WELL AS AT Z=0,1, %0,

The KwiznMk - ZaMoLoDcHIKoy EQUATION IMPLIES
F @) ~ (2-x)WEIIN

WHEN Z=X , THERE 1S A HOLoMORPHIC MAF
FRoM THE WORLDSHEET To THE BOUNPARY ©F AdS;

=> LARGE (ORLDSHEET /NSTANTONS

A semi-coassica. AwaLysis ~ |2 - x | 2GS0

° 9’51,(2) (Z,X) 1S MONODROMY /WNVARIANT AROUND Z =X,
AFTER THE - INTEGRAL.

o THE Z - INTEGRAL CAN BE EVALUATED EXPLICITLY,
USING TFORMULAE SUCH AS,

fdzz 2d-15d-1 [ | Fla.b.c:2) 1 3

y(c)2Y(a-c+) Y (b-C+l) )
(I-¢)% Y(a) YIb)

L ¥ | F(l+h=C, [+a-c,2-C: Z)IZJ

td) [ (a-d)C(b-d) [ (I-ctd) Y(c)
[ (1-2) Pll-asd) PCI=bad) Plc-d) Yia) T(b)

m == 0 7T 17~



T-_) NAL (RESUL‘T

4 - POJNT EUNCTION OF SHORT STRINGS WITH wW=0

| Cos k-l
2 < 41, 82,393,934 < 5

Ca o bl T k+|
Ir a,-rc;z < - J3 s < - ARE SATISFIED,

= Z; (3 Po/NT) (3POINT) xJ-a',-a'z j_(,-j_j” X
(2 PoINT)
SHORT STRIMGS
witTH Ww=0
+ S (3 PoinT) (3 POINT) x7- 1 = F-fi~2
(2 POINT)

LONG STRINGS
WITH w= 1

+ ConNTRIBUTION
FROM 2-PARTICLE STATES

THE COEFFICIENTS OF THE OC - EXPANSIOV OF 3’_ még,f)
EXACTLY AGREE WITH THE C(oHPUTATION
oF TARGET SPACE 2 awvD 3 PoNT FUNCTIOAS ,

INCLUDING THE FACTOR (2j-1) FOR SHORT STRING

AvD THE Puase SHIFT e For Low6 steine.
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CoOMMENTS

(1) SELECTION Futes

ConstRants DUE Te AFFIVE SL(2.7R) SyYMMETRY

( SHORT STRING, W=0) @ ( SHORT STRING, W=0) |

= (SHoORT STRING, w=0.1) @ (LoNG STRING, W=1)

e NoRMALIZING TARGET SPACE 2 Po/nT FUNCT/oN FIMITE,

THE 2 PovT FUNCTION OF SHORT STRINGS
WITH W,=0, wz2=0, W3 =1 VAN SHES .

(2) WHAT HAPPENS WHEW §1+ J2 > —é,_*—’ e

THE ANALYTIC CONTIMUATION

JI".-:-—-"de/zﬁ —<é'122 %—J’

PICKS UP ADDI mm FOLE RESIDVES FRoM THE ] = INTEGRAL
AND GENERATES TERMS THAT CAMWOT BE MWTERPRETED
AS DUE TO EXCHANGES OF PHYSICAL STATES OF STRING.

FacroeizATion  Fais.




THIS ALSO HAPPENS W THE SIMPLE QM MopeL

Vi) P
VAcvuM WAVE FUNCTION
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= e ) g2 Tt | > ¢ Higert Space

THERE FORE
Az Ll€3) Ay X(ty) t
(3&0 /3 3 3 e 4 4 e?uxl 1)67\12’[62)’%>

/’\

We camvoT INSERT 1 = 1 laX<al

THE FEAILURE OF FACTORIZATION
oF THE & -po/NT FUNCTION Eo6R g‘,-tJ‘z P -k:f-’

IS CORRECT “PHYSICS FoR THIS STRING THEORY .
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AdS, Braves w AdS; -

with “P. ~Ec Ao J-W. Fare . HEP-TH / 0106129
0/12185

c.§. “Powser, Scuomervs, ano TEsamer, HEP-TH /0112195 |

SPACELIKE SECTION

'5&"" 'yjo

I O e T

-
*ﬁ‘
b’

T ds?2 = dV¥? + cosh*Y d 8

THE “BounparYy STATE |S DETERM/NED BY

THE. ONE - POINT FUNCTION .

o+, -
<§j (2.2 D =[ __U ! | ImZ >0
12

. - ; Ion X <O
12-T)% 12-32|24,

+ . L-: .
UL G) = P (1-2i) i g?hais




CowncLysion

LJE HAVE REACHED COMPLETE UNDERSTANDING
oF THE TREE-LEVEL STRING THEORY W& AdS;
wiTH A BACKGRounD NS-NS 2-ForM.,

. SINGLE STRING SPECTRUM IS DERIVED EXACTLY.
N0 - GHOST THEOREM HOLDS.

o PRESCRIPTIoN FOoR ANALYTIC CONT/MIATION
SL(2,C) /Su2) — SLc2.R)

o CorRELATION FEUMCTIONS HAVE SINGULARITIES,
AND WE HAVE FousMD PHYSICAL |NTERPRETATIONS

ForR AL OF THEM , BOTH ON THE (voRLDSHEET
AND /N THE TARGET SPACE.

« Y- POINT FUNCTIONS FACTORIZES , WHEN THEY SHouLD,

- ( 3pont ) (3PoinT)
Frareer = L 2romT]

o THE COEFFICIENTS MATCH COMPLETELY.

o WE UNDERSTAND WHEN FACTORIZATION FAILS
AND WHY.




