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S'Hovtp THE CONCEPT o0F TIME

“BE MODIFIED /N STRING THEORY ¢

C.F.  THE CONCEPT oF SPACE HAS BEEN “REVISED,
o M/RrROR SyYyMMETRY . T - DUVALITY

o SmooTH ToPoroear CHANGES

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

o DIMENSIONALITY IS NOT /NVARIANT .

] O d A STRING — /) d SUPERGRAVITY

AdSs IS AN INTERESTING CASE To STuDY

SINCE  Joo (X)) IS  NON-TRIVIAL.

= THe TIME VARIABLE DOES MoT DECOVUPLE
ON THE WORLD SHEET.

WitTH A BACkGRounD NS-NS 2-Form,
THE WORLDSHEET THEORY 1S
THE SL(2,R) WZW MopEL.

o TWE “PROOF OF MNO- GHOST THEOREM WAS MON-TRIVIAL.
( ~ 10 YEARS )

o Tooay 1 wite Discuss How THE Evctipean RoTaTion

WORKS FOR CORRELATION FUNCTIONS.



1. SPECTRUM

. SU2) WZW MopeL. -+ Compract TargeT Space

S - & [ [ 5703 5753] + & Mo

/N
k=1,2, --- : LEVEL oF Suw)
Hitgerr Stace = @ [ . @ )‘(.']
J'zo‘ -}J...'-g- d J
é N LO
| / H; : mREDUCIBLE
| ‘REPRESENTATION
_ . N
N . e oF SUl2)
_:j : 2 3-03 ( GROUND STATES
J = SPIN J' )

V' Moowar Iwvariance

V OPERATOR Propuer ExPANSION

THE SPECTRAL FLow
3
ij = jm +—f'wgm.0

t +
J’n - mrw w=0,%,12, -

MaAPS 9—{‘7- > %‘&'J'



« SL(2,R) WZW MooeL -+ Nowcorpact Tareer Srace

LEVEL R : ReaL . > 2

N HEPR-TH /0001053, WE PROPOSED

Higeer Seace

+ 00 R g ) ” 3
2 ,. .
- | Faryen @ fa [ Glog
w=-00 1 0
2 -i'--n'l'R
A
Djw , C jfx > | RREDUCIBLE “REPRESEVTATIONS OF SL(2R)
, ﬂ\ LO
D° Ww=0 _
) .
GROUND STATES \\ , > 53
= DISCRETE REPRESENTATION o
3-03 s 3
w=o0 N LO
CJ ,a
GRoND STATES ‘ 3
= CONTINUOUS REPRESENTATION > Jo

THEY are NoT /MVARIANT UNDER THE SPECTRAL FLOW.
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sPEcTRaL FLow of D;, Cja

Alo.

| o . > 3-03
.\
ANNIHU.ATED BY J-w ’ J"“-’ ’ Jz'w' o

+ +
Jl'!'&), Jzﬂ'-)/ °*

ANA/IHILATED BY J;:w, Jztw, °e

+
* e o0
Jlé-@/ JZ.""U’I



o THE ProPosep HILBERT SPACE FITS wELL wiTH
THE SEMI-CLassicAL DESCRIPTIon oF STRwGs mw AdS3

MASSIVE ‘POINT “PARTICLE

w=qg

w=

SHORT STRING WITH WINDING NMUMBER W

W w
& D.) @DJ

TACHYoN

w=o V=0
e Cj,d Q C‘)',d

LoNG STRING WITH WINDING NMUMBER W

€ C,u‘i ® Cj,:

o

No Grosr Thesrem HoLps For Az & .



@
2. Owe -Loop Test

FREE ENERGY AT TEMPERATURE T.

I{: ,@og (1- e’E‘./T)‘ E¢

v Lorewtziaw AdSs
Il

_ g d2t @ compuTep on Evcuvean AdSs

WwiHH PERIODPIC /MAGINARY TIME
_%L £ ~ {+ 7;’-’

{ « EvcLipEav PATH JNTEGRAL IS ITERATIVELY

‘ Sc\"t EVALUATED A LA ToLcHnsKi.

[Eil AGREES wiTH THE SPECTRUM
DERIVED FROM OUR PROPOSAL.

V ContAans ALL THE SECTORS, wW=0, %I, 12, -
2

o ke w
V constaawt 7 <4 < ov D,

V correct DENSITY oF STATES FoR Cj .y

P(E) the /]IR + adE'S(E)

SINGLE STRING SPECTRUM

G AUSSIAM.

S(E) : PHASE SWIFT ((aMPUTED /WDEPENDEVILY)



Owe - Loor Free_EnerGy

THERMAL AdS; : Cowsiper THE Eucuipean AdS;,

AND PERIODICALLY IDENTIFY THE IMAGINARY TIME,
£t > t+f

THE WORLDSHEET THEORY FoR THE Eucupeav AdSs,
S = £ (2 (2639 + (2+90)F - (3+59)v ),

/S EXACTLY SOLVABLE BY THE ITERATIVE (Gaussiav INTEGRAL.
( GAwepzki , 1983)

Farn IvTEG RAL

—————

T 2,
7 =+ [}
0 1

WORLDSHEET TORUS THERMAL Ad S,

THE AMPLITUDE X (T, 8) HAS SINGULARITIES

AT T = LB Bl prz

W 7w ' 2w/

A 0

3 |1oLoMORPHIC MAP

X ¥ X W =3 THE WORLDSHEET CAN GROW
. INDEFIMITELY LARGE .




<3

jde Zit,0) = I Ly (——p, )

EX e_ﬁEi

v

Gawepzki, 1991 E;: SINGLE STRING SPECTRUM
| GIVEN IN HEP-TH/0o0/053 .
To vERIFY THIS,

(1) //%LCH//JSK/ ’s  TRIck (1986) /
(m,m) . (o, m) Z
(2) *

} —> SHORT STRING WITH W=0

X
} —> SHORT STRING WITH W =1

S S,
W } 5
! ’ SIS ,,

LV

v  WITH Ww=2

T=-% T=lh WwITH ;I‘HE CONST:A;NT
' = < 9 < —

THE POLES AT X
=> LoNG STRIMG WITH CoNTINIoIS SPECTRUM

; d
THE DENSITY oF STATES : P (E) ~ Lyp + = S(E)

S(E) = Puase swiFt

AGREES WITH THE 2-PoNT FUNCTION

%
” COMPUTED BY TESCHNER,

(ZAMoopcHIKov) 2




S(L(2.R) W2W MoDEL, LEVEL R >2

HiLBERT SPACE

+ oo .I.IL'. 7'.4'“” /
2 w w (A
= &® [ S d) DJQD) ) fOlJ [dd C)',d@ C)'.d]

\
Dj . Cj“f, * JRREDUCIBLE REPRESENTATIOV oF SL (2.R)

e

4 = w=0
D;""%: DIscRETE Cja i CoNTINVOUS
REPRESENTATION REPRESEN TATION
YP L (=] /‘\ L o
\C -
X °
Js'= g

w ' w
D)- : SHORT STRING , Cj,q : LONG STRING w30

ARE THEIR SPECTRAL Flow /MAGES.

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

e THE SPECTRUM WWAS CONFIRMED BY EXACT ONE-LooP

COMPUTATION /N HEP-TH / 0005183 .




SL(2,C) /SU(2) COSET MODEL
Evcupeav RoTATION oF AdS;

S=2L (a2 (2454 + e*?375r)

VERTEX OPERATOR
®j(2,%)=- 24 (o=@, [y« ec#(z))

_23

Z' POINT ON THE WORLDSHEET
X . Po/INT onvn THE BouNDARY ©OF AdS_;

NORMALIZABLE ¢ J=5 +iS . S€R | Gappy

CoRRELATION FUNCTIONS OF THESE OPERATORS
HAVE BEEN C(OMPUTED. - TESCHNER
' 2

- Fateev + ( ZaMooocHikov )

THE SPECTRUM |s TDIFFERENT
EROM THAT OF THE sLc2,R) WZW MovEL .
. ONLY lW=0 SECTOR EXISTS
- No DISCRETE REPRESENTATIONS

EXCEPT For THE TACHYonM, AlL THE STATES
IN THE SC(2,R) W2ZW HoDEL CORRESPOND

TO0 NON-NMORMALIZABLE STATES
IN THE SL(2,C) /SW2) CoSET MODEL .
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ForR “PHYSICAL OBSERVABLES JN STRING THEORY,
CORRELATION FUNCTIoNS IN Evcupran AdSs
AND LorEnTziaN AdS3 SHouLp BE RELATED

BY AMNALYTIC CoNTIMUATION.

WORLDSHEET 2 -PoinT FUNCTION

<§j (z,x) %’/ IZ',X’)> = B() 8((7'-‘)'!) IZ_Z/,'L"A().) '1__21,'43

. - P R-|-2y
B(J) = E.E?‘.V‘ZI ,"’( h-z,J Y ! ConsST
2)-1 W
M53) R PU-5

' -
EUCLIDEAA/ MODEL J = -;T/‘f' ¢S P (1435

4

LORENT2IAN MODEL @ 3’ e R For Dj

k-

B(j) Is REGULAR AwD POSITIVE FOR "i"< g < 2,

IN AGREEMENT WITH THE SPECTRUM
OF THE $L(2,72) W2W MopEL.

B(j) HAs A PoLE AT g= 2

FromM THE PonNT oF VIEW OF WORLDSHEET,

THIS 15 DUE T0 LARGE WORLPSHEET /WSTANTOMS.




TARGET SPACE 2-PoNT FUNCTION ’
<&, x) B; (x* = {2ye ) o] T
jeo Ry = (25-1 B 1x-xt

FOR SHORT STRING WITH W=o0 .

° THE EXTRA FACTOR (2j-1) COMES FRoM
RE GULARI2 IN G 00 € S(1-1')]. .
am— J J )’J=J/

o0 &
VoL ( CoNFORMAL GRouP)

o THiIS FACTOR cav ALSo BE DERIVED
FROM THE WARD DENTITY /¥ TARGET SPACE.

{ T(x) @). (x) By (X)) & UNAMBIGUOUS

@
== Zl - | (éj CZ:)%I'(X?)>

a;/.z x=-Xa

THE VERTEX 0PERATOR FOR J(x> wAS DEFINED
By KuTAsov Aawp SEIBERG,

Tuis IS A STRING THEORT VERSION OF
THE RESULT By FEREEDMAV, MatHur, Matusis awp FASTELLL.

THE FACTOR (2§~ ) IS WNECESSARY
FOR THE FEACTORIZATION OF 4 -Po/NT FUANCTION
T0 WORk PROPERLY.

- - - &
Erzy, A
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TARGET SPACE 2-POINT FUNCTION FOR W # 0

i

(3.3) : ConNFORMAL WEIGHTS /N THE BOuNDART CFTq

R

w . bl
o SHORT STRING DJ-“’ ® D, Ly« Ei. |

<§w’ (%) é ’ (x') )
B(j)

_ 120.__,“&-2)“’_ F{J*L{w)r,(j-rjio)

" |
(354l (Fy-ko)l Fzjy®  (-20% & 2%
| |
W W , / ,
o LOA/G STR/NG'; C)'/ol ® C).'d , J =3 +c¢5 ‘

Wy w)
(B 5 0 55 @)

_ 1 |
- [ §(5+s') + e,cSts)S(S_s.)J D ex)Pm-zh®

o i8)_ _ (38 ) [(-2cs)[vis+T-ba) (fris-Fr ko)
+——5)I’(+2t8)r 7-8+J- iv)rl"‘-*‘"J*i“)

WE wilt YSE
‘PHASE THESE EXPRESS|ONS
SHIFT To STWOY THE FACTORIZATION

OF 4 - Po/INT FUNCTIONS.




3 PoNT FUNCTION 9

— G0-§i-Jaj3) G(43-37)2) G a-J3 1) Gl3i-)2)3)
212 p It Y B ) G-1) G(1-2)) GU-2)2) G1-2)3)

WHERE 1 (k,!‘—')
G ()) = (k-2) »2 r'l (—j 11.k-2) Pz (k-14) 1 1, k-2)

Barves Dousle Gamma FUMCTION
M, (xl1.w0) ~

«

2T (4 )T

m.m= 0 Ntma

o0
(c.r-‘. Cexy ~ “x1qr (14 2)"" wE/Ensmass)
=l

THIs EXPRESsION IS For tw= 0.
We HAVE GENERALIZED THIS FOR w # O .

G (]') HAS TPOLES AT J=[ n + mlk-2)
| =(mtt) = (mm+1) (k-2)

/”oﬂ”:o'/;Z,"'

@ S/A/C-}U/_ARIT/ES AT J', *J‘z -:J'_; tl , M=0,/.2 -

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

jﬁ"’jj > J 3 j,f )'2 - j3




@ SwewariTe AT Jrt)at)3=R

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

LARGE WORLDSHEET JNSTANTONS.

\/ERTEX (PERATOR ~ ezJ"f’

-/ =
e ( Ivstaxron Acrion) - o 2k<jb

°© FroM THE TARGET SPACE POINT OF UIEW,

THE DIVERGENCE IS NON-LOCAL /N THE BounbDARY CFT,

“c SHOWD WE ADD NON-LOCAL COUNTER TERMS

— Nb, WE Do NoT RENORMALIZE THIS DYVERGEWCE.

* THE BouwbARY CFT, Is A locac QFT.

* THE DIVERGENCE s DUE To THE MNoN- COMPACTNVESS

o THE TARGET SPACE oF CFT,. T |
Il SMALL
Mobull SPACE YM IVSTANTONS

oF YM |nsTAnTONS

THis Hapeews W& A SwER QM MoDEL ALSO.




o
A SMPLIE MODEL WwITH SIMIAR BEHAVIOR

[--zl_d— +V/z)] Yy = EY i)

dx?
AE
VN
CONTINWU
—3 NONCOMPACT } bl
[ N == } DISCRETE
u == | spectrom
x
2

THE VACUUM WAVE FUNCTION }4 - L
s (X) ~ €

CORREL(ATION FUA/CTIb/vs OF OPERATURS € AX
<Y | e Av x(€1) 7\11({2)“_ e?«mxcem>,.¢o>
IS WELL- DEFINED omly [F At At *t Am < K.

O THERWISE  THE AMPLITUDE IS DIVERGENT.
THE DIVERGEMCE IS NOM-LOCAL v €

o (WE po -NOT TRy 70 REMORMALIZE THE DIVERGENCE

¢
OrERAToRs o THE Form e T g R

cav TAKE VYo our oF THE HiBEeT space.

Rl |

. e ||




4 - POINT FUNCTION &

) = 2, = . =
?'TARGET (. % fd # ?waRLDSHEET (2.2 2.%)

| ¥ J/

i
9'SL(2) (z.2;2.%x) ?}//EBMAL

TR . sl |

(2.%)

X! CRoSS RATIO OF 4-PonTs ON THE BOUNDARY oF AdSs
Z: CRosS RATIc OF 4 -Po/NTS ON THE WORLDSHEET.

ForR NORMALIZABLE OPERATORS W SL2, ©)/sve),

4

' { :
‘let -— Pl oo @
Jr=z1* “31 .

G (22520 = (2 7y 0y | Fpz,0]

! .
— - 00
2

T ACTORIZATIoN ON THE GORLD SHEET

0 CCJ‘) = C(g,,(;,,;)'ga')'cq,}s,]#)

° ?'g' (2,x) ¢ CONFORMAL BlLock.
UNIQUELY TDETERMINED BT
o The Kwmzuwmk - ZAMocopcHikov EQUATION

o THE BOUNDARY (owDITIoW FOR Z,2 = 0

A . - .l ’A(' J' .I"
3}(2’1) o 2 (})-801-802) xd=)1)




To Do

(D PerFoRM THE J - INTEGRAL

@ AwnaLYTicAlls CoNTIMVE THE TRESULT ,

k-1
2

) ] p
j,=‘i‘+43| - —2'—<J,<
. ) . ’
JZ =—2- ‘f'ASz‘ - —z’- <J2<hz—'

Some Potes mw CCj) CRoss THE CoNTOUR
oF THE J- INTEGRAL IV .
= WE WNEED To TAKE NTO ACCOUNT
HE POLE RESIDUES.

( No poLes mw 3*5 CROSS THE CoNTOUR . )

@ PerrorM THE Z - INTEGRAL .

morE
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Z - INTEGRAL 15

A NOVEL FEATURE : SINGULARITY AT Z=X
AS WELL AS AT Z=0,1, 90,

The KwmizHMk - ZAMoLoDCHIKov EQUATION IMPLIES
%(z,x} SR e e |

WHEN 7=X , THERE 1S A HOLoMORPHIC MAFP
FRoM THE WORLDSHEET To THE BOUNPARY OF AdS;

=> LARGE (ORLDSHEET /NSTANTONS

A SEMI- CLASSICAL ANALYSIS ~ [Z— X  2Ch-gi-fajs=Ja)

° 3’51,(2)‘2»1) IS MONODROMY /MWVARIANT AROUND Z= X,
AFTER THE ] - /NTEGRAL.

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

(g2 2338 [ IFabc ol )

y(c)2Y(a-c+1)Y (b-C+l) N
(I-¢)% Y(a) Y(b)

L X IF(IfH,/u—c,Z—c! ZNZJ

td)(a-d) [ (b-d) [ (I-c+d) ¥Y(c)
[ (1-2) PU-a+d) PCi=bad) Ple-d) Yia) 7Tb)

- L 0 e |
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Fivar Kesvet

U4 - PoINT EUNCTION OF SHORT STRINGS WITH W =0

¢« 5 5 2 -]
2 < a"32133134 < %—

IF J'J "'cjz -é"i'! 93 +9" < h-” ARE SAT’SFfED,

(??mRGET (X, i) = §d22 }MRUSHEET (Z,Z} x, )

(3 Po/nNT) (3POINT) xJ'a'o -)2 % 5“]'/ “)2

SHORT STRIMGS (2 poinT)
WITH W=0
+ g (3 PonT) (3 PoInNT) xJ-J,.)l 5 J-31-92
(2 POINT)

LONG STRINGS
WitTH w=1

+ CoNTRIBUTION
FRoM 2-PARTICLE STATES

THE COEFFICIENTS OF THE JC - EXPANSION OF j?_ Aég.-f)
EXACTLY AGREE WITH THE COHPUTATION
oF TARGET SPACE 2 awp 3 PoNT FUNCTIOAS

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

AND THE PHASE SHIFT e"'S s FoR LonG STRING.
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CoMMENTS

(1) SELecTion Futes

ConstRanTs DUE Te AFFIWE SL(2.7R) SrMMETRY

= (SHoRT STRING, wW=0,1) @ (LoNG STRING, W=1)

e NoRMALIZING TARGET SPACE 2 Po/NT FUNCT/oN FINITE,

THE 3 PowT FUNCTION OF SHORT STRINGS
WITH W;=0, wz2=0, W3="1 VAN SHES .

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

THE ANALYTIC CONTIMVATION ,

J,' .,_.—--rdS/,zﬁ —(éhjz %_-'-l'

PICKS UP ADDI rmm FOLE RESIDVES FROM THE C;' = INTEGRAL
AND GENERATES TERMS THAT CAMWT EBE M/TECPRETED
AS DUE TO EXCHANGES OF FHYSICAL STATES OF STRING.

FZCToE/zA TIoN  FAILS.




THIS ALSO HAPPENS W THE SIMPE OM HopeL

B} dhaliie S |

Vi) M
W\CWH WAVE FUNCTION

K
/ Lx —‘2_1

/}bo(X)Ne

7\;‘1’ %7_ > 'g
= g NI e“””‘”)%) ¢- Hugeer Space

“THERE FORE
Az Zl€3) Ay Xlty) (€ [t
(Vo /e 3 3 e 4 4 e}\;x l)eﬂzz 2) I%)

/’\

We camvoT INSERT 1 = L |ad<al

THE FEAILURE OF FACTORIZATION

oF THE & -po/NT FUNCTION EOR 3‘,+J‘2 p -‘%—”

IS CORRECT “PHYSICS FOR THIS STRING THEORY .




AdS, Brawes w AdS, e

with “P. Aec ko J-W. Farc . HEP-TH / 0106129
0112135

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

@ SPACELIKE SECTION

'¢= ',‘bo

ﬁ-‘

e L_-—’) ds?z = d¥? + cosh?Y d 8%

THE “BOounpAarY STATE IS DETERM/NED BY

THE GOWNE - POINT FEUNCTION .

< P; (2.2 =[ U6) _ JuZ DO
J 12-71%7 12-21%%)
U#{)) T O

1x-T) % 12-2]%4)

" - e 2
U% g-=-F (1_%);;:.;81%&, 1)
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CowncLysion

LUE HAVE REACHED COMPLETE UNDERSTANDING
oF THE TREE-LEVEL STRING THEORY W AdS;
wiTH A BACkGRounp NS-NS 2-ForH.

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

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

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

FOR AL OF THEM , BOTH ON THE (WORLDSHEET
AND /N THE TARGET SPACE.

o U~ POINT FUMNCTIONS FACTORIZES , WHEN THEY SHOULD.

- ( 3pownt ) (3PoiwnT)
Frareer = L 2o}

o THE COEFFICIENTS MATCH COMPLETELY.

o WE UNDERSTAND WHEN FACTORIZATION FAILS
AND WHY.
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