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o Conformal symmetry of supergravity in adS
spaces in the bulk and at the boundary

B

¢ From tree level supergravity to include
HIGHER DIMENSIONAL OPERATORS

® EXACT VACUA of type IIB string theory:
adSs % S°; of M-theory: adSs x ST and
adSy x 8%

@ FIXED POINTS IN SUPERSPACE

i)flat superspace based on SuperPoiancaré
algebra

ii)near horizon superspace based on Super-
Conformal algebra

¢ Application: Closed form of Green-Schwarz
type string action on adS

see alic A.Tieyt®u +-Ek




AdS/ CFT
R

Maldacena's conjecture as developed in
';'Lt.ﬁlﬂ", H-Ez.ﬂnunu_, Pac?ﬂﬂ.luv p W?‘H‘Eu .

F

Ferrara , Frousdal , Zaffaon
can be specified more and PARTIAL

PFEEJVER

under ONE CONDITION:

Use the
r supergravity in

We found

e T he background invariant PATH INTEGRAL
of supergravity THE BULK has confor-

mal symmetry due to e TRY of
the adSsS space

e From the symmetry in the bulk one can de-
rive a RIGID CONFORMAL SYMMETRY
of the generating functional for ALL COR-
RELATORS AT THE BOUNDARY



A PUZZLE (solved) concerns conformal sym-
metry of correlators of vector, graviton, grav-
R P PP T W, i
itino etc.

A g,

The conjecture is

Zly] = e—1Is[¢(dp)]

This can not be literally true for gauge fields as Sgaugefixing
has to be specified even for tree approximation. Face
the OLD PROBLEM: QED IN FLAT SPACE has no

conformal covariant propagator

Fj3, is inversion invariant, (8"A,)? is
not!

Masterpieces of calculations
Freadmau, Muthut, Matusis, Rastef:
Liw, Tsegl@iw

NICE SURPRISE: in adS space there is
a conformally covariant propagator for
vectors and there is a partial evidence

Lo T Y

of conformal symmetry for gravitons!
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What about correlators of graviton, gravitino,
form fields? n-point correlators? higher di-
mensional operators?

2
Sq.f. = f Vg + g (ﬂ“[yﬂdS]Aﬁ)
This is INVARIANT under

i

Ap = Ap+ Lg Ay Jur = Guv + L, guv

-‘f LIE DERIVATIVE WITH RESPECT TO

THE KILLING VECTOR ON ADS

= n—+ A
& (z, T) a™ /F, ﬂ&f _I_dﬁﬂf
4 m#ic{l.ﬂof
-I—(:I:Eﬂﬁ — 22z - Age) + %—h;{ EHFM
et o] — 2 BULK

™ are coordinates on the boundary, r is the coordinate
in the bulk
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CONFORMAL SYMMETRY of supergravity
effective action on adS space in the BULK

IM(dbackgr: P) = r(ﬁf*backér:r P + ﬁfkéﬁ) :

ﬂfk¢5bachgr =0
In the tree approximation

F(¢, ®) = Sci(¢+ @) + Sy 5.(4,P)

8T tree(¢, P)
5P

+ J(z™,r) =0

In the limit when the SOURCES are located
only at the BOUNDARY of adS

J (2™, 1) rsoo = JOOUN(Z™)

C(¢, B[I"]) =T (¢, D + L, P)

RIGID CONFORMAL SYMMETRY




STATUS of AdS/CFT CORRESPONDENCE
CONJECTURE

e (The path integraljof supergravity on the bound-
ary has RIGID CONFORMAL SYMMETRY IFE

\/ defined in adS background according to the
rules of the bﬁikgmund field methng. This
part of the conjecture 1s established!
Not a conjecture anymore (apart from possible anoma-|
lies all future calculations should support this proof) /’I

En¢h‘ar§uu cﬂ covary a.:.l.'["'

propagetens iun uzratﬁ

« Supergravity correlators on adSs X S5

correspond to N = oo N =4 SYM

OPEN ISSUE supported so far by plausible arguments
and calculations available. Euen SUEEIEHE supercon-
ere |s a freedom In normalization be v -

perconformal contributions etc. Hm uf“f-

New ideas auel /o

hed c-.ﬂuﬂulukl afe mww:L'



HIGH ER DIMENSIONAL OPERATORS

[IB string theory will add to tree level

Gross, Witew - supergravity HDO, e.q.
- =
Grisaru , law de N3 — ol Banks ,Ereet
3 R 36 d 1 west
oz @I DE ) ol

How HDO will affect AAS/CFT
CORRESPONDENCE?

The background field method is congistent only If the
background solving classical equations will solve also
equations with account of HDO.

The proof that the VACUA of type IIE string theory:
adSs % 8% 4+ 5-form, and of M-theory: adSs »x §74
4-form and adS7; x S*+ dual 4-form are EXAC [, is

available, see next

adSp4o x S47P~2 [ SCFT
correspondence survives HDO

corrections!



Bosonic adSs x S° + self-dual 5-form
EXACT VACUUM OF IIB STRING THEORY

Consider the on shell supergravity SUDEFSDEIC'.E
e, Wey

TORSION, CURVATURE, FORMS
A A o S o

Solution of constraints, field equations and
Bianchi identities depends on 2 superfields
i sl = el |

Aoz, 8) = Aa(z) + . ..

G:bcdﬂ(fﬂ: ) = Q:Emde(fﬂ) + ...
For our background one can show that

“— The Luperch_.efgf

LS ﬁﬂL’Eﬂ‘Eﬂ.u'f'E:r
oy

The proof is based on 32 UNBROKEN 4,

(—»SUPERSYMMETRIES __
( more gewaral thaw muéorh‘h.{? 9

,f;ﬂa_-ium)




UNIVERSAL FIXED POINTS
IN SUPERGRAVITY SUPERSPACE

zM — (™, 80%)

d
3 (T9,0), Ew,6), Fpyo(2,0)) =0

PR e e R Ty e - s R by

All components of torsion, curvature and

— | ———

form superfields take constant values with

vanishing derivatives in (z, #)
e R S — Y

GENERALIZATION TO SUPERSPACE of
e s
the concept of

SUPERSYMMETRIC ATTRACTORS

Ferrara, R.HK., Stromongec

veadd stedy i
€. Meore +acl
For M-theory analogous situation based on

the study of 11d supergravity in superspace

Crem-u-:u“, Ferrara Brin[cj Howe

addyrSY add, xS’
+q)."¢.. + dust Y doem
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STABILITY of the SUPERSPACE FIXED
POINTS with respect to QUANTUM
CORRECTIONS

@ Superfield eqs. of motion for fermions always
carry an odd # of spinorial indices

@) Superfield eqs. of motion for bosons are deriv-
able from fermionic ones as covariant deriva-
tives

@® Generic corrections to eqgs. of motion are co-
variant in superspace = depend on compo-
nents of T'j(:::,ﬁ‘), R%(z, 0), Fp4o(x, @) and their
covariant derivatives

@® Our backgrounds have no fermionic fields, only
(% +...) (TC, R, F,y5) my carry an odd # of
fermionic indices

IALL SUPERFIELD CORRECTIONS VANISH
FOR OUR FIXED POINT VACUA!




Cr'ilricnﬂ sag-La:u: lmue
UhiversaelTy classes :

Vear !wﬁzah gEﬂmo.'l‘r‘nz.!. Eor Qmuu. w;‘H{«_
ewhaueamewt s-& Sufars gt E‘fr::l_

0P= 14 ad$yrS ad%y x 8"
ke M2 'I'n-lalu;"cu MS -
0!‘10 0.0[9, »S°
uj,-clua-E D3
7
J=G udﬁa; 53
:4}-:11:2 ‘;{'f‘i.h.}
d-s udf‘:l!ﬁa ﬂc!% 5t
ﬁ&ﬂl’:tr_ €Qucle Li&b I'I'Jlauujn.»: g'l'r:.qs

d=4 add, » S*

iit-{"‘ll'-llt 'EEI.OL‘. L&&S
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Brn.nea Lm{urpoﬂajbe Cetiseen

CQ 'rna;a‘.mnﬁ*@j s:...l.n.rsam u.-:d'r-ic vacud ,
1992  GilBous; R-K. ,Peet
. Giflous , Towuseud

1331 (& Eﬂﬁ%_,ﬂkqmae&diuv_ erﬂnfﬂJ?-If.

Now we may alyo add

etwearn o -P-L'?ceci }Auimlr& On Eunlnﬁfur:q_

Y' — =
(.{.) Minkowski vacuuw P I’W}Wﬂ. ol ﬂ'{"di“ﬂﬂ :
ht:.f(*ijq,[--i) - i"‘.:t.&.ﬂu.e'{'ﬂ.a-"l{ﬂu-& ,
| :f super Peinare

E.Fﬂujr- €rokerc
dow i +o i' SO (4, i+
S0(el-p-2)

G’J {G“T exact vacua =
;-ﬂp—a | ) l Physical stater o Ha
uol’bpu *S ! | | . wtﬁu»ﬁume : Qouudary 8{
Singlctous . = | ods — Cepreseutatious of
|

Hivae; Elato, Frousdat 5 saltrCou formal
Bu‘ailhuH- ,ﬁuuj Pn'h, A gﬁ‘ 3“'“*’

Sezgin ; Cunaidin , var Niewsihisizee, Warver , Nicsbaisore 4



Conc tp‘tun ey sim P&. '

SUPERGRAVITY IN GENERIC POINT OF

THE LORENTZ SUPERSPACE

Jotestt gouere®S

g
D=d+w®J,=E°D,
7
{ﬁlﬂﬂ&'ﬂu
[Dz, Dg} =T$5D6 + Ri5%Tas o

dorsion "~ curvature
= CONSTRAINTS

+ FORM FIELDS A= F=dA ,dF =0

LORENTZ SUPERSPACE: LORENTZ
CURVATURE

R™ = dw® + (w M}ﬂf’}

Components of torsion, curvature and forms

depend on Em,&i
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SUPERGRAVITY VIELEBEIN IN
LY

SUPERSPACE

em(z,0) YR(z,0)
Ep(z,0) =
ea(z,0) e5(x,0)
arn.w:'rnh , gru.m‘!ﬁ.hﬂ
em(z) Y (z)
ExAlo=o0 =
0 53

ot =0 e

Wlss -Zumine gouge
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FUPEHGHFNITY AT THE FIXED F’E}INTSJ
IN SUPERSPACE

Consider a superalgebra of the supergroup G

W
Kewe uﬂd‘-
[Ba, Bp] = f§gBc . o
AB UniverseQ:
- Pntn'l"s
[FEE'-' Fﬂ] = fﬂﬁBG
4) 2)
It can be SuperPoiancaré or SuperConformal
Lo Miukowskd Yot neas horizown

D=d+ LB,y + L*Fx

The coset superspace construction

Homogeneous sujerspace.



UNIVERSALITY OF THE SUPERGRAVITY
SOLUTION FOR THE VIELBEINS AND
CONNECTIONS AT THE SUPERSPACE.

FIXED POINTS

) eq(z)  w(z) 0
Ly(2,0) =

ed(z,0) wil(z,0) eal(z,0)|

egl, 0) = (SIHLM) ﬂ(m}

| (Mg = 0@ 150 () 1y

struciure
Coustauts 8L &

Maximal dimension space-time Killing spinors
[0 i ———— v —

g (z) = Eﬂ(m} const

0%(z) = eg(z)6<

are [\CH'EII..I:I'H- £.f' oll II:IJ'E'PH 17
ﬂu!'a paz ® Sd“ha FJTFMM
L,u, R'JPE._} Rﬂkmw



ALTERNATIVE FORM OF THE SOLUTION

A — o T ——

):{ﬂa)ﬁ

sinh AA
L® = (
M

(Do)

sinh? M/2\”
LA = Lo+ 20%FLs ( / )

M2

Wess-Zumino gauge

DO = df + L |g=0B 40

i Pru'm‘..m# Eerm{.nm 'Fur+ E*E‘-'ELE
Killing spinor gauge Sujarspace ““""FEL“ADT‘“E

(DO)* = e2(x)do2
e

_. . 18
eCIL ol — Lo fmr%‘
&ﬂ;ﬁ S%s{mm 4 6=0 s CUY'VEeD



Application

GS IIB STRING ACTION on adSs * g°

Grisaru, Howe,
In generic supergravity background Mezincescu,

SU(2,2|4) N'i@sson, Towusend
2|4 .
On 55(,4)xs0() coset Tseyt@in , Metsaev

wWe

+ Identified the coset as a fixed point of the
generic IIB superspace starting from super-
gravity side

e Found the closed form gg;iﬂn describing

both fixed points: FLAT SUPERSPACE
AND ADSXS

1 ¥ . -
- d%c gg”LfL_?—l—lfM L*ANLA*ANKL
3

2 JaMs
dor Cactaa dorms ~
In eq. defining Jﬁﬁ:he structure constants
f are either for superPoincar¢ (flat super-
space) or superConformal (near horizon su-

perspace)
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¥ < o o _yood
0‘(." ¢ Y Bﬁg‘{‘ +8 0 @ o

SuperPoincaré K

[Q,P]=0 f§a=0
{Q,Q}~P f38=0

MZ2=0

SuperConformal

nm-umtii]i Lh
couttaut focsion

[Q,P]~Q £ #0
{Q,Q}~P+J fR2#0

wou- vauishiy M2 # 0

coudt aunt
Lereutz cucvature

Hopedully

‘When you do the right things AdSXS isn't
much worse than flat space’ 3. Scliware
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At the FIXED POINTS the generic Lorentz
superspace of supergravities acquires an
ALTERNATIVE description as a coset
e e L LN S

G
H

1) Flat superspace: G is superPoincaré and
H = S0(1,d—1)

2) Near Horizon superspace: G is superf:c-'n—
formal and H = SO(1,p+ 1) * SO(d — p — 2)
Examples

M-THEORY
OSp(8|4 0Sp(6,2|4)
SO 1,EileDE?i S50(1,6)x50(4)

TYPE IIB STRING and D3 BRANE

SU(2,2|4
= 50{1,£)x5%(5}

BLACK HOLES ind=4

SU(1,1]2
SO(1,1)x50(2
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