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IDEA

AMPLITUDES IN • UNDERSTAND THE STRUCTURE

ADS OF AMPLITUDES IN CURVED

SPACE

⑧ DIFFICULT TO ACCESS WITH

Aids CFT USUAL FEYNMAN DIAGRAMS

correspondence TECHNIQUES

• UNDERSTAND BETTER THE

CFT CORRELATION DYNAMICS OF HOLOGRAPHIC

CFTS (BEYOND LEADINGFUNCTION AT LARGE
ORDER .

N



METHOD

• STUDY CFT CONSISTENCY CONDITIONS AND USE

CONFORMAL BOOTSTRAP TECHNIQUES (IN ADDITION TO

SUSY) TO FIND SCATTERING AMPLITUDES IN Ads .

PLAN

• REVIEW THE METHOD & SEE HOW TO USE THE METHOD

TO STUDY HOLOGRAPHIC CFTS

• INTRODUCE SUSY AND SEE WHAT CHANGES TO MAKE

• CONNECT THE CFT WITH SUGRA



METHOD

t
. CONSIDER A SCALAR OPERATOR O OF CONFORMAL

DIMENSION Ao IN A D- DIMENSIONAL CFT
.

I . THE FOUR POINT FUNCTION OF 4 IDENTICAL O
IS FIXED BY CONFORMAL SYMMETRY TO BE

< OH ,) Ocxz) 043) Oka) > = GUN)
-

xie Xiao

WITH µ=
×E×54

v=
Xfce XIs cross

- - →
RATIOS

XZBXEG XI XI



3. USE ASSOCIATIVITY OF THE OPE :

<OCX ,) 0427043) Oka) > = LOCK) 0427043) Oka) >
-

- - -
T

N, ⇒ N3

Glum) Glyn)
- = -

xizoxsao XIE Xiao

Geun) = (F)
"o

Gbu)



4. USE CONFORMAL BLOCK DECOMPOSITION TO EXPRESS :

Glee,D= ⇐ as.eu#gaeCMN)
CONFORMAL

BLOCKS :

I- REPACK THE CONTRIBUTION OF A

PRIMARY OF DIMENSION I AND

SPIN l AND ALL ITS DESCENDANTS

2. COMPLETELY FIXED BY CONFORMAL

SYMMETRY

ocx .)
Bie

Oka )

Glau) = ? )•÷¥ 5.e -- axe
Oke) 043)



4.I THUS WE CAN REWRITE ASSOCIATIVITY OF THE

OPERATOR PRODUCT EXPANSION AS

•

OH)
.

Oku)
Oki ) Ocxa )

Z Y = -2 Tos:e .
Die

. . Die
'

~
Olxz) 01×3) 01×2) OCXS)



5. PROPERTIES OF CONFORMAL BLOCKS

lift
,

U
#

8D
, e
(UN) IS EXPLICIT SINCE G.ge/UN/NU*V#

finna u
#
Gaetan) = Age heist Bae (un) log v



G . SEE THE CONSEQUENCES OF THESE PROPERTIES TO THE

CONFORMAL BOOTSTRAP EQUATION :

Glunt -- Glyn)

Zoe
,

as.eu#gaeluis--fffo-.e2as.eVEgaeCYu)
= Mao, go.othultaziov.fr?IHY

TAKE THE LIMIT V-30

EACH go,e(UN) → log u use v- do
. . .
+ usov - so"+

. . . .

NEED INFINITELY MANY

OPERATORS !



7 . WE NEED TO REPRODUCE POWER LAW DIVERGENCES ON THE
LHS WITH LOGARITMS ON RHS

-

↳ as.eu Sae luv)

t
NEED TO HAVE INFINITELY MANY OPERATORS

WITH D=↳otlt 2n AND WITH LARGE SPIN

I
v

FIXESTHE Age FOR LARGE l AND THE CORRECTIONS

TO THE DIMENSIONS AS POWERS OF L
-#

.

THIS METHOD CAN BE CARRIED OUT FOR EACH INVERSE

POWER OF l , AND THE SERIES CAN BE RESUMMED AND

IT IS VALID ALSO FOR FINITE SPINS. ( ANALYTICHY IN THE
SPIN) .



LARGE N EXPANSION - SETUP

• CONSIDER A CFT WITH A LARGE GAP WHICH ADMITS A LARGE N

EXPANSION . ASSUME THAT THE OPE :

0×0=1 Xlt [OOT.net [T¥etT¥net . .. .
| ↳ DOUBLE TRACE OPS

STRESS OD" Op,-.. Opie@ t ... .
TENSOR

, D= d l-- 2 2Dgt2ntl

• ASSUME THAT THERE is A Zz SYMMETRY

• ASSUME THE SIMPLEST SETUP IN WHICH Toru DOES NOT

APPEAR

• GENERICALLY THERE ARE ALSO HIGHER TRACES



EXPANSION
• EXPAND THE CFT DATA AND THE FOUR POINT FUNCTION

FOR LARGE N :

Glum) -- g
" (un) t Iz G'

''
(un) t tf, G'

"heist - - -

Ame = Annie t ¥8 e t Ntu, 8% t . . . .

ane = anklet IN a e two, a'I.et . . . .

• REMEMBER THAT CROSSING NEEDS TO BE

SATISFIED ORDER BY ORDER IN N .



ORDER NO
• THE FOUR POINT FUNCTION AT THIS ORDER IS ONLY

MADE BY THE DISCONNECTED PART :

G'
"
(un) = It Udo + (g)

DO

• WE CAN DECOMPOSE THIS IN CONFORMAL BLOCKS TO

FIND A'on?e AND Artie

Annie = 2Dot2ntl a
'

e

•
WITTEN DIAGRAM -

f CROSSED

-



ORDER 'INZ

• WE HAVE TO EXPAND THE PIECE ⇐ ane U gmeluiv)
AT ORDER N

-Z

g
"' (un ) = ub.tn/aiietL-aY!e8nii'(logutfn))gzso+nte.e""

• WE WOULD LIKE TO UNDERSTAND HOW TO COMPUTE 8h!! AND
a
"'
nee

t
.
USE CROSSING SYMMETRY
. THEREARE 4 TERMS : log U

log v

toga log v
no logs

' ALL OF THEM CAN BE REPRODUCED B.Y FINITELY MANY Blocks!



ORDER Itv2 .
1

• THIS MEANS THAT true FO FOR 1=92,4 .. . L

a'nie to FOR f- 94.4 - -- L

- IT IS POSSIBLE TO SEE THAT

a'"me -- tzfflaniernie)

§ CONTACT DIAGRAMS



ORDER 4N4
• NOW LET'S GO TO NEXT ORDER ( SAME IDEA AS BEFORE)

g
"'
(un) = ? usothfamn.ettzaknieri.es/eogutfh)

+ lzaiiierniillogutfh)
+ taine (8%12 ( leaflet Zloguffntfnz))
Godotante , e (UV)

SAME AS PREVIOUS ORDER BUT (a'nie , Tn!! ) ⇒ (a'nie , 81,'d)
UNDER CROSSING THIS TERM MAPS INTO a light



ORDER 11N4
.
I

• LET'S TRY TO UNDERSTAND HOW TO Compute 8%1

1) REMEMBER THAT EACH CONFORMAL BLOCK AS V-30

DIVERGES AS leg V

2) WE ARE BACK TO THE PROBLEM THAT WE HAD BEFORE
.

IN ORDER TO REPRODUCE THE logZV WE NEED TO HAVE

INFINITELY MANY CONFORMAL BLOCKS ,

THE INTERESTING FACT IS THAT

G'
" In.us/e.gu=ZeEudotnfaiielrniiIgaso+zn+i.e"

↳ DEPENDS
= udo ( f. (un) log v t g (Mtv)) ON DATA AT

ORDER N
'
AND

N
-Z



3) CROSSING MAPS G
"'
(UN) = (f)

do G'
"
(v,u)

THUS G
"' (MN) SHOULD CONTAIN A TERM LIKE :

G
"'

(un)=u*log3 ( fwm) logutgcv.us) t - - - -
Q : FROM WHICH TERM OF THE CONFORMAL Block

DECOMPOSITION THIS CAN COME FROM?

G
"'
luv)= ? usothfam.ettzaknieri.es/logutfh)

TRUNCATED t Lainie nie
"

(logu tf )
IN THE

spin tf a'nie (8%12 ( leaflet Zloguffntfnz))
f v

no legit ! gzsotznte , e luv)



4) PROVIDES AN EQUATION FOR Thye

⇐ unaiiiriiigzsotzn.e.ecu.us/--fHDlogv
5) THERE IS A SYSTEMATIC WAY TO EXRACT Inte) (and a' e )

FROM THIS EQUATION .

MAIN MESSAGE : FROM a'on?e AND Tn!'d IT IS

POSSIBLE TO COMPUTE a"n!e AND

jk)hee .



AMPLITUDES

THIS OBSERVATION IS VERY REMINISCENT of THE

UNITARITY METHODS IN AMPUTVDES .

= Xx X



ADSICFT CORRESPONDENCE
TYPE IB SUPERSTRING

N=4 SYM in 4 DIMENSIONS
THEORY ON Adssxs'S

WITH GAUGE GROUP SUCN)

SCATTERING AMPLITUDES CORRELATION FUNCTIONS OF

OF STRING STATES LOCAL OPERATORS

z t

GRAVITON STRESS TENSOR

(gs , a
' ) at RI 7- ginn (gym , N )

ra

SUPERGRAVITY
: LARGE N AND LARGE A

APPROXIMATION



ADD SUSY
• IT IS POSSIBLE TO APPLY THIS METHOD TO

CFTS WITH SUSY .

. LET'S CONSIDER F- 4 SYM IN 4 DIMENSIONS
.

• SINCE WE WOULD LIKE TO UNDERSTAND HOW TO DEAL

WITH AMPLITUDES OF GRAVITONS
,
WE HAVE TO CONSIDER

THE 4 POINT FUNCTION OF Tpu (STRESS TENSOR) .

• LUKILY
,
SUPERSYMMETRY HELPS US AND THE SUPERCONFORMAL

PRIMARY OF THE SUPERMUCTIPLET Of Tpeu IS A { BPS
SCALAR OPERATOR O")



A- 4 SYM

• CONSIDER THE 4 POINT FUNCTION Of O
")→ PROTECTED OPERATOR

TRANSFORMING UNDER THE Io
'

of 5016) R-SYMMETRY ( To ,2,0] )

<O'2) (Xi, y ,) O"
'

(Xziyz) O'
" (Xs,Yz) O'

" (Xu, 94 ) > =

t
R SYMMETRY
COORDINATES

( NULL VECTORS)

= (Yi - Yz) ( Yz - Yu) E G'
"Yuriy;)

↳ [012,03×2-0,210]



SUPERSYMMETRY & CAVEATS
• SUPERCONFORMAL WARD IDENTITIES PROVIDE A SET OF

EQUATIONS WHICH Allow US TO WRITE THE SIX CEMPONENTS

G'
R) (UN, y;) IN TERMS OF ONLY ONE FUNCTION

Glu,v) = gE""
O] (un) = GMO's (un)

• PRESENCE OF PROTECTED OPS IN THE OPE ( I and ¥ BPS)
O
'"
X O

'"
= LONG t SHORT

t
- DIMENSION PROTECTED

. cool O") { BPS> ONLY FUNCTIONS OFN

Glum)= gsttortfu,uf+%w¥"u ,#
BPS > (Nota)



CAVEATS -2

• G
""

(un) -- ¥e ate
'
u go.a.ecu.us

T
SUPERCONFORMAL1 Blocks

DOUBLE TRACE

OPERATORS

(ONLY LONG OPERATORS IN

SVGRt)

[Ou' ou']n,e → 2-2t2nte [O'
"
O
"']a+,e

3+3+24 -e) te
MIXING PROBLEM → THERE IS AN INFINITE NUMBER OF OPS

WITH THE SAME QUANTUM NUMBERS → MIXING

£0) yl" LOCH ON @ (pl flog
me,I

nil, I



STRATEGY

• USE EXACTLY THE SAME METHOD AS BEFORE TO COMPUTE

8% AND EVENTUALLY EVEN SOME ALL LOOPS 847L

• COMPUTE THE 4 POINT FUNCTION → AMPLITUDE

• CHECKS IN FLAT SPACE

- AGAIN SIMILAR UNITARITY RULES

ful glp) OCP) fell
8" O

"

-Eko.io?koa .

Oth O") OCH



RESULTS




