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GOAL : USE Ads / CFT CORRESPONDENCE

+

CONFORMAL BOOTSTRAP

TO CONSTRUCT AMPLITUDES IN Ads .

PLAN : • REVIEW THE METHOD

• STRUCTURE OF ALL LOOP AMPLITUDES

• HIGHER TRACE OPERATORS

• NEW DIRECTIONS & OPEN PROBLEMS



IN FLAT SPACE

SCATTERING AMPLITUDES IN STRING THEORY

ORGANISE IN A GENUS EXPANSION :
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IN FLAT SPACE

SCATTERING AMPLITUDES IN STRING THEORY

ORGANISE IN A GENUS EXPANSION :
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IN FLAT SPACE

BY EXPANDING THE AMPLITUDE IN ✗
'
→0
,
WE OBTAIN

A'°'(✗ :S , -1 , a) = 1- + (✗ '13+4')ˢ(s2+t2_ U2) -1 . . . .
Stu-

↓
HIGHER DERIVATIVE

SUPERGRAVITY CORRECTIONS

IT IS REMINISCENT OF THE LOW ENERGY

EXPANSION OF THE ACTION -



FROM FLAT TO CURVED SPACE ?

• WRITE DOWN THE ACTION , READ OFF THE VERTICES

AND COMPUTE THE CORRESPONDING WHEN

DIAGRAMS .

↓
THOUSANDS OF THEM AND NOT MANIFEST

PRINCIPLE TO GROUP THEM



IDEA OF THIS TALK :

• USE THE DUAL CFT DESCRIPTION TO

STUDY GRAVITON (AND GLUON) AMPLITUDES

IN A 9s AND EXPANSION
.

• SYMMETRIES ( SUPERSYMMETRY + CONFORMAL SYM )

ALLOW US TO COMPUTE / CONSTRAIN THE AMPLITUDE .



-

Ads / CFT CORRESPONDENCE

TYPE IIB SUPERSTRING 4DIMENSIONAL N=4

THEORY ON Ads-5×55 SUPERYANG MILLS WITH

SUN) AND SV(4)R

• Tt' STRING LENGTH • N RANK OF THE GAUGE
GROUP

• 9s STRING COUPLING • gym COUPLING

GENUS EXP . N ~ gtg
HIGHER
DERIVATIVE Exp

] = GIM N =

,



IDEA

AMPLITUDES CORRELATORS
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IDEA

AMPLITUDES CORRELATORS

SINGLE TRACE {BPS
OPERATORS

Op=Tr( di
,
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IDEA

AMPLITUDES CORRELATORS

GRAVITON p=2 STRESS

TENSOR 02

KALUZA KLEIN p>2

MODES

< 02ha,y ,) 021×2,92) 021×3,937021×4,94)>



GRAVITON AMPLITUDES

< 02 (×, ,y,) 021×2,92) 021×3,421021×4,44 ) > =

= IYiyzilys.tt#gCu.v.oiyxiixsii



GRAVITON AMPLITUDES

< 02 /×, ,y,) 021×2,921021×3,421021×4,44 ) > =

= H;¥¥¥Iigcuma⇒
CROSS RATIOS
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GRAVITON AMPLITUDES

< 021×1,17021×2,92) 021×3,421021×4,44 ) > =

= IYi-YITYs.tt#G(u.Yoi4xiix5irpoeynomialino-and-c
.

• USE SUPERCONFORMAL WARD IDENTITIES TO ISOLATE THE

CONTRIBUTION TO THE 4. POINT FUNCTION OF PROTECTED

OPERATORS :

(2- Oz - ✗ da ) GCZ ,E,a , E) 1=0
d-¥ DOLAN & OSBORN



GRAVITON AMPLITUDES

< 021×1,17021×2,92) 021×3,421021×4,44 ) > =

= IYi-YITYs.tt#G(u.Yoi4xiixsii
SHORT LONG
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GRAVITON AMPLITUDES

< 02 (×, ,y,) 021×2,92) 021×3,421021×4,44 ) > =

= IYi-YITYs.tt#G(u.Yoi4xiixsii
SHORT LONG

GUN,o, -4 = G CNN.at/+R(u,vioi-c)H(u,v)
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GRAVITON AMPLITUDES

< 02 (×, ,y,) 021×2,92) 021×3,421021×4,94 ) > =

= IYi-YITYs.tt#GCu.Yoi4xiixsii
SHORT LONG

G(uMo, -4 = G CNN.at/+R(u,vioi-c)H(Mv)

*
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SUPERGRAVITY APPROXIMATION

Hlu ,v ) = H'
"
(un ) + # H'

"
CNN) + ¥H%il+ . . .

• THE IDEA IS TO USE CROSSING SYMMETRY (THUS
ALSO THE KNOWLEDGE OF gˢᵗ°RT ) AND THE

TECHNOLOGY OF THE ANALYTIC CONFORMAL BOOTSTRAP

TO CONSTRUCT tl⇔ STARTING WITH HO) .



SUPERGRAVITY APPROXIMATION

Hlu ,v ) = H'
"
(un ) + ¥ H'

"
lent + µ¥H%il+ . . .

↓ ↓ ↓

• INTERMEDIATE

OPERATORS

ARE DOUBLE

TRACES



COMMENTS ON THE METHOD

• IT IS POSSIBLE TO RECONSTRUCT THE CORRELATOR

BY KNOWING ITS SINGULARITIES / DOUBLE DISCONTINUITY :

I

Caen |dZdÉµ(2- iz) dDisc [ GCZIZT]
0
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COMMENTS ON THE METHOD

• IT IS POSSIBLE TO RECONSTRUCT THE CORRELATOR

BY KNOWING ITS SINGULARITIES / DOUBLE DISCONTINUITY :

I

Caen |dZdÉµ(2- iz) dDisc [ GCZIZT]
0

• HAS POLES AT

,e
_% THE DIMENSION

→Dk - K
OF THE EXCHANGED

OPS WITH RESIDUE

THE 3pt FUNCT.



BACK TO OUR PROBLEM

Hlu ,v ) = H'
"
(un ) + ¥ H'

"
(un) + µ¥H%il+ . . .

= at Zntlt ¥ 8% + ¥81k + . . . n> 0215%02

ane = a'%e + IN, a%e + ↓, a'%e + . _.

↳
PLUG INTO THE SUPERCONFORMAL BLOCK DECOMPOSITION

[take + j-zaY.ee . .) µ
""-1k¥ - - .
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UP TO ORDER N-4 :

1) AT NO AND N
-2

,
THE ONLY CONTRIBUTION TO

THE dDisc COMES FROM THE PROTECTED PART OF

THE CORRELATOR :

d.Disc / logo-2-111-2--4=0 dDisc[ ( ¥-19 -1-0

IN A DISTRIBUTIONAL

↓ SENSE

IT IS POSSIBLE TO UNAMBIGUOSLY

DETERMINE H'°' (UN) AND H'" (UN)



UP TO ORDER N-4 :

1) AT NO AND N
-2

,
THE ONLY CONTRIBUTION TO

THE dDisc COMES FROM THE PROTECTED PART OF

THE CORRELATOR
.

2) AT ORDER N
-4

:

• PROTECTED OPERATORS STOP CONTRIBUTING

• THERE IS A TERM ~ log2v [ adj
"')
≥

↓
RECONSTRUCTED FROM

N° AND N
-Z



UP TO ORDER N-4 :

1) AT NO AND N
-2

,
THE ONLY CONTRIBUTION TO

THE dDisc COMES FROM THE PROTECTED PART OF

THE CORRELATOR
.

2) AT ORDER N
-4

: [NEED TO SOLVE MIXING PROBLEM)

↓ ~ < Op Op 0202> ltp

IT IS POSSIBLE TO FIND THE FULL AMPLITUDE
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• EFFECT OF THE MIXING

• THE ONLY POSSIBLE CUT IS A DOUBLE TRACE CUT
.



ALL LOOP ? (WITH FARDELU & GEORGOUDIS)

• PUSHING THIS REASONING TO HIGHER LOOPS HAS A FEW

OBSTACLES :

.
1) HIGHER TRACES OPERATORS START CONTRIBUTING TO

THE Disc

2) MIXING PROBLEM TO BE SOLVED AT HIGHER

LOOPS . -

( SOME RECENT DEVELOPMENTS AT TWO LOOPS BY
DRUMMOND & PAUL, HUANG & YUAN)



• DESPITE THESE PROBLEMS
,
THERE IS A TERM

WHICH IS COMPLETELY DETERMINED AND PRESENT

AT ANY LOOP ORDER?

H'" fun)clogᵗuÉ% a'T.es/8nYeis)kgmekeit
I
-

KNOWN !
• THE QUESTION IS TO WHICH PART OF THE FULL

ANSWER THIS TERM CORRESPOND To?



TO UNDERSTAND THIS :

• COMPUTE THE SUM → hogtie f- (un)

• TAKE A SPECIFIC LIMIT ( BULK POINT LIMIT) THAT
CONNECTS WITH THE FLAT SPACE AMPLITUDE

• COMPUTE THE AMPLITUDE IN FLAT SPACE AND

COMPARE _

ALONGTHE LINES OF

ALDAY & CARON- HUOT



RESULT

CONSECUTIVE 5- CHANNEL CUTS → DOUBLE

TRACES CUTS .



HIGHER TRACE OPERATORS (WITH
FARDELU &

MANENTI)
• IN ORDER TO PROCEED TO HIGHER LOOPS

,

WE NEED TO UNDERSTAND HOW TO DEAL WITH

MULTITRACE OPERATORS .

↓
HIGHER POINT MULTITRACE EXTERNAL

FUNCTIONS OPERATORS

GONCALVES
,
PEREIRA

ZHOU



114 BPS OPERATORS

• THE MOST CONTROLLED SETUP IS TO STUDY 4 POINT

FUNCTIONS OF DOUBLE TRACE PROTECTED OPERATORS .

• ¥ BPS OPERATORS : MULTITRACE [ 9,179]R

PROTECTED A =Zqtp
DIMENSION 1=0

Opq=Tr(4! - 4)TRIP .-7%)Cmi-%ᵗ'(ˢ¥¥¥ )



SETUP

• THERE IS A PROLIFERATION OF POLARIZATION TO

TAKE INTO ACCOUNT

• DISENTANGLE THE CONTRIBUTION OF PROTECTED

OPERATORS IN THE OPE (USE THE CHIRAL ALGEBRA)

↓
AS IN THE YZBPS CASE

, VIA THE DISC

IT IS POSSIBLE TO FIX THE

UNPROTECTED PART (AT

LEADING ORDER IN N) .



SPINNING CORRELATORS (w/ FARDELU
HANENTI &

ZHOU)
TOAPPEAR

• SPINNING CORRELATORS IN Ñ=2 SCFT

IN AD GWON

SUPERSPACE EXPRESSION FOR

THE FULL SUPERMULTIPUET



• CONNECTION WITH THE 4 POINT CORREATOR

OF THE STRESS TENSOR SOPERMOLTHPLET IN Ñ=4
.

FOR INSTANCE

< TJ]] > a ID
,DzDz Dci MH

GWON

<TTTT> a DID} DE WHGRAVITON

• HINTING TO A DOUBLE COPY RELATION .



CONCLUSIONS

• STUDY AMPLITUDES IN CURVED SPACES USING

THE CFT COUNTERPART

• THIS METHOD RELYS ONLY ON THE SYMMETRIES
,

SO IT CAN BE APPLIED VASTLY
.

• FOR THE N=4 SYM CASE
,
THIS HAS BEEN

COMPLEMENTED WITH INTEGRABILITY
,
VERY PROMISING

.
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