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Introduction

CFT correlation functions can be thought of as AdS
scattering amplitudes.

|dea: explore this analogy to learn
about CFT and AdS/CFT

Best language: Mellin amplitudes
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n(n — 3)
# integration variables = # ind. cross-ratios = >
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Crossing symmetry

M (v12,713, 714)
Y12 + Y13 + 714 = A
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Operator Product Expansion
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—> M has simple poles at
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descendants
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Y12 =

Discrete spectrum of scaling dimensions implies
that the Mellin amplitude is meromorphic.
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OPE —> Factorization

Introduce p; such that vi; =pi-p; (p7 =—-A;) and

[Mack ‘09]

> ._.p; = 0.Then 7;; automatically solves the constraints.

The OPE implies poles and factorization of residues.

(07 ...0,) (O ...0,0A) (OAOki1 ... 0p)
k l k+1 k l l k+1
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(p1+-+pe)?+ A
| — 1
n L n
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[Fitzpatrick, Kaplan, JP, Raju, van Rees I []
[Fitzpatrick, Kaplan ‘12
[Gongalves, P, Trevisani, ’14]




OPE —> Factorization
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OPE —> Factorization

M, =~ Qm (7ij) m=20,1,2
n . 2 _ ——
i ) w descendants
twist
<01 ---Ok;OA,l> — ML <OA7ZO,1€_|_1 On> — MR
(), determined from M; and Mg [Gongalves, JP, Trevisani, *|4]
Forn =4 and k£ = 2 : Qm(%’j) — 01200340Pl,m(713)
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Large N CFT

In planar correlators of large N CFT

02: :(94
Ol A? l 03

1

['(712) — OPE contributions of ©0,0...00;

Only single-trace operators give rise to poles in planar
Mellin amplitudes.



AdS/CFT



Witten diagrams

Bulk contact interaction

g¢1¢2 I ¢n
N
M(%‘j) — g




Witten diagrams

Bulk contact interaction [P ’10]

1

g¢1¢2¢n '
v n—1 2

M) = /\

GV .. Véy...V...Véb,

M (7;;) = g Polynomial(;;) degree = % (# derivatives)

Contact diagrams in AdS give polynomial Mellin amplitudes
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[JP ’10] [Fitzpatrick, Kaplan ’12]

Minkowski Anti-de Sitter

T(Kz) — Rhm N %eaa 2 M
T — OO P00

109 dov d—> A RQKZ : Kj
Vi

Scattering amplitude Mellin amplitude
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[Heemskerk, Sully *10] [JP "10]
* Large N + finite number of low dimension single-trace operators

Agap —+ 00 => Finite # of exchange diagrams

3 4 3 4
<01 e O4>plana1‘ — =+
1 2 2
Poles Polynomial
* Regge limit: s — oo, ¢ fixed O Maldacena, Shenken Seanford 15

M(s,t) ~ s  jo<2 => Finite # of contact diagrams

Generalization of causality constraints for (7,757 ,0)
[Camanho, Edelstein, Maldacena, Zhiboedov ’14]



Problems for the future

* Extend factorization formulas to general spin

* AdS tree-level n-point Mellin amplitudes a |a [Cachazo, He,Yuan " 14]
* When is Conformal Regge Theory valid?

* Simplify the OPE in large N CFTs

* Understand scaling of higher derivative corrections in
ACIS Wlth Agap > 1 [Camanho, Edelstein, Maldacena, Zhiboedov ’ 4]

* Mellin amplitude of Virasoro blocks (minimal models)
[Alday, Zhiboedov ’15]

* Study boundary correlators of QFT in AdS
from BCFT correlators (UV) to scattering amplitudes (IR)
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* Simplify the OPE in large N CFTs

* Understand scaling of higher derivative corrections in
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* Mellin amplitude of Virasoro blocks (minimal models)
[Alday, Zhiboedov ’15]

* Study boundary correlators of QFT in AdS
from BCFT correlators (UV) to scattering amplitudes (IR)

Thank you!
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Regge limit of 4-pt function

“Maldelstam invariants”

s=—(p1+ p3)2 = Aq -

t=—(p1+p2)° =A1-

Regge limit: s — 0o |

M(s,t) ~ s7°

[Cornalba '07]
[Costa, Gongalves, |P ’12]

Planar limit = 99 < 2

[Maldacena, Shenker, Stanford ’ 1 5]

- Az — 2713
- Ay — 27919
t fixed
J A

X

KX

4
Y 4

Unitary ¢
bound ,’
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Planar OPE?

2pt and 3pt functions
of single-trace operators

ORE

String
Theory!?

n-pt functions
of single-trace operators

contribution

M(s.t) — Z Ress—s M (s,t)

S %

from s = oo



Mellin Redundancy

# independent
Cross ratios

nd (d+2)2(d+1) , n>d+ 2

For n > d+ 2 the Mellin amplitude is not unique.

det P;-P; =0 P; € R4+
1<7,j<d+3

We can add to the Mellin amplitude the Mellin transform
of this determinant times any function.



External Spin

- I (7vij) - (v + 6¢)
OA OP PA/d MCL . ] i
OTPIOR) Z i ”E(—m PJ)”,,,1;[1(—21%,-13)”‘S
n
Z%Ja Vig = Vji ’Yii__A7,7 Z’Y@J: — A
1,7=1
L 7 k kE+1
A
e A O O

[Gongalves, P, Trevisani, ’14]



Flat Space Limit
of AdS



Evidence for T:Iim/...M

1
|) Works for an infinite set of interactions '
1 2

gV ..V V... Véy...V ...V, - ﬁ

2) Derived from wave-packet scattering localized in small

regiOn of AdS [Fitzpatrick, Kaplan ’12]
[Gary, Giddings, JP ‘09] [Okuda, JP "1 0]

3) Verified in several non-trivial examples

s
AN

¢



UV and IR divergences

UV divergences are the same in AdS and in flat space.

IR divergences are absent in AdS.

The Mellin amplitudes can be thought as IR regulated
scattering amplitudes.




Application: from SYM to |IB strings

N =4 SYM —> type 11B strings
Gy = 4mgs
G = A = (R/L,)"

O(x) = Lagrangian density ¢ = Dilaton
4pt function —_— 2 = 2 scattering
(O(21)O(22)O(x3)O(x4)) R — 0 amplitude
; 1 / )
/\h_)n;o )\iM(g%(Ma)\,Sij = \/X()é’ij) — 120736 /dﬁﬁ%_BTm (93»5575753‘ — 7?“’”)

T O

Mellin amplitude



FSL of AdS for massive particles

Minkowski Anti-de Sitter

M?R* = A;(A; — d)

[work in progress]

R— o0

MiMj + K - Kj>
Zz M;

Scattering amplitude Mellin amplitude



