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Motivation
Constraining EFTs in AdS

Does any EFT in AdSq4+1 can be UV completed into a consistent CFT4?

YES NO

CFT sum rules give new handle into this question.



Motivation

Conformal Bootstrap in Mellin Space

Can we setup a more efficient conformal bootstrap
using Mellin amplitudes?

Mellin Amplitudes are very useful for perturbative
computations (holographic correlators, perturbative

CFTs, O(N)-model, event shapes,...).

Are Mellin amplitudes useful nonperturbatively?
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Mellin Amplitude Basics



Mellin Amplitude Basics

Correlation function of scalar primary operators

A(x;) = (O1(z1) ... Op(xy)) [09 Mack]

A(zi) = /[dV]W(%jﬂﬁr(%‘j) (x?j)_%j

1<

Constraints:

Z%’j =0, Vii = —A; = —dim|O;] , Yii = Vji
=1

# integration variables = # independent cross-ratios



Mellin Amplitude Basics

Four-point function of identical operators cross ratios
F( )  — LT3,
u,v 2 .2
(O@)O(2)O(a3)Oea)) = 77 535
13424 o — 1423
T1323,

dvqod
F(u,v) = / e w2074 (y12) T (114) T (A — 112 — 714) 2 M (12, Y14)
C

(271)? L e——————
M(%z, ’Y14)
Crossing symmetry
u 1
F(Uav) — F(Uau) = v °F <;7 ;) e M(%zﬁm) = M(7147'Y12) = M(%z;%s)

Y12 + Y13 + 714 = A



1.
Existence and Analyticity



Existence and Analyticity

c+100 d d X
F(u, U) p— / 1128714 u—’lefU—’YmM(,le’ 714)

300 (27T’L)2
~ > dudv Diver
é M(’7127’y14) — / —/U/’YlQ/U/ylLLF(’U,,’U) . ve gent
o UY integral
Idea: split the integral in 3 regions
Lo 111
uav
K(nzomne) = [ a0 Fu, o)
0 Uv
1 11
: Revyia > A I
Analytic for
4 Revig > A ; 1 g




Existence and Analyticity

dy12d _ _
Flw,v) :/ 2;2;14“ TET MK (Y12, 714) I
Re(v12,714)>A

4 / d7126?7214 oy =12
Re(v13,714)>A (27‘-2)

v " K (Y13, 714) I1

region

dy12d714 oy 12

T / . ™K (12, 713) 11
Re(v12,713)>A (2m1)?

Re 714

with 72 +73 +714 = A

If not for different contours

A

M (v12,714) = K(712,714) + K(713,714) + K(712,713)

Re Y13



Existence and Analyticity

Strategy: analytically continue K-function to bring the 3 integrals
to the same contour.

— M(%g, Y1a) = K72, 714) + K (713, 714) + K (712, 713)

1
dudv
K(fym’ 714) — / —UMQUWMF(U, U)
0 UV

Example: Mean Field Theory

Fluyv)=14+u 240"

1 1 1 .
= K(712,714) = | | = M(v12,714) =0

V12714 712(714 — A) (712 — A)%zl

Disconnected correlator does not contribute to Mellin amplitude.



Analyticity of K-function

Strategy: analytically continue K-function to bring the 3 integrals
to the same contour.

—>  M(712,714) = K (112, 714) + K (713, 114) + K (12, 113)

dudv
K(fym,,YM) — / u712vW14F(u U)
0 uv
Operator Product Expansion (lightcone) Re s
A

T-A
=) Clugn ) analytic
J, >0 ‘————v-———’ .

collinear block

OxO0= Y Cr;0.,

J,7>0
A ? | 7?
spin  twist




Analyticity of K-function

Re y14
A
Poles at
T analytic
12 = A — —
7 2
T >
N4 =23 -1 0 A e
O.E .
N ™ accumulation

. _1IE/ POintS

Double-twist operators
T=20+42n+~v(n,J) n=20,1,2,...

I
J — 00 > () ['12 Komargodski, Zhiboedov]
['12 Fitzpatrick, Kaplan, Poland, Simmons-Duffin]

Twist spectrum discrete or continuous?

It is continuous in irrational CFT> ['18 Kusuki]
[18 Collier, Gobeil, Maxfield, Perlmutter]



Analyticity of K-function

Re y14
A
Poles at
T analytic
Y12 = A — =
2
Y14 = A — % | e
|l

Maximal Mellin Analyticity conjecture: the OPE poles are the
only singularities.

Tube theorem:
F(x,y) analytic for Re(z,y) € €

I P 0

kF(a’;, y) analytic for Re(z,y) € Q'= convex hull of




Analyticity of K-function

For A = minimal twist, we proved MMA in the following region:

bl i 7(0) Re[y14] al

(A,4)

____________________________________________

w| >

Crossing symmetric point: 712 = 713 = V14 =



Straight contour formula

dvy1iod .
F(u,v) = / 712 .7214 w20 4 M (v12,Y14)
RefylngeWM:% (27-‘-7’)
27 |uz ™™ 54 -3 4
b0 2 [uE g ) 0 R ) v (5)
J,’T<%
Re 14
A
>
. Re 12
Example: 3D Ising CFT A
(22322,)2 (0 (21) 0 (22) 0 (23)0(4) ) connected =
d'y d")/ . Re’}/13
— / 12 : 214 U_%Z?)_WMM("YlZ,’VM)
Re’le:Re’)/M:% (27‘-@)



2.

Nonperturbative
CFT sum rules



Regge boundedness



Regge boundedness

OPE + Unitarity:

271
i F(u,e*™v) <
u—0 F(U,U)

v—1

lim  M(v12,714) < c|712]

Im vy12—00

Conjecture:

lim M (y12,714) < |72 Reqy > A — 222

|’712|—>OO 2




Polyakov conditions



Polyakov conditions 74 Polyakov ]

Absence of exact integer powers in the OPE: (23,)" n=0,1,2,...

o M (12,714 > 0
M) = M), RS s
| 2 (y12)1%(713)1%(714)  naive M (112,714) s (0
Y12 +Mn Yi2——"
Y12 = —n is an accumulation point of poles!
T
Poles at 715 = A — 5 2
Double-twist operators \ J
T =20 +2n+y(n,J) n=20,1,2,... _I‘"'_/:a""
v(n,J) & 557? J — o0

Analogous to Regge limit of Veneziano amplitude
A(S7 t) ~ g(t) 5| — o0 arg s £ 0,



Polyakov conditions

1 2’714_A 1 2'7’13_A

M(’ylg, "}/14) 712—>—n> (712 + TL) Tgap ("}/12 -+ TL) Tgap 4 0(712 + n)2
Y14
.
\\
M (v12,714) > 0 \
T \
M(v12,714) 0 / ?
Y2+ N Yz —n >
| il
A
3
V13




Dispersion relations
and sum rules



Dispersion relation

A /
Y12
Menane) _ iy Misip [
Y12713 Yo — V12 ’Yiz(A — Y14 — ’Yiz)

—AA T A A~

T T
A g - GG
9 Y14 5

—> Can use Polyakov condition at v12 = 0 and y13 =0

M(m12,714) _ > Resy,=a—3 M(712,714) { 1 | ! }
V12713 (A= 3)(5 = 714) Y2— Atz ms— Aty

T

(' X Mack polynomial Y13 = A — Y12 — Y14

V12713 1 1
M (12, 714) Qr,7(714) - [ ~ -+ T]
Z mJ 9 A—=3)(F —m4) 12— A+F 73— A+3

['19 Mazac, Rastelli, Zhou] ['19 Carmi, Caron-Huot] ['19 Sleight, Taronna]



Sum rules

Y12713

1 1
M (v12,714) Qr,7(714) I~/ T [ = T —
Z mJ (A=Z)(5—714) [712—A+3F Y3—-A+3

Y12 <7 Y13 manifest

Crossing symmetry:
Y12 <> Y14 =—> sum rules

. 0 A A
For example: — M (~vo== 4y yu=— —y — 0
oy 3 3 =0
2
i Z C’T,J OCT,J —
T,J
o (T—A)QT,J (%) | A ;J é)
Xr J —




Extremal functional

Conjecture: « is an extremal functional for the question Max 744, =7

If a-;>0 for 72>2A = Max Tgqp = 2A
Mean Field Theory

O‘T J >0
Double zeros from

1
QT,J X =
2 (A-3)

0 2A—|—2 2A—|—4



Check: 3D Ising

Sum rule applied to (cooo)

leading Regge trajectory other operators
E : 2 E : 2
rest
['16 Simmons-Duffin]

0.0289687,, 0.084569,
0.012122 ;4 0.001_8[0 £]0<7 <30
0.0291076<s<30 O.OO:_G[E AT <80

€10
O-0222J>30 0.002_4[6 6](1232

€10
0.0924 0.0894 + ...

Two sides match up to 3% error!



3.
Applications



EFTs in AdS



Constraining EFTs in AdS

Large N expansion in CFT <=  Perturbative expansion in AdS

1
I ° st ~n —
Single-trace: (7; ~
1
Double-trace: 7[: 0(8%)"070:] — 2A — 2n = y(n, J) ~ 3

Sum rule at large N:

light single-trace leading double-trace trajectory heavy operators

_A\G

. 2 Jar
Z (C7) OzTJ—I-Z 71}/[1:‘2’2(] aT’J OJ—I—Z s Q- =0 (1/N%)

T,J T=2A rest

L , N J/
N~ Vv

H -~ 1/N? >0
computable from EFT in AdS

H >0  => EFT in the swampland

[related ongoing work by Caron-Huot, Mazac, Rastelli, Simmons-Duffin]

~




Constraining EFTs in AdS

Scalar cubic theory \¢°x

D - ™

Scalar quartic theory \(0¢)*

— H = —\ (positive) —> X>0
[[06 Adams, Arkani-Hamed,

Dubovsky, Nicolis, Rattazzi]
Minimal coupling to graviton

SDER -



€— expansion



€ —exXpansion

d— 2
2
Mellin dispersion relation for (¢p¢o)

d=4 — ¢ A¢: = Y A:¢3J¢::2A¢+J-|-7J

Y1213 1 1

) 4 QTJ 14 N/ T - pm
Mz, m Z m ! (A—=35)(5—m4) [M12—A+35 73— A+3

Impose next Polyakov condition: M (v12 = —1,7v14) =0
= =S40 — 0@ Iz
=73 Y O =
€? 5

More Polyakov conditions give access to more CFT data.
['16 Gopakumar, Kaviraj, Sen, Sinha]



Future work



Future work

Prove the Maximal Mellin Analyticity conjecture and the full

Regge bound

Extend our results to non-identical operators, spinning

operators, higher point functions, BCFT, etc

19 Paulos]

Construct a basis of efficient functionals " 19 Mazac, Rastelli, Zhou]
19 Carmi, Caron-Huot]

Implement the numerical bootstrap using these functionals
Find a CFT sum rule that places a seemingly healthy EFT in
the swampland!?

Use Mellin Amplitudes in de Sitter space [see next talk by C. Sleight]



