The (super)conformal bootstrap
program

Madalena Lemos

DESY Theory Fellows Workshop

Nov. 10 2015

1/10



Conformal Field Theories

Conformal Group

» P, M, ,

2/10



Conformal Field Theories

Conformal Group

» P, M, , D,

2/10



Conformal Field Theories

Conformal Group

» P, M, , D, K.

2/10



Conformal Field Theories

Conformal Group

» P, M, , D, K.

Conformal field theory defined by
Set of local operators O and their correlation functions



Conformal Field Theories

Conformal Group

» P, M, , D, K.

Conformal field theory defined by
Set of local operators O and their correlation functions
» Conformal primaries
(K., O(0)] =0
» Conformal Descendant
[Puss - [Pu,, O(0)]] = 0

n?
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Conformal Bootstrap

Operator Product Expansion
01(x)02(0) = >, Aoy0,0,¢(x, ) O(0)
— Finite radius of convergence

— n—point function by recursive use of the OPE until
(1) =1

CFT data
{Oa..(x)}, and {Ao,0,0,}
CFT data strongly constrained

» Unitarity

» Associativity of the operator product algebra



Conformal Bootstrap

Crossing Symmetry
(01(x1)02(x2) 03(x3) Oa(xa)) =

1 4
o
@A,ez OA,E 3
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Conformal Bootstrap

Crossing Symmetry

(01(x1)02(x2) O3(x3) Oa(xa)) = 1 4
1 4
> =2 |5
OA,EZ >®< 3 O OA £
2 3

— Solve crossing equations for all four-point functions
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[Polyakov '74]
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Conformal Bootstrap

» “Solve” theory from crossing symmetry
[Polyakov '74]

» Success story in 2d

» Harder in d > 2

[Rattazzi, Rychkov, Tonni, Vichi '08]
» Solving = constraining

— Guess for the spectrum
— Can it ever define a consistent CFT?
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The Superconformal Bootstrap

Add Supersymmetry

— Conformal families organized in superconformal families
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The Superconformal Bootstrap

Add Supersymmetry

— Conformal families organized in superconformal families
— For N> 2in 4d, or N = (2,0) in 6d
There is a solvable subsector of the crossing equations
[Beem, ML, Liendo, Peelaers, Rastelli, van Rees '13]
[Beem, Rastelli, van Rees '14]

6
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What is the space of consistent SCFTs?

4d N =2 SCFTs with SU(2) flavor symmetry
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4d N =2 SCFTs with SU(2) flavor symmetry
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Solving the 3d Ising Model

[EI-Showk, Paulos, Poland, Rychkov, Simmons-Duffin, Vichi,
PRD 86 025022]

Ac  Not allowed

Ising

Fi Maybe

050 055 060 065 070 0.75 0.80 Ar
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Solving the 3d Ising Model

[EI-Showk, Paulos, Poland, Rychkov, Simmons-Duffin, Vichi,
PRD 86 025022]

Ac  Not allowed

Ising

Fi Maybe

050 055 060 065 070 0.75 0.80 Ar

— 3d Ising lives at “kink”
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3d Ising Model

[Kos, Poland, Simmons-Duffin 1406.4858]
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allowed region with Ay, Ay > 3 (ngax = 10)
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Thank youl!
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Backup slides
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Crossing Symmetry

(O1(x1)02(%) O3(x3) Oa(xa)) = 1 4
1 4
> => |5
OA,ez >®< 3 @A/ OAE
2 3

1 _
X122AOX324A(9 ZOA’@ /\(91(92(9A,4)‘03(94OA,egA,f(u7 V) -

1 . ~
x124AOXZ23AO Z@A,z )\OIO4OA,Z)\OZO3OA,ZgA’£(V7 u)

X2X2 - X2X2 -
where Ap, = Ap, u = ol =22 V== (1-2)(1-2)
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Conformal Bootstrap

Sum rule: identical scalars ¢

— ldentity operator A\pp; =1

\2 uPogn (v, u) — v ¢gAg(u v)
Z ¢¢>O vAs — B

Op, #1 - _
Oepd Fa.e

— Guess for the spectrum
— Can it ever define a consistent CFT?
» Find Functional ¥ such that
— -1<0(1)
— - Fa(u,v) >0 for all {A, ¢} in spectrum

— Spectrum is inconsistent = rule out CFT
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Conformal Bootstrap

Sum rule

» Truncate
m,n<A\

)= Z E I

— Increase A = bounds get stronger
— Always true bounds
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