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Bulk dual of conformal blocks?

Conformal blocks = fundamental objects in CFT
(partial waves)

Recently, turns out to be geodesic Witten diagrams

(blocks for global conformal symmetry in d-dim.)

Q1. Fermionic sector ?

Q2. How useful to write it in the bulk language?



What we have done (1)

CB=GWD for fermions [1805.00217]
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What we have done @)

Entanglement wedge cross section
from Holographic CFT:

[1803.10539]

Consider Holographic CFT in two dimension
with the replica method & a channel including twist op.
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2. Embedding formalism

1. conformal blocks 3. geodesic Witten diagram
(partial waves)

— 4, Applications



Conformal partial waves (blocks)
= Basis of correlation functions

1,2,3pt function — fixed by Ward-Takahashi identity
(up to constants)
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Conformal partial waves (blocks)
= Eigen functions of
conformal Casimir equation

1,2 >L<O = CaAR >L<O
02 4 02 4

spin-l: Cae=A(A—d)+ £+ d— 2)
Weyl fermion: Ca,r = A(A — d) g(d — 1)

(c.f. L? in QM)



2. Embedding formalism

O4

1. conformal blocks 3. geodesic Witten diagram
(partial waves)

— 4, Applications



2. Embedding AdS/CFT in to a flat space

AdSd+1 isometry / Conformal symmetry in d-dim

SO(d+1,1)

]
Lorentz symmetry in d+2-dim



2. Embedding AdS/CFT in to a flat space

Rd—l—l,l

SO(d+1,1) transformation = linear

see also



Embedding CFT (in detail)

‘Rd+1,1

P2 =0
A\PA ~ PA

Primary operator:
®(AP) = A\"2®(P)

B Poincare Section (“gauge fixing”)

PA
ds?

(P*,P—, P%) = (1, 22, 2%)
—dPTdP~ —+ 5adea,de —> 5abd$admb



Example: 2pt function of scalar

‘Rd+1,1

P2 =0
A\PA ~ PA

Primary operator:
P (AP) = A2 ®(P)

(B(A PP (A2P2)) = AT2A; 2 (B(P1) 2 (P2))

» (®(P1)®(P2)) = (—2P11° P;)4
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Dirac fermions (CFT2, and AdS2n+1)

CFT AdS

PAT AW (P) =0 (XT A — Tohira) P(X) =0

% Reproduce right propagators in physical space

(SeI1ySp) (29° + @%7a) P+ ( z )“5

A.L
G2 (X Py) = :
bo ( b 2) (—2X1 . Pz)A+§ \/E Zz _|_ |CU12|2

Here we used “index free notation (IT&?P : chiral projection)



Quadratic Casimir & Free E.O.M.

1

—ELABLAB@ = V2® =m?2® = Cpr P
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1 ' 1
— —LABL AW = (I‘AVA)Z—l—ZR U—=C\ 1P

(Ispin)
generator of SO(d+1,1): L ap = XABB — XBBA + Xap

covariant derivative: Va= GAB(?B -+ XBEAB

induced metricc:. Gap = nNap + XaXp




2. Embedding formalism
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Witten diagrams

Originally proposed by

O3

External higher spinning fields:

02 04

Internal fermions:

/dAl/d)\zG L(X (A1); P)GA2 (X (A1); P2)

X Gy (X (A1), X (A2))Grg (X (A2); P3) Gy (X (A2); Pa)

Gvb :bulk-bulk propagator
Gva :bulk-boundary propagator



Geodesic Witten diagrams
satisfy conformal Casimir equation

spin-I: Cae=A(A —-d)+£(£+d— 2)
Weyl fermion: Cp 1 = A(A —d) + 2(d — 1)




Conformal partial waves
satisfy conformal Casimir equation

(recap)

Lz — (Lpl —|— Lp2)2

spin-I: Cae=A(A —-d)+£(£+d— 2)
Weyl fermion: Ca,r = A(A —d) + g(d — 1)




These are the same!

Conformal blocks Geodesic Witten diagrams
(partial waves)

O3

Boundary condition? : OK



2. Embedding formalism
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1. conformal blocks 3. geodesic Witten diagram

— 4. Applications (GWD decomposition & EWCS)



GWD decomposition of Witten diagrams

4 physical poles: N
Single trace: Of (Y F)

split rep.

fermion exchange *

Double trace:

[Or102]2n [OF304]2n
- /




Entanglement wedge cross section
from Holographic CFT:

refer to

Consider a channel including twist op.
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9
+) For Holographic CFT, reduce to -~ Go,, (u, v)

— Can also apply to the static BTZ blackholes



Discussion

Geodesic Witten diagrams

- 3pt Interaction in the embedding space

- SUSY, Defects, Many points, ...

Entanglement wedge cross section

- Calculation of the (twist #)=1 channel

for more generic CFT:



