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hyperbolic spacetime

local CFT 
(operator locality)

1-1 state correspondence



any theory with gravity 
has less observables 

than a theory without it!

how can a 
local CFT 

emerge at the 
boundary?



can exact statements 
 be made?
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boundary is non-local!

(��
x

)af(x) = C

d,a

Z

R

d

d⇠

(f(x)� f(⇠))

|x� ⇠|d+2a

f must be known 
everywhere



d+1 dimensional 
elliptic differential 

equations 

 Caffarelli-Silvestre 
extension theorem 

(2007)

d-dimensions

fractional Laplacian 
(non-local eom)



apply to holography



smearing function 



holographic renormalization
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exact form of boundary operator
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independent of interactions
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same asymptotics!



d+1 gravity 
+ scalar field

d-dimensional 
non-local 

`QFT’
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application: 
anomalous dimensions of gauge fields
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vector field at boundary 
has an anomalous dimension 

(without condensate)
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Karch 
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Kiritsis



if holography is RG then 
how can it lead to an 

anomalous dimension?

[Aµ] 6= 1
Ward identities 

for local theories

?
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closer look
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similar equation 
1-form generalization of CS 

theorem

scalar field 
(use CS theorem)
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generalize CS to p-forms

fractional Maxwell equations  
at boundary!
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boundary action

boundary action has 
anomalous dimension 

(non-locality)
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boundary 

action
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is there a consistent algebra  
for currents with fractional dimensions?

is this just a game?
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Yes



Fractional Virasoro algebra
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physical consequences of  anomalous dimension 
for    Aµ
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Aharonov-Bohm Effect must change



��D =
e

~⇡r
2BR2↵�2

 p
⇡21�↵�(2� ↵)�(1� ↵

2 )

�(↵)�( 32 � ↵
2 )

sin2
⇡↵

2
2F1(1� ↵, 2� ↵; 2;

r2

R2
)

!



is the correction large?
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d+1 gravity 
+ dilation

d-dimensional 
non-local 

`QFT’
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experimental detection on strange metal 
in cuprates

fractional Virasoro 
algebra


