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Trap for ultracold 87Rb atoms
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Degrees of freedom: Bosons, ,  hopping between the 

sites, , of a lattice, with short-range repulsive interactions.
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Boson Hubbard model

M.PA. Fisher, P.B. Weichmann,     
G. Grinstein, and D.S. Fisher     
Phys. Rev. B 40, 546 (1989).
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The insulator:
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( )CFT correlator of  U 1  current  in 2+1 dimensionsJμ
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K: a universal number analogous to the level number of the 
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Charge density correlation at 0 :
1               , 0  ~  

        , , ~   

R R

t t

T

J x J
ix

kJ k J k
k

τ
τ

ω ω
ω

=

+

− −
−



( )CFT correlator of  U 1  current  in 1+1 dimensionsJμ

( ) ( ) ( )( )

( ) ( )

2 2

2

2

2 2

Charge density correlation at 0 :

               , 0  ~  
sin

        , , ~   

R R

t n t n
n

T
TJ x J

T ix

kJ k i J k i
k

πτ
π τ

ω ω
ω

≥

+

− −
+

Conformal mapping of plane to cylinder with circumference 1/T
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    Correlators of conserved charges are

     independent of the ratio 

For CFTs in 1+1 dimensions: NO
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No diffusion of charge, and no hydrodynamics
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K. Damle and S. Sachdev, Phys. Rev. B 56, 8714 (1997).
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( )CFT correlator of  U 1  current  at 0J Tμ >

( ) ( ) ( ) ( )( )

( )

2 2

,

2 2

The projectors are defined by

           

while ,  are universal functions o

    and    ;    ( ,

f  and

)

 

, ,  = , ,

i jT L T
ij ij

L T

T T L L

k k p p
P P P p

kK k T T

k
k p

J k J k k P K k P K k

μ ν
μν μν μν

μ ν μν μν

ωω

δ η ω

ω ω ω ω ω

= − = − − =

− − − +

( ) ( ) ( )
2 2

Application of Kubo formula shows that
4 4             2 0, 2 0,T Le eK KT h h

ωσ π ω π ω= =



Superfluid Insulator



Superfluid Insulator

CFT at 
T > 0
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Excitations of the insulator:
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Approaching the transition from the superfluid
Excitations of the superfluid: (A) Spin waves
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Approaching the transition from the superfluid
Excitations of the superfluid: Spin wave and vortices
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( )Consequences of duality on CFT correlators of  U 1  currents
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Holographic self-duality



Open questions

1. Does KLKT = constant (i.e. holographic self-duality) 
hold for SYM3 SCFT at finite N ?

2. Is there any CFT3 with an Abelian U(1) current whose 
conductivity can be determined by self-duality ? 
(unlikely, because global and topological U(1) 
currents are interchanged under duality).

3. Is there any CFT3 solvable by AdS/CFT which is not 
(holographically) self-dual ?

4. Is there an AdS4 description of the hydrodynamics of 
the O(N) Wilson-Fisher CFT3 ? (can use 1/N
expansion to control strongly-coupled gravity theory).


