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(I believe)

And it has a close connection to some of 
LATTICE participants’ research.

We can test String Theory  
in the Sky



Quantum Simulation



Hamiltonian Engineering

Your Hamiltonian

Actually make such 
system by using 
lasers, atoms, …

As a first step toward the quantum simulation…



Gauge/Gravity Duality

Super Yang-Mills  
(SYM)

IIA/IIB-string 
M-theory 

(BH, black brane)

indistinguishable even in principle
Maldacena 1997

cf) Talks by Berkowitz, Kadoh



Gauge/Gravity Duality

Super Yang-Mills  
(SYM)

IIA/IIB-string 
M-theory 

(BH, black brane)

indistinguishable even in principle
Experimental Realization of Quantum Gravity 

in our almost flat spacetime would be possible.



Supersymmetric  
matrix model

Black hole in 
Superstring/M-theory

3d O(N) vector model 
3d Gross-Neveu model

4d maximal SYM IIB string on AdS5×S5  

Higher Spin Gravity 
in AdS4

Sachdev-Ye-Kitaev model 
(SYK model) Black hole in AdS2 ?

Quantum Field Theory Gravity



Super Yang-Mills
IIA/IIB-string 

M-theory 
(BH, black brane)

Sachdev-Ye-Kitaev  
model BH in AdS2

Make it from  
atoms and lasers!

N fermions with random 
Gaussian couplings

• Emergent (almost) conformality at strong coupling
• dual AdS2 BH description
• Maximally chaotic (λL=2πT)



How to make 4-fermi interaction

atom

molecule



for even/odd s

SYK

integrate out molecular 
intermediate states





N(N-1)ns/2 
beams
needed



• Doable in principle.  

• Needs improvements in practice. 

— Simpler disorder? 

— Different interaction?  

— Deeper optical lattice 

— Narrower line-width 

theory

experiment

We hope it serves as the first step to a big goal!



backup



(1) Many beams are needed. → Is Gaussian randomness 
really needed? Other randomness or some 
structures are allowed?

(2) Laser line-width must be narrow. Only N≦16 (1Hz) 
would be possible with current technology. → 
Situation could change by changing lattice. 
Simplifying the model may work as well?

(3) Deep optical lattice for molecules is needed so that 
multiple molecules are not excited. → Result may 
not change much even if it happened (i.e. molecular 
states  cannot be completely integrated out?)


