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Outline 

 Simulators:  Analog or Digital? 

 

 The Trotter Approximation 

 

 Trapped Ions 

 

 Results:  Digital Simulation of 6 Spins with Ising-

type interactions 



Quantum Simulations 

Quantum System                           Simulator 



Analog vs. Digital 

 Analog: 

 One to one mapping from system to simulator 

 Target interaction exists in simulator already 

 

 Digital 

 Not necessarily one to one mapping 

 Interaction is “built up” by discrete jumps in Hilbert 

space 



Hilbert Space 



Problem! 

If: 

Then in general: 



Problem: Fixed! 



The Trotter Approximation 

 Nice things: 

 Error is strictly bounded 

 This is efficient (linear in the number of systems), as 

long as the number of different Hk’s is on the order 

of N 

 This also efficient in time! 



Trapped Ions 

?!?%&?#@%$!!!!  (No 

supplementary materials for a 

preprint) 



Basics of Ion Trapping 
 Goal:   
 Trap an ion (charged particle!)  

 Use it for quantum computing (we need a          
good qubit + local unitaries + CNOTS) 

 

 Naively use a static electric field? 
 Nope!  No stable equilibrium exists (Earnshaw’s 

Theorem) 

 

 

 Instead, use oscillating electric fields 



Quadrupole Trap (Paul Trap) 









Ising Interaction (2 Spins) 

 First two terms are single qubit rotations (easy to 

implement) 

 

 Last term is a “qubit-qubit interactions” which is 

accomplished with CNOTS and single qubit 

unitaries 

 





Cool, but its been done before… 







Conclusion 

 Trapped ions can be quantum simulators! 

 

 Main source of error is intensity fluctuations in 

laser: “This is not currently a fundamental 

limitation and, once properly addressed, should 

enable an increase in simulation capabilities.” 

 

 Unfortunately, the 6-qubit example with >100 

gates is in the supplementary material…  


