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A Quantum simulation with trapped ions
- Coherent interactions
- Digital apprach
- Dissipative dynamics

- Creating large entangled states
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Simulating quantum-many body systems

How can we efficiently study the physics of quantum-many body systems?

Questions:  Aground state |G)? ‘ ______ * ______ * ______ ‘
Atime evolution U = e~ 1t 9

Aguantum phase transitions?
Acorrelation functions

Approaches:
Aln some cases: Analytical techniques

ANumerical simulation methods on a computer

Coupled-cluster method, series expansion technigues, DMRG,
exact diagonalizaton, Quant um Monte Carl o, &

But: Exponential scaling of resources with the system size severely
restricts the number of particles that can be simulated.




Quantum simulation principle

. Model system .
i W'(0)) — | W'(t)) E
: Evolution :
ﬂ Quantum simulator @
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Simulation approaches

Analog simulation Digital simulation
h, h, h h, h, D
00000 N ‘00000 N,
Hamiltonian= @ . &;h Hamiltonian = Anything!

(reasonable)



The Digital Algorithm

Model

logic gates

Problem

y (t) —a thy (O) 0 (e- iut/n gy ingt/n ih3t/nm)"y (O)

Trotter approximation

Seth LlIloyd, o6Univergsal

Polynomial cost to achieve a fixed precision Science. 1996



Experiments with strings of trapped ions
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Experimental setup

Hilbert space Hilbert space



