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Quantum Simulations of Spin Systems Using Trapped 88Sr+ Ions

R. D. Somma, D. J. Berkeland, J. Chiaverini, W. Lybarger, and K. M. D. Vant.

Quantum spin systems can be studied and simulated by trapped ions interacting with laser beams of different intensities, frequencies, and 
polarizations. Following Ref. [1] we present numerical results showing that, in certain limits, a magnetic field together with a state-
dependent dipole force acting on the ions produces an effective many-spin evolution of the system in linear and micro-traps.

[1] D. Porras and J. I. Cirac, Phys. Rev. Lett. 92, 207901-1 (2004).
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Trapped Ions: -Real or simulated B-field;
-Laser beams generate dipole forces

(See K. Vant’s et. Al. poster for details)

Unitary transformation maps H to spin-spin interactions
(effective Hamiltonian           )

Effective interactions: Spin-1/2 model
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Cooling to              is required to achieve the quantum simulation with small error. Cooling to              is required to achieve the quantum simulation with small error. 
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coupling

(See K. Vant’s et. Al. poster for photos)

Experimental setting: Ions in macro- or micro-trapsExperimental setting: Ions in macro- or micro-traps

For small
displacements:

Simulation of the dynamics of two ions in a single (A) and 
double (B) well potential, interacting with detuned laser beams.

Intensity gradient
generates the force

Extra term:
Spin-phonon coupling


