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I will present our efforts to control the dipole-dipole interaction between single Rydberg atoms to implement
various spin Hamiltonians such as the Ising model or the Su-Schrieffer-Heeger (SSH) model.
Our platform is based on single atoms trapped in an array of optical tweezers generated by holography. With
our atom assembler technique [1] (see also [2]), we overcome the random loading of the traps by active sorting
to prepare fully loaded arrays of single atoms. We recently extended this technique to three dimensions using fast
tunable lenses and prepared structures of up to 70 single atoms spanning several planes [3].
By exciting the ground-state atoms to Rydberg states, we induce strong dipole-dipole interactions in our system.
Using the van der Waals regime of this interaction, we implement the Ising model with a transverse field and study
its magnetic properties [4]. I will describe the evolution of the system after a sudden quench of the Hamiltonian,
or contrarily after an adiabatic change of the parameters, where we observed the build-up of anti-ferromagnetic
correlations between the effective spins [5] (see also [6]).
Using the resonant dipole-dipole regime between Rydberg states of different parities now gives rise to a spinexchange (or XY) Hamiltonian [7]. I will show how it allows us to explore the physics of the SSH chain, a basic
example of topological problems in 1D.

Fig. 1: (a) Atom-assembler setup using electrically tunable lenses (ETLs) and a selection of 3d structures of optical
tweezers. (b) Phase diagram of the Ising model showing paramagnetic (PM) and anti-ferromagnetic (AFM) phases.
Lower part: An experimental correlation map obtained by tuning the system through the quantum phase transition
and ending in the AFM phase. (c) Control of the spin exchange dynamics using an addressing laser. The spinexchange dynamics between two atoms (1st curve) can be stopped by switching on the addressing beam (2nd curve).
If the system is in a superposition of two states, a relative dynamical phase can be imprinted (0, π/2 and π for the
3rd , 4th and 5th curves).
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