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Atom entanglement
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Abstract

Neutral atom-based qubits are highly scalable and controllable. Furthermore,
with optical excitation of high-lying, strongly interacting Rydberg states, one can
achieve on-demand, laser-controlled interactions for quantum logic operations.
We present studies of entangling operations from a two-atom system employing
single ultracold cesium atoms that interact via single-photon laser coupling to a
Rydberg level. We also present work towards larger-scale systems employing
reconfigurable traps formed via digital holography.
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Rydberg dressing
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Entanglement Studies

We have demonstrated entanglement between two atoms via

blockade and via a controlled phase (CPHASE) gate approach. Both

utilize the Rydberg dressing approach.

* Blockade: Prepare two-atom Bell state via nonlinear spectrum.

e CPHASE: Nonlinear interaction enables multi-atom entanglement
to develop from product states. Requires control of interaction.
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Jaynes-Cummings ladder

 Multi-atom Rydberg-dressed systems map onto
the Jaynes-Cummings model of cavity QED.
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Towards larger systems

e Utilize digital holography to create configurable arrays of
Rydberg-dressed neutral atoms.
. e Scale existing neutral atom quantum information efforts.

* Enable creation of large-scale entangled states.
* Create geometries that can simulate interesting,
physically-relevant, models of quantum magnetism.
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