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We present an experimental apparatus for 

quantum simulations that combines cold 

atoms with 2D photonics. The setup follows 

the proposal in [1] and is illustrated in fig. 1. 

The photonic structure enhances light-atom 

coupling by confining optical fields to sub-

wavelength dimensions near the atoms. The 

structure also guides photons that can me-

diate strong and long-range interactions 

between atoms according to the Hamilto-

nian H = ∑ij Jij σeg
i σge

j, where σ = |e X g| 

refers to atomic states and Jij is a coupling 

constant that depends on the photonic 

design. Fig. 2 shows Jij for a structure with a 

photonic bandgap. More many-body Ha-

miltonians may be engineered by further 

customizing the interactions with optical 

driving and magnetic fields that manipulate 

internal atomic states.[2] 

Our setup uses Cs atoms cooled to µK tem-

peratures, trapped in an array of optical 

tweezers in the collisional blockade regime, 

and delivered into the near-field of the pho-

tonic structure. The approach is inspired by 

[3]. The photonic structures are fabricated in 

silicon nitride membranes as proposed in [4]. 

We will report progress on construction of 

the optical tweezer array for delivery of 

atoms, development of fabrication recipes, 

and numerical simulation (fig. 2) and opti-

mization of future atom-photonic devices. 

 

The work is part of Quantop and the Novo 

Foundation consortium Quantum for Life. 
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Figure 1: Atoms (green balls) trapped in optical 

tweezers (orange shaded area) near a mem-

brane perforated with a photonic pattern. 

Guided photons (wiggly lines) connect atoms 

by pairwise interaction. 
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Figure 2: Spin-exchange rate, Jij, normalized to 

the dissipation rate for an atomic emitter at the 

center of a hexagonal lattice. 

 


