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We develop a general analytical approach
for the characterization of atom-array
platforms as light-matter interfaces,
focusing on their application as a quantum
memory. Our approach is based on the
mapping of various atom-array systems
into a generic 1D model of light interacting
with a collective atomic dipole. We find
that, generically, the efficiency of light-
matter coupling and quantum memory is
given by the on-resonance reflectivity of
the 1D scattering problem, 𝑟0 = 𝐶/(1 + 𝐶),
where 𝐶 is a cooperativity parameter of
the model. For relevant cases of 2D and
3D arrays in free space, we analytically
derive their effective cooperativity
parameter, while accounting for realistic
effects such as the finite sizes of the array
and illuminating beam, non-subwavelength
arrays, and weak disorder in atomic
positions. Our analytical results are verified
numerically and demonstrate that
efficiencies of quantum tasks are reduced
by our approach to the classical calculation
of a reflectivity. Implications on light-
matter interfaces realized by optical lattices
or tweezer arrays are discussed.

- Super-wavelength
array placed in a
cavity which will
reduce the losses of
higher diffraction
orders.

- Nonlinear atom
array: utilizing the
strong atom-photon
coupling with the
array to produce
entangled states of
light.
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Reflectivity of 2D array:

Reflectivity at resonance = efficiency:

𝛿𝑝 = ∆0 → 𝐶 =
𝜂Γ0
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High cooperativity   “Perfect mirror”
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