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Connecting quantum processing nodes at a
distance is an important challenge in the
context of distributed quantum computing.
Here [1], we present a new network
architecture for remotely connecting cavity-
coupled trapped ions processing nodes via a
guantum repeater backbone based on rare-
earth-doped crystals. The main challenge for
its realisation lies in interfacing these two
physical platforms, which produce photons
with a typical temporal mismatch of one or
two orders of magnitude. To address this, we
propose an efficient method that enables
custom temporal reshaping of single-photon
pulses whilst preserving purity. Our approach
is to modify a commonly used memory
protocol, called cavity-assisted Atomic

Frequency Comb [2], for systems exhibiting
inhomogeneous broadening like rare-earth-
doped crystals. Using a custom sequential
readout technique, it is possible in the
impedance-matching regime to achieve an
arbitrary temporal shaping at the quantum
level. In a feasibility study based on recent
experiments, it is shown that the photon
waveform from a Pr’*:Y,SiOs memory [3] can
be made almost indistinguishable from a
pure component of the photon mixed state
emitted by a single “°Ca* ion embedded in a
high finesse cavity [4] (99 % overlap instead of
32 %). Addressing the general problem of
how to interface two physical platforms that
interact with light on very different
timescales, we thus offer a viable and
tangible solution for uniting quantum
processing nodes with a quantum repeater
backbone.
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