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The ability to generate quantum correlations between photons and excitations in matter is a key 
resource for quantum repeaters and quantum networks. Photons are ideal carriers of quantum 
information and matter excitations (eg. spins) can act as long-duration quantum memories to 
establish heralded entanglement between remote locations.  Solid-state devices are gaining 
interest as potential quantum nodes. These are interesting both from a fundamental point of view 
and for future large-scale deployment of quantum technologies. A large variety of solid-state 
systems are currently being investigated, among those single color centers or defects, ensembles 
of ions and mechanical oscillators.  
 
In our work, we investigate ensembles of rare-earth ions doped 
into crystals (see figure to the right). These have excellent optical 
properties, and at 4 K or below they can have both long optical 
and spin coherence times. They also exhibit large 
inhomogeneous broadening in the optical domain, which can be 
used for time/frequency multiplexing, provided that the 
associated inhomogeneous dephasing can be controlled 
 
We here present an experiment where we can generate quantum correlations between collective 
spin excitations in a Eu3+:Y2SiO5 crystals and single photons at 580 nm, with a quantum storage 
time of the spin component approaching 1 ms. The experiment is based on spontaneous Raman 
scattering generating Stokes photons correlated with spin excitations, as in the DLCZ scheme that 
is used in laser-cooled gases. It has proven difficult, however, to perform a DLCZ experiment rare-
earth crystals, due to the inhomogeneous broadening. To counter this effect we employ 
inhomogeneous dephasing control on both the optical and the spin transition, using an atomic 
frequency comb (AFC) and a spin echo sequence, respectively. 
In this way, we are also able to produce a stream of time-separated spontaneous Stokes photons, 
which are time correlated with a corresponding stream of anti-Stokes photons, which 
demonstrates the multimode capacity of the scheme. 
 
To verify the quantum nature of the correlations we measure both the second-order cross-
correlation between the Stokes/anti-Stokes photons (shown below), as well as the second-order 
auto-correlation of each mode, which violate 
the Cauchy-Schwarz inequality. This work 
shows that rare-earth crystals can be used to 
generate long-lived quantum correlations 
between spins and single photons, with an 
unique ability of temporal multiplexing that 
is important for increasing the speed of 
future quantum repeaters. 


