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Superconducting qubits have advanced significantly in recent
years, but they have limitations. They can’t be coupled di-
rectly to optical photons and so lack a mechanism for long
distance quantum communication. And while the coherence
times have improved greatly recently [1] they are still much
shorter than what has been achieved in optically addressed
spin systems. Both of these limitations can be overcome
with a device that can transfer quantum states encoded in mi-
crowave photons into those that are encoded in optical pho-
tons. There are a number of approaches being investigated to
solve this problem including optomechanics [2], electro-optic
[3] and mangeto-optic materials [4], as well as using cryo-
genic rare earth ion dopants [5, 6]

We have proposed [5] implementing this quantum trans-
ducer using rare earth ion dopants that are simultaneously
coupled to microwave and optical resonators, and are cur-
rently working towards the implementation. The approach
can be considered as a resonator-enhanced version of the
Raman-heterodyne spectroscopy, often used at MHz frequen-
cies for characterising hyperfine structure in rare earth sys-
tems I will present results showing low efficiency frequency
conversion with a microwave resonator but single pass optics
[7], using erbium doped yttrium orthosilicate as well as more
recent results using both a microwave and optical resonator
and discuss the feasiblilty of near unit efficiencies.

The microwave splitting in above experiments was
achieved by splitting the Kramers degeneracy of the electronic
ground state with a magnetic field. This magnetic field makes
the use of 3D superconducting resonators problematic. An al-
ternative is to use the hyperfine structure of Er-167 the one
isotope of Er with nuclear spin. 167Er:YSO provides 5 GHz
hyperfine splittings in the ground state. I will also show re-
sults of coupling a superconducting 3D microwave resonator
to Er-167 in YSO[8]. The cavity is based on a loop-gap design
with a variable gap that enables tuning over more than an oc-
tave (1.6–4.0 GHz). The loop gap design means that the elec-
tric and magnetic fields are very well segregated, the crystal
sits where there are large magnetic fields but very small elec-
tric fields. This is potentially responsibles for the very large
Q’s available (> 105 even with the sample in the resonator).
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Figure 1: Left: the 4I15/2 and 4I13/2 levels in Er:YSO are
Zeeman split under the presence of an external magnetic field
~B. The Raman heterodyne signal is produced when a mi-
crowave field Ωµ and an optical field Ωξ drive two transitions
in a three level atom. A coherence is produced on the third
transition which generates an optical signal field ΩS . This can
be detected as a beat note on the optical drive field, i.e. a mod-
ulation in the optical output power Po at the same frequency
as the microwave field. Right: Depiction of the experimental
setup. A copper made loop-gap resonator holds an Er:YSO
sample inside. The green loops inside the resonator represent
the microwave magnetic field lines. The external magnetic
field is applied in the vertical direction, parallel to the D1-D2

plane of the crystal, at an angle α as measured from D1.
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