
In recent years, superconducting (SC) circuits have shown extraordinary abilities
in performing fast and high-fidelity quantum logic operations, which enabled
them to move from fundamental research to the R&D units of companies. This
technology is still limited by short coherence times of SC qubits precluding long-
term storage of quantum information, and the difficulty to transfer microwave
(MW) photons over long distances which prevents coupling of distant quantum
registers. While cold alkali atoms have a smaller processing speed than SC qubits,
they are better at quantum information storage and optical communication. But
their incorporation into a hybrid SC device represents an experimental challenge.
This project aims at the coherent conversion of MW to optical signals on an
integrated atom chip compatible with SC quantum processors and optical
communication networks. Such hardware components will form the basis for
long-distance quantum communication between SC quantum (sub)processors –
nodes of a quantum network – mediated by optical photons.
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Coupling to cavity demonstrated [1]

Extraction electrode replaced with ion optics device [2]
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Strong electric dipole coupling between 
single atoms and cavity (MHz range)

Exc. and deexc. measurement via atom/ion counting
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Collective magnetic coupling to the cavity 
in the (10-100kHz range)
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Excitation scheme of Rb 87 atoms

Cavity Transmission Spectroscopy
§ QND measurement of atomic population in F=2
§ Conversion of microwave signal to optical transmission

Design of optical the cavity holder 
with microwave antennas

Objectives
§ Studying the limit of 

weak signals
§  Studying the role of 

inhomogenities in the 
cold atom cloud 

Reference : Tsiamis et al., arXiv:2504.10349 (2025)

(a) Adsorbates on chip surface produce 
strong inhomogeneous electric field 𝐹AB.   
Adding homogeneous bias field 𝐹C 

      ⇒ total field 𝐹 = 𝐹AB+ 𝐹C

(b) Atom in Rydberg-Stark eigenstate |𝑟⟩ with
      static dipole moment 𝑑/ experiences 
      mechanical force 𝛁(𝑑/ 𝐹 ) 

(c) We select another Rydberg state |𝑎⟩ with 
      𝑑D ≈ −𝑑/ and couple it to |𝑟⟩ by a MW field
      with frequency 𝜔 = 𝜔/D + 𝑑/ − 𝑑D 𝐹 /ℏ 
      ⇒ Trapping potential 𝐸: for eigenstate |𝑟:⟩ 

(d) In 3D, the minimum of the trapping 
       potential 𝐸: forms a surface (ellipsoid) 
       at const 𝐹 = ℏΔ/ 𝑑E − 𝑑A
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Up-coming:

Testing nano-fabricated optical 
waveguide and resonators

Optical waveguide and resonator fabrication process

ICP-CVD
SiN - 500 nm

ALD
Al2O3 – 10 nm

Spin coating
PPA polymer

Thermal scanning 
probe lithography

Al2O3 and SiN
Reactive Ion Etching

SiN 
nanostructures

20 µm

Grating coupler

Resonator

1 µm

RF resonator


