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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 i .
technology is still limited by short coherence times of SC qubits precluding long- / | la—— Loy W g
term storage of quantum information, and the difficulty to transfer microwave N : |
(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.
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This project aims at the coherenf conversion of MW fo optical signals on an \ """"""""""""""" ot
Integrated afom chip compatible with SC quantfum processors and optical i aa \f&:ii ;
communication networks. Such hardware components will form the basis for oy
long-distance quantum communication between SC quantum (sub)processors —
\ nodes of a quantum network — mediated by optical photons. )
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Scattering Parameters

Frequency (GHz)
Reference : Zang. et al, Phys. Rev. Applied B 024003 (2016)

Bellouvet ef al, Phys. Rev. A 98 023429 (2018)
Veyron et al PRX Quantum 5, 030349 (2024)

Coherent Trapping of Rydberg states pmrres Free space MOC r—
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(a) Adsorbates on chip surface produce Superconducting atom chip
strong inhomogeneous electric field F,q.
Adding homogeneous bias field Fy,
= total field F = Foq + Fy

* QND measurement of atomic population in F=2
= Conversion of mi signal to optical

Cavity Transmission Spectroscopy ’

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

Objectives
Weak laser drive = Studying the limit of

weak signals

= Studying the role of

inhomogenities in the

Optical Cavity cold atom cloud
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Excitation scheme of Rb 87 atoms

(c) We select another Rydberg state |a) with
dg ~ —dy and couple it to |r) by a MW field
with frequency @ = wrq + (dy — dg)|F|/h
= Trapping potential E, for eigenstate |r}.)

(d) In 3D, the minimum of the trapping
potential E forms a surface (ellipsoid)
at const |[F| = hA/(dy — dy)

Design of optical the cavity holder
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Rydberg scheme Strong electric dipole coupling between T EGwai resomator HF scheme Collective magnetic coupling to the cavity
single atoms and cavity (MHz range) in the (10-100kHz range)
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