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Cavity QED: electromagnetic cavities and qubits

/Photons:

Harmonic oscillator

Zero-point
fluctuations

Ems=hw /2 I

In a CPW resonator: \

77

i,ms= Wy~ RTT/4Z

Atom:
Two level system
Or anharmonic

Y N

~

Bloch sphere:

D

0 0 .
[p) = coszlg) +sin7 e le)




Cavity QED: electromagnetic cavities and qubits
Weak coupling: o, = o,
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Cavity QED: electromagnetic cavities and qubits
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Cavity QED: electromagnetic cavities and qubits

Coupling superconducting qubits via a cavity bus

1. Majer', I. M. Chow'*, J. M. Gambetta', Jens Koch', B. R. Johnson', I, A. Schreier’, L. Frunzio®, D. . Schuster’,
A. A Houck', A. Wallraff' 4, A. Blais'f, M. H. Devoret’, 5. M. Girvin' & R. 1. 5choelkopf’'
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Cavity QED with bosonic excitations: two coupled harmonic oscillators

Photons: ‘%~ In a CPW resonator: \
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Cavity QED with bosonic excitations: two coupled harmonic oscillators

Two coupled harmonic oscillators with detuning Ak

Weak coupling with no detuning Ak=0
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Cavity QED with bosonic excitations: two coupled harmonic oscillators
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How can we increase the coupling: From superconducting - to magnonic circuits
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Spin — Photon coupling: the problem to couple to spin qubits

Coupling can be increased by increasing the
number of qubits
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Spin — Photon coupling: the problem to couple to spin qubits
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Spin — Photon coupling: the problem to couple to spin qubits
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How can we increase the coupling: From superconducting - to magnonic circuits
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How can we increase the coupling: From superconducting - to magnonic circuits

How can we estimate the z.p.f. field
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Magnon nanocavities: how can we estimate the magnon-photon coupling

The hamiltonian, harmonic magnon mode:

H = hw.a}a, + hwy,ata, + hg (af+a,,)(at+a,)
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Spin — Photon coupling: Coupling to ferromagnetic spins
Gtheo =40 MHz Gtheo = 80 MHz
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Magnon nanocavities: how can we estimate the magnon-photon coupling

Real cavities yield strongly non-homogeneous profiles...

CyIi Re-entrant Distributed Lumped-element

That excite non homogeneous magnon modes. Also magnetic textures can be stabilized
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Spin — Photon coupling: cavity quantum electrodynamics with MUMAX3-cQED

available on GitHub

Heisenberg equation of motion for spin:

~ 3 ~ ~ Large spin limit .
S?; = ﬁ[H SJ _ m; — —7/m; X Beff(r-i) + DAMPING
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Spin — Photon coupling: cavity quantum electrodynamics with MUMAX3-cQED

Reproduce EXPERIMENT by:

M. Goryachev,, Physical
Review Applied 2 (5)
(2014)
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Spin — Photon coupling: cavity quantum electrodynamics with MUMAX3-cQED

Magnetic textures + non-homogeneous magnetic profile

Vortex
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Soon available on GitHub
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How can we increase the coupling: From superconducting - to magnonic circuits
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Magnon nanocavities
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Magnon nanocavities
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Metallic ferromagnets: permalloy and FeCo

Broad band ferromagnetic resonance at mK temperatures

.
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Insulating ferrimagnets: Yttrium Iron Garnet at mK temperatures with no GGG
Using YIG at Room temperature: o ~ 0.0001 Q~5000

Using nanopatterned YIG at 30 mK:

o ~ 0.0007
Q~700

Very encouraging !l
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GdW10 a prototype spin qubit
GdW10 has a well defined easy axis. Hamiltonian: H = BJ02 +B;0% — guz E (Sy + S_)(Hy + iH,) + SZHZ]

BY=-0.059 K Bj=4e-4K
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GdW10 a prototype spin qubit

GdW10 has a well defined easy axis. Hamiltonian: H = BJ02 +B;0% — guz E (Sy + S_)(Hy +iHy) + SZHZ]
BY=-0.059 K
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GdW10 a prototype spin qubit

GdW10 has a well defined easy axis. Hamiltonian: H = BJ02 +B;0% — guz E (Sy + S_)(Hy +iHy) + SZHZ]

BY=-0.059 K Bj=4e-4K
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GdW10 a prototype spin qubit

GdW10 has a well defined easy axis. Hamiltonian: H = BJ02 +B;0% — guz E (Sy + S_)(Hy +iHy) + SZHZ]

BY=-0.059 K Bj=4e-4K
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GdW10 a prototype spin qubit

GdW10 has a well defined easy axis. Hamiltonian: H = BJ02 +B;0% — guz E (Sy + S_)(Hy + iH,) + SZHZ]

BY=-0.059 K Bj=4e-4K
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Van der Waals antiferromagnet: Chromium Sulfide Bromide
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https://arxiv.org/abs/2409.12501
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Spin — magnon coupling: GdW,, - CrSBr

LUMPED ELEMENT
RESONATOR (LC)

Pérez-Bailon, (...) MJ M-P in preparation
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