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 Low damping but this does not affect qubti‐qubit interactions

 Short wavelength ‐> Ultrasmall cavities (small size and large coupling)

 Frequency tunable by magnetic field or anisotropy fields (shape…)

 Good spin qubits candidates to couple to magnons

 Magnetic textures offer more capabalities
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 Introduction: why do we need cavities in quantum technologies

 Magnons instead of photons: does it make sense?
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Quantum technologies: electromagnetic cavities and qubits
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Quantum technologies: from cavity QED to circuit QED
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Quantum technologies: circuit QED
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Quantum technologies: circuit QED

Dispersive READOUT of QUBIT 
states and PHOTON COUNT!
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Quantum technologies: circuit QED

Xiang et al Rev Mod Phys 2013
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Quantum technologies: the problem to couple to spin qubits
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Quantum technologies: the problem to couple to spin qubits
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g < 24 kHz !

Quantum technologies: the problem to couple to spin qubits

We are still far from coupling to one
individual spin qubit (we need MHz)
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Quantum technologies: the problem to couple to spin qubits
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Superconducting cavities

 Quality factors (> 105)

 Mode volumen depends on frequency

 Micrometric (several hundred m)
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 Low damping but this does not affect qubti‐qubit interactions

 Short wavelength ‐> Ultrasmall cavities (small size and large coupling)

 Frequency tunable by magnetic field or anisotropy fields (shape…)

 Good spin qubits candidates to couple to magnons

 Magnetic textures offer more capabalities
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 Introduction: why do we need cavities in quantum technologies

 Magnons instead of photons: does it make sense?
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Magnon cavities
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 Low damping but this does not affect qubti‐qubit interactions

 Short wavelength ‐> Ultrasmall cavities (small size and large coupling)

 Frequency tunable by magnetic field or anisotropy fields (shape…)

 Good spin qubits candidates to couple to magnons

 Magnetic textures offer more capabalities

𝜔௠ 𝑔

𝛾

𝜅′

B0

S = 1/2

 Introduction: why do we need cavities in quantum technologies

 Magnons instead of photons: does it make sense?

Superconducting cavities:
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gmax/2 = B Brms MHz for S=1/2 !!!

Magnon nanocavities

• Not optimally coupled to planar 
superconducting circuits for readout

• Only tunable via magnetic field:
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 Low damping but this does not affect qubti‐qubit interactions

 Short wavelength ‐> Ultrasmall cavities (small size and large coupling)

 Frequency tunable by magnetic field or anisotropy fields (shape…)

 Good spin qubits candidates to couple to magnons

 Magnetic textures offer more capabalities
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 Introduction: why do we need cavities in quantum technologies

 Magnons instead of photons: does it make sense?
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Arbitrary shapes:
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Magnon nanocavities: tuning of the resonance frequency

• Not optimally coupled to planar 
superconducting circuits for readout

• Only tunable via magnetic field:
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Magnon-photon coupling: broadband ferromagnetic resonance

Martinez-Losa, MJ M-P et al Phys Rev Appl 
2023
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Shape anisotropy

Martinez-Losa, MJ M-P et al Phys Rev Appl 
2023
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Magnetocrystalline anisotropy

Pons, MJ M-P et al in preparation

S21

Bext 0º

Bext 45º

FeCo 110 ‐hard axis FeCo 100 ‐easy axis 

these MODES can COUPLE to SPIN QUBITS and 
also MEDIATE SPIN‐SPIN INTERACTIONS !

  0.001

Using FeCo:

Q ൌ
ω୰

𝑘
~10ଷ
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 Low damping but this does not affect qubti‐qubit interactions

 Short wavelength ‐> Ultrasmall cavities (small size and large coupling)

 Frequency tunable by magnetic field or anisotropy fields (shape…)

 Good spin qubits candidates to couple to magnons

 Magnetic textures offer more capabalities
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 Introduction: why do we need cavities in quantum technologies

 Magnons instead of photons: does it make sense?
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Spin qubits candidates: NV centers, single ion magnets
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 Low damping but this does not affect qubti‐qubit interactions

 Short wavelength ‐> Ultrasmall cavities (small size and large coupling)

 Frequency tunable by magnetic field or anisotropy fields (shape…)

 Good spin qubits candidates to couple to magnons

 Magnetic textures offer more capabalities
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 Introduction: why do we need cavities in quantum technologies

 Magnons instead of photons: does it make sense?
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Planar:

Isotropic :

Ising:

Vortex SkyrmionDomain wall

Inhomogeneous magnon modes: defects
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Vortices:

fundamental

1st flexure

Radial 
modes

Azimuthal 
modes

ALSO AT ZERO APPLIED FIELD !!!! 
(unlike Kittel modes or standing waves)

Very rich excitation spectrum

Vortex nanocavities: properties
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 Low damping but this does not affect qubti‐qubit interactions

 Short wavelength ‐> Ultrasmall cavities (small size and large coupling)

 Frequency tunable by magnetic field or anisotropy fields (shape…)

 Good spin qubits candidates to couple to magnons

 Magnetic textures offer more capabalities

𝜔௠ 𝑔
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B0

S = 1/2

 Magnons can be used to mediate qubit – qubit interactions

Summary

Great challenge for Advanced Material science:            
fabrication of magnetic materials with lower damping !!! V[TCNE]x, YIG, FeGo, Heusler alloys…
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Vortex nanocavities: sensing applications

(…) MJ M‐P submitted ACS Nano

• Magnetic fields gradients (polarize spins) 

• Radiofrequency field (induce spin transitions)

• Spectroscopy absorption (detection)
Strong coupling

𝜸, 𝜸𝒔𝒈 ൐

Double peak

Electron Spin Resonance
AT ZERO APPLIED FIELD !!!!
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(…) MJ M‐P submitted ACS Nano
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Vortex nanocavities: high frequency modes

(…) MJ M‐P submitted ACS Nano
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Vortex nanocavities: sensing applications

(…) MJ M‐P submitted ACS Nano

• Magnetic fields gradients (polarize spins) 

• Radiofrequency field (induce spin transitions)

• Spectroscopy absorption (detection)
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The vortex linewidth changes:
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100 nm

Single-domain nanoparticle

MJ M‐P Supercond. Sci. 
Technol. 30, 024003 (2017)

100 nm

Bi-stable vortex mode
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MJ M‐P Nanoscale, 12, 
2587‐2595 (2020)
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500 nm

Nanowires and 
domain walls

MJ M‐P Nano Lett. 18, 
7674–7682 (2018)
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MJ M‐P en 
preparación

Ground state
vortex mode

E (Fe)  3 nm
E (Py)  6 nm
E (YIG)  17 nm

Stabilization and control of small vortices
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NanoSQUID 
measurements:

MJ M‐P et al. Nanoscale., 12, 2587‐2595 (2020)

Electron holography:

From fittings:

Ground state!

Smallest magnetic vortices
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Magnetic vortex control


