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Analogies with quantum systems – cavity magnon polariton systems
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High net spin density 2.1×1022 cm-3

Phys Rev Lett107, 220501 (2011) 

NV- centers in diamond Rare-earth doped crystal
Paramagnetic spin ensembles

Bushev et al., Phys Rev B (2011) Putz et al., Nature Physics (2014)

Low spin density: 1012-1018 cm-3

Yttrium Iron Garnet for cavity magnonics

• High Curie Temperature                      TC =  560 K
• Insulator BG = 2.68 eV
• Low magnetic damping                      𝜶𝟎 ∼ 10-5

• Absorption coefficient ∼10/cm @ 0.8 THz
• Large Verdet constant ∼100 °/mm/T
• large size of the lattice cell 1.2376 nm

Y3Fe2(FeO4)3

• MW oscillator

• Optical isolator

CANDOX Corp.

FDK Corp.

Standard use



Fabrication

• LPE
• PLD

• Magnetron sputtering

There are 20 distinct
exchange magnon branches
but, for cavity (quantum)
magnonics, the interest is
focused on Kittel mode

Vibrating sample magnetometry @ UniSalento

Yttrium Iron Garnet for coherent cavity magnonics

Li et al., J. Appl. Phys. (2020)

P. Pirro et al., Nature Reviews. (2021)



Strong coupling regime
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Spectroscopic investigation
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• Leo et al. Phys Rev B (2020) 
• Three-dimensional Magnonics



Strong coupling regime

Kittel mode

Spectroscopic investigation

𝑇(𝜔) =
𝜅𝑐

𝑖 𝜔 − 𝜔𝑐 − 𝜅𝑐 + σ𝑚
|𝑔𝑚|2

−
1
2𝜅𝑚 + 𝑖 𝜔 − 𝜔𝑚

Input-output formalism:

Cavity mode at: 𝜔𝑐
Total cavity decay rate: 𝜅𝑐= 

1

2
2𝜅𝑖,𝑜 + 𝜅𝑖𝑛𝑡

Magnon mode damping rate:       𝜅𝑚 (𝑚 = FMR, MSMs)
Magnon mode at 𝜔𝑚 (𝑚 = FMR, MSMs)
Coupling strength 𝑔𝑚 (𝑚 = FMR, MSMs)

setup

• Leo et al. Phys Rev B (2020) 
• Three-dimensional Magnonics



𝑇(𝜔) =
𝜅𝑐

𝑖 𝜔 − 𝜔𝑐 − 𝜅𝑐 + σ𝑚
|𝑔𝑚|

2

−
1
2
𝜅𝑚 + 𝑖 𝜔 − 𝜔𝑚

Cavity mode at: 𝜔𝑐
Total cavity decay rate: 𝜅𝑐= 

1

2
2𝜅𝑖,𝑜 + 𝜅𝑖𝑛𝑡

Magnon mode damping rate:       𝜅𝑚 (𝑚 = FMR, MSMs)
Magnon mode at 𝜔𝑚 (𝑚 = FMR, MSMs)
Coupling strength 𝑔𝑚 (𝑚 = FMR, MSMs)

𝒈𝒎/𝟐𝝅

𝜿𝒎
𝟐𝝅

𝜿𝒄
𝟐𝝅

Transmitted signal

Leo et al. Phys Rev B (2020) 

Strong coupling regime



Rabi oscillations

Time-resolved measurements
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Coupling among resonators MW cavity relaxation

Rabi oscillations:

Leo et al. Phys Rev B (2020) 



Rabi oscillations
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Effect of reservoir on MSMs visualization
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Leo et al. - submitted

Holder electrical conductivity

J.A. Haigh Phys Rev B (2018)

Electric displacement field (Cm-2) @ TE101

A. Gloppe, Phys Rev Appl (2018)



Effect of reservoir on MSMs visualization

Electric displacement field (Cm-2) @ TE101

RF electric field @ TE101 Holder electrical conductivity
MgO Cu

Surf. electric currents on YIG 
sphere at cavity working 

frequency

multimode hybridization 
mediated by cavity photons 

Leo et al. - submitted



Nonreciprocity

Leo et al. - submitted
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Investigation in dissipative regime of CMP hybrid system
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Leo et al. – in preparation
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Leo et al. – in preparation



Investigation in dissipative regime of CMP hybrid system
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B. Yao et al., PRB (2019)

«Topological energy transfer»
H. Xu et al., Nature 2016



Resolving magnon number

Lachance-Quirion et al., Science (2020)

FMR-based information transducer and pespectives for QS
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Resolving magnon number

Lachance-Quirion et al., Science (2020)

FMR-based information transducer and pespectives for QS

Phononic coupling with magnons

X. Zhang et al., Science Advances (2016) 
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Resolving magnon number

Lachance-Quirion et al., Science (2020)

FMR-based information transducer and pespectives for QS

Magnon dark modes and gradient memories

X. Zhang et al., Nature Comms (2015) 

Phononic coupling with magnons

X. Zhang et al., Science Advances (2016) 
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Resolving magnon number

Lachance-Quirion et al., Science (2020)

FMR-based information transducer and pespectives for QS

Magnon dark modes and gradient memories

X. Zhang et al., Nature Comms (2015) 

Phononic coupling with magnons

X. Zhang et al., Science Advances (2016) 
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Gate operations

Xu et al, Phys. Rev. Lett. (2021)



Resolving magnon number

Lachance-Quirion et al., Science (2020)

FMR-based information transducer and pespectives for QS

Magnon dark modes and gradient memories

X. Zhang et al., Nature Comms (2015) 

Phononic coupling with magnons

X. Zhang et al., Science Advances (2016) 

Hisatomi et al., Phys. Rev B (2016) 

MW – opt. conversion

FMR

MW

Room temperature

Lo
w

 t
e

m
p

e
ra

tu
re

Three-dimensional Magnonics

Gate operations

Xu et al, Phys. Rev. Lett. (2021) Zhang et al., Phys. Rev Lett (2016) 



DARTWARS: Detector Array Readout with Traveling Wave AmplifieRS

Picture courtesy of INRiM

DARTWARS project [INFN]:

1. development of high-performance amplifiers – both KIT and TWJPA – optimizing 

design, new materials and fabrication processes

2. demonstration of readout of various detectors/devices with improved 

performances thanks to the amplification with added noise at the quantum level

[LE] higher-level investigation of cavity-magnon polaritons using DARTWARS 

KIT and TWJPA amplifiers

D. Lachance-Quirion et al., Science (2020)

From D. Lachance-Quirion et al., SciAdv (2018)
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