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Cavity QED and hybrid systems for QC and QS
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Spin waves and FMR - overview

Classical approach
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Spin waves and magnons — overview

4 )
H=- Lz i S f ' FH
h* j,6 J // lt\\b‘\
AP f////;,“\
Exchange among with ext. field Uy \\\
spins of NN sites f e
\_ J

Holstein-Primakoff transformations

(n 1) 1/2 = 1/2

_ ;i m; _

SitInj) = hv2s <1 - ’2—S> Sl = 1) St = h\/2_5<1 — T) m;
(nj —1) 1/2 - mm\?

S]_ln]> = fl\/2_5<1 - ]2—S> le + 1|Tl] + 1) S]_ = h\/2_5<1 - }2—51> m]f"

@ INFN




Spin waves and magnons — overview
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Analogies with quantum systems — cavity magnon polariton systems

1
Confined EM field H, = hw, (aTa + E)
+ 1
Magnons Hpy = hwpy, | m'm + 3

only with resonant interactions:
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Analogies with quantum systems — cavity magnon polariton systems
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Magnetostatic modes of a magnetic sphere
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Yttrium Iron Garnet for cavity magnonics

Paramagnetic spin ensembles
NV- centers in diamond Rare-earth doped crystal
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Putz et al., Nature Physics (2014) Phys Rev Lett107, 220501 (2011)
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Y;Fe,(FeO,); Standard use
*  High Curie Temperature T, = 560 K * MW oscillator
* Insulator BG =2.68 eV &
* Low magnetic damping ay ~ 10°
* Absorption coefficient ~10/cm @ 0.8 THz G ,
* Large Verdet constant ~100 °/mm/T cAﬁﬁog{cO,p.
* large size of the lattice cell 1.2376 nm ' '

* Optical isolator

FDK Corp.

Optical Light

High net spin density 2.1x10%? cm’3 -
Microwave




Yttrium Iron Garnet for coherent cavity magnonics

Fabrication

3”7 YIG wafer

-

* LPE
* PLD
* Magnetron sputtering

Vibrating sample magnetometry @ UniSalento
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Strong coupling regime
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Strong coupling regime
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Strong coupling regime
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Rabi oscillations

] R Rabi oscillations:
Time-resolved measurements
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Rabi oscillations

Time-resolved measurements
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Effect of reservoir on MSMes visualization
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Effect of reservoir on MSMs visualization
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Amplitude (nW)
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Investigation in dissipative regime of CMP hybrid system

Cavity Lenz effect
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Investigation in dissipative regime of CMP hybrid system

Cavity Lenz effect
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Investigation in dissipative regime of CMP hybrid system
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FMR-based information transducer and pespectives for QS
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FMR-based information transducer and pespectives for QS

Phononic coupling with magnons

Magnon mode
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FMR-based information transducer and pespectives for QS
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Phononic coupling with magnons

Magnon mode
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Figure 4: Multi-pulse storage in the MGM.
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FMR-based information transducer and pespectives for QS
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Phononic coupling with magnons
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Figure 4: Multi-pulse storage in the MGM.

4 Magnon dark modes and gradient memories\
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FMR-based information transducer and pespectives for QS
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Phononic coupling with magnons
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DARTWARS: Detector Array Readout with Traveling Wave AmplifieRS

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 TWIJPA amplifiers

Vector
network
analyzer

Readout excitation
Spectroscopy excitation

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

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

L) DART WARS
DETECTOR ARRAY READOUT WITH TRAVELING WAVE AMPLIFIERS
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