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** Introduction: why do we need cavities in quantum technologies

*» Magnons instead of photons: does it make sense?

® Low damping but this does not affect qubti-qubit interactions

; © Short wavelength -> Ultrasmall cavities (small size and large coupling)

Wm /g S= 1/2
W © Frequency tunable by magnetic field or anisotropy fields (shape...)

%';' © Good spin qubits candidates to couple to magnons

© Magnetic textures offer more capabalities




Quantum technologies: electromagnetic cavities and qubits
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Quantum technologies: from cavity QED to circuit QED
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On-chip version
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Quantum technologies: circuit QED

Experimental signatures of strong coupling:
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Quantum technologies: circuit QED

Experimental signatures of strong coupling:

i * = é&:
A=0 A= wg —® ——— .
@ T~
B) R By —— 5 LETTERS
! ——
R) n RYy—— ay+g2A . . e ur .
2 @ .9.2{. _10) Coupling superconducting qubits via a cavity bus
h) 1 o) h) Ad o . . . . ; . . .
— T L Majer'*, 1. M. Chow'*, J. M. Gambetta', Jens Koch', B R Johnson', ). A Schreier’, L Frunsio’, D. L Schuster’,
|l) u)r- GZ!A |l) wq A A Houck', A, Wallralf't, A, Blais't, M. H. Devoret', 5. M. Girvin' & R |, Schoelkopl'
o)—— — b)-]—. —
I [T)
! = g 2 '
08 i § Strong coupling of a single photon
L g to a superconducting qubit using
: 0. E K, circuit quantum electrodynamics i
g 04 . A Waliraft', 0. L Schuster', A Blais', L. Fronze’, R.- 5. Buang'~, s
0.2 E 1) 14) 3. Majer’, S. Kumar', S, M. Girvin' & L. J. Schoskopl"
g 1] E ;Jﬂr:m{:;:(::l'hm;m Phrsica. Ve Umiversity, Mew Huaven, .E
Blais et al PRA 69 2004 PP @ Dot f P e Ut Mgl e P )

Dispersive READOUT of QUBIT

states and PHOTON COUNT! . n
7

Quantum technologies: circuit QED
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Coupling superconducting qubits via a cavity bus
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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

Dip pen distribution of s=1/2 molecules (DPPH)
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Quantum technologies: the problem to couple to spin qubits

Dip pen distribution of s=1/2 molecules (PTM)

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

FixedtoA/2=c/2®

Superconducting cavities
© Quality factors (> 10°)

® Mode volumen depends on frequency

® Micrometric (several hundred pum)
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%+ Introduction: why do we need cavities in quantum technologies

*» Magnons instead of photons: does it make sense?

® 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

Magnon cavities
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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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% © Frequency tunable by magnetic field or anisotropy fields (shape...)
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Magnon nanocavities
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Magnon nanocavities

Superconducting cavities: _
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Magnon nanocavities: tuning of the resonance frequency

Arbitrary shapes: Spheres:
* Not optimally coupled to planar
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Magnon-photon coupling: broadband ferromagnetic resonance
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Magnetocrystalline anisotropy

Using FeCo:
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%+ Introduction: why do we need cavities in quantum technologies
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Spin qubits candidates: NV centers, single ion magnets
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Next candidates: GdW30...
(collaboration with E. Coronado ICMOL) .
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Inhomogeneous magnon modes: defects
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Vortex nanocavities: properties Spheres:

Vortices:
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Vortex nanocavities: properties
Vortices: 10 nm .
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Summary

*» Magnons can be used to mediate qubit — qubit interactions

® 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...)
Fﬁ' © Good spin qubits candidates to couple to magnons

© Magnetic textures offer more capabalities

Great challenge for Advanced Material science:
fabrication of magnetic materials with lower damping !!!

LY

V[TCNE]x, YIG, FeGo, Heusler alloys...
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Vortex nanocavities: sensing applications

Electron Spin Resonance
AT ZERO APPLIED FIELD !!!

» Magnetic fields gradients (polarize spins)

+ Radiofrequency field (induce spin transitions) —

+ Spectroscopy absorption (detection)
\ Strong coupling

One single spin z
L,
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Vortex nanocavities: scanning vortex
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Vortex nanocavities: high frequency modes

60 T T T T T T T 2.0 T T T T T T
N YIG
YIG t =200 nm T 0.4+t
= 40r 1 i) t=200 nm
£ 1.0 B
~N 20+ g g 02}
05 S
0.0
0.0

-200 -100 0 100 200

X (nm)

60 — T 5
40 CoFet=60nm 4 E
£ 38
£ B
N 20 B 2 %

‘ 1

1 1 1 1 0

-200 -100 0 100 200
x (nm) w/2n (GHz)

33 I
n (...) MJ M-P submitted ACS Nano

Vortex nanocavities: sensing applications

Electron Spin Resonance
AT ZERO APPLIED FIELD !!!!

» Magnetic fields gradients (polarize spins)

» Radiofrequency field (induce spin transitions)

\ Weak coupling ~ 2000 spins
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2000 DPPH spins z g Ys [—

+ Spectroscopy absorption (detection)
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Stabilization and control of small vortices

Bi-stable vortex mode

Ground state
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Magnetic vortex control
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