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Introduction

Magnons as quasiparticles
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Introduction

Applications of Magnonic Sytems - Quantum Computation

Photon microwave transducer to optical domain

Arnold, G., Wulf, M., Barzanjeh, S. et al. Converting microwave and
telecom photons with a silicon photonic nanomechanical
interface. Nat Commun 11, 4460 (2020).
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T. Trickle, Z. Zhang, and K. M. Zurek,
Detecting Light Dark Matter with Magnons
Phys. Rev. Lett. 124, 201801 (2020)
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Introduction

Magnons as quasiparticles

week ending

PRL 111, 127003 (2013) PHYSICAL REVIEW LETTERS 20 SEPTEMBER 2013

High Cooperativity in Coupled Microwave Resonator Ferrimagnetic Insulator Hybrids
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Theoretical Framework

Shaped ferromagnets
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Theoretical Framework

Magnon-photon coupling in ferromagnets

Rotation of the
magnetization in
response to torques

Heff &

mumax3 —
GPU-accelerated micromagnetism — ;

1 e B
T gz (X Besrit a(m X

/\ : DipOIar term + Bext + magnetic exchange :

T. L. Gilbert, Lagrangian formulation of the gyromagnetic equation of the magnetization field, Phys. Rev. 100, 1243-1243 (1955).
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Arne Vansteenkiste, Jonathan Leliaert, Mykola Dvornik, Mathias Helsen, Felipe Garcia-Sanchez, and Bartel Van Waeyenberge,
The design and verification of MuMax3, AIP Advances 4, 107133 (2014)
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Theoretical Framework

Magnon-photon coupling in ferromagnets
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Arne Vansteenkiste, Jonathan Leliaert, Mykola Dvornik, Mathias Helsen, Felipe Garcia-Sanchez, and Bartel Van Waeyenberge,
The design and verification of MuMax3, AIP Advances 4, 107133 (2014)
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Theoretical Framework

Shaped ferromagnets
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Experimental Work

Materials

LOW magneto-crystalline anisotropy
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Permalloy
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Experimental Work Niobium Permalloy

Chip and Transmission line
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Experimental Work
Cavity detail

Niobium

Sillicon
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Experimental Work

Fabrication Process - Slab cut
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Experimental Work

Fabrication Process - Slab deposition

Sillicon
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HV cur mag B WD det mode P tilt —5 pm ——
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Experimental Work

Fabrication Process - Cooling system
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S. Martinez-Losa del Rincon, |. Gimeno, J. Perez-Bailon, V. Rollano, F. Luis, D. Zueco, M. J.
Martinez-Perez, Measuring the magnon-photon coupling in shaped ferromagnets: 18
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Experimental Work

From CPW to Resonator
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Experimental Work

Resonators
10.50 : ,
| | 4.215 - ! !
10.48 - : : 4315 E E
T i i -- g B
© 1046 | / : : € 4205
g | : g T
: i : : 1 1
3 | : S M,
& 10.44 4.200 - :
w : ! i -
10.42 - i I 4.195 - : i
10.40 . . ; : : : , , , 4.190 . : . — ; ; :
100 -75 -50 25 0 25 50 75 100 40 30 20 10 O 10 20 30 40
Field (mT) Field (mT)

10pim x 600nm x 120nm 15pum x 3um x 60nm

20



Photon-magnon interaction in ferromagnets of different sizes hj‘ gtgi?}}iql
Coupling values summary
Sample Sample Sample
(2511111 X 25pm X 12011111) (1011111 X 600nm X 12011111) (1511m X 3pm X Gonm)
h terizati Characterization ot
Characterization Frequency | g-value Frequency | g-value Characterization Frequency | g-value
type type type
(GHz) (MHz) (GHz) (MHz) (GHz) (MHz)
Theoretical calculus 2.99 11.36 Theoretical calculus 11 85 Theoretical calculus ) 37
Transmission line 2.99 114 Transmission line - - Transmission line 5% 27
Resonator - - Resonator 11 57.5 Resonator 4.2 17
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Ongoing Work
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Ongoing Work
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J. Roman-Roche, F. Luis, and D. Zueco, Photon Condensation and Enhanced Magnetism in Cavity QED, Phys. Rev. Lett. 127, 167201 (2021)
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Ongoing Work
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Conclusions

* CPW and resonators with ferromagnetic materials creates different
states of matter

* Demonstrated performance in nanoscale and mesoscale of quantum
phenomena

* Reuse of samples to make resonators

* Magnons are just more than quasiparticles
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Theoretical colleagues

Supervisors
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