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In memory of K. Y. Guslienko
(1959–2025)

We dedicate this workshop, “Chimera in the Alps,” to the memory of Konstantin
Yu. Guslienko, an outstanding theorist in the field of magnetism and spin dynamics,
who has left a lasting mark on our community.

Throughout a distinguished international career spanning Ukraine, Europe, Asia,
and the United States, he combined deep physical insight with the development of
analytical models of spin dynamics in spatially textured magnetic ground states and
their coupling to other excitations, a topic at the very heart of this workshop. He will
also be remembered for his generosity of spirit, inspiring colleagues and collabora-
tors alike.

Beyond his scientific achievements, Konstantin will be cherished for his kind-
ness, curiosity, and unwavering dedication to advancing knowledge. His legacy con-
tinues to guide and inspire us.
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Welcome Address

Welcome to the workshop “Chimera in the Alps.”
This meeting is dedicated to exploring co-localization and strong coupling among

elementary wave excitations in condensed matter systems—spins, magnons, phonons,
and photons. By examining the shared dynamics of these hybrid excitations, we aim
to deepen our understanding of their fundamental interactions and to uncover their
potential for next-generation information technologies. The program highlights re-
cent advances, open challenges, and future directions in the field, with particular
attention to pathways toward scalable and integrable devices.

The workshop brings together 37 invited oral presentations and 24 poster contri-
butions, along with four tutorial lectures intended to provide a common foundation
and encourage cross-disciplinary dialogue. Generous time has been set aside for
discussion, reflection, and informal exchange, all within the inspiring setting of the
French Alps.

We look forward to a week of lively scientific interaction and hope you find the
experience both stimulating and rewarding.

On behalf of the Organizing Committee
Olivier Arcizet, Olivier Klein, and Benjamin Pigeau
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Introduction

Les Houches School of Physics has been welcoming physicists from around the world
since 1951. The School has seen the biggest names in modern physics training young
researchers at the start of their careers, some of whom have since won Nobel prizes
for physics. The school perpetuates a tradition of excellence, while continuing to
adapt to the evolutions of science.

History

The École de Physique des Houches was founded in 1951 by Cécile DeWitt-Morette
in the aftermath of the Second World War. At that time, the teaching and practice
of modern physics in France had fallen behind international developments. The
School was created to help rebuild scientific excellence by bringing leading interna-
tional physicists to teach small groups of advanced students and young researchers
in an intensive format.

The dynamic and visionary Cécile DeWitt-Morette succeeded in building a school,
with the few resources available, to which leading world specialists would come to
share their knowledge with groups of around thirty students from different countries
(mostly France and other European countries, but not only). The setting is idyllic, ly-
ing above the Chamonix valley, in full view of the Mont-Blanc mountains. However,
back then, living conditions were very rudimentary: the sessions lasted eight weeks
(the two months of the university summer holidays), staying in mountain chalets
will no facilities, a few kilometres from Les Houches village.

From its inception, the School combined extended lecture courses with close in-
teraction between lecturers and participants. Over the decades, it has welcomed
many prominent figures in modern physics and has trained generations of young
scientists, several of whom later made major contributions to the field.

Today, the École de Physique des Houches continues to serve as an international
center for advanced scientific training and research exchange. It hosts three main
types of activities: long-format Summer School sessions for advanced graduate stu-
dents and postdoctoral researchers; specialized workshops bringing together theo-
rists and experimentalists; and a Predoctoral School aimed at broadening the sci-
entific foundations of early-stage doctoral students. Through these programs, the
School maintains its original mission of fostering high-level scientific education and
collaboration in physics.
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Events

The School hosts three main types of events.
The Summer School sessions are intended for advanced graduate students and

young postdoctoral researchers. Lasting four to five weeks, they offer extended lec-
ture courses that provide in-depth coverage of a subject up to the frontiers of current
research, while encouraging sustained interaction and collaboration among partici-
pants. Programs are selected by the Board approximately two years in advance.

Workshops are organized throughout the rest of the year and last from one to
three weeks. They bring together theoreticians and experimentalists to exchange
ideas and explore new research directions, with significant time devoted to discus-
sion in small working groups.

The Predoctoral School is designed for early-stage doctoral students. Its objective
is to broaden their foundation in physics, place their thesis work in a wider context,
and help prevent premature over-specialization.
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Access

By plane

Geneva Airport is 1 hour drive from les Houches. Once you have landed, you can
reach the school using a shuttle service, the regular bus service or by train.

Shuttle service

The simplest way is to use a shuttle service (approximately 40 euros up to the school,
book at least three days in advance). If you already have your return date, we would
recommend to book a return trip. > Consult the list of companies

Beware: we do not recommend the Alpybus company (they do not reach the
school).

Price discounts are available with Mountain Drop-Offs. To find Mountain Drop-
Offs’ meeting point easily in the Geneva Airport please consult the video How to find
Mountain Drop-Offs at Geneva Airport.

Regular bus service

There is also a regular bus service between Geneva and Les Houches (only once or
twice a day). One should then take a taxi for the last 5 kms from the Les Houches
village to the school (the total cost is similar to that of the limousine).

Train

One can also travel from Geneva to Les Houches by train (+ taxi from the train sta-
tion to the School), but it is quite complicated (3 connections) and long (go through
Annemasse on the French side or through Martigny on the Swiss side).

By train

Arrival at the Les Houches station, with one change at Saint-Gervais (from France),
or at Martigny (from Switzerland). There are about 10 trains per day between St
Gervais and Les Houches (schedules, 20mn trip). Then we strongly advise you to
take a taxi to go up to the school (5km).

Taxi phone numbers :
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• (+33/0)6-07-26-36-62,

• (+33/0)6.22.75.19.37,

• (+33/ 0)6.12.35.30.72.

By road

Les Houches are easily accessible from France (A41 highway), from Switzerland (Mar-
tigny and Col des Montets) and from Italy through the Mont Blanc Tunnel. From
Geneva and Le Fayet

8km before Chamonix, 300 m after passing under the tunnel, bear right by the
first road out for "Les Houches Bellevue". When arriving at the cable car station
"Bellevue", turn right and continue upwards (roughly 2 km starting from the tele-
feric). 500m after the cable car station "Prarion", turn left and follow small arrows at
crossroads. Continue up to the end of Route de la Côte des Chavants. Here you are!

From Chamonix

Bear right for "Les Houches-Chef-Lieu", turn right in Les Houches, go ahead at the
cable car station "Bellevue". Then proceed as above.

Cars may be rented from Geneva and from Chamonix, it is useful to make a reser-
vation. What to do in Les Houches and in the valley?

See for example: http://www.leshouches.com and http://www.chamonix.com

ADDRESS OF THE SCHOOL:

Les Houches School of Physics
140 Chemin de la Côte
F-74310 Les Houches
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Figure 1: Village de Chamonix
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Figure 2: Hameaux des Houches

Map of the École de Physique

RESTAURANT
Breakfast: 7.45 – 8.45 am
lunch: 12.30 pm 
dinner : 7.30 pm
 Drinks (not included) can be bought 
on individual basis
 Participants who wish a picnic box 
instead of a meal should register on 
the list 24 h in advance.

Lecture room
(no food/drink inside, please)

Library

SECRETARIAT
‐ information, taxi booking, help, requests, … 
‐ Pay fees (1st day) & cold drinks (last day)

Washing
machines
(free use
& free 
powder)

BAR
Free tea & coffee
Table tennis
table football,
piano, white 
boards,…

“Garden”
Our neighbors thank 
you for keeping this 
place not too noisy

Computer
room

 Coffee & tea (free), cold drinks
PLEASE, WASH YOUR CUPS & GLASSES
Mailbox for stamped mail

Caretaker
Jean‐François Aubrun
Appartment n°9 (3rd floor)
Phone: 06 78 98 52 40
(in case of emergency or 
serious problem only)

The school property is at your disposal for the session;
please respect it and if possible improve it.
The last person leaving any room or building
should turn the lights off.

Mountain activities are at your own risk
Before any hike or climb, please put a note in the special book provided and include the names of the 
participants, approximate itinerary and schedule. We draw your attention to the fact we only hold a 
collective insurance for accidents occurring on the school campus.

Practical information

Taxi/shuttle 
drop‐off

Direction of 
Mont‐Blanc

Park your car here
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Ski slopes: Prarion − Saint-Gervais

Mélèzes

Espace Ludique
Skicamp
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Timetable of the ”Chimera in the Alps” workshop, 2026

07:00 - 08:00

08:00 - 09:00

09:00 - 10:00

10:00 - 11:00

11:00 - 12:00

12:00 - 13:00

13:00 - 14:00

14:00 - 15:00

15:00 - 16:00

16:00 - 17:00

17:00 - 18:00

18:00 - 19:00

19:00 - 20:00

20:00 - 21:00

21:00 - 22:00

Sunday, Feb 22 Monday, Feb 23 Tuesday, Feb 24 Wednesday, Feb 25 Thursday, Feb 26 Friday, Feb 27

q
q

q
q

08:30 Caroline Ross

T01qq qq09:40 William Legrand
I01

qq qq10:45 Andrii Chumak
I02qq qq11:20 Hans Huebl
I03qq qq11:55 Babu Nandan
I04

qq qq17:15 Teruo Ono
I05qq qq17:50 Yi Li
I06qq qq18:25 Katharina

Lasinger I07

q
q

q
q

08:30 Maria-Jose
Martinez Perez

T02qq qq09:40 Grégoire De
Loubens I08

qq qq10:45 Satoshi Tomita
I09qq qq11:20 Yukio Nozaki
I10qq qq11:55 Seth Kurfman
I11

qq qq17:15 Albrecht Jander
I12qq qq17:50 Carlos Gonzalez
I13qq qq18:25 Daiki Hatanaka
I14

q
q

q
q

08:30 John Davis

T03qq qq09:40 Katrin
Schultheiss I15

qq qq10:45 Gabriel Hetet
I16qq qq11:20 Aristide

Lemâıtre I17qq qq11:55 Christina
Psaroudaki I18

qq qq17:15 James
O’Sullivan I19qq qq17:50 Hiroki Arisawa

I20qq qq18:25 Takashi
Kikkawa I21

qq qq20:00 Christian Degen
I22qq qq20:35 Toeno Van Der

Sar I23qq qq21:10 Aurore Finco
I24

q
q

q
q

08:30 Victor
Bittencourt

T04qq qq09:40 Gerrit Bauer
I25

qq qq10:45 Yaroslav Blanter
I26qq qq11:20 Thierry Valet
I27qq qq11:55 Akashdeep

Kamra I28

qq qq17:15 Matthias
Althammer I29qq qq17:50 Masamitsu
Hayashi I30qq qq18:25 Richard Schlitz

I31

qq qq08:30 Madjid Anane
I32qq qq09:05 Ping Che
I33qq qq09:40 Yoichi Nii
I34

qq qq10:45 Debarghya
Dutta I35qq qq11:20 Martijn Dols

I36qq qq11:55 Davit Petrosyan
I37

q
q

q
q

19:30 Dinner

q
q

q
q

07:30 Breakfast

qq qq10:15 Coffee break

q
q

q
q

12:30 Lunch

q

q

q

q
13:30 Informal
discussions

q
q

q
q

19:30 Dinner
qq qq19:00 Poster pitch

q
q

q
q

20:30 Poster 1

q
q

q
q

07:30 Breakfast
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q
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q
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qq qq08:15 Welcome

qq qq17:00 Triubute
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SUNDAY, FEBRUARY 22ND 2026

16:00 - 19:30 Registration

19:00 - 19:30 Welcome cocktail

MONDAY, FEBRUARY 23RD 2026

07:30 - 08:30 Breakfast

08:15 - 08:30 Welcome Address

Session: Tutorials

08:30 - 09:40 T01 : Invited Talk.

Tutorial: How to Make Complex Oxide Films and Heterostruc-
tures for Spintronics.

Caroline Ross
Massachusetts Institute of Technology ( United States)

Session: Material growth and nanolithography

09:40 - 10:15 I01 : Invited Talk.

Composition-Tuneable Substituted Iron Garnets for Hybrid
Magnetic Excitations.

William Legrand
CNRS

10:15 - 10:45 Coffee break

10:45 - 11:20 I02 : Invited Talk.

Spin-Wave Transport at Cryogenic Temperatures.

Andrii Chumak
University of Vienna ( Austria)
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11:20 - 11:55 I03 : Invited Talk.

Multi-Mode Coupling in Magnon-Phonon Hybrids.

Hans Huebl
Walther-Meißner-Institute ( Germany)

11:55 - 12:30 I04 : Invited Talk.

Fabrication and Integration of Suspended YIG Micro Disk on
Microwave Antennas.

Babu Nandan
ICN2 - Institut Catala De Nanociencia I Nanotecnologia ( Spain)

12:30 - 13:30 Lunch

13:30 - 17:00 Informal discussions

17:00 - 17:15 Tribute to K. Guslienko

Session: Cavity magnonics 1

17:15 - 17:50 I05 : Invited Talk.

Superconducting Diode Effect.

Teruo Ono
Institute for Chemical Research

17:50 - 18:25 I06 : Invited Talk.

Coherent Control of Magnons.

Yi Li
Argonne National Laboratory [Lemont] ( United States)

18:25 - 19:00 I07 : Invited Talk.

Hybrid Magnon–Phonon Phenomena in Magnetic-
Insulator/Piezoelectric Heterostructures.

Katharina Lasinger
Department of Physics
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19:00 - 19:30 Poster pitch

19:30 - 20:30 Dinner

20:30 - 22:00 Poster 1
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TUESDAY, FEBRUARY 24TH 2026

07:30 - 08:30 Breakfast

Session: Tutorials

08:30 - 09:40 T02 : Invited Talk.

Magnon-Photon Coupling in Realistic Experiments.

Maria-Jose Martinez Perez
Instituto De Nanociencia Y Materiales De Aragón ( Spain)

09:40 - 10:15 I08 : Invited Talk.

Weak Coupling between Spin-Wave and Mechanical Modes of
Suspended YIG Microdisks.

Grégoire De Loubens
Service De Physique De L’état Condensé ( France)

10:15 - 10:45 Coffee break

10:45 - 11:20 I09 : Invited Talk.

Synthetic Motion of Magnon-Polaritons in Metamaterials.

Satoshi Tomita
Tohoku University ( Japan)

11:20 - 11:55 I10 : Invited Talk.

Acoustic-Mechanical Hybrid Resonance for Enhanced Magnon-
Phonon Coupling.

Yukio Nozaki
Department of Physics

11:55 - 12:30 I11 : Invited Talk.

TBD.

Seth Kurfman
Institut Für Physik Martin-Luther-Universität Halle Wittenberg - Martin-Luther-

University Halle Wittenberg ( Germany)
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12:30 - 13:30 Lunch

13:30 - 17:15 Informal discussions

Session: Magneto-acoustic

17:15 - 17:50 I12 : Invited Talk.

Phonon Parametric Pumping for Magnonics.

Albrecht Jander
School of Electrical Engineering and Computer Science [Oregon State University] (

United States)

17:50 - 18:25 I13 : Invited Talk.

Phonon-Assisted Generation of Propagating Quantum Magnonic
States.

Carlos Gonzalez
Vienna University of Technology = Technische Universität Wien ( Austria)

18:25 - 19:00 I14 : Invited Talk.

Generation of Magnon Polaron in Strongly Coupled Cavity Mag-
nomechanical System.

Daiki Hatanaka
Basic Research Laboratories

19:30 - 20:30 Dinner

20:30 - 22:00 Poster 2
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WEDNESDAY, FEBRUARY 25TH 2026

07:30 - 08:30 Breakfast

Session: Tutorials

08:30 - 09:40 T03 : Invited Talk.

Cavity Magnomechanics as a Hybrid Magnonic System.

John Davis
University of Alberta ( Canada)

Session: Cavity magnonics 3

09:40 - 10:15 I15 : Invited Talk.

Self-Induced Floquet Magnons in Magnetic Vortices.

Katrin Schultheiss
Helmholtz-Zentrum Dresden-Rossendorf ( Germany)

10:15 - 10:45 Coffee break

10:45 - 11:20 I16 : Invited Talk.

Spin-Mechanics with Ensembles of NV Centers in Diamond.

Gabriel Hetet
Laboratoire De Physique De L’ENS - ENS Paris ( France)

11:20 - 11:55 I17 : Invited Talk.

.

Aristide Lemaître

11:55 - 12:30 I18 : Invited Talk.

Magnon Superlattices around Skyrmions in Frustated Magnets.

Christina Psaroudaki
Laboratoire De Physique De L’ENS - ENS Paris ( France)

12:30 - 13:30 Lunch
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13:30 - 17:15 Informal discussions

Session: Nuclear Magnetic Resonance

17:15 - 17:50 I19 : Invited Talk.

Control and Readout of Single Nuclear Spins via Microwave
Photon Counting.

James O’Sullivan
Service De Physique De L´tat Condensé (SPEC - UMR3680 CEA-CNRS(Ex-URA
2464)

17:50 - 18:25 I20 : Invited Talk.

Coupling of Electron-Spin and Nuclear-Spin Excitations.

Hiroki Arisawa
Department of Applied Physics

18:25 - 19:00 I21 : Invited Talk.

Electric Manipulation of Coupled Nuclear- and Electron-Spin
Dynamics.

Takashi Kikkawa
Japan Atomic Energy Agency ( Japan)

19:00 - 20:00 Dinner

Session: NV-center magnetometry

20:00 - 20:35 I22 : Invited Talk.

Imaging the Mechanics of Domain Wall Motion with a Single Spin
Quantum Magnetometer.

Christian Degen
Department of Physics

20:35 - 21:10 I23 : Invited Talk.

Magnetic Imaging of Spin Waves and Supercurrents Using Spins
in Diamond.

Toeno Van Der Sar
Delft University of Technology ( Netherlands)
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21:10 - 21:45 I24 : Invited Talk.

Spin Waves Confined in Microstructures Investigated with a
Scanning NV Center Microscope.

Aurore Finco
Laboratoire Charles Coulomb ( France)
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THURSDAY, FEBRUARY 26TH 2026

07:30 - 08:30 Breakfast

Session: Tutorials

08:30 - 09:40 T04 : Invited Talk.

Hybrid Magnonics: Recent past and Future Developments.

Victor Bittencourt
Institut De Science Et D’Ingénierie Supramoléculaires ( France)

Session: Theory

09:40 - 10:15 I25 : Invited Talk.

Chimeras in Ferroelectrics.

Gerrit Bauer
WPI Advanced Institute for Materials Research ( Japan)

10:15 - 10:45 Coffee break

10:45 - 11:20 I26 : Invited Talk.

Quantum Magnonics in Magnon-Qubit Architecture.

Yaroslav Blanter
Kavli Institute of Nanoscience

11:20 - 11:55 I27 : Invited Talk.

Spin-Orbit Interaction in Azimuthal Spin Waves.

Thierry Valet
SPINtronique Et TEchnologie Des Composants ( France)

11:55 - 12:30 I28 : Invited Talk.

Quantum Sensing Magnons Using a Phonon as the Probe.

Akashdeep Kamra
University of Kaiserslautern / Rheinland-Pfälzische Technische Universität Kaiser-

slautern ( Germany)
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12:30 - 13:30 Lunch

13:30 - 17:15 Informal discussions

Session: Magneto-transport

17:15 - 17:50 I29 : Invited Talk.

All-Electrical Angular Momentum Transport Experiments be-
tween Isolated Ferromagnetic Metal Strips.

Matthias Althammer
Walther-Meißner-Institut

17:50 - 18:25 I30 : Invited Talk.

Tunable Complex Magnon-Phonon Coupling in Synthetic Anti-
ferromagnets.

Masamitsu Hayashi
The University of Tokyo ( Japan)

18:25 - 19:00 I31 : Invited Talk.

Controlling Magnons and Their Transport by Electronic Spin
Injection.

Richard Schlitz
Department of Physics [Konstanz] ( Germany)

19:30 - 20:30 Banquet
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THURSDAY, FEBRUARY 27TH 2026

07:30 - 08:30 Breakfast

Session: Magnonics

08:30 - 09:05 I32 : Invited Talk.

Spin-Wave Modes and Nonlinear Interactions in Bi:YIG Disks for
Magnonic Neural Network Implementation in Reciprocal Space.

Madjid Anane
Laboratoire Albert Fert (Ex-UMPhy Unité Mixte De Physique CNRS/Thales) (

France)

09:05 - 09:40 I33 : Invited Talk.

Real-Space Imaging of Magnons Interacting with Noncollinear
Magnetic Textures.

Ping Che
Unité Mixte De Physique CNRS/Thales ( France)

09:40 - 10:15 I34 : Invited Talk.

Topological and Nonreciprocal Phononics in the Gigahertz
Regime.

Yoichi Nii
Department of Applied Physics and Physico-Informatics ( Japan)

10:15 - 10:45 Coffee break

10:45 - 11:20 I35 : Invited Talk.

Decoherence Spectroscopy of Spin Waves in Van Der Waals Anti-
ferromagnets.

Debarghya Dutta
Department of Physics and Astronomy [Basel] ( Switzerland)

11:20 - 11:55 I36 : Invited Talk.

Steady-State Entanglement of Spin Qubits Mediated by Non-
Reciprocal and Chiral Magnons.

Martijn Dols
RWTH Aachen University ( Germany)
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11:55 - 12:30 I37 : Invited Talk.

Magnon Kerr Effect in a Ferrimagnetic Thin Film.

Davit Petrosyan
Department of Materials

12:30 - 13:30 Lunch
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How to Make Complex Oxide Films and Heterostructures for Spintronic

Caroline Ross1,*

1Department of Materials Science and Engineering, MIT, Cambridge, MA 02139 USA

*contact: caross@mit.edu

Complex oxides encompass a vast range of magne4cally ordered materials whose crystal symmetry, magne4za4on,
anisotropy, damping, magnetoop4cal response, conduc4vity, and other proper4es can be widely tuned through
ca4on site occupancy, strain state, point defects, substrate and interface design. Iron garnets such as YIG,
spinels such as cobalt ferrite, perovskite- based materials such as orthoferrites, and hema4te are par4cularly
important spintronic materials, and can be grown by a range of processing routes including pulsed laser de-
posi4on, oxide molecular beam epitaxy, and spuBering. With an emphasis on garnets, I will describe how to
grow high quality spintronic oxides and heterostructures, and how their proper4es can be designed and manip-
ulated.
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Magnon-Photon Coupling in Realistic Experiments

M. J. Martı́nez-Pérez1,*

1Instituto De Nanociencia Y Materiales De Aragón, INMA - CSIC, Unizar, Spain

*contact: pemar@unizar.es

There are different theoretical methods that provide good estimations of the magnon-photon coupling strength
in saturated ferromagnets, where the homogeneous (Kittel, k = 0) or high-k (magnetostatic) modes can be
excited. However, this is only true under the assumption that the magnetic susceptibility of the ferromagnet can
be calculated. In other words, a precise knowledge of the demagnetizing factors is needed. Unfortunately, the
latter can be calculated exactly only for ellipsoids of revolution. In contrast, the ground state of real ferromagnets
is largely non homogeneous, e.g., domain walls separating regions with different magnetization direction; curls of
the magnetization referred as vortices; and magnetic skyrmions, i.e., topologically protected defects stabilized
in materials featuring asymmetric exchange interactions. The dynamic evolution of these objects cannot be
calculated analytically and micromagnetic computation is typically needed.

To make things even more complicated, electromagnetic cavities come in a number of ways, starting from the
early implementations using Fabry-Perot mirrors, up to solid-state cavity implementations. Experiments on cavity
magnonics benefit from the use of (quasi)homogeneous microwave field configurations in three dimensional
cavities that only couple to the Kittel mode in magnetic spheres. In contrast, the microwave field distribution can
become largely non-homogeneous as in the case of superconducting coplanar cavities or even exhibit parity
rules as in the case of re-entrant post cavities.

In this tutorial I will show several ways of calculating the magnon-photon coupling in realistic setups, including
the first software[1] capable of self-consistently simulating the dynamics of coupled cavity-ferromagnet systems
at the micromagnetic level, including inhomogeneous textures and cavity fields and in any coupling regime. This
tools allow the numerical simulation of hybrid magnon-photon polaritons and magnons dynamics involving direct
photon coupling or virtual magnon-magnon interactions. [2].

REFERENCES

1Https://github.com/mumax3-cqed/mumax3-cqed.
2S. M.-L. del Rincón, J. Román-Roche, A. Martı́n-Megino, D. Zueco, and M. J. Martı́nez-Pérez, Mumax3-cqed:
an extension of mumax3 to simulate magnon-photon interactions in cavity qed, 10.48550/ARXIV.2410.00966
(2024).
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Cavity Magnomechanics as a Hybrid Magnonic System

John P. Davis1,*, Yunhu Huang1, Mehri Ebrahimi1

1Department of Physics, University of Alberta, Edmonton, Alberta T6G 2E9, Canada

*contact: jdavis@ualberta.ca

Hybrid quantum systems based on magnons provide a versatile platform for studying coherent interactions
among microwave photons, phonons, and collective spin excitations. A key advantage of magnons is their strong
tunability via an external bias magnetic field, which enables controlled coupling to multiple degrees of freedom.
Strong magnetic-dipole interaction between microwave photons and magnons places the system deep in the
strong coupling regime, giving rise to hybrid cavity–magnon polariton modes [1]. In addition, magnons weakly
couple to mechanical motion through the magnetostrictive interaction, forming the basis of cavity magnome-
chanics [2, 3].

In cavity magnomechanics, the microwave cavity mode is strongly hybridized with the magnon mode, while the
magnon simultaneously interacts with mechanical vibrations in the weak magnomechanical coupling regime,
as schematically illustrated in Fig. 1. A prominent feature of this platform is the triple-resonance condition,
in which the phonon frequency matches the frequency splitting between the hybrid cavity–magnon polariton
modes, enabling selective cavity enhancement of scattering processes. This selective enhancement provides
access to a range of magnomechanical phenomena, including dynamical backaction, mechanical amplification
and cooling, phonon lasing, and the generation of quantum correlations [3].

Figure 1: Schematic of the coupled magnome-
chanical system. â denotes the microwave cav-
ity mode, m̂ a magnon mode in the spherical fer-
romagnetic sample, and b̂ a mechanical mode.
Solid and dashed lines indicate linear magnon–
photon and parametric magnon–phonon cou-
plings, respectively.

Using this framework, our experiments directly observe the fundamental signatures of magnon-induced dynam-
ical backaction on a mechanical mode, establishing cavity magnomechanics as an experimentally accessible
analogue of cavity optomechanics [3]. Beyond backaction physics, our group has developed a theoretical pro-
posal for quantum correlation–based thermometry in cavity magnomechanics [4], in which cross-correlation
measurements are used to distinguish thermomechanical motion from magnon-induced backaction. Most re-
cently, we have extended cavity magnomechanics into the cryogenic regime down to ∼ 9K [5], providing an
essential step toward quantum-enabled sensing and thermometry in low-temperature hybrid quantum systems.

Overall, the strong and tunable photon–magnon hybridization, together with magnetostrictive coupling to me-
chanical motion, endows hybrid magnetic systems with promising advantages for quantum technologies.

REFERENCES

1X. Zhang, C.-L. Zou, L. Jiang, and H. X. Tang, Strongly coupled magnons and cavity microwave photons,
Physical Review Letters 113, 10.1103/physrevlett.113.156401 (2014).

2X. Zhang, C.-L. Zou, L. Jiang, and H. X. Tang, Cavity magnomechanics, Science Advances 2, 10.1126/
sciadv.1501286 (2016).

3C. A. Potts, E. Varga, V. A. S. V. Bittencourt, S. V. Kusminskiy, and J. P. Davis, Dynamical backaction mag-
nomechanics, Physical Review X 11, 10.1103/physrevx.11.031053 (2021).

4C. Potts, V. Bittencourt, S. V. Kusminskiy, and J. Davis, Magnon-phonon quantum correlation thermometry,
Physical Review Applied 13, 10.1103/physrevapplied.13.064001 (2020).

5Y. Huang, P. M. C. Rourke, A. Peruzzi, et al., Cryogenic magnomechanics for thermometry applications, Applied
Physics Letters 127, 10.1063/5.0271756 (2025).
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Hybrid Magnonics: Recent past and Future Prospects

V. A. S. V. Bittencourt1,*

1Institut De Science Et D’Ingénierie Supramoléculaires (ISIS, UMR7006), Université De
Strasbourg, 67000 Strasbourg, France

*contact: sant@unistra.fr

Quantum technologies requires multiple functionalities that can only be achieved by different physical systems
in hybrid architectures. In such a context, spin-waves and their quanta, called magnons, are prospect com-
ponents in hybrid systems for added functionality and integration with different degrees-of-freedom. Magnons
can couple to different excitations, such as optical and microwave photons, elastic phonons, and to solid-state
and superconducting qubits. Magnons exhibit features, such as tunable frequency and nonlinear behavior, that
can be exploited in applications, such as sensing and quantum state generation. In this keynote lecture, I will
present an overview of different hybrid magnonic systems, including their theoretical description, applications
and future prospects. The lecture will briefly cover different aspects of cavity optomagnonics, including applica-
tions for magnon state generation [1] and tomography [2], as well as an epsilon-near-zero based architecture
in which strong magnon-photon coupling could be achieved. I will also review systems coupling NV-centers
and magnons, with applications for generation of steady-state entangled spin states [3] and for probing spin
transport in magnetic materials, in particular in altermagnets [4].

REFERENCES

1V. A. S. V. Bittencourt, V. Feulner, and S. V. Kusminskiy, Magnon heralding in cavity optomagnonics, Phys. Rev.
A 100, 013810 (2019).

2S. Sharma, S. Viola Kusminskiy, and V. A. S. V. Bittencourt, Quantum tomography of magnons using brillouin
light scattering, Phys. Rev. B 110, 014416 (2024).

3M. Dols, M. Cherkasskii, V. A. S. V. Bittencourt, et al., Steady-state entanglement of spin qubits mediated by
non-reciprocal and chiral magnons, arXiv preprint arXiv:2509.13094 (2025).

4V. A. S. V. Bittencourt, H. Hosseinabadi, J. Sinova, L. Šmejkal, and J. Marino, Quantum-impurity sensing of
altermagnetic order, arXiv preprint arXiv:2508.04788 (2025).
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Composition-Tuneable Substituted Iron Garnets for Hybrid Magnetic Excitations

William Legrand1,*

1Université Grenoble Alpes, CNRS, Institut Néel, Grenoble, France

*contact: william.legrand@neel.cnrs.fr

Iron garnets are outstanding low-temperature hosts for hybrid condensed matter excitations, offering low dissi-
pation of magnons and phonons, high spin density, and robust magneto-elastic and magneto-optical couplings.
Magnons in iron garnets can therefore interact coherently with microwaves, phonons, and optical photons, key
to enabling quantum transduction and ultra-sensitive detection. While the most established implementations of
these concepts rely on bulk magnets [1–3], on-chip equivalents promise superior functionality, coherence, and
scalability. For integrated hybrid systems to attain the quantum regime, the efficient couplings in iron garnets are
nonetheless a double-edged sword. The same properties that facilitate strong coupling between distinct quasi-
particles also reinforce decay to the environment, compromising coherence. As recognised in other research
fields, a multi-faceted engineering of the material is inescapable if one wants to harness couplings while avoid-
ing dissipation. This is likely the most critical requirement for fundamental investigations of quantum coherence
in low-spin-number systems, or for building cryogenic hybrid magnonic devices useful to quantum engineering.

In this talk, I will present our recent progress on cation substitutions in iron garnets to tackle this challenge.
Added yttrium in off-stoichiometric yttrium iron garnet (YIG) enables lattice parameter tuning and matching with
yttrium scandium gallium garnet (YSGG), a commercial substrate free of paramagnetic species. We will show
that such Y-rich YIG [4] can be grown by a convenient physical vapour co-deposition approach, maintaining
excellent structural properties and magnetization dynamics [5]. The change of substrate fulfils a first requirement
for integrated quantum magnonics, as it reduces dissipation in thin and ultrathin films at helium temperatures
[5–8]. We will also report on unsubstituted YIG films grown on YSGG by liquid phase epitaxy (LPE): this route
presently achieves lower dissipation at low temperatures, despite strain [8]. Alternatively, ultrathin layers of Bi-
substituted YIG can be grown with excellent quality down to 2–3 nm in thickness [9], forming another excellent
platform for hybrid magnonics [10]. This talk will conclude with a few insights on how to bridge the gap between
the structural advantages brought by LPE and the compositional flexibility of physical vapour deposition.

Support from government grants managed by the Agence Nationale de la Recherche as part of the France 2030 program,
references ANR-24-EXSP0004 (“MAGISTRAL”) and ANR-24-EXSP0005 (“MAGNON-BRAQET”) is acknowledged.

REFERENCES
1D. Lachance-Quirion, Y. Tabuchi, A. Gloppe, K. Usami, and Y. Nakamura, Hybrid quantum systems based on
magnonics, Appl. Phys. Express 12, 070101 (2019).

2D. D. Awschalom, C. R. Du, R. He, et al., Quantum Engineering With Hybrid Magnonic Systems and Materials
(Invited Paper), IEEE Trans. Quantum Eng. 2, 5500836 (2021).

3H. Y. Yuan, Y. Cao, A. Kamra, R. A. Duine, and P. Yan, Quantum magnonics: When magnon spintronics meets
quantum information science, Phys. Rep. 965, 1–74 (2022).

4T. Su, S. Ning, E. Cho, and C. A. Ross, Magnetism and site occupancy in epitaxial Y-rich yttrium iron garnet
films, Phys. Rev. Mater. 5, 094403 (2021).

5W. Legrand, Y. Kemna, S. Schären, et al., Lattice-Tunable Substituted Iron Garnets for Low-Temperature
Magnonics, Adv. Funct. Mater., 2503644 (2025).

6S. Guo, D. Russell, J. Lanier, et al., Strong on-Chip Microwave Photon–Magnon Coupling Using Ultralow-
Damping Epitaxial Y3Fe5O12 Films at 2 K, Nano Lett. 23, 5055–5060 (2023).

7R. O. Serha, C. Dubs, C. Guguschev, et al., YSGAG: The Ideal Substrate for YIG in Quantum Magnonics,
arXiv, 2508.19044 (2025).

8J. Ben Youssef, N. Beaulieu, R. Schlitz, et al., Low-temperature-compatible iron garnet films grown by liquid
phase epitaxy, arXiv, 2509.06242 (2025).

9H. Wang, W. Legrand, D. Petrosyan, et al., Ultrathin bismuth-yttrium iron garnet films with tunable and com-
pensated magnetic anisotropy, arXiv, 2510.07465 (2025).

10H. Wang, W. Legrand, R. Schlitz, and P. Gambardella, Current-Controlled Magnon–Magnon Coupling in an
On-Chip Cavity Resonator, Nano Lett. 25, 9090–9097 (2025).
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Spin-Wave Transport at Cryogenic Temperatures

Andrii Chumak1,*

1Faculty of Physics, University of Vienna, Vienna, Austria

*contact: andrii.chumak@univie.ac.at

Quantum magnonics, a field that harnesses magnons (spin-wave quanta) for quantum technologies, holds great
promise for the realisation of solid-state quantum technologies at the nanoscale. Yttrium iron garnet (YIG) is the
material of choice due to its low magnon damping [1]. While ferromagnetic resonance (FMR) magnons have
already been used for quantum magnonics studies [2, 3], the transition from standing to propagating magnons is
crucial for realising devices with spatially separated magnon sources and detectors [4]. Achieving this requires
YIG films, usually grown on paramagnetic gadolinium gallium garnet (GGG) substrates.

In a series of experimental studies of magnon transport in YIG/GGG systems at temperatures down to tens of
mK [5–7], we reveal a significant role of a stray field effect formed by the partially magnetised paramagnetic GGG
substrate. This stray field opposes the applied biasing field, shifting the FMR frequency to lower frequencies
[5], and could reach up to 40 mT in our studies. Subsequent investigations of the FMR linewidth revealed an
approximately tenfold increase in the Gilbert damping in YIG films on GGG with decreasing temperature. We
show that the dominant mechanism responsible for the FMR broadening is the non-uniform GGG stray field
[6]. To understand the losses of propagating magnons in YIG/GGG, we have performed propagating spin wave
spectroscopy (PSWS) measurements for temperatures between 4 K and 26 mK [7]. We show an increase in
the dissipation rate with wavenumber at cryogenic temperatures, caused by dipolar coupling of the YIG film to
the partially magnetised GGG substrate.

Yttrium scandium gallium aluminum garnet (YSGAG) substrate has recently been presented as a diamagnetic
alternative to GGG [8]. We demonstrated that the YIG/YSGAG system maintains low damping from 300K to
30mK, with α = 4.29 × 10−5 at room temperature, comparable to the best YIG/GGG films. The diamagnetic
substrate eliminates the dissipation mechanisms related to the paramagnetic GGG substrates.

To isolate the intrinsic magnon properties of YIG from the influence of GGG, we studied single-crystal YIG
spheres with different impurity levels. By performing experiments on the purest YIG sphere cooled to 30 mK, we
demonstrated the lifetimes of short-wavelength magnons exceeding 18 µs that is nearly two orders of magnitude
longer than previously observed [9]. These findings overturn the established view of magnon dissipation limits,
positioning magnons as viable, long-lived information carriers for solid-state quantum computing.

REFERENCES

1R. O. Serha, C. Dubs, and A. V. Chumak, Magnetic materials for quantum magnonics, arXiv 2510.09331 (2025).
2D. Lachance-Quirion, S. P. Wolski, Y. Tabuchi, et al., Entanglement-based single-shot detection of a single
magnon with a superconducting qubit, Science 367, 425–428 (2020).

3D. Xu, X.-K. Gu, H.-K. Li, et al., Quantum control of a single magnon in a macroscopic spin system, Phys. Rev.
Lett. 130, 193603 (2023).

4S. Knauer, K. Davı́dková, D. Schmoll, et al., Propagating spin-wave spectroscopy in a liquid-phase epitaxial
nanometer-thick yig film at millikelvin temperatures, Journal of Applied Physics 133, 143905 (2023).

5R. O. Serha, A. A. Voronov, D. Schmoll, et al., Magnetic anisotropy and GGG substrate stray field in YIG films
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ggg substrate, Materials Today Quantum 5, 100025 (2025).

7D. Schmoll, A. A. Voronov, R. O. Serha, et al., Wavenumber-dependent magnetic losses in yttrium iron garnet–
gadolinium gallium garnet heterostructures at millikelvin temperatures, Phys. Rev. B 111, 134428 (2025).
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Multi-Mode Coupling in Magnon-Phonon Hybrids

Hans Huebl1,*

1Walther-Meißner-Institute, Bavarian Academy of Sciences, Garching, Germany

*contact: huebl@wmi.badw.de

The coupling of different degrees of freedom is a key ingredient of solid-state physics. Some questions, however,
require the control over the coupling strength, which is typically realized in so-called hybrid systems. Here, the
interaction between excitations, such as magnons, phonons, photons, or spins, are reliably engineered. Quan-
tum sciences and applications harness these settings for information conversion, storage, sensing applications,
or for investigating the quantum properties of these excitations. In addition, the hybrid systems are interest-
ing from the perspective of novel functionalities arising from the emerging, mixed character of the participating
modes.

In my presentation, I will discuss a hybrid system based on phonons and magnons. This system is interest-
ing from a magnon-damping perspective, as phonons are considered a dominant magnon relaxation channel.
Moreover, a large coupling between magnons and phonons can create a magnon-phonon hybrid. Thus, the
magnons are expected to imprint the angular momentum properties onto the phonons, which is interesting in
the context of phonon-mediated angular momentum transport. I will present our results on controlled magnon-
phonon interaction using a heterostructure consisting of a magnetic thin film integrated in a phononic resonator.

Figure 1: Magnon-phonon hybrids
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Fabrication and Integration of Suspended YIG Micro Disk on Microwave Antennas

N. K. P. Babu 1,*, J. Ben Youssef 2, O. Klein 3, Juan F. Sierra1, Sergio O. Valenzuela 1,4

1Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona Institute
of Science and Technology (BIST), Campus UAB, Bellaterra, 08193 Barcelona, Spain

2LabSTICC, CNRS, Université De Bretagne Occidentale, 29238 Brest, France
3Université Grenoble Alpes, CEA, CNRS, Grenoble INP, Spintec, 38054 Grenoble, France

4Institució Catalana De Recerca I Estudis Avançats (ICREA), 08010 Barcelona, Spain

*contact: nandanbabu.kuttath@icn2.cat

Coherent microwave-to-optical transduction is a key remaining challenge for connecting quantum processors,
working at GHz frequencies, to optical communication networks. Recently, optimal broadband transduction
has been proposed using YIG-based magneto-mechanical structures, where magnetic and mechanical exci-
tations mediate microwave-to-optical frequency conversion [1]. However, realizing practical devices requires
YIG structures that can be integrated on chip with superconducting resonators without degrading microwave
coherence. An important obstacle is that epitaxial YIG films are commonly grown on gadolinium gallium garnet
(GGG), whose strong low-temperature paramagnetism can generate dissipation and compromise the resonator
performance.

Here we implement and optimise a focused ion-beam (FIB) micro-machining and transfer/integration process
[2] to fabricate suspended YIG micro-disks and place them directly onto microwave antennas and coplanar
waveguide structures (Fig. 1). This fabrication process allows us to separate YIG from the GGG substrate, en-
abling integration onto selected low-loss substrates that preserve the superconducting resonator quality factors.
This modular platform is compatible with on-chip magnon-photon coupling [1] and therefore provides a prac-
tical route towards hybrid superconducting-magnonic-photonic architectures for coherent microwave-to-optical
transduction.

Figure 1: SEM image of the YIG disk integrated on a coplanar waveguide with Ω-loop (left), Ω- loop microstrip (right)

REFERENCES

1F. Engelhardt, V. Bittencourt, H. Huebl, O. Klein, and S. V. Kusminskiy, Optimal broadband frequency conversion
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Superconducting Diode Effect

Teruo Ono1,2,3*

1Institute for Chemical Research, Kyoto University, Japan
2Center for Spintronics Research Network, Kyoto University, Japan

3International Center for Synchrotron Radiation Innovation Smart, Tohoku University, Japan

*contact: ono@scl.kyoto-u.ac.jp

We found the superconducting diode effect (SDE) in Nb/V/Ta super-lattices with a polar structure, which is the
ultimate diode effect exhibiting a superconducting state in one direction and a normal state in the other [1–3].
The SDE can be considered as the non-reciprocity of the critical current for the metal-superconductor transition.
We have also found the reverse effect, i.e., the nonreciprocal critical magnetic field under the application of
super-current [4]. We also found that the polarity of the superconducting diode shows a sign reversal when the
magnetic field is increased [5]. Recently, we have succeeded in demonstrating zero-field SDE by introducing
ferromagnetic layers into super-lattices [6, 7]. The polarity of the SDE is controlled by the magnetization direction
of the ferromagnetic layer, leading to the development of novel non-volatile memories and logic circuits with
ultra-low power consumption. This work was partly supported by JSPS KAKENHI Grant Numbers (18H04225,
18H01178, 18H05227, 20H05665, 20H05159, 21K18145), MEXT Initiative to Establish Next-generation Novel
Integrated Circuits Centers (X-NICS) Grant Number JPJ011438, the Cooperative Research Project Program of
the Research Institute of Electrical Communication, Tohoku University, and the Collaborative Research Program
of the Institute for Chemical Research, Kyoto University.
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Coherent Control of Magnons
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Magnons, the quanta of collective spin excitations in magnetically ordered media, exhibit unique features for
microwave quantum engineering, with examples of non-reciprocity in the form of propagating spin wave, highly
desired for noise-isolated qubit operations with on-chip integration, and magneto-optical coupling for microwave-
to-optic transduction, highly desired for implementing quantum transduction and building quantum interconnects.
For either purpose, the capability of coherent magnon control in the time domain is crucial for designing coherent
magnon gate operations and extending the dynamic control into the quantum regime.

In the first part, we introduce how to coherently control magnons in single-crystal YIG spheres embedded in a
coplanar superconducting resonator. Particularly, we demonstrate single-shot magnon pulse interference be-
tween two remotely coupled Y3Fe5O12 (YIG) spheres embedded in a superconducting resonator [1]. We realize
real-time constructive and destructive magnon interference by precisely controlling the frequency and time delay
of two consecutive microwave pulses applied to one YIG sphere. In addition, we show a diffraction-grating-like
interference pattern using up to four consecutive magnon pulses, where the interference peak becomes in-
creasingly enhanced and sharpened with the number of pulses. Our results reveal that magnons can preserve
full coherence, while being transferred between distant magnetic resonators. This is a critical requirement for
implementing coherent magnon gate operations in real time.

In the second part, we demonstrate strong coupling to propagating spin wave in epitaxial YIG thin films grown on
cryogenic-compatible Y3Sc2Ga3O12 (YSGG) substrates. By fabricating quarter-wavelength NbN superconduct-
ing resonators on the YIG film, we show strong coupling of microwave photon in the resonator to the Damon-
Eshbach (k ⊥ M ) and Backward Volume (k ∥ M ) spin wave modes in the YIG film. Our results introduce the
first all-on-chip superconducting hybrid magnonic circuit base on low-damping YIG thin films, which will become
the next-generation circuit platform for exploring propagating-magnon-based quantum information science.
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Magnetic-insulator–piezoelectric heterostructures have emerged as a versatile platform for studying hybrid
magnonic–phononic phenomena with very low dissipation. Among these, YIG/ZnO heterostructures serve as a
model system in which our recent work has established key ingredients for hybrid magnonics.
First, we demonstrated the generation and characterization of gigahertz surface acoustic waves (SAWs) [1],
and showed that high-quality SAW propagation can be achieved on YIG, while its magnetic properties are pre-
served through the deposition of piezoelectric ZnO by RF sputtering. Second, we showed efficient SAW-driven
excitation of spin waves in ultralow-damping YIG [2], revealing anisotropic and nonreciprocal magnetoelastic
coupling. Third, resonator-based structures enabled the formation of a tunable magnon-polaron cavity and the
demonstration of strong coupling [3], evidenced by clear avoided crossings, as shown in Figure 1.
Beyond ferrimagnetic YIG, the control of antiferromagnetic materials in real-world devices has the potential to
advance current magnonics technology, by combining high resonance frequencies for faster operation with sta-
bility against external fields for improved robustness. As a first step toward this goal, we demonstrate tunable
propagation of SAWs within an antiferromagnetic heterostructure consisting of α-Fe2O3 (hematite) and ZnO,
and employ these phononic excitations to probe the antiferromagnetic phase transition in the system [4].
Our measurements demonstrate gigahertz SAW excitation, efficient magnetoelastic driving of finite-wavelength
magnons, and tunable coupling, confirming the suitability of ZnO-based heterostructures for engineered
magnon–phonon interactions.

Figure 1: Adopted from [3] - SAW resonators on YIG/ZnO: d) |S11| reflection parameter of the uncoupled resonator. e) |S11|
reflection parameter as a function of frequency and Bext. Anticrossing positions align with calculated spin wave modes (light
red dashed lines).
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The magneto-elastic interaction couples the magnetic and elastic degrees of freedom, allowing spin-waves
(SWs) and ultrasonic waves to hybridize [1]. YIG exhibits moderate magneto-elasticity and very low SW damping
and acoustic losses, which can result in strong magnon-phonon coupling in single-crystalline samples [2]. With
recent advances in the nanofabrication of YIG nanoresonators [3], it can be envisioned to couple SW dynamics
to mechanics in such systems. An interesting practical aspect is to efficiently actuate the mechanical modes of
YIG microstructures in the gigahertz range by inductively driving their SW modes. A longer-term perspective
is to achieve the strong coupling regime between microwave photons, magnons, and phonons, which would
enable broadband and coherent frequency conversion using this type of magneto-mechanical transducer [4].

Here, we present the mechanical and magnetic characterizations in the microwave range of suspended YIG
microdisks obtained by two distinct methods: a bottom-up approach, where inductive elements are patterned
near existing suspended YIG micro-disks [3], and a top-down one, where FIB manufactured YIG micro-rings
are transferred directly into existing inductive antennas on arbitrary substrates (Fig. 1). To characterize their
mechanical modes, we use a homemade laser Michelson interferometer. Many of them can be identified below 1
GHz. They exhibit quality factors of a few hundreds at ambient temperature and pressure. Damping coefficients
as low as 10−4 are extracted from SW spectroscopy using MRFM. Signatures of weak coupling between SW
and mechanical modes are also observed.

Figure 1: SEM picture of a suspended YIG micro-ring prepared by top-down approach.
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Generating and identifying complex quasiparticles with elementary excitations is a classical issue, but it is still
at the forefront of condensed matter physics and material science. Therefore, it comes as no surprise that
complex quasiparticles referred to as magnon-polaritons (MPs), in which quantized spin waves in magnetic
materials (magnons) are coupled to photons, stimulate a flurry of interest and hold great promise for realizing
novel hybrid quantum systems. MPs generated in metallic or superconducting cavities for microwaves are
reciprocal. However, nonreciprocity is highly required in sensitive signal detection and processing, particularly
in the quantum regime.

In this talk, we study the nonreciprocity of MPs in a man-made photonic structure, referred to as a magneto-chiral
(MCh) metamolecule consisting of a polycrystalline yttrium-iron garnet (YIG) cylinder as a magnetic meta-atom
inserted into a right-handed helix made of copper (Cu) as a chiral meta-atom [1]. X-band microwave transmis-
sion spectra of the metamolecule with broken space-inversion and time-reversal symmetries simultaneously in
a waveguide under DC external magnetic fields at room temperature (Fig. 1(a)) show anti-crossing and large
Rabi-like splitting, indicating the ultrastrong coupling in MPs. Furthermore, microwave one-way transparency is
observed in Fig. 1(b). These experimental results are reproduced via numerical simulations. Based on effec-
tive polarizability tensor analyses [2], we verify that the one-way transparency is caused by massive synthetic
motion of MPs due to the combination of chiral-type bianisotropy by the Cu helix and magneto-optical effects
by the YIG cylinder [3]. This study bridges the gap between the cavity magnonics and microwave photonics via
metamaterials, and signifies an advancement toward spintronic hybrid quantum systems for quantum computing
and synthetic gauge fields acting on light using chimera quasiparticles [4].

Figure 1: 2D plots of experimentally observed (a) transmittance (T−) and (b) nonreciprocity (T+ − T−) of the MCh meta-
molecule as a function of external DC magnetic field (µ0Hext, horizontal) and frequency (vertical) [3].
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We focus on the efficient synthesis of magnon–phonon hybrid systems, commonly referred to as chimera quasi-
particles. Despite extensive research into coupling via magnetoelastic interaction,[1] the relatively short magnon
lifetime compared to phonons remains a key barrier to realizing such hybrid excitations. Our approach addresses
this by investigating methods to boost magnon excitation. We achieve this by generating AC spin currents
(AC-SC) through Surface Acoustic Waves (SAWs) or the mechanical resonance of microfabricated structures,
utilizing the gyromagnetic effect. The resulting spin-transfer torque (STT) enhances magnon excitation, thereby
facilitating stronger coupling with phonons.

The gyromagnetic effect links macroscopic rotation and magnetization. While rigid-body rotation is limited to
approximately 100 kHz, SAWs can generate localized rotation (vorticity) at GHz frequencies. Rayleigh-type
SAWs generate a periodic AC Barnett field that decays exponentially along the film thickness. Based on the
Spin Vorticity Coupling (SVC) theory, the gradient of this Barnett field is predicted to generate a flow of electron
spin, i.e., spin current.[2] This AC-SC is non-uniform, changing in amplitude and polarity both temporally and
spatially as the SAW propagates. We experimentally detected this AC-SC by measuring SAW attenuation in
Nonmagnetic (NM) / Ferromagnetic (FM) bilayers (NM = Cu, Ti, Pt; FM = NiFe) on a piezoelectric substrate[3,
4]. The generated AC-SC in the NM layer injects into the adjacent FM layer, causing a periodic AC-STT and
subsequent excitation of spin waves (SWs). Energy balance dictates that the damping of SWs in NiFe results
in measurable SAW attenuation. We observed strong SAW attenuation when the SW resonance (SWR) con-
dition was satisfied in the Cu/NiFe bilayer. Critically, the attenuation was strongest using highly conductive Cu,
supporting the SVC prediction that the gyromagnetic spin torque is robust against the strength of the Spin-Orbit
Interaction (SOI). Furthermore, utilizing higher-order SAW harmonics allowed us to demonstrate effective SW
excitation across a wideband range (0.1–10 GHz), suggesting that higher frequencies enhance the effect.

To further boost the acoustic gyromagnetic effect, we performed a numerical analysis of the coupling between
SAWs and the mechanical resonance of honeycomb nanopillar arrays.[5] Calculations for Ta nanopillars on a
LiNbO3 substrate revealed a precession mode at ≈1.6 GHz and a key coupled resonance mode at ≈1.8 GHz
that is strongly associated with large surface vibration of the LN substrate. To quantify the boosting effect caused
by the spin current generation, we calculated the frequency dependence of the volume-averaged gradient of the
vorticity. A boosting effect was observed across the frequency range, with the strongest enhancement appearing
precisely at 1.8 GHz. This maximum boost correlates directly with the frequency where the LN surface vibration
and the pillar mechanical resonance are maximally coupled. These results demonstrate that appropriately
tuned acoustic-driven mechanical resonance offers a highly efficient pathway for spin-wave excitation, moving
us closer to achieving magnon–phonon hybrid excitations.
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YIG has long held the position as the gold standard material for low-loss magnonics due to its high-Q magnetic
resonance. Further, its acoustic, optical, and magnetostrictive properties in bulk systems and in high-quality
films grown on lattice-matched substrates (e.g. GGG) have led to demonstrations of coherent strong coupling
between YIG magnons and photons, phonons, superconducting resonators, and spins [1]. In particular, high-
quality micro- and nanostructures of YIG are geometrically attractive for minimizing the lateral size of practical
integrated devices, in addition to providing access to higher order magnetic, acoustic, and optical modes due to
confinement effects [2]. Further, by exploiting the magnetostrictive nature of YIG, selective choices of the growth
substrate or lattice-site substitution can dramatically tune the magnetic anisotropy of films and patterned struc-
tures [3]. Recent efforts into growing high-quality YIG on garnets free of rare-earth ions has enabled the direct
on-chip integration of superconducting resonators with the garnet substrates [4]. However, most deposition tech-
niques rely on the fabrication of films at high-temperatures followed by etching to create microstructures which
contributes to increase losses in the YIG structures and resonators due to etching-induced roughness and dam-
age to the YIG material. The successful development high-quality YIG films acquired from room-temperature
pulsed laser deposition (RT PLD) of YIG films followed by a high-temperature anneal [5] has enabled the use
of standard lift-off processes without the need ion etching processes to produce fixed and free-standing sus-
pended microstructures of YIG that exhibit exceptional high-quality (low loss) magnetic resonance properties [6,
7]. Standard processes to fabricate high-quality, sintered PLD targets allows the straightforward replacement
of YIG with other magnetic garnets for deposition, and the use of various garnet substrates allows for a rapid
exploration of the available material phase space. The use of this RT PLD technique with post-anneal has, to
date, remained relatively unexplored with other garnets besides YIG on GGG substrates. Here, we discuss the
straightforward extension of this RT PLD technique and show that it enables the growth of a variety of high-quality
magnetic garnet thin films on various non-magnetic garnet substrates, even without extensive optimization of
the growth parameters. In the talk, we consider how the magnetic anisotropy and effective magnetization of
YIG thin films is altered through strain by altering the garnet substrate or by depositing substituted-YIG (s-YIG)
material. Finally, we show that the post-growth annealing process allows the fabrication of multi-layer YIG/s-YIG
thin films and suspended microstructured garnet heterostructures.
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Magnonics—the processing of information carried by spin waves—offers a low-power alternative to electronics
for microwave signal processing and wave-based computation. Here we explore phonon–magnon parametric
interactions as a mechanism for realizing nonlinear and active functions in magnonic circuits. Such processes
enable (i) the generation of magnons with defined wave vector and mode [1], (ii) amplification of propagating
spin-wave signals [2], and (iii) frequency translation and beam steering of spin-waves.

Magnetoelastic coupling in materials such as yttrium-iron-garnet (YIG) mediates the stimulated parametric
down-conversion of a phonon into two magnons. As illustrated in Figure 1a, one of the resulting magnons
adds to and amplifies the stimulating “signal” spin wave while the second “idler” magnon is created to balance
the energy and momentum of the absorbed phonon.

Figure 1: (a) Schematic phonon pumping of magnons; (b) Structure of experimental devices; (c) SAW-pumped amplification
of spin-wave transmission; (d) Idler power as a function of pump power and signal input power.

Using the device illustrated in Figure 1b, we have experimentally demonstrated the sustained amplification of
coherent spin waves introduced in YIG films via inductive transducers; as well as phonon-pumped parametric
amplification of stochastic magnons from the thermal background. The transmission spectra in Figure 1c show
up to 6 dB of amplification by a traveling surface acoustic wave (SAW) pump. Concurrently, idler magnons,
generated at the corresponding wave vector, are detected at a separate transducer. The idler power (Figure 1d)
scales bilinearly with both the signal and pump powers, consistent with three-wave mixing theory. The same
interaction is observed at different incidence angles, subject to the availablility of magnon states that allow for
idler wave vectors satisfying momentum and energy conservation.

At higher pump powers, stochastic magnons excited from the thermal background are also observed, a process
sometimes described as parametric generation. However, beyond a critical pump power, this ultimately leads to
parametric instability. We note that the 6 dB gain shown in Figure 1c is achieved at 10 dBm pump power, which
is below the threshold for parametric instability.

In further experiments, in the case of non-degenerate pumping, we observe the parametric excitation of magnons
at new frequencies, translated from the coherent signal, which can be directed into different propagation angles
or spin-wave modes depending on the vector relation between the signal and pump.
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Preparing certifiably quantum states of magnons represents a central milestone in the emerging field of quantum
magnonics. Among these, Gaussian states are particularly attractive, as they can be prepared and manipulated
without direct coupling to qubits, thereby allowing a wide range of current solid-state experiments to access the
quantum regime. We have recently proposed and analyzed a protocol to generate such states – specifically,
vacuum-squeezed and entangled states – in the ferromagnetic resonance mode of anisotropic yttrium iron
garnet (YIG) samples [1]. We further demonstrate how these states can be certified using state-of-the-art
measurement techniques.

Building on these results, the preparation of quantum states of propagating magnons in continuum structures
remains an outstanding challenge. One promising route involves spontaneous parametric down-conversion,
where intrinsic nonlinear three-magnon processes lead to the splitting of a magnon into an entangled pair.
However, these processes are often shadowed by four-magnon interactions which introduce strong dephasing
and decoherence, severely limiting the feasibility of this approach.

We propose an alternative route that harnesses the strong nonlinear magnon–phonon coupling, specifically ex-
ploiting the parametric process of phonon decay into two magnons. We develop a comprehensive continuum
classical and quantum theoretical framework and use it to identify and predict the thresholds for parametric
instabilities of all nonlinear processes arising in thin-film geometries [2]. Our analysis reveals that in suitably
engineered samples, phonon-to-magnon parametric down-conversion can occur at significantly lower thresh-
olds than purely magnonic nonlinearities, thereby enabling access to quantum correlations without triggering
four-magnon-induced dephasing. Our theoretical model has been verified by observing phonon-to-magnon
down-conversion in the classical regime [3]. We theoretically predict that in the quantum regime the same
mechanism allows for the generation of entanglement between propagating magnons at cryogenic tempera-
tures, and propose methods to detect such entanglement in current magnonic experiments.
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Hybridized quasiparticles formed by strong coupling between magnons and phonons (magnon polarons) host
characteristics arising from both magnonic and phononic natures. This hybridization enables novel function-
alities such as nonreciprocal phonon transport and magnetic-field tuning of acoustic properties. The strong
coupling has previously been demonstrated only in surface acoustic wave (SAW)-based magnomechanical sys-
tems by increasing the operation frequency to ωa/2π = 6.5 GHz because of the general relationship of a coupling
strength with frequency, g ∝ Vov

√
ωa (Vov: overlap mode volume) [1]. Although promising, the fabrication dif-

ficulty of such a super high frequency SAW structure limits the versatility and scalability of magnomechanical
systems.

In this work, we demonstrated strong magnon-phonon coupling and the formation of magnon polarons in a cavity
magnomechanical system operating at a moderate frequency of ωa/2π = 0.9 GHz, which was made possible
by increasing a magnon-phonon mode overlap (Vov) instead of ωa [2]. A SAW resonator was fabricated on an
aluminum nitride (AlN) film deposited on a YIG/GGG substrate (Fig. 1). SAWs were excited piezoelectrically via
an interdigital transducer (IDT) and confined between Bragg reflectors to form a resonance. A static magnetic
field (µ0Hex) was applied parallel to the propagation direction of the SAWs, and the field-dependent transmission
spectra |S21|2) were electrically measured at the other IDT (Fig. 2). Distinct avoided crossings were observed
around ±14 mT and ±24 mT, indicating strong coupling of phonons to fundamental (l = 0) and 1st-order (l =1)
magnon modes, respectively. Comparison with theoretical calculations confirms that the coupling rate exceeds
both magnonic and acoustic dissipation rates (g > κa, κm), verifying the stabilization of magnon polarons. Our
demonstration establishes a pathway toward magnetic control of phonons at moderate frequencies, providing a
foundation for phonon-based microwave signal processing technologies.

This work was partially supported by JSPS KAKENHI Grant Number JP21H05020, JP23H05463, and JP24H02235.

Figure 1: (a) Top: Schematic of the film structure AlN/YIG on a GGG substrate. Bottom: optical microscope image of SAW
magnomechanical system. (b) External magnetic field amplitude (µ0Hex) dependence of the SAW resonant response.
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Magnetic vortices (Fig. 1a) are prototypical examples of topological textures in magnetism, characterized by
a rich magnon spectrum as well as the eigen-resonance of the vortex texture itself, the gyration of its core.
These two types of excitations are usually well separated in frequency: the vortex core typically gyrates in the
sub-GHz range (Fig. 1b), while magnon eigenmodes appear in the lower GHz range (Fig 1c). This frequency
separation provides a unique opportunity to study the interaction between collective spin-wave excitations and
the time-periodic modulation of the magnetic ground state.

When the vortex core gyration is coherently driven, it imposes a temporal periodicity on the system that couples
back to the magnon spectrum. In this driven regime, Floquet magnon bands emerge [1]. These energy states
are shifted by integer multiples of the drive frequency, in close analogy to Bloch states in crystalline lattices. Our
experimental results, corroborated by micromagnetic simulations, reveal how regular magnon modes (Fig. 1d)
hybridize with this temporal lattice and transform into new Floquet states (Fig. 1e). These excitations are distinct
from both the static magnon spectrum and the vortex core resonance, representing new quasiparticles in driven
magnetic systems.

Beyond their fundamental interest, Floquet-engineered magnons display frequency comb formation, where res-
onant mode coupling generates a set of equidistant spectral lines. This effect provides a versatile mechanism
for frequency down-conversion and broadband signal generation across the GHz range. These results illustrate
how time- periodic driving can induce non-equilibrium states with novel dynamical properties, opening pathways
for tailored spin dynamics and new functionalities in magnon-based information processing.
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Figure 1: Schematic illustrations of (a) a static magnetic vortex, (b) a gyrating magnetic vortex driven by a MHz microwave
signal, and (c) a magnon mode with lowest radial and azimuthal mode indices (n = 0,m = 0). Dimensions are not to
scale. (d) Simulated dispersion of thermally populated magnon modes in the vortex with a static core plotted as a function
of azimuthal mode index m for different radial indices n. (f) Micromagnetic simulations of the thermal magnon population in
a gyrating vortex show the magnon Floquet bands.
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Controlling the motion of trapped macroscopic particles in the quantum regime has been the subject of intense
research in recent decades. Especially noteworthy is the recent milestone of achieving ground state cooling for a
trapped particle [1, 2]. However, the generation of purely non Gaussian states such as the first phonon Fock state
or Schrödinger cat states, is required for further quantum control as well as for realizing quantum interference.
One approach is to transfer the quantumness of a well-controlled two-level system to the mechanical degree of
freedom, which can be realized by coupling the motion of crystals with embedded spins using magnetic fields.

The coherence time of the spin system stands as a critical factor for this application in particular for the preser-
vation of Schrödinger cat states, which is still a significant challenge in the field of levitodynamics.

We will show our progress towards this goal using electronic spins of NV centers in diamonds in Paul traps [3]
as well as attached to a cantilever [4]. We will also show recent results on Nuclear Magnetic Resonance (NMR)
within a levitating micro-diamond. There, we employ the nuclear spins of nitrogen-14 atoms, offering coherence
times up to hundreds of microseconds. This represents the longest coherence time recorded for a controlled
two-level system in a levitated particle, surpassing the previously measured coherence time in electronic spins
by three orders of magnitude [5].
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Chirality is a fundamental concept in physics, appearing in everything from particle properties to emergent
quasiparticles such as skyrmions, topologically protected spin textures with twisted configurations defined by
helicity. While helicity is typically fixed in chiral magnets, frustrated magnets offer a new platform where helicity
becomes a free parameter, enabling richer excitation spectra and complex magnetization dynamics. In this talk,
I present magnetic nano-skyrmions as candidates for quantum logic elements, focusing on their potential in
quantum computing[1, 2]. I then turn to collective spin-wave excitations, where hybridization between internal
skyrmion modes and magnons gives rise to dynamical magnon superlattices, interference patterns of local-
ized spin waves[3]. In skyrmion lattices, these localized modes form complex magnonic bands with nontrivial
Chern numbers, further enriched by long-range interactions. These findings reveal a rich interplay between
frustration, topology, and dynamics, and open new directions for skyrmion-based magnonic devices beyond the
conventional chiral paradigm.

Figure 1: Magnon Superlattices around a single skyrmion in frustrated magnets.
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Patrick Abgrall1, Patrice Bertet1, Emmanuel Flurin1
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I will present a platform for single electron and single nuclear spin spin detection and control, consisting of 183W
nuclear spins adjacent to an effective spin-1/2 Er3+ impurity in a CaWO4 crystal. The Er3+ spin is coupled to a
superconducting resonator. We also study a single 93Nb spin-9/2 nucleus adjacent to an Er3+ spin. The state of
the 183W and 93Nb nuclear spins influences the number of photons emitted after repeated excitation of the Er3+

electron spin, enabling quantum non-demolition readout using a single microwave photon detector. We use this
system to study the properties of the nuclear spins, prepare an entangled state of two 183W nuclear spins and
reconstruct the relative positions of nuclear spins around the Er3+ impurity.
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Figure 1: Schematic of the experiment showing a superconducting resonator (gold) coupled to an Er3+ defect (red) in turn
coupled to a nearby W nuclear spin (orange). Fluorescence photons are detected via a circulator using a Single Microwave
Photon Detector (SMPD).
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In solids, nuclear spins are usually well isolated and therefore difficult to manipulate directly with external fields.
However, through the hyperfine interaction with electron spins, nuclear spins can be controlled indirectly, a
mechanism that has been widely studied in nuclear-spin physics. More recently, nuclear spins have also at-
tracted attention in spintronics, and nuclear spintronics phenomena, such as nuclear spin pumping effect [1]
and nuclear spin Seebeck effect [2], have been investigated, leading to the emergence of nuclear spintronics
[1–4].

In this study, we investigate the coupling between electron-spin and nuclear-spin excitations in MnCO3 mediated
by the hyperfine interaction. By performing microwave-spectroscopy measurements, we show that the electron-
spin and nuclear-spin resonance modes strongly hybridize at low temperatures due to the hyperfine coupling.
In this talk, we will introduce these coupled phenomena and discuss how the coupling may enable the use of
nuclear-spin degrees of freedom as information carriers in spintronics.
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Nuclear spins, with their long coherence times, are fundamental to nuclear magnetic resonance (NMR) and
magnetic resonance imaging (MRI), serving as powerful tools for probing microscopic properties of matter.
In addition to having a spin angular-momentum comparable to that of electrons, nuclear spins have unique
advantages. For instance, they can maintain high entropy even at extremely low temperatures and strong
magnetic fields, where electron spin dynamics are inevitably frozen out. Despite these fascinating properties,
the application of nuclear spins in spintronics has been limited. Recently, however, spin-current generation from
nuclear spins have been reported [1, 2]. These studies utilize an antiferromagnetic insulator MnCO3, in which
nuclear and electron spins are coupled by strong hyperfine interaction between them, showing the potential to
harness hyperfine coupling for exploring nuclear spintronic phenomena. In this talk, I will discuss our recent
results on current-induced nuclear and electron spin dynamics in a metallic ferromagnet and their electrical
detection through hyperfine interactions.

This work has been done in collaboration with J. Numata, T. Makiuchi, E. Saitoh (from University of Tokyo), T.
Kubota, T. Seki, K. Takanashi, S. Takahashi (from Tohoku University), and H. Chudo, M. Umeda (from Japan
Atomic Energy Agency).
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Imaging the Mechanics of Domain Wall Motion with a Single Spin Quantum
Magnetometer

Christian Degen1,*

1Department of Physics, ETH Zurich, Switzerland

*contact: degenc@ethz.ch

Quantum sensors based on spin defects in diamond, most notably the nitrogen-vacancy (NV) center, have
emerged as a new tool for investigating nanoscale magnetism with nanotesla sensitivity and sub-50-nm spatial
resolution. Quantum sensors bring some unique features to the table, including non-invasiveness, sensitivity to
multiple physical parameters (such as magnetic fields, electric fields or currents), and an absolute quantitative
calibration based on natural constants. In this talk, I will discuss a recent experiment aimed at imaging the
mechanics of domain wall motion in magnetic racetrack devices. Such devices permit electrical actuation of
domain walls using spin-orbit torques. I will show that even small DC currents well below the depinning threshold
lead to measurable, sub-nanometer displacements of domain walls. These measurements allow mapping of the
pinning potential along the wall. I will also discuss the onset of depinning. Finally, I will give an outlook on the
prospects of imaging the motion of depinned domain walls for large drive.
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Spin waves are collective excitations of the spins in magnetic materials. They play an important role in the
thermodynamics of magnetic materials and are promising as signal carriers in information devices. In this talk,
I will introduce magnetic imaging based on electron spins in diamond and boron nitride [1–3] as a microscopy
technique for studying spins and electric currents in materials on the micro-to-nanoscale[4]. I will show how this
technique enables imaging spin waves in thin magnetic films, and describe experiments on the interaction of spin
waves with currents in normal[5] and superconducting metals[6]. Our results expand the sensing capabilities
of spin-based spin-wave imaging and indicate that superconducting metals provide opportunities for realizing
tunable spin-wave optical devices.

Figure 1: Imaging spin waves underneath a superconducting control electrode using spins in diamond. Credit: M. Borst
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Scanning NV center microscopy is a versatile technique allowing both the mapping of static magnetic textures [1,
2] and of microwave fields, which can be generated for example by spin waves. Here I will focus on microstruc-
tured in-plane ferromagnets, hosting either a S state or a vortex, and show that we can investigate at the same
time their magnetization – by tracking the Zeeman shift of the electronic spin resonance frequency of the NV
center – and different spin wave modes with frequencies in the vicinity of 2.87 GHz – by measuring the contrast
of the NV resonances –, owing to the sensitivity of the NV center to the circular polarization of the field which
they produce.

Figure 1: Maps of propagating spin waves in a rectangle of permalloy, measured simultaneously using the two magnetic res-
onance frequencies of the NV center and highlighting their sensitivity to microwave fields with different circular polarizations.
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Chimeras in Ferroelectrics
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The duality between electric and magnetic dipoles in electromagnetism only partly applies to condensed matter.
This becomes evident when inspecting the elementary excitations of the magnetic and ferroelectric orders, viz.
spin and polarization waves that are quantized into magnons and ferrons, respectively. Magnons are transverse
Goldstone modes at GHz frequencies that carry magnetic dipoles, while ferrons (in displacive ferroelectrics) are
longitudinal Higgs modes at THz frequencies that carry electric dipoles. The ferrons and magnons received
asymmetric attention from the condensed matter community in the past [1] While magnonics is an established
and flourishing subfield in magnetism at the brink of contributing to quantum information, ferronics is still non-
existent though efforts are on the way to attract the interest of the condensed matter physics community [2]. The
ferron concept has stimulated new experiments that extend techniques developed to study the GHz magnetiza-
tion dynamics to ferroelectric films in the THz regime [3–6], providing evidence of ferron contributions to thermal,
optical, and non-local transport properties. Chirality of the optical phonons in uniaxial ferroelectrics may lead to
“multiferrons” with unique functionalities [7, 8].

After an introduction into the current state of magnonics and ferronics, I will discuss many open issues of ferron
physics.
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A common way to manipulate spin waves (or magnons, their quanta) is by electromagnetic radiation – optical
and microwave light. To explore quantum properties of magnons one needs to ensure that they can be reliably
created, manipulated, and read out. Until recently, the only proposed and realized quantum readout was to use
coupling of a magnon to a superconducting qubit via a microwave cavity. In this talk, I will discuss an alternative
proposal — how direct interaction can be induced between a magnet and a qubit and how it can be efficiently
used to create non-trivial quantum magnon states [1–3]. I will also show how Heitler effect can be used to create
magnons with effectively zero linewidth [4]. In the very last part of the talk, I will briefly talk about the effect of
strain on magnetization in various (classical and quantum) situations.
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The angular momentum (AM) carried by wave fields—including spin and orbital components associated with
polarization and phase winding—is a central concept across optics, acoustics and condensed matter [1]. In
magnonics, however, the orbital AM (OAM) of azimuthal spin-waves has remained difficult to resolve.

Figure 1: MRFM spectrum near saturation: the split between (nR, nJ) = (0, 0) and (0, 2) counter-rotating azimuthal modes
reads out magnon OAM via dipolar-induced spin–orbit interaction.

We report a spectroscopic readout of magnon OAM in a normally magnetized yttrium iron garnet (YIG) microdisk
using magnetic resonance force microscopy [2]. In the fully saturated state we resolve a frequency splitting
between two azimuthal eigenmodes with counter-rotating wavefronts, giving direct access to the sign of the
OAM and avoiding the formation of azimuthal standing waves (Fig. 1). The splitting increases when approaching
saturation and can exceed the linewidth, enabling a robust frequency-domain readout of OAM states.

The splitting is a magnetic-field tunable magnon spin–orbit interaction induced by the dynamical dipole–dipole
interaction. A general AM (spin + orbital) formulation for spin-waves in axisymmetric geometries [3] enables an
unambiguous mode assignment and yields quantitative agreement with the field dependence. Beyond this disk
geometry, the same spectroscopic principle provides a route to OAM-resolved magnonics and to transduction
in hybrid magnon–photon or magnon–phonon platforms.
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Resolving individual quanta that form a superposition of number states and constitute a general bosonic mode
state can be accomplished via a dispersive coupling between the boson and a qubit. This principle has been
successfully exploited for resolving microwave photon number states in superconducting circuits [1]. An anal-
ogous sensing of magnon quanta in a macroscopic ferromagnet has also been demonstrated employing the
same superconducting qubit in a more elaborate setup [2].

Here, we theoretically demonstrate that a seemingly classical bosonic mode can be utilized as a probe for
sensing the number states of a magnon mode (see Fig. 1), while outperforming a qubit in various regards as
the sensor [3]. Considering another magnon mode in an antiferromagnet as the probe mode, we delineate the
required dispersive coupling emerging directly from antiferromagnetic exchange interaction. When a phonon is
used as the probe mode, we derive the effective dispersive coupling emerging from the lowest-order nonlinear
magnon-phonon interactions. Our two considered examples provide the general design principles for identifying
and utilizing a bosonic probe mode for sensing the number state composition in a physical platform of interest.

In the second part, we will discuss an experimental realization of magnon-polarons, the quasiparticles formed
from resonant hybridization between a magnon and a phonon, in an acoustic resonator [4]. The intriguing
part here is that an acoustic cavity appears to spatially confine the magnonic mode due to magnetoelastic
coupling which in turn helps the magnon-phonon hybridization. This interplay of confinement and hybridization
is reminiscent of self-hybridized exciton-polaritons [5], and inspires the label self-hybridized magnon-polaron [4].

Figure 1: Schematic depiction of the quantum sensing principle and the required dispersive interaction. Figure from Ref. [3]

REFERENCES

1D. I. Schuster, A. A. Houck, J. A. Schreier, et al., Resolving photon number states in a superconducting circuit,
Nature 445, 515–518 (2007).

2D. Lachance-Quirion, Y. Tabuchi, S. Ishino, et al., Resolving quanta of collective spin excitations in a millimeter-
sized ferromagnet, Science Advances 3, e1603150 (2017).

3B. Dey, S. Verma, M. Weiler, and A. Kamra, Sensing magnonic quantum superpositions using a bosonic mode
as the probe, arXiv2507.19066 (2025).

4K. Künstle, Y. Kunz, T. Moussa, et al., Magnon-polaron control in a surface magnetoacoustic wave resonator,
arXiv2506.09717 (2025).

5F. Dirnberger, J. Quan, R. Bushati, et al., Magneto-optics in a van der waals magnet tuned by self-hybridized
polaritons, Nature 620, 533–537 (2023).

I28

48



All-Electrical Angular Momentum Transport Experiments between Isolated
Ferromagnetic Metal Strips
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Pure spin currents, i.e., the flow of angular momentum without an accompanying charge current, represent a
new paradigm in spintronics. Here, I present our recent progress in probing angular momentum transport via
all-electrical measurements in isolated metallic ferromagnet strips [1].
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Figure 1: Angular momentum transport in diamagnetic substrates. (a) Illustration of the experimental setup. A charge
current in the left FM1 strip induces a magnon accumulation, which in turn induces via angular momentum transport a
magnon accumulation in FM2. The magnon accumulation is then transformed into an electronic charge current. (b) Angle-
dependent measurements conducted on Ni strips on a single crystalline diamagnetic substrate with an injector current of
100µA. The rotation planes are indicated at the top.

In this talk, I will highlight our recent progress toward separating electronic and magnonic contributions to angu-
lar momentum transport in metallic ferromagnets [1]. To this end, we electrically excite and detect spin transport
between two parallel and electrically insulated ferromagnetic metal (FM) strips on top of a diamagnetic substrate
(see Fig. 1(a)). We observe a finite angular momentum flow to the second ferromagnetic strip across a diamag-
netic substrate over micron distances. I illustrate how phononic and dipolar interactions are the likely cause of
angular momentum transfer between the two FM strips. Next, I will show how different diamagnetic substrates
influence the spin transport signal. I will then discuss our current efforts to separate dipolar and phononic con-
tributions in these transport experiments by using suspended nanostructures. Finally, I will provide an outlook
by comparing our results to recent experiments reported by Shen et al. [2] on ferron transport in ferroelectric
substrates, who employed a similar experimental geometry based on FM strips.
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Tunable Complex Magnon-Phonon Coupling in Synthetic Antiferromagnets
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The coupling of quasi-particles in soilds is attracting interest due to their potential applications in quantum
technologies. Many studies have focused on the coupling strength, aiming to develop systems with strong and
possibly ultrastrong coupling. Simultaneously, it is equally import to clarify the underlying physics of the coupling.
We have studied the strength and phase of the complex coupling of magnons and acoustic phonons in magnetic
thin film heterostructures.

A surface acoustic wave (SAW) cavity resonator is patterned on a Lithium Niobate substrate. The quality factor
of the resonator exceeds 3000 at room temperature. The strength of the magnon-phonon coupling in magnetic
thin heterostructures is studied by the change in the SAW spectrum linewidth with magnetic field. We find that
the coupling strength is of the order of 10 MHz for heterostructures that contain transition metal ferromagnets.
In the presentation, we show that the phase of the coupling can be tuned using magnetic field.

Figure 1: Schematic illustration of magnon-phonon coupling[1].
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Controlling Magnons and Their Transport by Electronic Spin Injection
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Magnons are quantized excitations of the magnetization texture in ordered magnets, which can be used to
transport spin information. In recent years, a new device concept in magnonics has demonstrated that direct-
current electrical transport can provide access to the transport properties of magnons. These devices exploit
angular momentum conversion from the electrical to the magnonic domain to electrically generate and detect
magnon spin currents in heterostructures composed of a magnetic insulator and a heavy metal [1]. Recent
studies have shown that in the nonlinear regime the changes in the nonlocal transport allow us also to obtain
information on the transported magnon manifold [2, 3].

In this talk, I will show that cavity modes can form in a magnetic insulator region confined between two Pt
nanostripes, where interfacial anisotropy modifies the magnon dispersion. These modes hybridize with bound-
ary magnons in the Pt-capped regions, producing a distinct anticrossing gap. Nonlinear spin current injection
enables control of the magnon–magnon coupling by altering the cavity boundary conditions, leading to the
suppression of the cavity modes beyond the damping compensation threshold [4].

I will further show that entering the nonlinear regime, local modifications of the magnon dispersion can sensitively
affect nonlocal magnon transport, giving rise to a strong enhancement of the number of specific low-energy
magnons. Considering the role of nonlinear relaxation processes, the nonlocal transport can be reconciled with
the local modification of the magnon dispersion. These results suggest that nonlocal transport measurements,
despite averaging over all modes, are a sensitive probe to unravel changes to the magnon manifold [5].

These results showcase the rich opportunities that arise when magnons are driven into the nonlinear regime by
spin injection.
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Spin-Wave Modes and Nonlinear Interactions in Bi:YIG Disks for Magnonic Neural
Network Implementation in Reciprocal Space
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Neuromorphic computing based on physical dynamical systems provides a route toward energy-efficient, non-
CMOS information processing, but remains limited by training complexity and network depth. We experimentally
demonstrate a neuromorphic platform based on nonlinear interactions among a large number of spin-wave
eigenmodes in Bi:YIG microdisks. Parametric excitation at twice the eigenmode frequencies generates an
intrinsic network in reciprocal space, enabling computation without hardwired neuron–synapse connections and
allowing effective all-to-all mode coupling. Pulsed microwave inputs exploit temporal memory and non-reciprocal
dynamics, while a trainable linear embedding maps input data onto physical control parameters. A surrogate
model enables efficient backpropagation-based training, establishing the system as an interpretable magnonic
hardware platform for nonlinear computation. Spin waves are excited parametrically using microwave pulse
sequences applied through an on-chip antenna, generating a homogeneous radio-frequency magnetic field
oriented at approximately 30° with respect to the static magnetization. The spin-wave response is detected
electrically via the same transmission line by filtering out the excitation signal and analyzing the transmitted
spectrum. The system is driven by overlapping pulses with controlled amplitude, frequency, phase, duration, and
temporal overlap. Time-ordered excitation of distinct modes reveals strong nonlinear effects, including mode-
dependent frequency shifts, amplitude suppression, and temporal non-reciprocity. Reversing the excitation
order produces asymmetric spectral responses, with output suppression differing by up to 40% between forward
and time-reversed sequences, indicating a finite temporal memory extending to approximately 100 ns. The
measured response is analyzed through the time-integrated spin-wave spectrum, discretized into frequency
bins to quantify nonlinear mode interactions and identify reproducible operating regimes governed by intrinsic
spin-wave coupling.

Figure 1: The n-dimensional input vector x is linearly embedded into physical control parameters xphys that define the
microwave excitation field. The measured spin-wave spectrum is discretized into frequency bins and mapped to the output
through a trainable linear readout.

This work is supported by the Horizon 2020 Framework Program of the European Commission under contract
number 899646 (k-Net).
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Real-Space Imaging of Magnons Interacting with Noncollinear Magnetic Textures
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Noncollinear magnetic textures such as skyrmions, bubbles, and domain walls are attracting significant attention
in magnonics because they interact with magnons through their internal spin structure, topology, and handed-
ness. These interactions give rise to nontrivial magnon band topology [1], magnon–skyrmion skew scattering [2],
multipole magnon modes [3], and edge-localized magnon transport [4], providing new routes to control magnon
phase, momentum, and propagation direction. Moreover, such textures can be stabilized without demanding
nanofabrication, making them promising building blocks for nanoscale magnonic devices that enable guided
and nonreciprocal signal transmission in magnonic circuits. However, experimental verification and real-space
imaging of these magnon-noncollinear magnetic textures interactions remain limited. It is challenging to simulta-
neously realize both low-damping materials that host rich noncollinear magnetic textures at room-temperature,
and a microscopy technique capable of resolving both their static configuration and magnon-driven dynamics at
the nanoscale.

In this talk, I will present real-space imaging of magnons interacting with magnetic skyrmions, type-II bubbles
and domain walls at room temperature using time-resolved scanning transmission x-ray microscope (STXM).
In bismuth-dope yttrium iron garnet (Bi-YIG) thin films and Fe/Gd multilayers with interface-induced perpendic-
ular magnetic anisotropy (PMA), the interplay between anisotropy and dipolar energy stabilizes rich magnetic
textures including dipolar skyrmions with dimensions of about 200 nm. Time-resolved STXM allows direct visu-
alization of magnon propagation, scattering, and confinement within the textures. We observed that resonantly
excited magnons can drive the translational motion of skyrmions and bubbles, reaching a velocity up to 175
m/s. This provides direct experimental evidence that magnons transfer momentum to magnetic textures and
move them without electrical current. In addition, we image nonreciprocal magnons confined to deep-sub-100
nm-wide domain walls which is the key to construct chiral edge magnons. These results show that magnons can
manipulate noncollinear textures and use them as information transformation channel, enabling energy-efficient
and reconfigurable room-temperature magnonic devices.
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Topological concepts are transforming our ability to manipulate waves with robustness and directionality. In
phononics, such ideas promise low-dissipation, disorder-immune wave guiding, enabling new acoustic device
functionalities [1]. In the first part of this talk, we introduce our experimental realization of gigahertz topological
surface acoustic waves (SAWs) using nanoscale phononic crystals and microwave impedance microscopy [2].
We directly visualize topological edge modes within the bandgap, demonstrating localized phonon guiding at
GHz frequencies. These results indicate a new pathway toward integrated phononic circuits, where topological
protection could facilitate robust signal routing for both classical and quantum information technologies.

In the second part, we discuss a complementary direction based on nonreciprocal SAW transport mediated by
magnetoelastic coupling [3, 4]. We recently observed nonreciprocal diffraction of SAWs [4], arising from the
transfer of spin angular momentum to the phonon.

While these two directions -topological and nonreciprocal phononics- have not yet been unified experimentally,
they together point toward a promising frontier: combining topological phononic waveguides with magnetic
interactions to actively engineer nonreciprocal or chiral phonon transport. Such integration may unlock novel
functionalities ranging from on-chip signal routing to hybrid quantum interfaces.

Figure 1: (a) Topological SAW and (b) nonreciprocal diffraction of SAW.
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Decoherence Spectroscopy of Spin Waves in Van Der Waals Antiferromagnets
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The advent of two-dimensional magnetic van der Waals (vdW) materials have expanded the boundaries of
nano-magnetism and led to novel ideas for information transfer in the field of spintronics [1]. By probing the
intrinsic layer-dependent magnetic phases, it is possible to gain insight into the spin structure and dynamics
[2]. We are interested in CrSBr, a layered anti-ferromagnet with intralayer ferromagnetic (FM) and interlayer
anti-ferromagnetic (AFM) coupling [3]. Using our cryogenic scanning Nitrogen-vacancy (NV) magnetometer [4],
we demonstrate a novel method of lateral exchange bias (LEB) to control the Neél vector, which is the primary
order parameter in antiferromagnets. Using this technique, we are able to engineer different orientations of the
Neél vector to controllably write domain walls (DWs) in the AFM bilayer [5] as demonstrated in Figure. 1.

Furthermore, by using NV-based decoherence spectroscopy, we show the presence of spin waves localized at
the domain wall. In particular, we observe that the NV spin exhibits increased decoherence as it approaches
the DW. Our measurements provide direct insight to the dynamical degrees of freedom associated to the DW
motion, and ultimately towards controlled driving of the DW motion in two-dimensional antiferromagnets.

Figure 1: Controlled Writing of Domain Wall in AFM Bilayer CrSBr
By reversing the direction of magnetization in the control layer (3-Layer) with respect to the pinning layer

(7-layer), we can imprint antiferromagnetic domain walls into the bilayer. a. No Domain Wall (DW) since the
control and pinning layer are oriented in the same direction. b. Control and pinning layer are oriented in

opposite directions, leading to the appearance of a DW via lateral exchange bias (LEB).
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We propose a hybrid quantum system in which a magnet supporting non-reciprocal magnons, chiral magnons,
or both mediates the dissipative and unidirectional coupling of spin qubits. By driving the qubits, the steady
state of this qubit-qubit coupling scheme becomes the maximally entangled Bell state. We devise a protocol
where the system converges to this entangled state and benchmark it including qubit decay and dephasing.
The protocol is numerically tested on a hybrid system consisting of nitrogen-vacancy (NV) centers coupled to
magnon surface modes of an yttrium iron garnet (YIG) film. We show that the dephasing time of the NV centers
forms the bottleneck for achieving the entanglement of NV centers separated by a distance exceeding microns.
Our findings identify the key technological requirements and demonstrate a viable route toward steadystate en-
tanglement of solid-state spins over distances of several microns using magnonic quantum networks, expanding
the toolbox of magnonics for quantum information purposes.
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*contact: davit.petrosyan@mat.ethz.ch

Cavity magnonics studies the coherent interaction between magnons and microwave photons, providing a plat-
form to explore light–matter interaction in magnetic materials [1]. Driving the system into the nonlinear regime
unlocks new magnonic phenomena, such as power-dependent frequency shifts [2], bistability of magnons [3],
and entanglement between magnons and other bosons [4]. Among magnon nonlinearities, the magnon Kerr
effect (MKE) appears universally in any ferromagnetic system with finite anisotropy and manifests itself as a
self-induced frequency shift of the magnon modes. We have studied the MKE using a high-quality 200-nm thick
yttrium iron garnet film, grown by liquid phase epitaxy, in a strongly coupled cavity–magnon system [5]. The
cavity is of the loop-gap type, optimized to couple with thin films of magnetic insulators [6]. The strong coupling
in the system is characterized by the avoided crossing in Fig. 1(a). The MKE is probed as frequency shifts of the
magnon–polariton branches when increasing the microwave power [Fig. 1(b)], and the cavity serves as a sensi-
tive probe of the magnon dynamics. We investigate the MKE for all angles of the magnetization with respect to
the film plane. The experimental data is well described by a newly derived theoretical model of the MKE in a thin
ferromagnetic film [7]. Our study predicts the trade-off between anharmonicity of a magnonic system and the
threshold for coherent magnon–photon coupling, which is necessary for probing the magnetization dynamics.

Figure 1: (a) Field- and frequency-dependent microwave transmission of the coupled magnon–photon system featuring
the avoided crossing, measured in the in-plane configuration at −5 dBm. (b) Power- and frequency-dependent microwave
transmission measurements of the coupled magnon-photon system at a fixed field near the center of the avoided crossing.
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Magnons, collective quantum excitations of spin ensembles in a ferromagnet, couple to a number of different
degrees of freedom, e.g. phonons. The exceptional tunability of magnonic and phononic systems has allowed
the experimental realization of strong magnetoelastic coupling [1, 2] in systems consisting of a thin ferrimagnetic
film on a non-magnetizable substrate (see Fig. 1). Recently, the parametric drive of magnons through strongly
driven phonons has resulted in the observation of subharmonic excitations in the magnon spectrum [1, 3].
The appearance of these subharmonic excitations bears strong similarities with spontaneous parametric down-
conversion (SPDC) observed in photonic systems. Similarly to SPDC, which allows the generation of entangled
photon pairs , the present magnonic and magnetoelastic processes can also be used to generate entanglement
between magnons. Investigating entanglement necessitates a quantum theory. Furthermore, quantum modeling
and optimization of entangled states would benefit greatly from an analytical model describing the generation of
parametric magnon instabilities.

We present the findings of our work1 [4] in which we formulate a fully analytical classical theory which lets us
Identify multiple competing nonlinear interaction processes that contribute to the emergence of subharmonic
magnetization spectrum peaks. It also lets us understand what modes are excited by the parametric instabilities
and why certain modes are suppressed and predict quantitatively the threshold values of the driving power at
which specific magnon modes are parametrically amplified by the spontaneous nonlinear scattering processes.
This formalism has successfully reproduced quantitative experimental results [1]. We have extended this theory
into the quantum regime and are exploring the possibilities of entangled state generation.

Figure 1: In-plane propagating magnons in a ferromagnetic thin film couple strongly and nonlinearly to SAW phonons.
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Recent studies on magneto-elasticity have demonstrated long-range coherent coupling between distant macrospins
via the transfer of the spin angular momentum (SAM) component of magnetization dynamics into chiral phonons
[1]. These findings have drawn increasing interdisciplinary interest in the mechanisms of angular momentum
transfer between distinct systems, but the orbital angular momentum (OAM) counterpart [2] remains experimen-
tally unexplored.

In this work, we report on the design of an experiment to spectroscopically excite and detect non-vanishing OAM
in an axisymmetric magnetic nanostructure. Our approach focuses on the coupling between the fundamental
mode of a magnetic vortex texture—the gyromotion of the vortex core—and an elastic wave carrying OAM (see
Fig. 1). Such a rotating elastic wave has been generated in the ∼100 MHz regime via spiral-shaped interdigi-
tal transducers on X-cut LiNbO3 substrate, and characterized using time-resolved Michelson interferometry[3].
A magnetic vortex ground state is stabilized in Permalloy disks of variable radius, whose gyrotropic mode is
characterized using time-resolved MOKE microscopy and identified in the ∼100 MHz frequency range.

Reversal of the vortex core polarity enables control of the relative handedness between vortex gyration and
acoustic OAM, allowing investigation of how angular momentum sign influences the coupling efficiency. This
work provides a platform to explore the transfer of orbital angular momentum between elastic excitations and
magnetic textures, opening routes toward controlled hybrid magnon–phonon systems.

Figure 1: Left: Design of the interdigitated transducer (IDT) used to generate acoustic waves carrying orbital angular mo-
mentum; the electrode geometry follows a spiral phase profile. Right: Experimentally measured spatial maps of the vertical
surface displacement amplitude (center) and phase (right) of the acoustic field, confirming the generation of a chiral wave-
front with non-zero orbital angular momentum.
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Since the pioneering observations of Christiaan Huygens in the seventeenth century, the phenomenon of syn-
chronization between two self-sustained oscillators—such as coupled pendulum clocks—has remained a funda-
mental topic in nonlinear dynamics. It is well established that when the coupling strength between two oscillators
exceeds the frequency detuning, phase and frequency locking can occur, leading to a synchronized state.

In recent years, related phenomena have been explored in many hybrid systems (such as magnon-cavity sys-
tem) characterized by non-Hermitian Hamiltonians, where dissipative coupling between modes gives rise to
mode coalescence and exceptional points.

In this theoretical investigation, we explore the interplay between non-linear and non-Hermitian physics to ex-
amine how dissipative coupling influences the robustness and conditions of synchronization between two self-
sustained oscillators. Our analysis demonstrates that as the coupling character shifts from coherent to dis-
sipative, the synchronization range with respect to frequency detuning expands markedly (see Figure below).
Moreover, we identify two distinct synchronization regimes associated with dissipative interaction. The first
regime, referred to as *balanced synchronization*, corresponds to the conventional case in which both oscilla-
tors attain similar amplitudes and share a unified frequency once synchronized. The second regime, termed
*imbalanced synchronization*, arises when one oscillation mode is effectively suppressed, leaving the system
to oscillate collectively through a single dominant mode. Although this imbalanced state displays asymmet-
ric amplitudes and may represent a less ideal form of synchronization, it notably extends the overall range of
achievable synchronization.

Figure 1: Left: two (self-sustained) oscillators coupled via a hybrid coherent and dissipative coupling parametrized by
coupling phase θ. Right: The simulated synchronization phase diagram as function of ω2/ω1 and coupling phase θ.

Overall, our analysis demonstrates that dissipative coupling not only enhances the occurrence of synchroniza-
tion but also introduces an additional, qualitatively different mechanism underpinning it. These insights enrich
our understanding of nonlinear dynamics in non-Hermitian systems and open up new avenues for exploring
synchronization phenomena in a broader class of physical and engineered systems.
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Encryption of data and communication protocols is a key requirement for secure access to data as well as secure
communication of information within wireless sensor networks and communicating objects. For this, encryption
keys are used that are based on random numbers. However, when generated by conventional digital hardware,
the generated numbers are only pseudo-random. Therefore, in order to generate true random numbers, it is
preferable to exploit physical processes such as quantum fluctuations, thermal noise [1] or chaotic signals.

In this presentation we will explore experimentally the non-linear dynamic properties of the auto-oscillations of
spin-torque nano-oscillators to generate chaotic signals that can then be employed for true random number
generation. While numerous numerical studies can be found in the literature, experimental implementations are
limited [2] [3] [4] [5].

To access experimentally a chaotic dynamic, several conditions must be fulfilled: the system must be strongly
non-linear and it must possess a sufficiently large number of degrees of freedom (Poincaré-Bendixon theorem).
Coupling several subsystems, injecting a non-linear driving force or use time-delayed feedback techniques could
enhance the non linearity of a system. These mechanism also raise the dimension of the phase space since
new state variables or delayed terms act as additional degrees of freedom.

Here we will present preliminary experimental results on the delayed feedback technique, where the output
signal of a vortex state spin torque nano-oscillator is fed into a field line antenna placed on top of the STVO, which
generates a local rf magnetic field, and through this acts on the dynamic state of the vortex auto-oscillation [6]
[7]. We will present a detailed analysis on the influence of the feedback parameters: strength and phase. When
increasing the feedback signal amplitude, a transition of a well-defined single oscillation peak to a frequency
comb is observed. The dynamics properties such as the Lyapunov exponent and the fractal dimension are
extracted from a reconstructed attractors in the phase space from voltage time series and completed by noise
titration analysis.

This analysis confirms that under specific values of the feedback parameters a chaotic dynamic state can be
reached. These methods will be extended to other schemes to generate chaotic signals. Furthermore, condi-
tioning of the chaotic signal to generate a true random bitstream from the chaotic signal will be discussed.
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Emerging magnonic technologies rely on the propagation of dynamic collective excitations in ordered magnetic
crystals as the basis for novel functional mechanisms [1]. These excitations, known as spin waves, can propa-
gate up to millimeters in distance while retaining efficiency due to a lack of associated charge transport. Yttrium
Iron Garnet (YIG) has long served as a popular host material for spin wave studies due to its very low Gilbert
damping, which allows for long-range propagation. Recently, quantum sensing imaging using the Nitrogen Va-
cancy (NV) has been employed to directly image the dispersion of spin waves in YIG with high spatial resolution,
demonstrating the dependence on excitation handedness of the microwave field, as well as the observation of
frequency-degenerate wavevector contours, which are measured as interference patterns via the dipolar cou-
pling to the electron spin resonance of the NV [2, 3]. Here, we perform nanoscale spin wave imaging and directly
compare the spin wave scattering properties in YIG films grown by sputtering and liquid phase epitaxy.
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Superconductors are materials with zero electrical resistivity and the ability to expel magnetic fields known as
the Meissner effect. Their diamagnetic response is central to magnetic levitation and circuits such as quantum
interference devices. I will describe the use of superconducting diamagnetism to shape the magnetic environ-
ment governing the transport of spin waves – collective spin excitations in magnets that are promising on-chip
signal carriers – in thin-film magnets [1]. Using diamond-based magnetic imaging, we observe spin waves with
strongly altered wavelengths underneath the superconductor. I will then present recent results in which we em-
ploy this wavelength shift to study temperature-tuneable spin wave refraction, which could open the way towards
superconductor-based spin-wave optical devices. Our results demonstrate the versatility of superconductor-
controlled spin-wave transport with potential applications in spin-wave gratings, filters, crystals and cavities.

Figure 1: Spin-wavelength shift underneath a superconductor. Image retrieved from [1].
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Impact of the Magnon Dispersion on Spin Transport
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The spin Hall magnetoresistance (SMR) provides electrical access to the magnetization of a magnetically or-
dered material [1, 2]. Recent works have shown that changes in the net magnetization due to magnon creation
and annihilation can be observed in the SMR [3]. However, the number of magnons - and thus the magneti-
zation - can also be modified by changing their energy gap. In this work, we experimentally demonstrate that
the changes of magnon occupation due to magnetic fields and crystal orientation sensitively modify the SMR
amplitude. The concepts are summarized in Fig. 1 and highlight the close interaction between electrons, spin
currents and magnons as probed by the SMR.
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Figure 1: Theoretical expectations for the SMR amplitude. (a) and (b) illustrate the Bose-Einstein distribution n(E) (black)
and the density of states g(E) (colored). In (a), the gap is caused by an external magnetic field B, whereas in (b), the
gap is caused by the underlying crystal structure due to a crystal anisotropy of the ferromagnetic layer. (c) and (d) depict
the product of n(E) × g(E). The shaded area under the graph (the integral) corresponds to the total number of magnons
resulting from the different gaps. (e) and (f) depict the expected behavior of the SMR = ∆ρ/ρ, accounting for a scaling with
M2 [2, 3] for different fields B1 and B2 or crystal orientations φ1 and φ2.

We investigate prototypical yttrium iron garnet / platinum heterostructures and show that higher magnetic fields
reduce the magnon population by pushing the magnon manifold to higher energies, leading to an increase of
magnetization and thus the SMR. In turn, the influence of the anisotropic magnon gap in yttrium iron garnet films
leads to a crystal orientation dependence of the SMR. The magnetic field and orientation dependence can be
rationalized in terms of the changing magnon occupation. Our results showcase that magnetoresistive effects
not only probe the properties of the static magnetization, but also reveal information about the magnetization
dynamics, i.e., the magnons.
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Single-crystalline yttrium iron garnet (YIG) thin films are one of the prototypical material systems in the field of
magnonics, owing to their record-low damping of the magnetization dynamics. Integrating such thin epitaxial
YIG into hybrid (quantum) systems promises a platform to not only study the interaction of magnons with other
(quasi)particles but also the realization of on-chip transduction and sensing capabilities. Up to now, epitaxial
YIG with the necessary magnetic properties is almost exclusively achieved by using gadolinium gallium garnet
(GGG) substrates. However, this inhibits the usability of YIG in such devices because of the losses occurring at
low temperatures due to the paramagnetic substrate.

To circumvent this problem, we use liquid phase epitaxy (LPE) to grow ultrathin films of strained YIG on a com-
mercial diamagnetic substrate, yttrium scandium gallium garnet (YSGG) [1]. We investigate their magnetization
dynamics between 3 K and 300 K, and compare them to films grown on paramagnetic GGG. We demonstrate
that our LPE YIG on YSGG substrates features a ferromagnetic resonance linewidth below 1 mT at 3 K, together
with a very weak temperature and frequency dependence of the losses. Therewith, the growth of YIG/YSGG by
LPE provides a straightforward approach for the fabrication of YIG thin films for low-temperature investigations.
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Optomagnonic modulation techniques for information transfer from microwave to the optical domain have gained
significant attention in recent years [1][2]. In this study, we exploit optomagnonic modulation techniques to
demonstrate a real-time microwave to optical domain pulse transfer in a YIG microsphere. In our study, we
inductively excite magnons using micro-loop antenna. Utilizing Brillouin light scattering, the excited magnons
are then transduced to the optical domain by exciting the whispering gallery modes of the microcavity using a
silica nano-fiber taper. In order to modulate the magnons, the RF signal is pulsed - which constitutes as write
pulses. The optical response to pulses is encoded in the corresponding optical sidebands which is then retrieved
by selective filtering and amplifying the sidebands and impinging the resulting signal on a fast photodiode.
A trail of pulses is observed on a fast oscilloscope which confirms the reading of the microwave pulses in
the optical domain. The study also enables a direct measurement of the lifetime of the excited magnonic
mode. Access to both microwave as well as optical domains provides an opportunity of double confirmation
of the lifetime. The average lifetime extracted from the decay time corresponding to the microwave domain
is ∆avg,rf = 67.55ns with the standard deviation of σrf = 5.62ns, while the one corresponding to the optical
domain is ∆avg,opt = 37.79ns, with the standard deviation of σop = 6.80ns. Both lifetimes are in good agreement
to each other with a relationship of ∆avg,rf = 2 × ∆avg,op, which accounts for the factor of 2, resulting from
measuring two different quantities - intensity in optical domain and amplitude in rf domain. The study provides
an insight into the time dynamics of magnons and opens up new promising research directions such as magnon
based Brillouin memory owing to a superior lifetime to its phonon counterpart at room temperature.

Figure 1: a) Schematics of the magnon mediated write-read scheme. b) Magnon mediated Brillouin light scattering.
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Most ferromagnetic resonance (FMR) experiments operate in the linear regime, where higher-order magnon
processes are negligible. At higher excitation amplitudes, however, nonlinear effects such as Suhl instabilities
can emerge [1]. The first nonlinear contribution, responsible for the first-order Suhl instability, involves three-
magnon coupling between different spin-wave modes.

Indirect evidence of such three-magnon interactions has been reported in studies of FMR mode saturation,
relaxation, and in recent cavity magnonics experiments. Yet, a systematic framework for controlling and manip-
ulating the magnon three-wave mixing Hamiltonian remains to be developed.

In this work [2], we experimentally and theoretically demonstrate that nonlinear spin-wave dynamics can mediate
an effective resonant interaction between otherwise non-resonant magnon modes in a yttrium iron garnet (YIG)
disk. When the system is strongly driven near the FMR mode, we observe a clear spectral splitting that increases
with drive amplitude (see Fig. 1). This behavior is quantitatively captured by a model based on the linearization
of a magnon three-wave mixing Hamiltonian.

Our results provide a controlled platform for accessing and exciting higher-k magnon modes — known to pos-
sess significantly longer lifetimes [3] — and open pathways toward tunable nonlinear magnonic devices.

Figure 1: FMR mode splitting under strong microwave drive. Top: Power-dependent spectra with the pump tuned in reso-
nance with the FMR mode (zero detuning), showing the tunability of the coupling strength. The diagram in the bottom-right
corner shows the dispersion relation of backward volume magnons, such that the k=0 mode interacts with two modes at half
frequency and opposite momenta, k. Bottom: Pump-detuning-dependent spectra at a fixed drive power of 10 dBm. The
observed avoided crossing indicates strong resonant coupling between the uniform FMR mode and secondary spin-wave
modes. At large detunings, the resonance dips become narrower, reflecting the lower damping of the high-k modes involved.
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Magnomechanical systems provide a promising route for exploring quantum phenomena and hybrid information
processing, but their realization has so far been limited by weak magnon–phonon coupling in conventional bulk
materials. Whether two-dimensional van der Waals magnets can serve as a practical platform for such experi-
ments remains an open question. Here we show that a suspended ferromagnetic membrane with in-plane spins
and out-of-plane mechanical oscillations exhibits strong magnomechanical coupling dominated by magnetoelas-
tic interactions. We find that the parametric single magnon–phonon coupling rate scales linearly with pre-strain
and can reach a few kilohertz in van der Waals ferromagnets, specifically in CrGeTe3, under experimentally
realistic conditions. This coupling rate exceeds that of YIG spheres by four orders of magnitude and surpasses
phonon–photon coupling in state-of-the-art optomechanical systems by two orders of magnitude. Our results
demonstrate that van der Waals magnets constitute a robust and highly tunable platform for magnomechanics,
opening new opportunities for spin–lattice hybrid quantum technologies.
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C. Hernández-Gómez1,*, C. Del Pino-Batlles1, D. Zalka2, N. Carmona3, A. Gutiérrez4, A.
Quesada1, P. Prieto4, A. Serrano1

1Electroceramics Deparment, Ceramic and Glass Institute (ICV-CSIC), Spain
2Beamline BM23, European Synchrotron Radiation Facility (ESRF), France

3Materials Physics Department, Complutense University of Madrid (UCM), Spain
4Applied Physics Department, Autonomous University of Madrid (UAM), Spain

*contact: cayetano.hernandez@icv.csic.es

Spintronics is presented as a novel field for a whole new era of data processing devices, which will exploit the
great properties of spin-waves (magnons) such as non-linear dynamics, low energy consumption and ultra-fast
responses. In this line, hybrid magnonic systems based on plasmonic nanoparticles (NPs) and antiferromagnetic
(AFM) materials show high potential to stimulate spin-waves by light through the plasmon-magnon interactions.
However, developing these hybrid systems requires a detailed comprehension of physical-chemical conditions
of the plasmonic NPs and their interaction with the AFM. [1, 2]

In this work, we have focused on the growth and characterization of plasmonic NPs based on noble metals (i.e.,
AgAu alloys) grown by solid-state dewetting (SSD) over NiO AFM bidimensional layers. The nanostructuration
process of plasmonic NPs was controlled by extrinsic parameters such as temperature and partial atmosphere
during the SSD process. Chemical composition of the NPs and NiO was determined and the local surface plas-
mon resonance (LPSR) bands were identified and associated with the different features of NPs. Specifically, a
correlation between the plasmonic resonance with the morphologic properties of the NPs allows us the iden-
tification of the morphologic parameters, which have direct influence over the LSPR wavelength position and
definition. Controlling these parameters opens new ways to study and control the plasmon-magnon interaction,
affecting the future performance of the computing devices based on this technology.

Figure 1: Left: LSPR bands obtained for two samples with different thermal treatments of Ag-Au NPs grown on NiO AFM
bidimensional layers. Middle: Distributions of equivalent diameters calculated for NPs. Right: Polar distributions of the angle
formed by NPs major axis with the horizontal axis.
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The cavity optomechanical system, which studies the interaction between photons and phonons, has potential
for applications in ultrasensitive detection and serves as a fundamental element in the development of general
quantum networks. Here we demonstrate the coherent storage of microwave signals in the gigahertz range
using a cavity electromechanical system consisting of a high-quality SiN membrane resonator and a supercon-
ducting cavity[1–3]. The membrane resonator was first cooled to its quantum ground state, where the phonon
occupation number is 0.79. Subsequently, through the operations of writing, storing, and restoring, we demon-
strate the coherent storage of microwave signals, which is manifested in the precise reproduction of the ampli-
tude and phase of the written signal. The experimental results show a coherent storage time of 55 milliseconds,
which means that less than one thermal noise phonon is thermalized during this interval. This suggests that
cavity electromechanical systems with high-quality factors have significant potential for application in quantum
storage devices for quantum computers.

Figure 1: On-chip electromechanical memory and state tomography pulse sequence.
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Nanomechanical systems are emerging as a compelling platform for ultralow-power and radiation-tolerant in-
formation processing. A central challenge, however, is their susceptibility to bit-flip errors caused by impulsive
disturbances and noise. Developing mechanical memory elements that can withstand such perturbations is
therefore essential for advancing scalable nanomechanical computing.

We demonstrate that a small network of coupled nonlinear resonators can realise autonomous nanomechanical
error correction [1]. Our architecture comprises three all-to-all coupled Duffing resonators fabricated from high-
Q silicon nitride membranes (see Figure 1). When driven in the bistable regime, the coupled system behaves
as a collective mechanical memory that naturally restores the stored state following impulsive kicks applied to a
single resonator.

Figure 1: Optical micrograph of three coupled mechanical resonators.

Through extensive disturbance tests, we observe a 35× reduction in bit-flip probability compared with an isolated
resonator operating under the same conditions. This enhanced resilience is maintained across a wide range of
drive strengths and detunings, indicating the robustness of the collective state.

These results establish coupled nanomechanical resonators as a promising platform for implementing stable,
low-power mechanical memory with inherent error tolerance, offering new opportunities for reliable nanome-
chanical processors suited to challenging operating environments.
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Although the microscopic origin of the intrinsic spin Hall effect has been identified a long time ago in terms of a
spin-selective Hall voltage, the quantitative nature of this effect has remained controversial. Most importantly, it
is at present still debated how to best evaluate the intrinsic spin Hall effect for band structures where spin is not
a good quantum number.

Here, we propose a quantum-geometric approach for splitting a moving wave packet into its spin projections:

Aα+
n,j = ⟨n|Pα+r̂jP

α+|n⟩, Aα−
n,j = ⟨n|Pα−r̂jP

α−|n⟩. (1)

where Pα+ and Pα− are two projectors onto spin up and spin down subspaces of α component Pauli matrices
sα, |n⟩ = |n(k)⟩ is the Bloch wave function and position r̂j can be defined in k-space through the covariant
derivative. The sum An,j = Aα+

n,j + Aα−
n,j is then the usual Berry connection for band n, when their difference

Aα
n,j = Aα+

n,j −Aα−
n,j is the spin Berry connection. Using Aα

n,j , we introduce a novel spin shift vector:

Sα
n,j(k) = Aα+

n,j (k)−Aα−
n,j (k)− sαn(k)An,j(k) (2)

where sαn is a diagonal matrix element of sα. Sα is a gauge-invariant measure of the proper distance between
spin projections, which is schematically shown in Fig. 1.
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Figure 1: Shift vector as a distance between the spin up (red) part of the wave packet and the spin down one (blue).

This framework facilitates a simple and intuitive derivation of the spin-selective anomalous velocity and provides
a consistent definition of the spin Berry connection and the spin-selective Berry curvature (SSBC) Ωα

n(k) =
∇×Aα

n, whose components (Ωα
n(k))i = ϵijlΩ

α
n,jl are given by,

Ωα
n,jl =

i

2
⟨n|{ŝα, r̂j} × r̂l|n⟩ =

i

2
⟨n|∂kl

× {ŝα, ∂kj
}|n⟩. (3)

The Spin Hall conductivity obtained from this SSBC actually reproduces the response of conserved spin current
(CSC) d

dt{r, sα} = {ṙ, sα} + {r, ṡα} to an applied electric field [1]. The CSC preserves the continuity equation
for spin even in cases where spin–orbit coupling (SOC) breaks spin conservation, [H, sα] ̸= 0.

Unlike previous attempts, this new intrinsic spin Hall conductivity fulfills several general requirements for the
transverse spin response in the gap of any topological insulator: It fulfills the continuity equation, changes
continuously upon breaking spin conservation, and decreases monotonically with increasing spin-orbit torque.
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Quantum Sensing of Composite Excitations of a Ferromagnet via a Qubit
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The superpositions of the quanta of bosonic modes such as photon, phonon and magnon-number states have
been successfully resolved via a qubit [1–3] by engineering an effective dispersive interaction ∼ χn̂σz between
the qubit and the bosonic mode, where n̂ is the boson number operator and σz the qubit operator [4]. When the
bosonic mode hosts a superposition of its number states, the dispersive interaction renders the qubit frequency
multivalued resulting in multiple resonances in the qubit spectroscopy.

Figure 1: (a) Schematic depiction of the model and the magnonic superpositions constituting the squeezed vacuum and a
squeezed magnon. (b) Qubit spectroscopy shows distinct sets of resonant peaks for each squeezed magnon number state.

The magnonic superpositions which have been sensed by a superconducting qubit [3] was a nonequilibrium
state of magnons generated by driving a macroscopic ferromagnet into resonance. However, superpositions
are also intrinsically present in a ferromagnet at equilibrium, forming the vacuum of squeezed magnons – the
actual quasiparticle excitations of an anisotropic ferromagnet [5]. A recent theoretical work has shown that these
equilibrium superpositions can be probed through a direct dispersive coupling to a spin qubit [6]. In our ongoing
work, we extend this protocol to sense the magnonic superpositions that define the excited squeezed-magnon
states. We demonstrate that qubit spectroscopy can distinguish the characteristic superpositions underlying
each of these excitations. The spectroscopy is simulated using a Lindblad master equation that incorporates
coupling of the system to a thermal bath. This sensing protocol provides a route to probing the quantum nature
of composite magnetic excitations in a ferromagnet.
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Spin-Wave and Mechanical Modes of Suspended YIG Microtoroids
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3SPINtronique Et TEchnologie Des Composants, CEA Grenoble, France
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The magneto-elastic interaction couples the magnetic and elastic degrees of freedom, allowing spin-waves
(SWs) and acoustic waves to hybridize [1]. Yttrium-iron-garnet (YIG) exhibits moderate magneto-elasticity and
both very low SW damping and acoustic losses, which can result in strong magnon-phonon coupling in single-
crystalline samples [2]. With recent advances in the nanofabrication of YIG nanoresonators [3], it can be envi-
sioned to couple SW dynamics to mechanics in such systems. As such, it is possible to efficiently couple the
mechanical modes of YIG microstructures in the very to ultra high frequency range with specific SW modes. The
longer-term goal is to achieve the strong coupling regime between microwave photons, magnons, and phonons,
which would enable broadband and coherent frequency conversion using this type of magneto-mechanical
transducer [4].

Here, we present the mechanical and magnetic characterizations in the microwave range of suspended single
crystal YIG microdisks obtained by two distinct methods: a bottom-up approach, where inductive elements are
patterned near existing suspended YIG microdisks; and a top-down one, where FIB manufactured YIG micro-
rings are transferred directly into existing inductive antennas on arbitrary substrates. The characterization of the
mechanical modes of these microstructures is done with a homemade laser Michelson interferometer and the
SW spectroscopy is done with a magnetic resonance force microscope. Several disks were characterized, with
varying thicknesses and diameter of a few micrometers.

This work is supported by the EU project HORIZON-EIC-2021- PATHFINDEROPEN PALANTIRI-101046630.
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Spin-Wave Excitation in Ferromagnet with Superconductive Nanostructures
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A growing interest in hybrid systems for quantum computing necessitates the operation of magnonic conduits at
low temperatures and in superconducting circuit environments. In such systems, eddy currents in superconduc-
tors shield the internal magnetic field, leading to the formation of an external stray field. This stray field, which
can be controlled by an external dynamic magnetic field, can influence the magnetization dynamics of nearby
magnetic layers and structures [1], [2]. In our study, we investigate the impact of stray magnetic fields generated
by superconducting stripe arrays on spin-waves excited in an adjacent ferromagnetic layer. We have conducted
a series of experiments on a hybrid system consisting of superconducting strips placed over a magnetic film.

The sample was cooled down in a cryogenic system to explore a broad temperature range, including tempera-
tures below and above the critical temperature of niobium (9 K). Figure 1a shows the arrangement of experiment.
A homogeneous RF magnetic field in the frequency range of 0–15 GHz was applied using a Vector Network
Analyzer (VNA), which simultaneously recorded the absorption response of the magnetic layer. The measured
absorption spectra across 5–270 K Figure 1c are complemented by theoretical calculations performed using the
SpinWaveToolkit Python package [3].

Figure 1: The scheme of experiment and received spin waves spectra. a) Geometry for performed low-temperature mea-
surements. b) Scheme of physical process inside superconducting stripe. Dynamic component of external magnetic field
induces eddy currents j. Eddy currents produce dynamic field B. c) Spectra of spin waves produced by influence of stripes
in superconductive state
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Spin-Wave Spectroscopy of Perpendicularly Magnetized Disks
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There has been an increasing realization in recent decades of the fundamental importance of the angular mo-
mentum carried by wave fields, which can be separated into spin (SAM) and orbital (OAM) components in certain
cases. The latter is a universal feature of waves in uniform continuum media represented by helical or rotational
wavefronts, and can potentially encode a large amount of information for mode multiplexed communication
channels or multi-level registers of quantum states.

We have recently developed a homemade ferromagnetic resonance (FMR) spectrometer to investigate mag-
netization dynamics in axially symmetric geometries. In the saturated state, this angular momentum can be
decomposed into orbital and spin contributions [1, 2], which are coupled through the dynamical dipole–dipole
interaction.

In this work, we report spin-wave spectroscopy measurements on perpendicularly magnetized microdisks [3–5]
of yttrium iron garnet (YIG) excited by circularly polarized microwave magnetic fields. The absorption spectrum
is shown in Figure.1. We investigate how the precession ellipticity depends on the azimuthal mode index and its
polarization under varying external magnetic field conditions.

Figure 1: Spin-wave absorption as a function of the applied magnetic field with an excitation frequency of 6 GHz for a 200 µm-
wide and 21 µm-thick YIG disk. The resonance peaks are labeled (nR, nJ), where nR denotes the radial index and nJ the
azimuthal index. The strongest peak is the Kittel mode, labeled (0, 1). The other peaks are the radial harmonics.
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Over the past decade, scanning nitrogen–vacancy (NV) center magnetometry has emerged as a powerful tech-
nique for locally probing both static and dynamic magnetic fields. Although static magnetization imaging has
already reached maturity [1], the detection and mapping of magnetization dynamics remain in their early stages.

Traditionally, NV-based broadband detection of spin waves (SWs) has relied on multi-magnon scattering pro-
cesses triggered by ferromagnetic resonance (FMR), which generate magnons at the NV electron spin reso-
nance (ESR) frequency [2]. However, this approach strongly depends on the relative position of the magnon
band with respect to the NV ESR transition and therefore cannot be applied systematically across materials or
field configurations. Moreover, extracting quantitative information about the excited SW modes is challenging,
as it inherently requires operating in the nonlinear regime.

Using double-tone spectroscopy, we optically detect the linear spin-wave eigenmodes of a microdisk with a
single NV center. The measurements are carried out at room temperature on a normally magnetized yttrium
iron garnet (YIG) disk with an 80 µm radius and a thickness of 4 µm. The diamond probe contains an NV center
whose quantization axis is oriented along the (111) crystallographic direction, aligned with the externally applied
magnetic field.

The detection principle is based on the modulation of the NV electron spin resonance induced by the microwave-
driven oscillation of the stray magnetic fields generated by the spin-wave modes. As shown in Fig. 1, this
approach enables MHz-level spectral sensitivity for the detection of ferromagnetic resonances.

Figure 1: Single NV-center spin-wave spectroscopy performed with the probe positioned at the center of the YIG microdisk
under a 240 mT out-of-plane magnetic bias field. The dominant resonance corresponds to the Kittel mode, while the subse-
quent peaks arise from higher-order radial harmonics. Schematic representations of the corresponding precession profiles
are shown above their respective spectral features.
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