SpinBrouics usith
waguetic ivsuylators

Joe Barker, Yaroslav Blanter, Mehrdad Elyasi,

7ao Yu, & Gerrit Bauer
NIMS

Alil®

&,

* »
'.‘m-.

Contents

« Introduction to magnonics of YIG

¢ (Quantum) non-linearities of YIG in
microwave cavities

» Chiral magnon transport

C. Magnon

Y09 Fe," (Fe®0,®),

Yttrium Iron Garnet

(dodecahedral) Fe3
Y o (tetrahedral)

L]

o ooty s=512
& i -

® e

< o .

: 9 Fe3* (octahedral)

Curie temperature 550 K
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transparent for IR light / large Faraday effect
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Spin waves and magnons

Landau-Lifshitz equation: %" =—yMxB

Linearized solution (exchange magnons):
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Magnons: Quanta of spin
waves with S=1 (Bosons):

Charles Kittel
(1916-2019)

tunable magnetic anisotropy H T
superior spin conductor L N =—
- high magnetic quality factor, Q=105 (single Xtals), Q=10* (thin films) eﬁ? _1
- low acoustic damping (“better than the best quartz”)
Magnon interactions Thermal spin dynamics (J. Barker, 2016,2019)
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increasingly important with magnon density
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Spin wave power spectrum (J. Barker, 2019)
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Feynman has been joking!
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Polarized inelastic neutron scattering cross section
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Parabolic exchange model
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Magnetic charges and energies
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magnetic vs. electric 4 . S
monopoles (Wikipedia)
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magnetic wire, spin ice
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Magnon dispersion of a d = 5um YIG film
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Chirality in chemistry and transport
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chemistry

quantum (spin) Hall effects

Magnetostatic surface waves (Damon & Eshbach, 1959)

/_ dynamic charges

dynamic fields
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Magnetostatic surface waves

=+ Topological protection of half-space DE modes: Yamamoto et al. (2019)

Class Cl semimetals: // o+ 8.0, + Cio
Electrons Classical waves
Symplectic structure @ = dp A dg
Topological * (LY

edge states

Not discussed here

Subclass CI* proposed in this article

= Small group velocity
= Dephasing by weak disorder
= Efficient backscattering to opposite surface in films

Tao et al. (2019)
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YIG sphere in a microwave cavity
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Very strong coupling: magnon polariton quasiparticle

Frequency (GHz
Transmission coefficient Re(Sy,)

Huebl et al. (2013), Tabuchi et al. (2014) Y. Cao et al. (2015)

M. Elyasi et al., arXiv:1910.11130

Classical dynamics of YIG
in resonantly driven
microwave cavity.
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\Wigner distribution functions from quantum master equations

Tri-partite system
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Lindblad operator
in Born-Markov
approximation
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Crash course on entanglement :
arXiv:1910.11130
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(© Entanglement is a valuable quantum information “resource”.

(2 For continuous variable systems, the degree of entanglement
can be quantified by observable “measures”.

(® Not all entanglement is useful (“distillable”).

(@ The degree of distillable entanglement can be quantified by the

E,,, "logarithmic negativity” of a bipartite density matrix.

(® The “Gaussian” type distillable entanglements around

semiclassical fixed points can be observed by homodyne

detection schemes.

Conclusions M. Elyasi et al., arXiv:1910.11130

(a) Hexe

« Driven pu-wave cavity + YIG sphere is =

massively entangled with distillable b
E;~0.3-0.4. _ 5{3{, &= 8
« Quantum squeezing of photon A —
fluctuations by the magnons. 4
« Entanglement is not Gaussian, but [ L l'
can be made so by “injection —
locking”. ) l
« Heat management can control 7~1K. — L i] Hle

- YIG Ni (Co) Nh (Cu Au)
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Co nanowire array on YIG film (H. Yu c.s., 2019)

Magnetic dipole (T. Yu et al., 2019)
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Magnonic diode
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Chiral spin Seebeck effect

Al

V6 eV —p

M,

Number of non-equilibrium Kittel magnons in right contact:

Spr = Scsse(TL — Tr) when To > Tr
0 TL < Tr




Guided microwaves (TE;, mode)

microwave (ac) magnetic field of lowest TE
mode in a rectangular wave guide
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Chiral optics equivalent

Electric field of a waveguide mode

Propagation

Circularly polarized special lines in a waveguide

© W. Lin et al., CLEO2019, SW4J.4 (Iwamoto G, U. Tokyo)

Magnon accumulation by antenna phase array

sub-mm YIG spheres §
with local antenna on chiral line 100
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Take home messages on hybrid magnons

@ YIG is the
the quest for macrost
quantum effects.

(2 Distillable magnon-
photon entanglement.
(3 Chirality awaits
(quantum) appli
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