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Magnetic insulators as signal transducers
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coherent order-parameter dynamics
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Outline

Magnetic insulators as a transport medium: The two-fluid way
Fasy-plane spin dynamics
Spin condensates; Natural and (thermoelectrically) pumped
Microwave regime of collective spin transport
(Approximately) easy-plane magnets
Triplet superconductors

Glassy spin superfluidity



Excitations of ordered media

* Spin waves (Goldstone modes)
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L | gaseous medium for spin transport
elementary excitations of a spin-ordered state

(coherent and thermal) (incoherent bias)

Cornelissen, van Wees et al,, Nature Mat. (2015)

» Topological textures (and topological defects) — long-ranged transport
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(condensates and superfluid states)



Iwo types of flows

»  Particle-like hydrodynamics
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the particle number conservation
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....... 4 J X V(,u, T) - the quasiequilibrium state is locally
e parametrized by temperature and

chemical potential

» Coherent order-parameter dynamics
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(‘9tp + WV -3=0 - continuity equation according to
the particle number conservation

j X VSO - the coherent flow is rooted in the
order-parameter rigidity
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easy-plane “spin s rfluid”
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An elementary circuit based on the winding flow
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Experimental signatures of spin superfluid ground
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Equilibrium magnon condensates

* Easy-plane magnet
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antiferromagnet
spin-flopped Cry0O3, MnFs, ... v =0 QH graphene
Flebus et al, PRL (2016) Taker et al, PRL (2016)
» Iriplon condensates
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T1CuCls, BaCuSizO¢ Giamarchi et al, Nature Phys. (2008)



Pumped condensates

» Parametric microwave pumping (probed by BLS)
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Thermal pumping in thin films

spin Seebeck effect

hot electrons
(spin reservoir)
Y .
quasiequilibrated
T magnons
S

cold substrate

Bender, Duine, and Y'T, PRL (2012) and PRB (2014)

Inject energy and spin from the hot electron side
Extract energy from the cold electron side

Supposing the magnons equilibrate internally
sufficiently fast, the oversaturated thermal cloud
preciprtates at a critical thermal bias

symmetry axis

Uchida, Saitoh et al,, APL (2010)



Electron/magnon-torque instabilities
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electronic
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Mizukami Lab Bender; Duine, and YT, PRL (2012) and PRB (2014)



Spin-caloritronic nano-oscillator
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Detecting magnon pumping by NV-center relaxometry
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Control and local measurement of the
spin chemical potential in a
magnetic insulator
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Long-ranged magnetoresistance

Circulating current through two metal films in series (a) spins the order,
reducing the overall dissipation

In the parallel configuration, the torques are balanced, and the magnet remains

stationary, causing more net friction
Takei and YT, PRL (2015)



AC transresistance

While the DC spin supercurrent (and corresponding drag) can be quenched

by an in-plane anisotropy, the AC transresistance s still fully operative on spin-
wave resonances:
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Spin-mediated transresistance of Strontium Ruthenate
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“SU(Z) superfluidity” in spin glasses
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winding dynamics Iin the plane perpendicular to spin injection

YT and Ochoa, PRB (2017); Ochoa, Zarzuela, and YT, arXiv (2018)



Boundary energy transfer for rigid rotations

generalized spin transfer
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rigid spin rotations

spin-split normal metal

«dissipation

1 A
R=~(hw — )" G(hw — )| - three independent dissipation coefficients
2 G, along three principal axes

Rayleigh dissipation function (“rotational viscosity”)

YT and Ochoa, PRB (2017)



lake-home messages

Coherent (spin) order-parameter textures as solid-state transport medium
Hydrodynamics that is rooted Iin the winding topology
Thermoelectric and quantum means to pump and couple to the condensate

Engineering microwave ““cavities’” based on exchange-dominated dynamics

Thank you.’



