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Long-term motivation
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Introduction superfluidity and spin superfluidity

Spinor gases: combining superfluidity and spin
superfluidity (theory)

Spin transport through magnetic insulators (theory
and experiment)



Superfluid (mass) transport

Superfluid U(1) order parameter: W= pcei‘g
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Halperin/Hohenberg (1969)

(ballistic) spin transport

Magnetic insulator | H = —] Z§ .S
(exchange only) XC o
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Halperin/Hohenberg (1969); review: Sonin (2010)

Spin superfluidity (1)

Easy-plane magnetic insulator [SO(3) -> U(1)]

H=-3,28 (S, +S)+KX(S') +BYS
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Review: Giamarchi (2008)



Halperin/Hohenberg (1969); Koenig et al. (2001); review: Sonin (2010)
Spin superfluidity (Il

Zero T dynamics governed by Landau-Lifshitz equation:

Ccllf J, S x [V25+KSZZ—I—BZ]
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Same as equations
for mass superfluid! 5¢
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Spin superfluidity (Il1)

Js. o ~ J4cN.0,¢; polarization in z-directi&




Halperin/Hohenberg (1969); review: Sonin (2010)

Mass vs. spin superfluidity

mass current j, * Spin current jg

phase of superfluid  In-plane angle of

order parameter 0 magnetization ¢
superfluid stiffness J,  * exchange interactions
interparticle Jye

Interactions g e easy-plane anisotropy K
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Spinor gases: combining superfluidity and spin

superfluidity (theory)

Spin transport through magnetic insulators (theory
and experiment)
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Questions

 Which system is both a mass and spin
superfluid?

e What is the interaction between mass and
spin superfluidity in such a system?

NB: a ferromagnetic mass superfluid

—+

spin superfluid



Ferromagnetic spinor Bose
with quadratic Zeeman effect

We have field easy-plane  leads to Bose 9,<0, leads to
hamiltonian: \ anisotI:opy condensat|on ferromagnet|sm
; A% \ /
H=|d'y'| ———-BF*-K(F*) |y +
J dxiy { - ( )}w 0, (')

Deep in ferromagnetic regime, zero T linearized mean-field equations
reduce to equations for uncoupled mass and spin superfluid with:

Superfluid and spin stiffness: JS ~ ch ~ h/m

Collective modes: hK (K _ B)
Onass ~\/hpc(go+gl)/mk opin ~K m

Armaitis and RD, arXiv (2016)




Collective (Goldstone) modes
T

A

Tem ¢
ferromagnet quadratic spin modes
Teec ¢

superfluid ferromagnet | linear density + quadratic spin modes

Tmagnon BEC ?
superfluid & spin superfluid * linear density & spin modes



Coupling between spin and
mass superfluid

Occurs via hydrodynamic derivative:

N a+\7-VWith\7:E(Vﬁ—nZV¢)
ot ot

/
Influence of spin polarized

mass current on magnetization

dynamics: “spin transfer” Current driven by
magnetic texture

Armaitis and RD, arXiv (2016)



Stationary solutions

Stationary solutions 5. _ N, bt K
possible if: 2 J.@'
S

Armaitis and RD, arXiv (2016)



Discussion

Dipolar interactions (lower critical current)
Upper critical current

Quasi-equilbrium magnon condensation
Magnon kinetics

Coupling to nematic/antiferromagnetic
order
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« Spin transport through magnetic insulators (theory
and experiment)



Long-term motivation
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lead lead | |1=y/R with
superconductor R independent of L

below room T
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Experiment (I)
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- Pt strips on magnetic insulator Yttrium-lron-Garnett (YIG)
- Non-local (*drag”) resistance Ry=V/I
- Room T



Experiment (Il)
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- Short distance: 1/distance
- Long distance: exponential decay (length scale 10 um)
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Magnon spintronics:
g | e electical control over
|5 /4 magnon spin currents

Magnonic many-body
physics

Route to spin currents
with low dissipation

Image courtesy Ludo Cornelissen
and Bart van Wees



Interfacial spin current

Injector Detector

R=V/I - | cos’q = COS«a * COSx

T T
———————————



Model

* Generation Absorption ‘
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magnon diffusion J =~
& relaxation: V2 =

For spin superfluid this would be ~

1+ CL

Takei and Tserkovnyak (2014); Flebus, Bender, Tserkovnyak, RD (2016)
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Take home messages

o Spin superfluidity is not ferromagnetic superfluidity
e Spinor Bose gas can be spin and/or mass superfluid

 Recent developments of spintronics pave the way
for integration electronic and magnonic (eventually
superfluid) low-dissipation spin currents & bosonic
many-body physics



