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Strain and magnetic domains
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ﬁ Atomically sharp domain walls in CuMnAs
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Spin degeneracy in antiferromagnets

(C) Antiferromagnetism

(@) Ferromagnetism
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Spin-orbit interaction allows for spin splitting
— Other more robust effects?
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Anomalous Nernst effect (ANE) Mn,Sn
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WMI

(C) Antiferromagnetism
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(a) Longitudinal spin-current (b) Giant magnetoresistance
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Altermagnets and d-wave superconductivity
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Anomalous Hall effect in RuO2
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All-electrical Spin Current Generation and Detection

pure charge current inverse spin Hall effect (ISHE)
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ﬁ All-Electrical Magnon Transport
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Joule heating induced magnon generation
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Electrically controlled magnon accumulation/depletion in thermal magnon gas Lebrun et al., Nature 561, 222 (2018).

SHE induced magnon generation SHE induced magnon absorption
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ﬁ Antiferromagnetic Magnons

Easy axis antiferromagnet 2 magnon modes in AFMs Easy plane antiferromagnet

B-mode o-mode

Left-circular polarized

linear polarized linear polarized

m2
spin +1

H\> W N S

Right-circular polarized

jmag

2 spin states

R. Cheng et al., Sci. Rep. 6, 24223 (2016). )
Rezende et al., JAP 126, 151101 (2019). — Js
K. Nakata et al., J. Phys. D 50, 114004 (2017).

M.W. Daniels et al., Phys. Rev. B 98, 134450 (2018). W‘“’ W\“’ EEEEEEESR -}

K Shen, JAP 129, 223906 (2021). k (109/m) 25
J. Han et al., Nat. Mater. (2023).




Antiferromagnetic Magnons Described via Pseudospin

Pseudospin S

A. Kamra

T. Wimmer et al., Phys. Rev. Lett. 125, 247204 (2020).

A. Kamra et al., Phys. Rev. B 102, 174445 (2020). 26

General concept also applicable to other bosonic systems, e.g. photons, phonons



Antiferromagnetic Magnons Described via Pseudospin

Pseudospin S

* Pseudospin S direction
determines the polarization
state of the magnon modes
and their superpositions

A. Kamra

* Finite magnon spin is given
by z component of S

 Mapping of up- and down-
spin states similar to Bloch
sphere description of a two-
level system

T. Wimmer et al., Phys. Rev. Lett. 125, 247204 (2020).
A. Kamra et al., Phys. Rev. B 102, 174445 (2020). 57

General concept also applicable to other bosonic systems, e.g. photons, phonons



Mode Coupling €2 and Pseudospin Diffusion Equation

linear

(1) + 1)
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N Mode coupling () induced via breaking of rotational

N)

left-circular rlght C|rcular symmetry about the Neel vector n
)
Diffusive pseudospin transport equation:
0S S .
inj det —:DVQS———I—SXQy

ot T

S : pseudospin density vector
D: diffusion constant
T¢: spin lifetime
Q): coherent coupling between ‘spin-up’ and ‘spin-down” modes —
precession frequency of pseudospin

What happens when they couple?

T. Wimmer et al., Phys. Rev. Lett. 125, 247204 (2020). 28
A. Kamra et al., Phys. Rev. B 102, 174445 (2020).



Mode Coupling €2 and Pseudospin Diffusion Equation
= i CL_ %

—, ) 70+ 1) D) (- + 1) 7
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left-circular right-circular ~ right circular linear left circular linear right circular
1) t

Diffusive pseudospin transport equation:
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ot T

S : pseudospin density vector
D: diffusion constant
T¢: spin lifetime
Q): coherent coupling between ‘spin-up’ and ‘spin-down” modes —
precession frequency of pseudospin

What happens when they couple?

T. Wimmer et al., Phys. Rev. Lett. 125, 247204 (2020). 29
A. Kamra et al., Phys. Rev. B 102, 174445 (2020).



Pseudospin Precession Frequency in Hematite and 1D Solution of

Pseudospin Diffusion Equation

%:DVZS—E—I—SXQy

ot T
Boundary condition D@SZ h
at injector (z = 0): ;Y Js0

|

Steady state solution in 1-D:
In hematite: coupling () determined by easy-

plane anisotropy and DMI induced canting ) —az bz _ bz
s,(2) = =225 __¢2s (bcos(~—)| — asin(~—
D(a%+b?) Ag

Pseudospin precession frequency:

h() = h@an —pRoMneroH with a = %\/1 +1+ 0272 andb = %\/—1 + 1+ 0212
and A, = /DT, spin Diffusion Length

Mpyero: Canted magnetic moment at zero external field
— DMI-induced canting T. Wimmer et al., Phys. Rev. Lett. 125, 247204 (2020).

A. Kamra et al., Phys. Rev. B 102, 174445 (2020). 30

Wgn - €asy-plane anisotropy energy



Sample Layout and Properties: Pt/a-Fe, 03 (hematite)

* hexagonal (0001) orientation
e grown via pulsed laser deposition (PLD) on sapphire Al,0;
e 15nm thick
* shows NO Morin transition
mmmm) Spins oriented in-plane for all temperatures
— magnetic easy-plane film

magnetic easy-plane (c-
plane) with slight canting due
to DMI
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Nonreciprocal Pseudospin Diffusion Equation

aﬂs — D2 Us % — | aﬂs X Swx Antisymmetric component of the k-
at o 0z resolved pseudofield w (k)

A. Kamra svm sy
ps(z) = u"(2) + pe" (2)

ps,(+d) = pgy () + g, " (d) ps;(—=d) = pgy(d) — pg, " (d)

S IS
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Magnetic Field Dependence

at detector

J. Guckelhorn, et al., PRL 130, 216703 (2023).

us(2) = " (2) + g7 (2)

Symmetric signal has maximum at yuyH,
Antisymmetric signal changes sign at uoH

toH > poHe

34



Symmetric/Antisymmetric Spin Signal
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Magnetic Field Dependence

HoH (T)
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Role of low energy magnons: J. Glickelhorn et al., Phys. Rev. B 105, 094440 (2022).
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Model

Injector Detector
z W . d
| ¢ AN, v AM,
t ? .................. 3
|9 iy @ S
DI

* Inherent magnetization eliminates all
spin accumulation transverse to it
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a1 electron spin chemical potential
Aq: electron spin decay length

- magnon chemical potential

Am: magnon decay length

jm—m: angular momentum transport
js: electron spin current
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Transport mechanism

dipolar coupling phonon mediated coupling
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Angular momentum transport via magnons in metallic ferromagnets
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* Angular momentum transport between two separated FM strips .
* Dipolar coupling between thermal magnons dominant mechanism

R. Schlitz et al., arXiv:2311.05290 (accepted for publication in PRL 2024).

Easy-plane antiferromagnet a-Fe; 03;(hematite)
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Pseudospin dynamics and antiferromagnetic magnon Hanle effect
First observation of nonreciprocal spin transport in an antiferromagnet
Influence of nonreciprocity on magnon Hanle and Pseudospin

dynamics 1 \wimmer et al., Phys. Rev. Lett. 125 , 247204 (2020).
A. Kamra et al., Phys. Rev. B 102, 174445 (2020).
J. Guckelhorn et al., Phys. Rev. B 105, 094440 (2022).
J. Guckelhorn et al., PRL 130, 216703 (202328
M. Scheufele et al., APL Materials (2023).
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