Field-controlled thermal spin transport in rutile-type altermagnets
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Model of Easy-Plane d-wave altermagnet
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Hamiltonian of the system:
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K > 0 - ease planar case
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Schrodinger-type Formalism for Spin Waves
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Holstein-Primakoff-Tyablikov representation
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The way to obtain the dispersion relation for magnons
i, = il e
Gi = [a(R), dalk), 5 (~), B3RP B
\ k 1 s W2 s 1 y 2 _U 0 0 —1_ )

Spin Transport: Kinetic Approach

: J.ey - antiferromagnetic exchange coefficient
' Jem - ferromagnetic exchange coefficient
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Magnon Spectrum & d-wave Magnetic Moment
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Notations: A %
Y is the electron . %
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Y, is the four- )
component spinor Notations

Hk is some wo = 4Juewy/ s

Hermitian matrix

1 is the Pseudo-

Euclidean metric. Magnon magnetic moment:
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Boltzmann theory within the relaxation time approximation
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The thermal spin conductivity tensor _
Trlx 3
Oap = > D acw(vew)a(i)s 2
L.L iy
Y kel.BZv=d=+ 3
0] Fy .
. 10 ank,y ,uk,l/Ek,l/ €B <
k,v — Mk,v —
oT kpT?  (ePProv — 1)2 y
Notations: K
Ja - spin current density
Ok = —Tix(Vk,w - VT)@TnﬂW - linear response to thermal gradient.

Triz - the relaxation time

nd - the equilibrium Bose-Einstein distribution

Vo, = 0wy (k)/Oka - magnon group velocity

ck,, - Spin capacity: Thermal derivative of the Bose-Einstein distribution weighted by the magnon magnetic

moment.

Temperature Dependencies of spin conductivity
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Notations

By is the critical spin-flip field
og = Trlkawa,uB/h
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Map of spin thermal conductivity at high temperatures as a function of the magnetic
field and the anisotropy coefficient

Conclusions

o Easy planar d wave altermagnets possess momentum-dependent magnon
moment p(k).

° Thermal gradient VT induces spin splitter effect of magnons.
o External magnetic field B, enables efficient control of the spin conductivity.
°© Temperature Regimes:

* Low-T (T — 0): No sign reversal; conductivity scales as « TZ.

* High-T: Temperature independent of spin conductivity; effective control of the
thermal spin conductivity by magnetic field.
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