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Edwin Hall

Anomalous transport of magnons

(a) magnon HaII effect

(b) magnon Nernst effect
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Anomalous transport of magnons

Thermal Hall effect in VI; « Experimental evidence consistent with a magnon
(honeycomb FM) Nernst effect in the antiferromagnetic insulator
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Topological transport of magnons

Topological Spin Excitations in Honeycomb
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R ¢’¢ The acoustic and optical spin-wave ban((izsoég")e separated from each other by

approximately 4 meV, most likely arising from the next-nearest-neighbor
DM interaction that breaks inversion symmetry of the lattice. This may lead
to a nontrivial topological magnon insulator with magnon edge states,

analogous to topological insulators in electronic systems but without electric
Ohmic heating. Chen et al. Phys Rev X 8, 041028
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Detecting edge magnons?
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II. Role of magnon-magnon interactions on magnon
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How to model thermally-driven transport?

Thermal gradient is a statistical force that affects particles through a distribution
function.

|

It does not I ‘Itonian description.

VY = g ;o H'(t) = fdr h(r)¥(r,t)

« Luttinger’s theory is based on a microscopic formula which inherently includes
Luttinger both the physical transport currents J, and unphysical magnetization

currents ]g. —
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How to model thermally-driven transpor #

Representing the thermal gradient by a vector potend@hermal » Electromagnetic fiel®

vT

- = Vo(t,r)+ 0,Ar(t, r)
Moreno, Colemaa arXiv:cond-
mat/9603079

Tatara, PRL 114, 196601 (2015)

Heat current

Jo(t,r) = £iTr[Jo(t, r)Gg (1, 1)].

Heat magnetization

02
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oBr /1

) Salem

Er(t,r)= —0,Ar(t,r) — Vo(t, 1),
B;y(t,r)=V x Ar(t,r).

Gauge-invariant minimal coupling

Naturally accounts for diamagnetic heat
currents.

Separation of intrinsic and extrinsic
contributions

Readily applicable to multiband systems
Easily extended to other transport quantities

Saleem, Schwingenschlogl, AM PRB 109, 134415

(2024)
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How to model thermally-driven transport?
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Quantum field theory for thermal transport of

magnons

@8 1. Role of magnon-magnon interactions on

transport




Interacting magnons in antiferromagnets

DMI, necessary to induce topology, induces magnon dampinlgut interactions can stabilize topological pha:
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Most work on thermal transport of magnon neglect interactions

Strong magnon damping at I' point...what about Hall effect? Mook et al. PRX 11, 021061 (2021)
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(ij)
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Turned on upon interactions

Non-interacting honeycomb antiferromagnet
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Interacting magnons in antiferromagnets
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4-magnon interaction
« Mean-field theory (equiv to Hartree-
Fock)

* Quantum contribution (T=0)..unique to
AF
increases the bandwidth and enhance the
magnon velocity

e Thermal contribution (T>0)
Narrows the magnon bandwidth
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Interacting magnons in antiferromagnets

Spectral function at K

Dy mij (SAJ.X\fB,;')

3-magnon interactions
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Oxy (kg), Osne

Interacting magnons in antiferromagnets

J-magnon + 4-magnon

interactions
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Topological phase transitions in magnetic Weyl

Ferromagnetic Weyl semimetal with intrinsic magnetic order Co,SnS.,
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Cubic Heusler Weyl Semimetals, Co,.Mn,X (X=Ga, Al)
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Topological phase transitions in magnetic Weyl semim

hOK) = ey ly + dy - o7 + M 1,77,
S(iw,, 0) = So(iw, )1, + 3.(iw,)1,77,

Electron-phonon interaction acts on orbital
space
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Topological phase transitions in magnetic Weyl semim

Ferromagnetic Weyl semimetal
model

Hy =d; - o1, + M1, + A(5*)0, Weyl Points can be tuned
by m: Mass and A:
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Topological phase transitions in magnetic Weyl semim

Ferromagnetic Weyl semimetal
model

Hy =d; - o1, + M1, + A(5*)0, Weyl Points can be tuned
by m: Mass and A:
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Topological phase transitions in magnetic Weyl semim

Ferromagnetic Weyl semimetal
model

Hy =d; - o1, + M1, + A(5*)0, Weyl Points can be tuned
by m: Mass and A:
T m=-1 mﬁm (X,Y) plane
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Topological phase transitions in magnetic Weyl semim

Electron-Magnon Interaction acts on spin

space
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Topological phase transitions in magnetic Weyl semim
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Topological phase transitions in magnetic Weyl semim

Zk =0 “:k > ()
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m (t) m (t)

Trivial (m<0): Conductivity faster than magnetization
(5%)
Inverted (m>0): Conductivity decreaseisSnﬁlrounis, AM arXiv:2412.17044
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Magnon spin splitter in altermagnets

Spin-Split Antiferromagnets (Net magnetization equals to
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Magnon spin splitter in altermagnets
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As temperature increases, the magnons are thermally excited: s oy o
« Current is active above the magnon gap (2K) ' T '
« Current increases as temperature increases
* As the temperature approaches the Neel limit magnons lose Sourounis, AM PRB 111, 134448
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