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linear spin waves

magnon dynamics can be written as

Band touching when
d-vector is zero
somewhere in the BZ
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iIs there more?

what about the excitations of
magnetically disordered states?

* spin liquid
* singlet product state

* qguadrupolar phase



general (2S5+1)-band Hamiltonian
JR et al Nat Comm 6, (2015) JR PRB 99,(2019)
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single site dimer trimer S is a pseudo spin
representing the 2S+1
levels

generalization to larger spins



general (2S5+1)-band Hamiltonian
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S=1/2 Dirac cone S=1 Dirac cone S=3/2 Dirac cone
m=-5,...,9
O | — A
single site dimer trimer S is a pseudo spin
representing the 2S+1
levels

Chern number:

C,,, = —2mN, L. .
generalization to larger spins
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Topological triplon modes and bound states in a
Shastry-Sutherland magnet
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Thermal Hall effect of triplets
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magnons 2D

* Topological magnon insulator

TKNN invariant
for bosons

thermal Hall effect

Z2 invariant
for bosons
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also in Kimetal PRL 117 (2016) with spinons
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magnons 2D additional DOF

* Topological magnon insulator e Magnets with S>1/2 spin

TKNN invariant
for bosons

larger local Hilbert space

!

onsite “spin degree of freedom”

thermal Hall effect

S=1

e Spin Hall insulator state

Z2 invariant 0005 \
for bosons ¢ Kitaev induced topological

—VT
Magnon spin / R |2 mMagnons
Nernst effect pianiad K40
e onsite polarization + E field

also in Kimetal PRL 117 (2016) with spinons



honeycomb lattice additional DOF
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honeycomb lattice additional DOF
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e Magnets with S>1/2 spin

larger local Hilbert space
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honeycomb lattice

2 4
LioRuO e z A®
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BaNi2V20s
AgsLiRu20s

Ni>oMo30s
C

honeycomb & S=1

AgsLiRu20s unconventional
magnetism
R. Kumar et al PRB 99, (2019)

BaNi2V20Os ordered
magnet

N. Rogado et al PRB 65 (2002)
Ni2Mo30s zig-zag order
J. Morey et al PR Mat 3, 014410 (2019)

LioRuO3 orbital dimerization

Y. Miura et al JPSJ. 76, 033705 (2007)

VCI3 coming soon.. G.Nielsenetal
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Hae-Young Kee’s talk:

microscopic mechanism for large S
Kitaev model P. Stavropoulos et al PRL 123, 037203 (2019)
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4 (linear) bands touch at K K’
Dirac magnons

A=3J D' =0.1J

DM opens the gap
bands remain 2-fold deg.

h=0 & K=0
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Kane and Mele PRL 95, (2005)



d vector forms skyrmion
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DM opens the gap

bands remain 2-fold deg.

dkydkyd - (0yd x 0,d)

d(k) - (9yd(k) x 0,d(k))

Berry curvature is proportional to the
skyrmion number

1
127

Crom = dkydk, F*Y = nmN,
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open geometry DM opens the gap

bands remain 2-fold deg.
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spin separation
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A=3J D'=0.1J
12— T T T

DM opens the gap

_ Zeeman split bands
bands remain 2-fold deg.

Chern insulator
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Anisotropic S=1 magnets can
have various topologically
nontrivial excitations

example: Honeycomb (A)FM
with
o Kitaev anisotropy
® single-ion anisotropy

e DM interaction

TR invariance + K=0:

Due to DMI, Z2 topological phase is

realized l

Spin Nernst effect

Breaking TR symmetry
and/or finite K

Kitaev exchange can lead to the
formation of Chern insulator with
large Chern numbers.




Magnetoelectric coupling

e . P / broken TR and | symmetry

1

L ¢
ﬁlj‘) \ so that one can be

manipulated with the conjugate field of the other.

Anisotropic S=1 magnets can ‘
have various topologically spin induced polarization from larger spin

nontrivial excitations
)

spin quadrupole

Detection of edge modes (?) T. Arima, J. Phys. Soc. Jpn. 76, 073702 (2007).

Inversion symmetry is broken at can edge modes couple to
—>
the edges electric field/light?
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