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Magnetic Mott insulator Na,Co,TeOe
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Single-g vs multi-g order: Bragg peaks

StatiC Spin Structu re faCtOr: ... €.9., from neutron diffraction
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Single-g vs multi-g order: Bragg peaks

Static spin structure factor:
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Mixing of single-q domains
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Kitaev-Heisenberg in field: [LJ et al., PRL '16]
Bilinear-Biquadratic Kitaev-Heisenberg: [Pohle et al., PRB '23]



Symmetry in magnetic excitation spectrum
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Symmetry in magnetic excitation spectrum
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Symmetry in magnetic excitation spectrum
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Toroidal moment

Toroidal moment (“spin vorticity"):

... odd under inversion & time reversal
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Toroidal moment

Toroidal moment (“spin vorticity"):

Triple-q order

... odd under inversion & time reversal

Electric polarization: Magnetoelectric current:
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Toroidal moment from Faraday rotation

Faraday rotation: Polarization angle:




Toroidal moment from Faraday rotation

Faraday rotation:

Polarization angle:
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Ferrimagnetism: Symmetry constraints

Néel /igzag Triple-q

M+£0ifA+B M=0aslongas A=A, B=B  M+#0ifA+#B, A +B etc
£ =0 £=0 t # 0
No ferrimagnetic moment in zigzag state! R
| _ __ _ _ ] ... Independent of modeling



Extended Heisenberg-Kitaev model

Toy Hamiltonian:
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Extended Heisenberg-Kitaev model

Toy Hamiltonian:
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Toy Hamiltonian:
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Extended Heisenberg-Kitaev model

Toy Hamiltonian:

H=Hy + Hirrr +Ho e +H)
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Classical Monte Carlo simulations: Ground states
Triple-q model (Jo < 0)
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Classical Monte Carlo simulations: Ground states
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Classical Monte Carlo simulations: Finite-T magnetization

Sublattice spin moments: Triple-q model
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Classical Monte Carlo simulations: Finite-T magnetization

Sublattice spin moments: Triple-q model Zigzag model
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Classical Monte Carlo simulations: Finite-T magnetization

Sublattice spin moments:

Ferrimagnetic moment:
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Classical Monte Carlo simulations: Finite-T magnetization

Sublattice spin moments:

Ferrimagnetic moment:
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Ferrimagnetism from quantum fluctuations
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Ferrimagnetism from quantum fluctuations

Heisenberg-Kitaev model with sublattice symmetry breaking:

(J, K, J3', J2) = Jo(cos g, sinp, —L, 1
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Ferrimagnetism from quantum fluctuations

Heisenberg-Kitaev model with sublattice symmetry breaking:

(J, K, J3', J2) = Jo(cos g, sinp, —L, 1

Uncompensated moments (linear spin-wave theory):

AFM 77 FM Stripy AFM
""" : N - B
o | | | |
0.012 : : : l
| | | |
| | | |
| : | |
0010 i i i i muncomp —
| | | |
S 0.008 | : | B
(@) | | | |
@) | | | |
S I I I I
E -0.006 A : : : :
| | | |
| | | |
0.004 : : : :
| | | |
o | | | |
| : | 2
0.002 ® I I I I
® I I I I
o : : | 2
0.000 jeeess®=________ 1: 1:— "'i‘m'i""
...... | | A | . e :
0.00 025 050 75  1.00 125 150 175  2.00
(p/TL' ... from mh(T:O)z—%%

11

NI DN

(§A — §B) '
(Sa—SB) -

.with [, T, Jo =0

o

AFM
FM

[Francini, Cénsoli, LJ, in preparation]



Ferrimagnetism from quantum fluctuations

Heisenberg-Kitaev model with sublattice symmetry breaking:
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Ferrimagnetism from quantum fluctuations

Heisenberg-Kitaev model with sublattice symmetry breaking:

(J, K, J3', J2) = Jo(cos g, sinp, —L, 1
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Extended Heisenberg-Kitaev model: Zigzag state
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Extended Heisenberg-Kitaev model: Triple-q state
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Extended Heisenberg-Kitaev model: Triple-q state
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Summary: Ferrimagnetism from triple-q order in Na;Co,TeOe

Triple-q model

Out-of-plane magnetization
-

Temperature T

[Francini, LJ, PRB "24]
[Francini, Consoli, LJ, in preparation]
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Summary: Ferrimagnetism from triple-q order in Na;Co,TeOe

Triple-q model Na>Co2TeOe

Faraday, H//-c cooled
Faraday, H//c cooled
— MPMS, H//-c cooled
MPMS,H//c cooled

Out-of-plane magnetization
-
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[Francini, LJ, PRB "24] [Jin et al., arXiv '25]

[Francini, Consoli, LJ, in preparation]
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Ring exchange term in spin-wave theory

Ring exchange term equivalent to local term:

... at the level of linear spin-wave theory

... up to renormalizations of bilinear couplings
[ /®
with

ia=—(1,1,1)/V3 = —fip

iy = (1,1, -1)/v3 = —hgp
Ag = (—1,1,1)/v/3 = —hpn
igr = (1,—-1,1)/V3 = —figm

. S o y ,/
... or (> rotated version .. A P A

[Kriiger, Chen, Jin, Li, LJ, PRL 23]



