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Message #1:  NaxCo;TeOs features tripleg AFM
order at low temperatures

[KrYger, Chen, Jin, Li, LJ, PRL 023]

Message #2:  Triple-q order can melt in two stages

[Francini, LJ, arXiv:2311.08475]
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Magnetic Mott insulator Na 2C02TeOs

Jate: ~
Allice [Chenet al., PRB 021]

Non~Kitaev terms

E! ective spin-1/2 model: H=K S%S%+ :::
[Liu, Khaliullin, PRB ©18]
[Sano, Kato, Motome, PRB 018]

I Talk by P. Mukharjee



Multi-q vs single-q order: Bragg peaks

StatIC Spln Structure faCtor E e.g., from neutron di! raction

[Chenet al., PRB 021]
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Multi-q vs single-q order: Bragg peaks

Static spin structure factor:

E e.g., from neutron di! raction
[Chenet al., PRB 021]
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Multi-q vs single-q order: Bragg peaks

Static spin structure factor:

True triple-q order

AT

Is 82

Real space

Kitaev-Heisenberg in beldfLJ, Andrade, Vojta, PRL 016]
Bilinear-Biquadratic Kitaev-HeisenbergfPohle, Shannon, Motome, PRB 023’

I Talk by R. Pohle
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E e.g., from neutron di! raction
[Chenetal., PRB 021]
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Multi-g vs single-q order: Symmetries
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Multi-g vs single-q order: Magnetic excitation spectr um
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Multi-g vs single-q order: Magnetic excitation spectr um

Triple-q AFM Singleq zigzag AFM
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Hamiltonian: X

Example: HK ! O model @ hidden SU(2) point H%

Ho=  JiS &Sj+ KiS S+ 1y(SISP + sPs!) + 14(S?s" + sU's? + s'sP + sPs?)
1ii"s

a E with ( J1, Ky, #1, #G) = (-1/9, -2/3, 8/9, -4/9) A
[Chaloupka, Khaliullin, PRB O15]



Example: HK ! O model @ hidden SU(2) point \;:ﬂ%
> 3% A >

Hamiltonian: X
Ho=  JiS &Sj+ KiS S+ 1y(SISP + sPs!) + 14(S?s" + sU's? + s'sP + sPs?)
Hi'a E with ( J1, Ky, #1, #G) = (-1/9, -2/3, 8/9, -4/9) A
[Chaloupka, Khaliullin, PRB O15]
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Example: HK I O model @ hidden SU(2) point

Hamiltonian:
Ho= J1iS &S + KiSPSt+ 1y(SISP + SPSf) + 1(Sist + sis? + sisP + sPs?)
Hi'a E with ( Ji, Ky, #1, #Q) = (-1/9, -2/3, 8/9, -4/9) A
[Chaloupka, Khaliullin, PRB O15]
Hidden SU(2) symmetry SIS = TuS: Ho!" Ho= A $ &3
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Magnon spectrum @ hidden SU(2) point
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Magnon spectrum @ hidden SU(2) point
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Na>Co,TeOe: Inelastic neutron scattering
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[KrYger, Chen, Jin, Li, LJ, PRL 023]
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Na>Co,TeOe: Inelastic neutron scattering
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U\)Iessage #1:

NaCoTeOg features tripleq AFM order at low temperatureg

[KrYger, Chen, Jin, Li, LJ, PRL 023]

| Poster by W. KrYger



Finite-temperature phase diagram: Simple system
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Finite-temperature phase diagram: Multicomponent system

E order parameter has > 1 component
and breaks > 1 symmetry
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[Fernandes, Orth, Schmalian, ARCMP ©19]
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Finite-temperature phase diagram: Multicomponent system

E order parameter has > 1 component
and breaks > 1 symmetry
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Finite-temperature phase diagram:
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HK! O model with ring perturbation H%
79 N5 < ™R

Hamiltonian: X
H=Hg+ Hi
Bilinear exchange:
Ho=  J1S &S + KiS'St+ 14(SISP + SPSf) + 1(SPst + Sis? + SPsP + sPs?)

Hij"a

E with ( J1, Ku, #, #Q) = (-1/9, -2/3, 8/9, -4/9) A
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HK!! O model with ring perturbation " ‘QM
7 A5 <L >

N

Hamiltonian: ‘X
H=Hp+ HI
Bilinear exchange:
Ho=  J1S &S + KiS'St+ 14(SISP + SPSf) + 1(SPst + Sis? + SPsP + sPs?)

Hij"a

E with ( J1, Ku, #, #Q) = (-1/9, -2/3, 8/9, -4/9) A

Ring exchange o N, o A0 o(e.e o<°>
L1 Lz L3 |—4 |—5
© © © © O,
)

Hi =3 Lijkimn (Si 8S))(Sk 45))(Sm &Sh

lijklmn "

Ewith L1=1/3, Lo=-1, Ls=1/2, Ls=1/2, Ls=-1/6
from strong-coupling expansion of honeycomb-lattice Hubbard mode
[Yang, Albuquerque, Capponi, LSuchli, Schmidt, NJP O1:
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Observables

Dual magnetization:

' j j X [ " :1(1;1;1); for triple-q order @
M=1M["  with M :z% #1)'T},S = 5 ) ple-q
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Observables

Dual magnetization:

1 X

N = IM]"  with M = N #1)'T],Si =

Composite order paramete
(Qeys Qtzg) = (1Qey " 1Qt ") With

B ' (0;1); for triple-g order
(1;0); for z-zigzag orde

\%(1;1;1); for triple-q order @
(0;0;1); for z-zigzag orde @

Qe, = 5 2MZ1 MZ1 M7 5['\7'[(3! V7]
Qu, = 3 MyM; M My ; MMy

E 5 irreducible components of rank-2 tensor

E measurable in bnite-size simulation
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Classical Monte Carlo simulations (L = 32)
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Critical temperatures

Primary Binder cumulant

Composite Binder cumulant
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Two-stage melting

J >0: Zigzag ! 3 spin nematic

Rotation: x
} ¢

Time reversal:
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Two-stage melting

J >0: Zigzag ! 3 spin nematic Paramagnet

Rotation: x x v
Time reversal: ) 4 v v

J <0 !4 spin current density wave Paramagnet

Rotation:

Time reversal:

Translation:

LS



Phase diagram: HK !I O model
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[Francini, LJ, arXiv:2311.08475]
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Phase diagram: HK I O model
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E same is true for zigzag order

[Francini, LJ, arXiv:2311.08475]
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Phase diagram: Na 2Co02TeOg

Theory:

Be

I 4 spin current
density wave

Triple-q antiferromagnet Paramagnet

Tea1 Te2 T
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Phase diagram: Na 2Co02TeOg
Theory: T

I 4 spin current
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Na>Co,TeOs: Magnon excitation spectrum
Theory Experiment
(K1) =(1:2;! 83;1:9;! 2:3;0:5) meV

(J3;35;38) = (1 :5,0:32 | 0:24) eV
+ nonbilinear exchange

[KrYger, Chen, Jin, Li, LJ, PRL 623]



Critical scaling @ Tc1 (primary-to-vestigial)

Correlation length Composite Binder cumulant Correlation-length exponent
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Critical scaling @ Tc1 (primary-to-vestigial)
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Critical scaling @ Tc2 (vestigial-to-paramagnet)

Composite Binder cumulant
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Phase coexistence @ primary-to-disorder transition

Monte Carlo histogram Correlation length Stability-matrix eigenvalue
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Schematic RG " ow
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Digression: Discontinuity  #xed point

Ising model in longitudinal beld:

H H |
Discontinuous ~ Continuous \
[ =) Ld-
o Te T v

Flow linearization (relevant direction):

by =! &H+ O(H?  with &d=d=2

Formal limit of continuous transition:

with ! ="

M! (#t)P (t< 0) b" 0

d=2

[Nienhuis, Nauenberg, PRL O75]



High-spin d7 Mott insulators

d levels

FIG. 1. Atomic d levels splitting into two groups under th
octahedral CEF : g levels at a higher energy ang) levels at a
lower energy. Thel” electron conbguration can take either high-s;
(middle) or low-spin state (right), depending on the strength

Coulomb interactions and.

[Sano, Kato, Motome, PRB 018]



