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o Spin-Peierls transition ZnCr,0,

Il. Modulated Kondo screening in CeCoGe;,
lll. Frustration and its relief in V,0,
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Magneto-striction

H= Zij J;S; S, Exchange constants are not actually constant
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Tchernyshyov et al. PRL (2001) and PRB (2002)

Qualitative impacts when there are competing interactions:
a. Lattice responds to magnetic symmetry breaking
b. Lattice distortion can enable magnetic order by relieving frustration




Multiferroic kagome staircase Ni;V,0gq
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Competing Exchange Interactions

<—J1 e J2 >

N. Rogado et al (2003)




Modulated magnetic phases

Commensurate Incommensurate Incommensurate
Canted FM Cycloidal amplitude modulated

22K<T<4K 4 K<T<6.5K 6.5K<T<92K



Lattice responds to magnetic symmetry breaking

Tri-linear interaction:

V=3¢, (-q)P,
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Amplitude modulated (I'4)
Vi = 26447‘04(‘1)‘2@ =0
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Cycloid state (I,+I";)
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Relieving frustration

% Spin-Peierls transition for AFM spin-1/2 chain

OO

H=-P£/8y 38118, 521 -S21-1)

% Spin-Peierls-like transition in pyrochlore Antiferromagnets (ZnCr,0,)




Kondo lattice CeCoGe,

Arumugam Thamizhavel, et. al. JPS (2005)

Ce

Ge
Co

dNon-centro-symmetric tetragonal

dThree thermal phase transitions Ty,= 21K, Ty,= 12K, Ty3= 8K
([001] easy axis

dStrong coupling of magnetism to transport
JMeta-magnetic transitions
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CeCoGe3: Summary

Ising-like spin-orbital
degree of freedom
Complex sequence of
commensurate square-

wave structures that extend
to eight unit cells

Intricate spin-lattice order

Magnons confined within
basal plane bi-layers

Hypothesis: intertwined
electronic screening and
modulated magnetism



Is a modulated Neel-Kondo phase possible?

Neel-like Strong Kondo screening Neel-like




More chromium
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Photoemission: Mott insulator
Mo et al. PRB 74 (2006) e,
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l. L. Vechio et al. PRL 117, 166401 (2016)
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https://journals.aps.org/prx/pdf/10.1103/PhysRevX.9.011035

Ultra Short range correlations in Pl

J

J6/J2=0.2 is in the frustrated
regime where neither
interaction dominates




Self consistent Gaussian Approximation

Include all DFT determined
Exchange interactions (3D)

DFT + SCG can account for short range order and Indicates T.<6 K



Energy transfer (meV)

Development of Coherent Magnon



AFIl: Frustration relieved!

Leiner, Valenti, Jeschke et al.



Relieving frustration in (V,,Cr,),0,

McWhan et al. PRB
(1973)
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Conclusions V,0;

“*The Pl state Is frustrated by competing spin
iInteractions on the honeycomb lattice

“*The Pl to AFl transition Is an instability that
relieves magnetic frustration

“*LDA+U can now produce quantitatively reliable
exchange interactions even near the MIT

“*Ever closer to “understanding” V,05?



Conclusions
o The Pl state Is frustrated by competing spin
Interactions on the honeycomb lattice

o The Pl to AFl transition is an instability that
relieves magnetic frustration

o LDA+U can now produce quantitatively reliable
exchange interactions even near the MIT

o Ever closer to “understanding” V,05?

d The ongoing quest for a QSL:
o Proximity to the MIT may be a good indicator

o ldeas needed to circumvent structural
instabilities






Scattering from band electrons

Fukuda et al. (1996)

Chromium Fermi surface 40 meV

25 meV
16 meV
Fishman & Liu (1996)
6 meV
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Spin correlations in different phases of V,0,

McWhan et al. PRB
(1973)







Spin correlations in V,0,

Leiner et al (2018)
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Driven by frustration, the spin-liquid like character of the Pl is central to the physics of V203




Magnetic




Mott Physics in triangular organic lattices

Kazushi Kanoda et al.

Pustogov et al. (2018)



Phases of a kagome staircase



Modulated magnetic phases

2.2 K<T<4K 4 K<T<6.5K 6.5 K<T<9.2 K

Commensurate Incommensurate Incommensurate
Canted FM Cycloidal amplitude modulated



Exchange Interactions

N~ Ni1 Cross tie spins

Spine spins

N. Rogado et al (2003)



Frustrated Magnetism & Ferroelectricity

Lawes et al (2005)
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Tri-linear coupling in Ni3;V,0qg



Landau Theory of Magneto-Electricity

A. B. Harris and Taner Yildirim

(GGeneral case:
V=> ¢ 0.0, (-q)P,
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Amplitude modulated (T'4)
Vi = 26447‘0-4((1]2})7 =0
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Cycloid state (I'y+I'4)
Vi =Cuy (01 (Q)(74 (_ Q) +0, (Q)Gl (_ q))Py
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Chirality hysteresis in FE state





