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Outline 

• Introduction 
– In search of the Mott transition 

• Overcoming frustration in V2O3 

–  Insulator: straining to order 
–  Metal: Fermi surface nesting 

• Conclusions 
– Frustrated magnetism and it’s interplay with 

a lattice instability is key to V2O3 

– If lattice instabilities can be avoided, QSL 
might be expected near Mott transition 
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Metal to insulator transitions 

• Band insulator (single electron) 
– Filled and empty bands carry no current 

 

• Slater insulator (single electron) 
– Unit cell doubling yields band insulator 

 

• Charge transfer insulator  
– Ligand states involved in conduction 
– Parent to Cu-O superconductivity 

 

• Mott insulator 
– Charge localization from e-e repulsion in 1/2 filled band 
– Correlation induced upper and lower Hubbard band 

 
 
 

Rare and interesting 



Antoine Georges, Gabriel Kotliar, Werner Krauth, Marcelo J. Rozenberg  
 

This DMFT does not describe 
interacting spins so there is NO 
magnetic ordering. Just the self 
consistent single site Mott transition 

U/W=1 

U/W=2 

U/W=2.5 

U/W=3>Uc/W 



Magnetism in a Mott Insulator 
Hubbard model  

Define local moment 

Half filling strong coupling limit: Heisenberg model  

A spin liquid retains aspects of the Fermi-liquid though charge is localized 

Fradkin (1991)  



More chromium 



Photoemission: Mott insulator  

I. L. Vechio et al. PRL 117, 166401 (2016) 
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Neutron Scattering 

n-matter Interactions: 
• Weak (Born limit) 
• Energy independent 
• Well characterized 
• similar strengths 

2.072 meVÅ2k2 



1.4 MW Pulsed Proton Beam on Hg Target 
18 Instruments in construction 
Second Target Station moving towards CD1 
 
  

Spallation Neutron Source  
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Pixels Galore! (SEQUOIA) 



Ultra Short range correlations in PI 



Frustrated Honeycomb AFM 
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DFT for V2O3 (Valenti et al.) 

J6 

J2 

Albuquerque et al PRB (2011) 



Self consistent Gaussian Approximation 
Include all DFT determined  
Exchange interactions (3D) 

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



From diffuse to coherent: PI to AFI 



Development of Coherent Magnon 



AFI: Frustration relieved! 

Leiner, Valenti, Jeschke et al.  



Relieving frustration 

 Jij typically controlled by quenched degrees of freedom (Born-
Oppenheimer-like clamped lattice approximation) 

 The assumption fails when      yields degenerate manifold of states 
 Then some form of symmetry breaking lifts degeneracy (Lattice, 

orbital order, charge order):  
− Spin-Peierls transition in CuGeO3 
− Cubic-Tetragonal ZnCr2O4 spinel 
− Multiferroic phases Ni3V2O8 

 



Relieving frustration in (V1-xCrx)2O3 

McWhan et al. PRB (1973) 

FRUSTRATED; 

CONTENT & ORDERED 



Scattering from band electrons 

Chromium Fermi surface 

Q- Q+ 

6 meV 

16 meV 

25 meV 

40 meV 

Fukuda et al. (1996) 

Fishman & Liu (1996) 



Spin correlations in different phases of V2O3 

McWhan et al. PRB 
(1973) 





Bao et al. (1995) 

2kf 

Spin correlations in V2O3 

Leiner et al (2018) 

Driven by frustration, the spin-liquid like character of the PI is central to the physics of V2O3  



Magnetic  
Structures by  
D. Louca et al.  





Pustogov et al. (2018) 

Mott Physics in triangular organic lattices 
Kazushi Kanoda et al.  



Conclusions 
 V2O3 

o The PI state is frustrated by competing spin 
interactions on the honeycomb lattice 

o The PI to AFI 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” V2O3? 
 
 The ongoing quest for a QSL: 

o Proximity to the MIT may be a good indicator  
o Ideas needed to circumvent structural instabilities 
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