
The Physics of Strongly Correlated Matter 
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!  What we do 

!  Matter in extreme limits 

!  Low Dimensionalty, Solitons, and the Golden Mean 

!  Frustration as a Paradigm 

!  Topological Insulators 
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My Lab at 2300 Delaware 

What we do…. 



Soliton: 360° twist 
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Energy spectrum in CoNb2O6 





Frustrated Materials 
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G-F for Ising Degrees of Freedom – Ice & Spin Ice 
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Observation of Zero Point disorder in Spin Ice - Dy2Ti2O7 

Pauling’s zero point disorder)







The Rise of Topological Insulators 

History:   
1)  Quantum Hall Effect and edge states (~1980) 

2)  Chern number topology (~1983) 

3)  QHE intrinsically (Haldanium) (~1987) 

4)  Projecting into 3D (~1990) 

5)  Spitting the bands with spin orbit (~2004) 

Dirac spectrum in Bi2Se3 
(analogies to graphene) 



Fig. 3  Papers with key word “topological  
insulator”. ISI, Nov 2010 



!  Predictions of EB axion term in interior of Tis 

!  Monopoles 

!  Majorana Fermions 

!  Spintronics 

Other aspects of Topological Insulators 



Connection between Geometrical Frustration and 
Topological Insulators ! 







U)

B)

B)B)

B)

B)

U)

B)

B)B)

B)

B) B)

B)

V($-'+#)/="+81A)9$2'+91+19)
2;$(2)



U)

B)

B)B)

B)

B)

U)
B)

B)B)

B)

B) B)

B)

:=$W19)/="+81A)'+91+19)2;$(2)



HF)

HF)

HF)

HF)

HF)

HF)

F?)

Geometrical Frustration – Materials Considerations 
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