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P - ROPOGANDA

ò The Claim: The standard ñsingle flavourò Hubbard model 

Ignores the orbital degree of freedom which plays a key 

role in metal- insulator transitions (Superconductivity) in 

transition-metal oxides (Cuprates).  Thus if we are to 

understand d- wave superfluidity we must consider the 

orbital degree of freedom! 



P ðWHAT?

ò P orbitals are fundamentally different from 

S orbitals!

é They are degenerate

ðGives rise to orbital ordering

é They are  anisotropic 

é They have a node (are odd)

é Can gives rise  to condensates with finite 

momentum



BACKGROUND

ò Blochôs Theorem: a periodic potential has 

Eigenvectors of the following form:

ò Where unk(r) a function with the same periodicity as 

the potential

ò The  Eigenvectors and corresponding Eigenvalues

en(k) are periodic in reciprocal lattice vector K = 2 /́a 

,where a is the lattice spacing.

ò Thus they can be mapped into a region in k space 

from ïK/2 to K/2 this is called the first Brillouin zone.
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BRILLOUIN ZONES AND BAND STRUCTURE

First Brillouin Zone     Second Brillouin 

Zone



PHYSICAL SYSTEM 

YBCO crystal Structure

Bipartite Square lattice



EXPERIMENTAL SETUP

ò How do you make a 

bipartite lattice?

ò How do you efficiently 

excite atoms to the p 

band?

ò Use a Michelson 

interferometer!
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BIPARTITE  LATTICE POTENTIAL

This setup gives rise to an potential of the form:


