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 Objective: Study dynamics of entangled 
many body quantum states similar to 
those found in correlated electron 
materials.

 Approach: Test theoretical 
understanding of quantum phases and 
quantum phase transitions of model 
Hamiltonians by using tunable realizations 
in optical lattices of cold atoms 
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Superposition of two electron states leads to non-local 
correlations between spins 



The cuprate superconductors



Antiferromagnetic (Neel) order in the insulator 
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Parameter free 
prediction by K. Damle 
and S. Sachdev, Phys. 
Rev. B 57, 8307 (1998) 
from multiple collisions 
with universal, 
quantum S-matrices

Neutron scattering linewidth
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Resonance in benzene leads to a symmetric 
configuration of valence bonds 

(F. Kekulé, L. Pauling)
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P. Fazekas and P.W. Anderson, Phil Mag 30, 23 (1974). 
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Valence bond entanglement in 
quantum spin systems

Resonating valence bond (RVB) liquid
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Spins on 
layered 
kagome 
lattices 
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ZnxCu4-x(OD)6Cl2

VBS and 
RVB states

: Antiferromagnetism to bond order



Theoretical modeling:  M. J. Lawler, L. Fritz, Y. B. Kim, and 
S. Sachdev, arXiv:0709.4489 

http://arxiv.org/abs/0709.4489
http://arxiv.org/abs/0709.4489
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“Glassy” Valence 
Bond Solid (VBS)

Scanning tunneling 
microscopy by group of 

Seamus Davis
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12 nm

Indistinguishable bond-centered TA contrast 

with  disperse 4a0-wide nanodomains
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 Theoretical models of spin and 
valence bond entanglement being 
compared to experiments in 
condensed matter

 Studies of optical lattices of atoms 
should lead to more sensitive tests 
at shorter times and distances
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