
Analog simulators for the Hubbard model

https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr201209fa5_s.html

P =  E -E.P = - E2



t

U

t’t’’

H  −∑ij t i,j ci
 cj  cj

 ci  U∑ i ni↑ni↓H  −∑ij t i,j ci
 cj  cj

 ci  U∑ i ni↑ni↓

1931-1980

t = 1,  kB = 1,  h = 1

Hubbard Model

2



The analogy

http://www.kozuma-eng.sci.titech.ac.jp/research_category/entry17.html
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Localized and delocalized pictures C-DMFT
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Single-site entanglement
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First-order nature of the transition, 
universality class of the end point, 
crossovers emanating from the end point.

For quantum critical or finite temperature critical points

Motivation



What is measured (Using CDMFT CT-HYB on plaquette)

• Single site entanglement entropy for fermions [1]

[1] P. Zanardi et al. Phys. Rev. A 65, 042101 (2002).



Agreement with experiment



Predictions



Results



Transition and crossovers



From single-site entanglement entropy

• The Mott transition, 
• Critical exponent (not usually the case)
• Associated high-temperature crossovers,

– Without knowledge of the order parameter of the transition



Mutual information



Mutual information

Here we are not looking at the area law

What is measured experimentally
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Agreement with experiment



Results



Transition and crossovers



From average mutual information

• The Mott transition, 
• Critical exponent (not usually the case)
• Associated high-temperature crossovers,

– Without knowledge of the order parameter of the transition
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