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Hubbard model
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t
Effective model, Heisenberg: J = 4t2 /U



Method
• Dynamical Mean Field Theory 

– clusters
• Concept: atomic-like localized

correlations consistent with
delocalized aspect
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+ and -

• Long range order:
– No mean-field factorization on the cluster
– Symmetry breaking allowed in the bath (mean-field) 

• Included exactly:
– Short-range dynamical and spatial correlations

• Missing: 
– Long wavelength p-h and p-p fluctuations
– Hence good when the correponding correlation

lengths are small



Some groups using these methods for 
cuprates 
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Fall at half-filling without AFM
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The pseudogap 
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Results T*
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Results : effect of t’ on T*
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Effect of t’
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Results : effect of t’ on T*
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Results: van Hove singularity
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Part III: 

Specific heat in the 
strange metal phase
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Specific heat in the strange metal phase
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Specific heat in the strange metal phase



Part IV: 

Strongly correlated
superconductivity



Superconductivity
for large U

Fratino et al. 
Sci. Rep. 6, 22715 (2016)

Giovanni SordiGiovanni SordiGiovanni Sordi Patrick SémonPatrick Sémon

Sordi et al. PRL 108, 216401 (2012)

Lorenzo Fratino



Superconducting transition temperature

E. Gull and A. J. Millis
Phys. Rev. B 88, 075127

Fratino et al. 
Sci. Rep. 6, 22715

T.A. Maier, D.J. Scalapino, npj Quantum Materials (2019)

T/t



What causes Tc to drop near n = 1?
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What causes Tc to drop?
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What energy scale controls Tc ?
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Perspective
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AFM phase diagram d=2, t’=0
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Change in potential energy due to large 
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Influence of Mott transition 
away from half-filling

n = 1, d = 2 square lattice



Influence of Mott transition 
away from half-filling
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Two crossover lines
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Connecting the finite doping behavior to 
the Mott transition at half-filling



Conclusion

p* in Hubbard is the end 
of Mott physics

Mott transition and its
finite doping extension is
the organizing principle
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p* < pfs

T* ~ J

Pressure dependence
of p*

Tc ~ J
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