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Phase diagram YBa2Cu3O7-x
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Attn: Charge transfer insulator

t = 1,  kB = 1,  h = 1
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Method

Dynamical Mean Field Theory (+ clusters)
Concept: atomic-like localized correlations

consistent with delocalized aspect
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Cellular DMFT + CT-QMC
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Some groups using these methods for cuprates 
• Europe: 

– Georges, Parcollet, Ferrero, Civelli, (Paris)
– Lichtenstein, Potthoff, (Hamburg) Aichhorn (Graz), 

Liebsch (Jülich) de Medici (Grenoble) Capone (Italy)
• USA: 

– Gull (Michigan) Millis (Columbia)
– Kotliar, Haule (Rutgers)
– Jarrell (Louisiana)
– Maier, Okamoto (Oakridge)

• Japan
– Imada (Tokyo) Sakai, Tsunetsugu, Motome



Outline

• The model
• The method

• Part I: Weakly vs strongly correlated AFM
• Part II: Strong correlations h-doped cuprates



Part I

Weakly vs strongly correlated AFM
CDMFT 2x2



Mott transition as an organizing principle

Influence of the underlying normal 
state on the ordered state
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AFM phase diagram d=2, t’=0

L. Fratino, P. Sémon, M. Charlebois, G. Sordi, AMT Phys. Rev. B 95, 235109 (2017)



Underlying Mott transition

n = 1, d = 2 square lattice

Understanding finite temperature phase from a mean-field theory down 
to T = 0

Critical point visible in 
V2O3, 

BEDT organics



Change in mechanism for stability of the AFM

L. F. Tocchio, F. Becca, and S. Sorella, Phys. Rev. B 94, 195126 (2016).



Part II

Strong correlations : 
CDMFT h-doped



Influence of the Mott transition 
away from half-filling

Pseudogap in the normal state
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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

n = 1, d = 2 square lattice



Spin susceptibility

G. Sordi, et al. Scientific Reports 2, 547 (2012)



Spin susceptibility
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Spin susceptibility

Underdoped Hg1223
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Two crossover lines
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Results T*
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J = 4t2/U

t’=0
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Results : effect of t’ on T*
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Summary



Strongly correlated
Superconductivity
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Superconductiviy in Doped Mott insulator

n = 1, d = 2 square lattice



Tc controlled by J
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Sci. Rep. 6, 22715



An organizing principle
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An organizing principle

Fratino et al. Sci. Rep. 6, 22715
See also
Jarrell
Gull Millis PRB 90, 041110(R)

Experiments:
Deutscher et al, PRB 2005; 
Molegraaf et al, Science 2002; 
Carbone et al, PRB 2006
Giannetti et al, Nat Comm 2014



Phase diagram YBa2Cu3O7-x

Keimer et al., Nature 518, 179 (2015)



What causes Tc to drop?
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Tc controlled by J
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σ ∝ ρ௦

What causes Tc to drop?
Phase fluctuations? Emery Kivelson Nature 374 (1995)



Superfluid stiffness T=0



Superfluid stiffness T=0

See also E. Gull, A.J. Millis, Phys. Rev. B 88, 075127 (2013)
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