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D-wave superconductivity in the one-band 
Hubbard model
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Method



DCA

2d Hubbard: Cluster gen. of DMFT
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T = 0 results

Will comment on finite T results later



C-DMFT

K



What does the method tell us: example at
half-filling



Local moment and Mott transition
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n = 1, unfrustrated square lattice
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Momentum resolution with 4 sites

B. Kyung, S. Kancharla, D. Sénéchal, A.-M.S. Tremblay, M. Civelli, G. Kotliar, 
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Local moment and Mott transition
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n = 1, unfrustrated square lattice



Mott transition
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n = 1, frustrated lattice



Normal state finite T phase diagram
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Link to Mott transition up to optimal doping

Doping dependence of critical point as a function of U

H. Park, K. Haule, and G. Kotliar 
PRL 101, 186403 (2008)



Normal state U=6.2t



Superconductivity
(when AFM not permitted)
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Order parameter as a function of doping, T fixed



Order parameter as a function of doping, T fixed



What makes Tc fall ?



Meaning of Tc
d

• Local pair formation
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Avoided first-order transition leaves its mark



Bandwidth vs doping driven transition



Cuprates              vs            organics

40

30

20

10

0

T
   

(K
)

6004002000

P    (bar)

AF

U-SC
AF/SC

PI

M

Armitage, Fournier, Greene, RMP (2009)

Phase diagram (X=Cu[N(CN)2]Cl)
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Normal state Mott transition, n = 1



Normal state Mott transition



Unified phase diagram

• Normal-state metal
close to Mott insulator
is unstable to SC at
any filling

• The SC phase is
continuously
connected across
dopings.  



• Tc
d ≠ T*

• Tc
d does not vanish as 

– Mott physics alone does not 
suppress Tc

– SC fluctuations left

• First-order transition in 
normal state is removed by 
SC but leaves its mark on the 
dynamics.

Our contributions for the doped case



C’est fini…


