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« Conventional » Mott transition

T

Double occupancy:  Ising universality class
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Critical behavior



Mott critical point in layered organics
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F. Kagawa, K. Miyagawa, + K. Kanoda
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Phase diagram BEDT-X 
(X=Cu[N(CN)2]Cl)
S. Lefebvre et al. PRL 85, 5420 (2000), 
P. Limelette, et al. PRL 91 (2003)

THIS TALK
What is the critical behavior?



Surprising critical behavior
Kagawa, Miyagawa, Kanoda, Nature 436, 534 (2005), Nature Physics 5, 880 (2009)



Unconventional behavior

Nature
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However, Ising for thermal expansion (Br ion)

M. de Souza et al., Phys. Rev. Lett. 99, 037003 (2007)
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Possible explanations



Control by a T = 0 marginal QCP

M. Imada, Phys. Rev. B 72, 075113 (2005).
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Coupling to the energy density instead of OP

S. Papanikolaou, R. M. Fernandes, E. Fradkin, P. W. Phillips,
J. Schmalian, and R. Sknepnek, Phys. Rev. Lett. 100, 026408 (2008).
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The model



Hubbard on anisotropic triangular lattice

Kagawa et al. 
Nature Physics
5, 880 (2009)

H. Kino + H. Fukuyama, J. Phys. Soc. Jpn 65 2158 (1996), 
R.H. McKenzie,  Comments Condens Mat Phys. 18, 309 (1998)

meV 50t
 meV 400U

t’/t ~ 0.6 - 1.1



The method

Cellular dynamical mean-field theory
Continuous-time quantum Monte Carlo

Hybridization expansion
P. Werner, et al., Phys. Rev. Lett. 97, 076405 (2006).
P. Werner and A. J. Millis, Phys. Rev. B 74, 155107 (2006).
E. Gull, et al., Rev. Mod. Phys. 83, 349 (2011).
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DCA

2d Hubbard: Quantum cluster method physics

C-DMFTV-

REVIEWS
Maier, Jarrell et al., RMP. (2005) 
Kotliar et al. RMP (2006)
AMST et al. LTP (2006)

• Observed behavior is a transient from a QCP?

• Quantum fluctuations
• Cluster necessary in d = 2 for
• Short-range spatial fluctuations

• Disantangle effects of J

• No low q spatial fluctuations



Reducing the sign problem

C2v
2A1, B1, B2



Numerical results



Double occupancy 

Red circles: CDMFT
Blue squares: single-site DMFT
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Double occupancy 

M. Sentef, P. Werner, E. Gull, and A. P. Kampf, 
Phys. Rev. B 84, 165133 (2011).

Red circles: CDMFT
Blue squares: single-site DMFT

Fit with single exponent: 

: Should give 
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Importance of subleading corrections



Subleading corrections to mean-field

D  Dc  a1  a22

 



Double occupancy 
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Conclusion
• Drastic reduction of sign problem

allows:
• CDMFT and DMFT over almost three

decades to give 
– If fit over whole range with one 

exponent. 
– Consistent with experiment. 

• Incorrect. Indeed, know that 
mean fieldin DMFT 
– Must take into account subleading

corrections
– Then,  better fits for both

DMFT and CDMFT (with same
number of parameters as )

– Should reanalyze experiments
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C’est fini…



Comparisons to experiment

Charles-David Hébert




