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Modelo de Hubbard
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Primeiras descricoes tedricas

A descricao de Hubbard Ill: do isolante para o metal; duas bandas (de
Hubbard) separadas que se tocam na transicao (J. Hubbard, Proc. R.
Soc. (London) A 281, 401 (1964))

Metal Insulator
p(w) m /\ U-2D /\
1 : [} i
0 -un2 0 +U/2
® ®

* A descricao de Brinkman e Rice: do metal para o isolante;
desaparecimento das quasi-particulas, m* - oo ; ndo ha bandas de
Hubbard (W. F. Brinkman and T. M. Rice, Phys. Rev. B 2, 4302 (1970))
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Teoria dinamica de campo médio
(Dynamical mean field theory)

Pico de quasi-particulas (Brinkman-Rice)

Density of states

i N:t ]

Unificacao de Brinkman-Rice + Hubbard I

X.Y.Zhang, M. RozenbergmG. Kotliar (PRL 1993)

Bandas de Hubbard (Hubbard IlI)



Diagrama de fases (DMFT)

Paramagnetic

R insulator
Fermi liquid

Ordered

Kotliar, Vollhardt, Phys. Today (2004)



Alem da DMFT: cluster DMFT

H. Park, K. Haule, and G. Kotliar
Phys. Rev. Lett. 101, 186403 (2008).
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TEMPERATURE (°K)

McWhan, D. B., A. Menth, J. P. Refneika, W. F. Brinkman, and

T. M. Rice, 1973, Phys. Rev. B 7, 1920.
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Experimentos em (V; 935Crg 011),05 sob pressao (P. Limelette et al., Science 302, 89 (2003)).

(V0.989Cr0.011)203
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:T

>

B
500 500
P —8=pl .- é - p & P
450+ —%— cross-over : @: 400 pMott —%— Cross-over
. Mott \Q Insu?ar R
250 400" Insulator §§ 300 -'\Q
< R < > Strongly correlated
= .850 \&%\\\\ ool 2 metal
\\:'-._\\\\ \ ‘ i
R : St lated| 100} Antife tic g
N\ RS
A e A e A ' A A i A i ' \
0 1000 2000 3000 4000 5000 6000 . -8000 0 8000 16000 24000

P (bar) P (bar)
e Histerese: transicao de primeira ordem
* Note como a linha de transicdes termina num ponto critico
e Como a transicao liquido-gas!



Ni(sl—xsex)Z

M. Matsuura et al., J. Phys. Soc. Jpn
69, 1503 (2000)
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Fig. 5. Temperature dependences of the electrical resistivity and
the peak intensity of (002) antiferromagnetic Bragg reflection,
Ioo2(T) measured simultaneously for (a) = 0.50 and (b)
x = 0.53, and separately for (c) z = 0.59. Circles and trian-
gles indicate electrical resistivity and Iopo2(7), respectively.
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Correspondance rle: 1.0kbar = 1.0%

Czjzek et al., IMMM 3, 58 (1976)



T(K)
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Condutores organicos fortemente bi-dimensionais
4-(BEDT-TTF)5Cu[N(CN)3]Cl
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Transicao de Mott: o ponto critico

Comportamento critico idéntico ao da transicao liquido gas (classe de
universalidade de Ising).
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O modelo de Hubbard para atomos
frios: redes opticas

Vip(r) = —d-E(r) o a(w,)| E(r) | .

Immanuel Bloch, Nature Phys. 1, 23 (2005)



Modelo de Bose-Hubbard
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Diagrama de fases
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Transicao superfluido-isolante de Mott: 8/Rb

a b - c,..d...
® = RNEE SNIE i
[ s W e P

Markus Greiner et al., Nature 415, 39 (2002) 1

These were obtained after suddenly releasing the
atoms from an optical lattice potential with different
potential depths V, after a time of flight of 15 ms.
Values of Vo were: a, 0 Er; b, 3Er;c, 7Er;d, 10 Er; e, |
13 Er; f, 14 Er; g, 16 Er; and h, 20 Er. Isolante de Mott




O modelo de Heisenberg e superexchange
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TEMPERATURE (°K)

McWhan, D. B., A. Menth, J. P. Reineika, W. F. Brinkman, and

T. M. Rice, 1973, Phys. Rev. B 7, 1920.
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Correspondance rle: 1.0kbar = 1.0%
Czek et al., JIMMM 3, 58 (1976)



k-(BEDT-TTF),Cu[N(CN),]Cl
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