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Exercise 4 (Dynamical mean field theory and Hubbard I approximation)
(20 points)

We use the equations of motion together with the decoupling scheme given in J.
Hubbard, Proc. Roy. Soc. A 281, 401 (1964) and L. M. Roth, Phys. Rev. 184,
451 (1969) to solve the Anderson impurity model
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where n̂σ = d†σdσ.

a) Use the decoupling
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to show that the d electron Greens function can be written as

(3) 〈〈dσ;d†σ〉〉 =
1 − 〈nσ ′〉

iωn−εd−U−∆(iωn)

iωn − εd − ∆(iωn)

where the hybridization function ∆(iωn) is given as

(4) ∆(iωn) =
∑
k

V2

iωn − εk

b) Use this expression for the Greens function to solve the Anderson impurity
model on the Bethe lattice with a band width of W = 4 eV. Consider an energy
independent hybridization of V =

√
0.4 eV and a temperature T = 0.1 eV.
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c) Use the impurity solver of b) to solve the Hubbard model with dynamical mean
field theory on the Bethe lattice (W, T as in b)). Find the critical interaction
Uc for the metal insulator transition at half filling.

d) Use dynamical mean field theory with the Hubbard I impurity solver to solve
the one-band Hubbard model for the cuprate of Exercises 2 and 3. Here, U and
T are U = 6 eV and T = 0.1 eV, respectively.


