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Preface This book is a short introduction to the Dynamical Mean-Field Theory to strongly correlated electrons. Its purpose is to focus on various local decoupling schemes in order to derive a self-consistent approximation and to map the lattice problem onto an impurity problem. Hubbard, Holstein, and Falicov-Kimball models are mainly used to provide examples of calculation. Numerous basic c/c++ programs are given along the book to develop confidence in computing actual numerical results.
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Chapter 7 Fitting the Weiss’s Function For the Hubbard Hamiltonian, the problem is to compute the local self-energy for a Weiss’s function given. A fast and easy way to do the job is to numerically diagonalize the corresponding impurity Hamiltonian, but since we can only use a very small number of sites, the problem becomes to find the best fit of the Weiss’s function by Ns auxilariary fermions. In the case of a two-site problem, the Weiss’s function has a very small number of poles, so we can pick up the Ns first poles with the largest spectral weight. In the case of an infinite lattice problem, we perform a fit of the Weiss’s function W (z = iωn ) for the first Ns Matsubara frequencies.



7.1



Two-site Hubbard Problem



The goal is to numerically diagonalize the impurity Hamiltonian H = ε0



X σ



c†σ cσ + U c†↑ c↑ c†↓ c↓ +



X



εk c†k,σ ck,σ +



k,σ



X



vk (c†k,σ cσ + c†σ ck,σ ) (7.1)



k,σ



for k = 1, . . . , Ns , in order to compute the Green’s functions G(z) and F (z), and then obtain the self-energy Σ(z) = U F (z)/G(z). For the two-site problem, the self-consistent equation for the Weiss’s function is given by W (z) =



t20 z − ε0 − Σ(z) 103



(7.2)
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Starting the iteration procedure with Σ(0) (z) = U/2, which corresponds to the Hartree term, we need Ns = 1 with ε1 = ε0 + U/2 and v1 = t0 for the parameters of the Weiss’s Hamiltonian. We write the program dmft2a.cc to diagonalize this two-site problem. We consider the half-filling case with U = 3 and T = 0.05. We work on the real axis, z = ω + iη with η = 0.1. We obtain three poles for W (1) (z). We use the program figAg2.cc to fit these poles. εk vk2 0.0000 0.8000 ±3.3541 0.1000



(7.3)



Next, we write the program dmft2b.cc to diagonalize this four-site problem. We obtain nine poles for W (2) (z). εk 0.0000 ±3.0167 ±4.6215 ±5.9732 ±7.5890



vk2 0.7664 0.1124 0.0040 0.0004 0.0000



(7.4)



If we keep only the three main poles, and use the same program, we converge to a nine-pole structure for the Weiss’s function εk 0.0000 ±2.9208 ±4.1841 ±5.4475 ±6.7493



vk2 0.7585 0.1114 0.0085 0.0007 0.0001



(7.5)



We write the program dmft2c.cc to diagonalize the six-site problem, this time keeping the first five main poles. We converge also to a nine-pole structure εk 0.0000 ±2.9190 ±4.1819 ±5.4304 ±6.7375



vk2 0.7588 0.1112 0.0084 0.0008 0.0001



(7.6)



In Fig. 7.6 we plot the spectral function together with the exact result that corre-
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Figure 7.6: Spectral function of the local Green’s function with η = 0.1. Full line corresponds to the exact result, dotted line to the DMFT solution, dashed line to the truncated exact solution.



sponds to 1



G1,1 (z) =



z − ε0 − Σ1,1 (z) −



(t0 − Σ1,2 (z))2 z − ε0 − Σ1,1 (z)



(7.7)



We also plot the spectral function corresponding to the truncated Green’s function where Σ1,2 (z) is neglected, i.e.



Gtrunc 1,1 (z) =



1 z − ε0 − Σ1,1 (z) −



t20 z − ε0 − Σ1,1 (z)



We see that the main error of the DMFT is to neglect Σ1,2 (z).



(7.8)
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Matsubara Frequencies



Consider the Weiss’s Hamiltonian with Ns auxiliary fermions ¯W = H



Ns XX



ak c†k,σ ck,σ +



σ k=1



Ns XX



bk [c†k,σ ck−1,σ + c†k−1,σ ck,σ ]



(7.9)



σ k=1



The corresponding Weiss’s function reads, for Ns = 5, b21



¯ (z) = W



b22



z − a1 − z − a2 −



(7.10) b23 b24



z − a3 −



z − a4 −



b25 z − a5



¯ (z) → W (z). In the limit Ns → ∞, we expect that W One way to obtain the parameters (ak , bk ) is to fit exactly W (iωn ) for the first Ns Matsubara frequencies. Following Ref. [15], we write, for Ns = 3, b21 ¯ (z) = P3 (z) = W = Q3 (z) z − a1 − P2 (z)/Q2 (z) b21 b22 z − a1 − z − a2 − P1 (z)/Q1 (z)



(7.11)



=



This gives P1 (z) = b23 Q1 (z) = z − a3



(7.12)



P2 (z) = b22 Q1 (z) Q2 (z) = (z − a2 )Q1 (z) − P1 (z)



(7.13)



P3 (z) = b21 Q2 (z) Q3 (z) = (z − a1 )Q2 (z) − P2 (z)



(7.14)















We introduce the notation (n)



(n)



(n)



Pn (z) = p0 + zp1 + . . . z n−1 pn−1 (7.15) (n)



Qn (z) = q0



(n)



+ zq1



(n)



+ . . . z n−1 qn−1 + z n
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Starting with the known coefficients pi and qi , we get first  (3)   b21 = p2



(7.16)



  a = p(3) /p(3) − q (3) 1 1 2 2 and



 (2) (3)  qi = pi /b21 , i = 0, 1      (2) (3) (3) p0 = −q0 − a1 p0 /b21       (2) (4) (3) (3) p1 = −q1 + (p0 − a1 p1 )/b21



(7.17)



then, we get,  (2)   b22 = p1



(7.18)



  a = p(2) /p(2) − q (2) 2 0 1 1 and



 (1) (2) q = p0 /b22    0 (1) (2) (2) 2    p0 = −q0 − a2 p0 /b2



(7.19)



and finally, we get  (1)   b23 = p0



(7.20)



  a = −q (1) 3 0 Writing P3 (iωn ) = W (iωn )Q3 (iωn ), we obtain two equations to compute the coefficients, p0 − ωn2 p2 − Rn q0 + Rn ωn2 q2 + In ωn q1 = In ωn3 (7.21) ωn p1 − Rn ωn q1 − In q0 + In ωn2 q2 = −Rn ωn3



(7.22)



with W (iωn ) = Rn + iIn . We solve this system of equations with n = 0, 1, 2. Further, we note that p2 = b21 so we can remove one equation and set p2 = 2 t0 (for the Bethe lattice, or 2t20 for the one-dimensional lattice) as an asymptotic condition. This corresponds to take into account exactly the first spectral moment, as suggested by Foerster. Consider the two-site Hubbard model of the last section. We write the program depart2.cc to compute W (0) (iωn ) and the coefficients of the chain.
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We write the program dmft3s.cc to diagonalize the impurity Hamiltonian and compute the local self-energy Σ(iωn ). We write the program mkW2.cc to compute the new Weiss’s function W (iωn ) =



t20 iωn − ε0 − Σ(iωn )



(7.23)



We write the program fit3s.cc to fit W (iωn ). For the symmetric case with T = 0.05 and U = 3, we converge quickly to b2k 0.9946 2.0602 6.6306



ak 0.0000 0.0000 0.0000



(7.24)



If we plot the spectral function of the local Greeen’s function computed on the real axis, we obtain a nearly perfect agreement with the result obtained in the previous section. For Ns = 4, we write W =



p0 + p1 z + p2 z 2 + p3 z 3 P4 (z) = Q4 (z) q0 + q1 z + q2 z 2 + q3 z 3 + z 4



(7.25)



For z = iωn and W (z = iωn ) = Rn + iIn , we get p0 − ωn2 p2 − Rn q0 + In ωn q1 + Rn ωn2 q2 − In ωn3 q3 = Rn ωn4



(7.26)



ωn p1 − ωn3 p3 − In q0 − Rn ωn q1 In ωn2 q2 + Rn ωn3 q3 = In ωn4



(7.27)



We obtain pi =



(4) pi



and qi =



W (z) =



(4) qi



for n = 0, 1, 2, 3. Next, we write



P4 (z) b21 = = Q4 (z) z − a1 − P3 (z)/Q3 (z) b21



b22 z − a1 − z − a2 − P2 (z)/Q2 (z)



(7.28)



=



b21 b22



z − a1 − z − a2 −



b23 z − a3 − P1 (z)/Q1 (z)



First, we get (



b21 a1



(4)



= p3 (4) (4) (4) = p2 /p3 − q3



(7.29)
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(4)



= pi /b21 , i = 0, 1, 2 (4) (4) = −q0 − a1 p0 /b21 (4) (4) (4) = −qi + (pi−1 − a1 pi )/b21 , i = 0, 1



(7.30)



Next, we get (



and



 (2)   qi (2) p0   (2) p1



b22 a2



= =



(3)



p2 (3) (3) (3) p1 /p2 − q2



(7.31)



(3)



= pi /b22 , i = 0, 1 (3) (3) = −q0 − a2 p0 /b22 (3) (3) (3) = −q1 + (p0 − a2 p1 )/b22



(7.32)



Next, we get (



b23 a3



(2)



= =



p1 (2) (2) (2) p0 /p1 − q1



= =



p0 /b23 (2) (2) −q0 − a3 p0 /b23



(7.33)



and (



(1)



q0 (1) p0



(2)



(7.34)



Finally, we get (



b24 a4



= =



(1)



p0 (1) −q0



(7.35)



We write the program fit4s.cc to do the job. We allow to remove one equation in order to set b21 to t20 or 2t20 . We write the program dmft4s.cc to diagonalize the impurtity Hamiltonian and to compute Σ(iωn ). For the same problem, we converge to ak 0.0000 0.0000 0.0000 0.0000



b2k 0.9952 2.0688 6.6434 0.0000



(7.36)



For Ns = 5, we write b21 ¯ (z) = P5 (z) = = W Q5 (z) z − a1 − P4 (z)/Q4 (z)



(7.37)
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b22 z − a2 − P3 (z)/Q3 (z)



=



b21



=



b22



z − a1 − z − a2 −



b23 z − a3 − P2 (z)/Q2 (z) b21 b22



z − a1 − z − a2 − z − a3 −



b23



b24 z − a4 − P1 (z)/Q1 (z)



This gives P1 (z) = b25 Q1 (z) = z − a5



(7.38)



P2 (z) = b24 Q1 (z) Q2 (z) = (z − a4 )Q1 (z) − P1 (z)



(7.39)



P3 (z) = b23 Q2 (z) Q3 (z) = (z − a3 )Q2 (z) − P2 (z)



(7.40)



P4 (z) = b22 Q3 (z) Q4 (z) = (z − a2 )Q3 (z) − P3 (z)



(7.41)



P5 (z) = b21 Q4 (z) Q5 (z) = (z − a1 )Q4 (z) − P4 (z)



(7.42)























(5)



(5)



Starting with the known coefficients pi and qi , we get first  (5)   b21 = p4



(7.43)



  a = p(5) /p(5) − q (5) 1 4 4 3 and



 (4) (5)  qi = pi /b21 , i = 0, 1, 2, 3      (4) (5) (5) p0 = −q0 − a1 p0 /b21       (4) (5) (5) (5) pi = −qi + (pi−1 − a1 pi )/b21 , i = 1, 2, 3



(7.44)
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then,  (4)   b22 = p3



(7.45)



  a = p(4) /p(4) − q (4) 2 2 3 3 and  (3) (4)  qi = pi /b22 , i = 0, 1, 2      (3) (4) (4) p0 = −q0 − a2 p0 /b22       (3) (4) (4) (4) pi = −qi + (pi−1 − a2 pi )/b22 , i = 1, 2



(7.46)



then,  (3)   b23 = p2



(7.47)



  a = p(3) /p(3) − q (3) 3 1 2 2 and  (2) (3)  qi = pi /b23 , i = 0, 1      (2) (3) (3) p0 = −q0 − a3 p0 /b23       (2) (4) (3) (3) p1 = −q1 + (p0 − a3 p1 )/b23



(7.48)



then,  (2)   b24 = p1



(7.49)



  a = p(2) /p(2) − q (2) 4 1 1 0 and  (1) (2) q = p0 /b24    0 (1) (2) (2) 2    p0 = −q0 − a4 p0 /b4



(7.50)



and finally  (1)   b25 = p0   a = −q (1) 5 0



(7.51)
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Writing P5 (iωn ) = W (iωn )Q5 (iωn ), we obtain two equations to obtain pi (5) qi



and



p0 − ωn2 p2 + ωn4 p4 − Rn q0 + Rn ωn2 q2 − Rn ωn4 q4 + In ωn q1 − In ωn3 q3 = −In ωn5 (7.52) ωn p1 − ωn3 p3 − Rn ωn q1 + Rn ωn3 q3 − In q0 + In ωn2 q2 − In ωn4 q4 = Rn ωn5 (7.53) with W (iωn ) = Rn + iIn . We solve the system of equations with n = 0, 1, 2, 3, 4. We notice that b21 = p4 so we can set p4 = t20 or 2t20 as an asymptotic condition. We write the program dmft5s.cc to diagonalize the impurity Hamiltonian. We write the program fit5s.cc to fit the Weiss’s function. For the same problem, we converge to ak 0.0000 0.0000 0.0000 0.0000 0.0000



b2k 0.9963 2.0914 6.6914 0.0028 2.5679



(7.54)



Solution on a Bethe Lattice Consider the infinite Bethe lattice to check the convergence of the DMFT equations. We write the program mkWB.cc to compute the Weiss’s function for Σ(z) given, that is to solve the equation W (z) =



t20 z − ε0 − Σ(z) − W (z)



(7.55)



for z = iωn . We consider the symmetric case at T = 0.05. We start with the Hartree solution Σ(z) = U/2 and U = 1. For larger values of U , we use the previous Weiss’s function as a starting solution. For Ns = 3, without the asymptotic condition, we get U 1.0 2.0 3.0 4.0 5.0



b21 0.7319 0.6739 0.5758 0.4360 0.4282



b22 0.2587 0.2437 0.2231 0.2236 1.1585



b23 0.0388 0.0397 0.0425 0.0541 0.0030



(7.56)
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For Ns = 5, without the asymptotic condition, we get U 1.0 2.0 3.0 4.0 5.0



b21 0.9617 0.9211 0.8710 0.8424 0.8135



b22 0.8397 0.9635 1.3294 2.2995 3.6889



b23 0.4953 0.6301 0.8929 1.0717 0.3758



b24 0.1685 0.1811 0.1739 0.1159 0.4249



b25 0.0313 0.0316 0.0309 0.0294 0.0028



(7.57)



For Ns = 3, with the asymptotic condition, we get U 1.0 2.0 3.0 4.0 5.0



b21 1.0000 1.0000 1.0000 1.0000 1.0000



b22 0.4774 0.5229 0.6251 0.8886 2.9358



b23 0.0558 0.0613 0.0727 0.0969 0.0078



(7.58)



For Ns = 5, with the asymptotic condition, we get U 1.0 2.0 3.0 4.0 5.0



7.3



b21 1.0000 1.0000 1.0000 1.0000 1.0000



b22 1.0197 1.4021 2.2334 3.6320 5.4636



b23 0.6769 1.0128 1.4425 1.4757 0.6652



b24 0.2117 0.2314 0.2029 0.1306 0.5386



b25 0.0342 0.0342 0.0332 0.0328 0.0033



(7.59)



Phase Diagram for the Mott Transition



Consider the Hubbard model at half filling and use the programs of the previous section for the Bethe lattice to sketch the phase diagram for the Mott-Hubbard transition[18]. In Fig. 7.7 we plot the imaginary part of the self-energy for U = 4.5 and U = 5.0, at T = 0.04. The real part is equal to U/2. As one increases U , we obtain a transition from a quasi metallic phase where Im Σ(iωn ) has a minimum to a quasi insulating phase where Im Σ(iωn ) has no minimum. We note that the fit with the asymptotic constraint provides an upper bound that decreases with Ns , while the fit without the asymptotic constraint provides a lower bound that increases with Ns . Next, we define a quasi order parameter ∆ = Im Σ(iω0 ) − Im Σ(iω1 ) that is positive in the quasi metallic phase and negative in the quasi insulating phase. In Fig. 7.8 we plot ∆ as a function of U . As one increases U , ∆ stays positive until U = Uc2 where ∆ drops to a negative value. Then, decreasing U , ∆ stays negative, until U = Uc1 , where ∆ jumps to a positive
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Figure 7.7: Imaginary part of the self-energy Σ(iωn ) at T = 0.04, for Ns = 4 (circles), 5 (squares), 6 (diamonds) and U = 4.5 (top), 5 (bottom).
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Figure 7.8: Hysteresis cycle for the quasi order parameter, at T = 0.04, with and without the asymptotic constraint, for Ns = 4 (circles), 5 (squares), 6 (diamonds).



value. This provides a way to compute Uc1 (T ) and Uc2 (T ). Again, we note that the fit with the asymptotic constraint provides an upper bound while the fit without the asymptotic constraint provides a lower bound. For Uc1 , without the asymptotic constraint, we get T Ns = 4 Ns = 5 Ns = 6



0.028 4.7011 4.7321 4.7431



0.004 4.3410 4.4610 4.5510



0.008 4.5111 4.6210 4.6810



0.032 4.7051 4.7301 4.7381



0.012 4.5971 4.6810 4.7210



0.036 4.7041 4.7241 4.7301



0.016 4.6505 4.7110 4.7405



0.040 4.7001 4.7161 4.7211



0.020 4.6755 4.7255 4.7441



0.044 4.6921 4.7061 4.7091



0.024 4.6955 4.7355 4.7451



0.046 4.6871 4.6991



0.048 4.6811 4.6921 4.6941



(7.60)
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For Uc2 , without the asymptotic constraint, we get T Ns = 4 Ns = 5 Ns = 6 0.028 4.8721 4.9081 4.9191



0.004 4.9710 5.0510 5.2010



0.008 4.9501 5.1110 5.2510



0.032 4.8321 4.8571 4.8661



0.012 4.9491 5.1210 5.2010



0.036 4.7921 4.8101 4.8181



0.016 4.9555 5.0810 5.1210



0.040 4.7541 4.7691 4.7751



0.020 4.9405 5.0255 5.0455



0.044 4.7201 4.7311 4.7361



0.024 4.9105 4.9655 4.9781



0.046 4.7041 4.7151



(7.61)



0.048 4.6891 4.6991 4.7021



For Uc1 , with the asymptotic constraint, we get T Ns = 4 Ns = 5 Ns = 6 0.028 4.8021 4.7661 4.7551



0.004 4.9410 4.9210 4.8910



0.008 4.9211 4.8855 4.8410



0.032 4.7841 4.7541 4.7461



0.012 4.8951 4.8410 4.8105



0.036 4.7681 4.7421 4.7361



0.016 4.8691 4.8155 4.7910



0.040 4.7511 4.7281 4.7241



0.020 4.8421 4.7955 4.7755



0.044 4.7341 4.7151 4.7111



0.024 4.8211 4.7805 4.7651



0.046 4.7251 4.7081



(7.62)



0.048 4.7151 4.6991 4.6961



For Uc2 , with the asymptotic constraint, we get T Ns = 4 Ns = 5 Ns = 6 0.028 4.9851 4.9501 4.9361



0.004 8.1510 6.7610 5.9810



0.008 6.4305 5.6255 5.4310



0.032 4.9161 4.8891 4.8771



0.012 5.7321 5.3310 5.2855



0.036 4.8571 4.8311 4.8241



0.016 5.3831 5.2005 5.1755



0.040 4.8061 4.7861 4.7791



0.020 5.1911 5.1001 5.0855



0.044 4.7621 4.7441 4.7381



0.024 5.0711 5.0191 5.0055



0.046 4.7421 4.7261



(7.63)



0.048 4.7241 4.7081 4.7041



Superscript indicates that the value of Uc2 or Uc1 is obtained by increasing or decreasing U by δU = 0.01, 0.005, 0.001. We plot the results obtained for Ns = 6 as lower and upper bounds in Fig. 7.9. We also plot published results obtained via Numerical Renormalization Group [17], Quantum Monte Carlo [18], and Temperature Lanczos Exact Diagonalization [20]. For Uc1 < U < Uc2 , both the quasi metallic solution and the quasi insulating solution coexist. This coexistence region shrinks as one increases T and vanishes at a critical temperature T ∗ where Uc1 (T ∗ ) = Uc2 (T ∗ ) = Uc∗ .
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Figure 7.9: Uc1 and Uc2 obtained for Ns = 6 as error bars, NRG results of Ref. [17] as circles, QMC results of Ref. [18] as squares, and TLED results of Ref. [20] as diamonds. Also plotted the results for Ns = 9 within the zero temperature approximation as triangles.



Zero Temperature Approximation (α)



For each subspace (α) = (N↑ , N↓ ), we compute the ground state energy E0 and the zero temperature Green’s function G(α) (z), then perform the thermal average P G(z) =



(α)



α



e−βE0 G(α) (z) P −βE (α) 0 αe



(7.64)



This provides an approximation that becomes exact in the limit T → 0. We write the program dmft6sLT.cc to do the job for Ns = 6 in order to test the approximation with the previous results as one lowers temperature. We first compute all the eigenstates of each subspaces, then compute G> (z), G< (z), F > (z), F < (z), then compute the self-energy.
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0.032 4.76 4.91



0.016 4.75 5.15



0.008 4.68 5.28



0.004 4.55 5.23



(7.65)



0.008 4.85 5.44



0.004 4.89 5.98



(7.66)



With the asymptotic condition we get T Uc1 Uc2



0.032 4.76 4.92



0.016 4.80 5.21



(α)



Now, we use the Lanczos’s algorithm to compute both E0 and G(α) (z). This allows to use larger values of Ns . In this case we obtain the self-energy from the one-particle Green’s function 1 ¯ (iωn ) = G(iωn ) iωn − ε0 − Σ(iωn ) − W



(7.67)



¯ (iωn ) given. for W We write the program dmft6sL.cc to do the job for Ns = 6. We write the programs dmft7sL.cc and fit7s.cc to do the job for Ns = 7. We write the programs dmft9sL.cc and fit9s.cc to do the job for Ns = 9. For Ns = 9, without the asymptotic condition, we get T Uc1 Uc2



0.036 4.81 4.89



0.032 4.81 4.94



0.028 4.81 4.99



0.024 4.82 5.05



0.020 4.82 5.12



0.016 4.81 5.19



0.012 4.81 5.27



0.008 4.79 5.37



0.004 4.74 5.49 (7.68)



0.012 4.82 5.29



0.008 4.82 5.41



0.004 4.84 5.58 (7.69)



For Ns = 9, with the asymptotic condition, we get T Uc1 Uc2



7.4



0.036 4.81 4.89



0.032 4.81 4.94



0.028 4.81 4.99



0.024 4.82 5.05



0.020 4.82 5.12



0.016 4.82 5.20



One-dimensional Hubbard problem



Let us use our previous programs to compute the density n as a function of the chemical potential µ. For a given self-energy, we solve the self-consistent equation W 0 (z) =



t20 z − ε0 − Σ(z) − W 0 (z)



(7.70)
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then get the Weiss’s function W (z) = 2W 0 (z). We write the program mkW1D.cc to do the job. For U = 4 and T = 0.025, we get, without / with the asymptotic condition µ −2.0 −1.5 −1.0 −0.5 0.0 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0



Ns = 4 0.0309/0.0309 0.2736/0.2666 0.4206/0.4304 0.5400/0.5546 0.6467/0.6594 0.7450/0.7529 0.7637/0.7707 0.7822/0.7881 0.8003/0.8054 0.8182/0.8224 0.8358/0.8392 0.8531/0.8558 0.8701/0.8723 0.8870/0.8886 0.9035/0.9047 0.9199/0.9208 0.9362/0.9367 0.9523/0.9526 0.9682/0.9684 0.9841/0.9842 1.0000/1.0000



Ns = 5 0.0309/0.0310 0.2764/0.2737 0.4264/0.4294 0.5467/0.5514 0.6525/0.6565 0.7487/0.7511 0.7670/0.7690 0.7850/0.7867 0.8027/0.8041 0.8202/0.8212 0.8374/0.8382 0.8544/0.8550 0.8712/0.8715 0.8877/0.8879 0.9041/0.9042 0.9204/0.9204 0.9365/0.9364 0.9524/0.9524 0.9683/0.9683 0.9842/0.9842 1.0000/1.0000



Ns = 6 0.0310/0.0310 0.2775/0.2768 0.4292/0.4301 0.5499/0.5519 0.6551/0.6566 0.7504/0.7510 0.7685/0.7689 0.7863/0.7866 0.8038/0.8040 0.8211/0.8212 0.8382/0.8381 0.8550/0.8549 0.8717/0.8715 0.8882/0.8879 0.9045/0.9042 0.9206/0.9204 0.9366/0.9364 0.9526/0.9524 0.9684/0.9683 0.9842/0.9842 1.0000/1.0000



(7.71)
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Dynamical Mean Field Theory For Strongly Correlated Systems For U = 8 and T = 0.025, we get, without / with the asymptotic condition µ −2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0 1.5 2.0 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 3.1 3.0 2.9 2.8



Ns = 4 0.0290/0.0290 0.2448/0.2369 0.3784/0.3825 0.4881/0.4909 0.5870/0.5821 0.6779/0.6621 0.7599/0.7330 0.8315/0.7961 0.8916/0.8522 0.9407/0.9017 0.9493/0.9108 0.9575/0.9196 0.9654/0.9281 0.9732/0.9363 0.9820/0.9442 1.0000/0.9518 0.9999/0.9590 0.9999/0.9659 0.9999/0.9724 0.9999/0.9786 0.9999/0.9845 0.9999/1.0014 1.0000/1.0008 1.0000/1.0004 1.0000/1.0000 1.0000/1.0004 1.0000/1.0008 0.9999/1.0014 0.9999/1.0018 0.9999/1.0014 0.9999/0.9990 0.9999/0.9980 0.9999/1.0014 1.0000/1.0016 1.0002/0.9442 1.0005/0.9363 0.9654/0.9281



Ns = 5 0.0290/0.0290 0.2475/0.2448 0.3840/0.3844 0.4934/0.4940 0.5896/0.5861 0.6764/0.6673 0.7547/0.7403 0.8253/0.8063 0.8848/0.8657 0.9352/0.9183 0.9439/0.9279 0.9520/0.9371 0.9597/0.9459 0.9668/0.9542 0.9734/0.9621 0.9799/0.9695 0.9998/0.9764 0.9998/0.9838 0.9998/1.0013 0.9999/1.0007 0.9999/1.0003 0.9999/1.0001 1.0000/0.9999 1.0000/0.9999 1.0000/1.0000 1.0000/0.9999 1.0000/0.9999 0.9999/1.0001 0.9999/1.0003 0.9999/1.0007 0.9998/1.0013 0.9998/1.0014 0.9998/0.9994 0.9998/0.9985 0.9998/0.9998 0.9668/0.9542



Ns = 6 0.0290/0.0290 0.2485/0.2478 0.3862/0.3848 0.4958/0.4953 0.5906/0.5890 0.6755/0.6716 0.7521/0.7460 0.8209/0.8135 0.8811/0.8741 0.9311/0.9259 0.9397/0.9350 0.9478/0.9435 0.9554/0.9515 0.9625/0.9590 0.9692/0.9660 0.9757/0.9726 0.9829/0.9789 0.9999/1.0012 0.9999/1.0004 0.9999/1.0005 0.9999/1.0008 0.9999/1.0006 1.0000/1.0004 1.0000/1.0002 1.0000/1.0000 1.0000/1.0002 1.0000/1.0004 0.9999/1.0006 0.9999/1.0008 0.9999/1.0005 0.9999/1.0004 0.9999/1.0006 0.9998/1.0010 0.9997/1.0012 0.9996/1.0015 0.9625/0.9590



(7.72)
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Figure 7.10: Density as a function of the chemical potential obtained without the asymptotic condition with Ns = 6, for U = 4 and U = 8, T = 0.025, t0 = 1, as circles. Also plotted the Lieb-Wu solution as solid lines. We plot the results obtained for Ns = 6, without the asymptotic condition, against the zero temperature Lieb-Wu solution in Fig. 7.10. For U = 4 there is no metal-insulator transition, while for U = 8 we obtain a transition with µc1 ' 3.0 and µc2 ' 3.3.
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