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ture of La1�xSrxTiO3; experimental PESTheory: DFT(LDA); extensions for strong 
orrelationsdynami
al mean-�eld theory (DMFT)quantum Monte Carlo (QMC)Results: t2g density of states; theoreti
al PES



Introdu
tion
La1�xSrxTiO3� La, Sr� Ti� O Ti 3d

eg

t2gCubi
 Perowskiteslight orthorombi
 distortionx = 0 LaTiO3: AF insulator for T < TN = 125Kx > 0:05 strongly 
orrelated paramagneti
 metalx = 1 SrTiO3: band insulatorO-2p Ti-3d x
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photoemission spe
tra (PES)
� LDA fails when 
orrelationsbe
ome strong� La1�xSrxTiO3 (x� 1) istypi
al strongly 
orrelatedtransition metal oxide

[Fujimori et al., PRB 46, 9841 (1992)℄



TheoryDFT/LDA Model Hamiltonians+ material spe
i�
: \ab initio" � input parameters unknown� fails for strong 
orrelations + systemati
 many-body approa
h+ fast 
ode pa
kages � 
omputationally expensiveDensity fun
tional theory (Hohenberg-Kohn, Levy): E0 = E0[�℄E[�℄ = Ekin[�℄ + Eion[�℄ + EHartree[�℄ + Ex
[�℄lo
al density approximation (LDA): Ex
[�℄! R d3r Ejelliumx
 (�(r))interprete Kohn-Sham Lagrange parameters as single-parti
le energiesuse lo
alized basis (linear muÆn tin orbitals, LMTO)�! tight-binding HamiltonianĤLMTO = Xilm;jl0m0;��tilm;jl0m0
̂yilm;�
̂jl0m0;� + "ilmn̂ilm;�Æilm;jl0m0�
LDA+U: introdu
es Hubbard U for lo
alized orbitals (l = ld, treatment instati
 mean-�eld theory) [Anisimov, Zaanen, Andersen, PRB. 44, 943 (1991)℄here: many-body approa
hĤ = ĤLMTO + 12 Xm� 6=m0�0Umm0 n̂�mn̂�0m0 � 12 Und(nd � 1)
Approximation needed for treatment of Ĥ
orr:DMFT: Anisimov, Poteryaev, Korotin, Anokhin, Kotliar, J. Phys. 9, 7359 (1997)FLEX: Li
htenstein, Katsnelson, PRB 57, 6884 (1998) (also Hubbard-I, DMFT)Dr
hal, Jani�s, Kudrnovsk�y, PRB 60, 15664 (1999)



LDA + DMFT
i
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latti
e problem
DMFT�!exa
t for Z !1 0

iiG Gsingle impurity Anderson model+ self 
onsisten
y 
onditionMetzner, Vollhardt, PRL 62, 324 (1989); Georges et al., RMP 44, 187 (1995)For weak hybridization of t2g orbital, orbital/spin-degenerate 
ase:G(z) = G0(z � �(z)) = Z d" �LMTO0 (")z � �(z)� "G�m� = �h �m� ��m�iAf ; �;G�1+�g; z ! !� = (2� + 1)��Numeri
al solution of LDA+DMFT(X)IPT Anisimov, Poteryaev, Korotin, Anokhin, Kotliar, J. Phys. 9, 7359 (1997)NCA Z�ol
, Prus
hke, Keller, Poteryaev, Nekrasov, Anisimov, PRB 61, 12810 (2000)QMC Katsnelson, Li
htenstein, PRB 61, 8906 (2000)Liebs
h, Li
htenstein, PRL 84, 1591 (2000)QMC solution of impurity problem (M intera
ting orbitals):� dis
retization �� of imaginary time � = ��� (� = 1=T )� dis
rete Hubbard-Stratonovi
h transformation! 2M(2M�1)� di�erent non-intera
ting systems� MC importan
e sampling; 
omputational 
ost /M(2M � 1)�3Hirs
h and Fye, PRL 56, 2521 (1986)



Results
LDA-LMTO(ASA) 
al
ulation for LaTiO3O-2p Ti-3d
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eg DOS

Orthorhombi
 stru
ture approximated by 
ubi
 stru
ture with same volume�! slight overestimation of e�e
tive bandwidth
onstrained LDA �! Ud � 3� 5 eV



DMFT 
al
ulation for La1�xSrxTiO3: partial t2g DOSx = 0:06, U = 4:0 eV, T = 0:1 eV � 1000K, 3 degenerate bands
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Comparison with experiment: photoemission spe
tra (PES)
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Experiment: Fujimori et al., PRL 69, 1796 (1992)Theory: DOS multiplied with Fermi step fun
tion; broadening 0.3 eV
Con
lusion� LDA + DMFT(QMC) yields qualitatively 
orre
t pi
ture� signi�
ant improvement over LDA� QMC solution of DMFT superior to NCA, IPT� in
lude more orbitals, Hund's rule 
ouplings� other materials: V2O3 (see TT 6.13; Held et al., 
ond-mat/0011518)Work supported by DFG through SFB 484


