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Outline 

• Models for strongly correlated electron systems 
• DMFT: The philosophy and a brief derivation 
• DMFT in practice 
• Layered systems, heterostructures. 
• Disordered systems, Nano-DMFT 
• Applications 
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Periodic Anderson Model 

t t t 

Periodic 
Anderson 
Model 

Hubbard model 

Minimal Models 
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Solving the models  
Quantum many body theory approach 

Single-particle Green's function or propagator 

Density of states 
(Photoemission)Scattering rates and 
self-energy 

Many-particle Green's function or propagator 

Charge, spin and orbital 
susceptibilitiesElectrical and thermal 
conductivitiesVertex functionsBinder 
Cumulant, bond-order 
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Solving the models 

t t t 
Hubbard model 

Usual method of solution: H=H0 + HI 

Known limit Perturbation 

Band limit Atomic limit 

Not useful when H0 ~ HI 
Other small parameters: 1/N   SU(N): Symmetry of the spin-sector 

Question: Is there a limit where simplification occurs  
but the band and atomic limits are treated on an equal footing? 

Answer: Limit of infinite dimensions. 
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Dynamical mean field theory- Philosophy 

Trace out all S
i 
except S

0 

Ising model 

Mean field approximation 

Effective field – self consistently determined 
Magnetization 

Georges et al, Rev. Mod. Phys. 68, pp.13-125 (1996). 

Jij = J = J0 /d ||i-
j|| 

Philosophy - Reduce a lattice problem to a single-site embedded in 
                     a self-consistently determined host. 

d→∞ 

(from the single-spin partition 
function) 
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Deriving DMFT – 3 steps 

• I. Tight-binding model in the limit of infinite 
dimensions - Scaling of the hopping 
 
 

• II. Consequence of scaled hopping - 
Momentum independence of self-energy 

• III. Mapping to single-impurity Anderson model 
with a self-consistent host 
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I.Tight-binding DoS in d→∞ 
(Rescaling of the hopping integral) 

Consider the density of states on a d-dimensional hypercubic lattice 
(Metzner and Vollhardt, Phys. Rev. Lett. 62, 1066 (1989)) 

For a non-trivial 
result 

Inverse Fourier 
transform 
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I. Tight-binding DoS in d→∞ 
(Rescaling of the hopping integral) 

∞-d and 3-d are 
not too far! 
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II. Consequence of scaled hopping 
Momentum independence of self-energy  

Consider the nearest-neighbour second order (in U) self-energy 
diagram 

The non-interacting Green's function is given 
by 

     Sij= Sii dij 
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II. Consequence of scaled hopping 
Momentum independence of self-energy  
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III. Limit of infinite dimensions – 
mapping to a single impurity Anderson 

model 
Hubbard model 

Partition function 

Action 

We can follow the same procedure as for the Ising model and take the infinite-dimensional limit. 

Isolate the oth site. 
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Hubbard model 

Partition function 

Action 

Integrate all other degrees 
of freedom except 0. 

+const. 

With 

Dynamical mean field 

III. Limit of infinite dimensions – 
mapping to a single impurity Anderson 

model 
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Dynamical mean field theory 

Hubbard model 

With 

Dynamical mean field 

Question: How do we solve the single-impurity problem? 
                  How do we get the Green's function (or self-energy) of the impurity problem? 
  
Answer:  Next slide. 
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Impurity solvers 

• Static Mean field theories – Hartree Fock, Large-N Slave 
Boson/Particle theories (1950 - 80s) 

• Renormalization Group (RG) Based Approaches (70s to 
present) 

• Numerical renormalization group, Poor Man's scaling, 
Functional RG, Perturbative RG, Density Matrix RG 

• Diagrammatic Perturbation theory based  

• Non-Crossing Approximation, Fluctuation exchange 
approximation, Iterated perturbation theory, Local moment 
approach. (70s to early 2000) 

• Computational – Exact Diagonalization, Quantum Monte Carlo 
(Hirsch-Fye and Continuous time), Configuration Interactions 
(70s to present) 
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Dynamical mean field theory 
(in practice) 

Hubbard model 

Solve impurity problem 

Impurity Self energy 

Local Green's function 

Dyson's equation 

Σlatt=Σimp : Self-consistency 

Make a guess for the host Green's function  
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Dynamical mean field theory 
• Mean field theory for quantum many body systems on a lattice. 
• Maps lattice models to self-consistent impurity models 
• Self energy and Vertex function become purely local and 

momentum independent. 
• Ignores spatial fluctuations but accounts for quantum local 

temporal fluctuations. 
• Exact in the limit of infinite dimensions. 

Kotliar and Vollhardt, Physics Today (March 
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Dynamical and Classical mean field 
theory comparison 
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Layer-DMFT or Inhomogeneous 
DMFT 

Sudeshna et al, Phys. Rev. B 91 155146 (2015). 

Layer-Hamiltonian 
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Stat-DMFT for disordered systems 

Yun Song et al, Phys. Rev. B 77 054202 (2008). 

Disordered Hubbard Hamiltonian 

Effective action 

Green's function matrix 

j 

Host Green's function 

Note the similarity with the layer-DMFT. 
 
Nano-DMFT is also identical to this. 
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Integration with first principles DFT 

N.Dasari et al, arXiv:1504.04097. 

Hamiltonian
: 

Green's functions: 

Occupancy constraint for µ: 

Map the lattice onto a single unit cell with multiple orbitals. 
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Applications 
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Heavy fermions 

 Gorshunov et al Phys. Rev. B, Vol.59, pp.1808-1814 (1999). 

Δ
g
=8.75meV=101K 

  N. S. Vidhyadhiraja et al  J. Phys. Condens. Matter Vol.15 pp.4045-4087 (2003). 

SmB
6 

DC Resistivity 

Periodic Anderson 
model: 
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Δ
g
=8.75meV=101K 

  N. S. Vidhyadhiraja et al  J. Phys. Condens. Matter Vol.15 pp.4045-4087 (2003). 

SmB
6 

 Gorshunov et al PRB (1999); 

Optical conductivity 
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Heavy Fermions – Dynamical Mean Field Theory  

Data from two 
different groups 

Z=0.05; m*=20 

Symbols: Experiments 
Line: Theory 

Rowe et al J. Phys. D: Appl. Phys Vol. 35 pp.2183-2186 (2002). 
N.S.Vidhyadhiraja , Logan  J. Phys. Condens. Matter Vol.17 pp.2959-2976 (2005); 

YbAl
3 

DC Resistivity 
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Z=0.05; m*=20 

YbAl
3 

Okamura et al J. Phys. Soc. Japan Vol.73 pp.2045 (2004). 
NSV , Logan  J. Phys. Condens. Matter Vol.17 pp.2959-2976 (2005); 

Optical conductivity 

Theory 

Experiment 
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Heavy Fermions – Dynamical Mean 
Field Theory  

Z=0.05; m*=20 

SmB6, YbB12, Ce2Bi4Pt3, CeB6, CeAl3, CeCoIn5, 
YbAl3, CeOs4Sb12, CeFeGe3, CeRhSi2, Ce2Ni3Si5 
Ce1-xLaxB6, Ce1-xLaxAl3 

Spectral Dynamics, DC and Optical transport, 
Thermodynamics, Magnetotransport 

(http://www.jncasr.ac.in/raja/publication.php) 
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Elemental Plutonium 

Phonon spectrum computed with DMFT and 
compared to experiment 

Kotliar and Vollhardt, Physics Today (March 2004). 
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SrVO3 

Anisimov and Lukoyanov Acta Crys. Sec. C (2014)..  
N.Dasari et al, arXiv:1504.04097. 
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V2O3 

Anisimov and Lukoyanov Acta Crys. Sec. C (2014)..  

Photoemission 
spectra 

X-ray absorption spectra 
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