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The Vision:
Ab initio method for strongly correlated systems

LSD SIC-LSD

• electrons are itinerant 
• good description for weakly 

correlated metals

• electrons are localised 
• good description for insulators 

intermediate range: 
• partial localisation 
• fluctuations
• DMFT
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The Vision:
Ab initio method for strongly correlated systems

• Full approach: dynamical CPA or DCA
– Hubbard-Stratonovich transformation

– auxiliary fields, fluctuating in space and time
– single-site approximation: DCPA or beyond (DCA)

– Quantum Monte Carlo sampling of these fields

• Simplified approach:
– self-interaction correction: different configurations
– dynamical spin and valence fluctuations between different configurations: 

intermediate valences
– start with static limit

LSD SIC-LSD
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SIC-KKR-CPA

Use alloy analogy:

• Localised (SIC) and delocalised states (LSD):
– static valence fluctuations
– intermediate valence: � -Ce, Yb ?

• Orientations of local moments:
– static spin fluctuations
– disordered local moments (DLM) 

• Use Coherent Potential Approximation (CPA)
– Effective medium: in average no extra scattering by impurities

cA + cA =
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Self-Interaction Correction  (Perdew, Zunger)

• Known problem of LSD: spurious self-interaction of localised 
states

is a single orbital density.

• Subtract self-interaction terms from LSD energy functional:

• is not an explicit functional of 
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Self-Interaction Correction (cont.)

• Represent density as: 

• Minimise with respect to      under constraint

with effective potential

• SIC density:
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Application to Solids

• SIC by Perdew and Zunger vanishes for extended states

� Transformation to localised orbitals (Temmerman et.al, Svane et.al)

• Competition between band formation and localisation determines 
valence

• very time consuming, hard to combine with CPA

• good localisation (99% of SIC charge is in Wigner-Seitz cell)

� single-site SIC approximation without this transformation
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Multiple-scattering picture

• Each atom is scattering centre
• free propagation in the interstitial space

• Green’s function:

and       are regular and irregular solutions of the Schrödinger 
equation.

� is the scattering path operator

g is the free electron propagator

),(),(),(),(),,( ,
,

,

eedetee ><¢¢
¢
¢

¢
¢

¢
¢ �� -¢=¢ rJrZrZrZrrG i

L
L

i
Liii

i
L

ii
LLi

LL

i
Lii

i
LZ i

LJ

...][ 11 +++=-= -- tgtgttgttgtt

i



9

Single site scattering properties

• Phase shifts � l

• Wigner delay time

is a measure of localisation

dE
Ed l )(

W

h
t =

(Typical for late transition metal)• Delocalised states:
– fast electrons, broad bandwidth, weak scatterer, short Wigner delay time
– basically no self interaction

• Localised states:
– narrow bands, sharp resonance, long Wigner delay time

– larger self interaction
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SIC charge

• Consider “ slow”  electron on a site i,l,m:
• charge-density:

• choose representation to diagonalize:

Here we have some choices! (see later)

• SIC potential

• t-matrix: replace l,m,� element of t-matrix
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Phase shifts

• Resonance sharpens by 3 orders of magnitude
• Resonance shifted down in energy
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Character of SIC charge

• l,m,� decomposed DOS and integrated DOS in SIC channel

• Integration to Fermi energy
• Hybridisation with other f-channels at the Fermi level
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Ce � -� transition

• Total energies:
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Density of states
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Including the CPA

• Ce: pseudo-alloy of localised (DLM) and delocalised sites
• this includes static spin and valence fluctuations

• no intermediate valence at T=0 from CPA
• non-local effects ? (use non-local CPA)
• Effect of lattice strain ?
• dynamical fluctuations ?
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Spectral functions

C=0.0 C=0.5 C=1.0
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Ce at finite temperature

• Apply pseudo-alloy idea to Ce at finite temperatures

• for each T and volume:

• Previous calculations:
Johansson: CPA, no SIC, no electronic entropy
Svane: no CPA, SIC, no electronic entropy
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Free energies

),,(),),,,((),,( cTppVcTcTpVFcTpG +=
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Free energies
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Ce phase diagram

• Minimize Gibbs free energy

for each (p,T ) with respect to � -concentration

),,(),),,,((),,( cTppVcTcTpVFcTpG +=

Isotherms for T=200, 400, 600, 800, 1000, 1200, 
1400, 1500, 1600 K
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Entropy contributions

DE

T DS

p DV
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Summary and Conclusion

• Single-site SIC implementation validated by DLM calculations:
– ggggphase: local moment persists in DLM picture
– DLM does not affect � -phase (moment iterates away)

• application to Ce � -� transition:
– proper inclusion of SIC, CPA and finite temperatures
– single-site static limit is not sufficient for intermediate valence

• Other fields of applications:
– alloys with localized states (Pu:Ga)
– DLM state of correlated systems (e.g. NiO)
– impurities (e.g. Ce in metallic hosts)

To appear in Phys. Rev. B 71 (20) (Cond-mat/0406515)
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Outlook

• Application to La2-xSrxCuO4 and La1-xSrxMnO3
– chemical disorder: given concentration
– intermediate valence (Cu2+/3+ and Mn3+/4+): concentration determined by total 

energy 

• Calculate spin susceptibilities (see Julie’s talk)
– generalize DLM approach to SIC
– Curie temperatures of correlated materials

• Combine SIC (in KKR-CPA) with GW:
– use SIC Green’s function as starting point
– f-manifold already split

• Generalise to non-local CPA (Rowlands et.al, PRB 67, ‘03)
– effects of short range order

• Include dynamic fluctuations: (valence and spin)
– e.g. two level system
– allow dynamic tunnelling between different configurations
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Questions for the discussion

• Which SIC mode is more physical?
– t-matrix, tttt -matrix, SIC charge, etc.

(see Arthur’s talk)

• Shape approximation
– ASA seems to be bad for lattice constants
– MT or full charge density approximation can give too little SIC charge

(see Markus Däne’s talk)
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Compare shape approximations

No Lloyd Lloyds formula to renormalize charges

Compare different shape 
approximations

Quasi Full Potential
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Compare SIC modes

Total Energy SIC charge

Total energies are not too sensitive to the SIC charge
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Questions for the discussion

• L-SIC for full potential KKR or relativistic KKR

– spherical potentials: LSD and SIC potentials are described by the 
same representations (e.g. cubic harmonics). 

®®®® We can simply replace the corresponding matrix-elements of the t-
matrix.

– non-spherical potentials: LSD and SIC potentials are not described by 
the same representation.

®®®® We cannot simply replace the matrix elements.

How can we generalize L-SIC to non-spherical potentials?


