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Previous Results
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MAE : mean absolute error

1

first ionization potential
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Perdew and Zunger SIC (PZ-SIC)
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total density dependent



Perdew and Zunger SIC (PZ-SIC)
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Localized Orbitals(LOs) dependent

SIC potential



Perdew and Zunger SIC (PZ-SIC)

diagonalization

quasi-particle orbitals
(named KS orbitals)

1. J. P. Perdew and A. Zunger, Phys. Rev. B 23, 5048 (1981). 5

energy levels



SIC Constraint

6

the numeric atom-centered orbital (NAO)

matrix form 

1. V. Blum, R. Gehrke, F. Hanke, P. Havu, V. Havu, X. Ren, K. Reuter, and M. Scheffler, 
    Comput. Phys. Commun. 180, 2175 (2009).
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Perdew and Zunger SIC (PZ-SIC)

1. the SIC total energy is global minimum.

Carbon as example : 

PZ-SIC : remove all single-electron self-interaction errors
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Perdew and Zunger SIC (PZ-SIC)

1. global minimum

2. Hamiltonion is Hermitian

Benzene

eigenvalues are not real
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SIC constraint : Hermitian Operator

SIC constraint : 
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SIC constraint : Hermitian Operator

SIC constraint : 

Newton method  requires
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SIC constraint : Hermitian Operator

Eigen Problem

artificial weights 
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SIC constraint : Hermitian Operator

Eigen Problem
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SIC constraint : initial Guess

Eigen Problem

1. gloable minimum

2. Hamiltonion Hermitian Operator
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SIC constraint : initial Guess

1. gloable minimum

2. Hamiltonion Hermitian Operator

initial guess of LO : 
80% atomic orbital + 20% KS orbitals 

 : KS orbitals



Implementation

End

Density 
converged

yes
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Normal DFT 
calculation

SIC constraint

SIC one-electron H

No

Total energy



Implementation

End

Density 
converged

yes
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Normal DFT 
calculation

SIC constraint

SIC one-electron H

No

Total energy SIC : 
SIC(fix) : 



Rotation Symmetry : Benzene and H6 

Benzene
H6

171. S. Lehtola, M. Head-Gordon, and H. Jónsson, J. Chem. Theory Comput. 12, 3195 (2016).

Model
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Rotation Symmetry : Diatomic Molecule
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Rotation Symmetry : Diatomic Molecule

SCAN SIC SCAN
-10.75 -17.37
-11.99 -17.74
-14.10 -21.24
-14.29 -36.89

spin up
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Rotation Symmetry : Diatomic Molecule

SCAN SIC SCAN
-7.55 -15.48
-14.10 -21.97
-14.36 -22.40
-22.00 -31.30
-34.40 -43.66

spin up
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Rotation Symmetry : Diatomic Molecule



SIC for Solid : Diamond

K points :
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C

1. P. Y. Yu and M. Cardona, Fundamentals of Semiconductions (Springer-Verlag, Berlin, 2001)

expt. SCAN SIC SCAN
Indirect Gap (eV) 5.49 4.41 5.04



SIC for Solid : Diamond

K points :
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C

SCAN

lattice field



SIC for Solid : Diamond

K points :
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C

SCAN SIC SCAN



Summary

• PZ-SIC constraint can be transformed to an eigen problem

• ground state symmetry is correct for diatomic molecules

• The band structure of diamond is basically right, 
    but still has some problems

• improve the band structure

• try more systems, like Si, c-BN 
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