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The LDA-1/2 method

Objective: improve the description of band gaps

Method: LDA-1/2 , derived from the Slater-Janack transition state theory

Theorem of Janack: 
��

���
= �� ��

��: eigen value of the Kohn-Sham state α
��: occupation of the Kohn-Sham state α

It can be shown that: �� 0 − �� −
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with � = ��� �� �� �� ���, the hole self-energy

and
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band gap

L. G. Ferreira et al., Phys. Rev. B, 78, 125116 (2008)
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The LDA-1/2 method

It can then be shown that:
�� = � 0, � − �(−

1

2
, �)

This is an atomic formulation. In a cristal, the self-energy potential is cut with:

Θ � = 1 −
�

���

 �

If r< CUT, 0 otherwise.

In ATOMPAW:

- first calculation with the neutral atom
configuration � V(0,r)

- Second calculation on ion without ½ 
electron � V(-1/2, r)

- Calculation of VS.

- a new tag 
« LDA_minus_half_potential » is
inserted in the JTH XML PAW data files 
for 10 elements



IMPLEMENTATION
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In ABINIT:
- VS is treated as an external potential.

- �"#$ = ��%�& % '"#$ % + ∑ ��% �* % − �&* % '"#$ %*

- + = '"#$ + ∑ |-&. > 01,. < -&1|1,. with 01,. = ��%'"#$ % 31 % 3. % − 341 % 34. %

- The ldaminushalf input variable must be set to 1

Example:  indirect gap of silicon:    LDA       � 0.55 eV
LDA-1/2 � 1.25 eV


