










 𝑐𝐤 + 𝐪 

 𝑣𝐤 

𝜀2 𝐪,𝜔 ∝  𝑣𝐤 𝑣  𝑐𝐤+ 𝐪 2𝛿 𝜔 − 𝐸𝑐𝐤+𝐪  − 𝐸𝑣𝐤

𝑣𝑐𝐤

𝜔

 𝑆 

𝜀2 𝐪,𝜔 ∝  0 𝑣  𝑆 2𝛿 𝜔 − Ω𝑆

𝑆

 𝑆 =  𝐴𝑣𝑐𝐤
𝑆   𝑣𝐤 ⨂ 𝑐𝐤+ 𝐪 

𝑣𝑐𝐤

𝜔



𝜔 (eV)

𝜔 (eV)



𝐻 = 𝐸𝑐 − 𝐸𝑣 + ,𝐾-

 →

𝐻 (𝑣𝑐𝐤),(𝑣′𝑐′𝐤′)













𝐤co𝐤co 𝐤fi

𝐤 𝐤























𝐻 fi = 𝐸𝑐 − 𝐸𝑣 fi + 𝐾 fi



𝐸𝑐 co, 𝐸𝑣 co,

𝐾 co

𝐻 co ⇒ 𝐻 fi

evals 𝐻 fi ⇒ 𝜀2









 →





 →

𝐸𝑐 co, 𝐸𝑣 co,



screened_coulomb_cutoff <?> 
bare_coulomb_cutoff <?> 
 
number_bands <?> 
band_occupation <?> 
 
band_index_min <?> 
band_index_max <?> 
 
screening_semiconductor 
number_kpoints <?> 
begin kpoints 
 <put all k-points from WFN_INNER here> 
end 

𝐤co𝐤co 𝐤fi

𝐤







 𝑛𝑣𝑛𝑐𝑛𝑘
2









𝐾 co



number_val_bands <?> 
number_cond_bands <?> 
 
screened_coulomb_cutoff <?> 
 
<?>_symmetries_coarse_grid 
screening_<?> 

use_symmetries_coarse_grid 

















𝐻 co ⇒ 𝐻 fi

evals 𝐻 fi ⇒ 𝜀2



diagonalization 
 
number_val_bands_coarse <?> 
number_cond_bands_coarse <?> 
number_val_bands_fine <?> 
number_cond_bands_fine <?> 
 
coarse_grid_points <?> 
 
use_symmetries_coarse_grid 
no_symmetries_fine_grid 
no_symmetries_shifted_grid 
 
screening_semiconductor 
 
use_velocity 
q_shift 0.0 0.0 0.001 
 
gaussian_broadening 
energy_resolution 0.15 
 
eqp_co_corrections 

𝐤WFN + 𝐪shift = 𝐤WFNq













𝜀2 𝐪,𝜔 ∝  0 𝑣  𝑆 2𝛿 𝜔 −Ω𝑆

𝑆

0 𝑣  𝑆 =  𝐴𝑣𝑐𝐤
𝑆 𝑣𝐤 𝑣  𝑐𝐤 + 𝐪

𝑣𝑐𝐤

𝑣 = 𝑖 𝐻, 𝑟 = 𝑝 + 𝑖 𝑉, 𝑟 

use_velocity





  𝐤WFN + 𝐪shift = 𝐤WFNq

0 𝑣  𝑆 ≈
Ω𝑆

𝑞
 𝐴𝑣𝑐𝐤

𝑆 𝑣𝐤 𝑒−𝑖𝐪⋅𝐫 𝑐𝐤+ 𝐪

𝑣𝑐𝐤

use_momentum





 𝐞𝜆 𝑣 

𝑣𝐤 𝑣  𝑐𝐤+ 𝐪 ≈ 𝑣𝐤 𝑝 𝜆 𝑐𝐤















 𝜔 → 0





𝑘

𝐸











 ∞

 d?mat_norm.dat

 -------  Norm of dvv matrices : Spins =            1  ------- 
           k-point           ik_co    v   dist    |dvv|^2       
--------------------------------------------------------------- 
 (  0.059 ,  0.046 ,  0.039 )    1    1  0.054   0.987006 
 (  0.059 ,  0.046 ,  0.039 )    1    2  0.054   0.953488 
 (  0.059 ,  0.046 ,  0.039 )    1    3  0.054   0.892665 
 (  0.059 ,  0.046 ,  0.164 )    2    1  0.139   0.923182 



 𝜀2(𝜔)
𝐻 fi











diagonalization 
 
... 

haydock 
number_iterations 500 
... 



 𝜀2 𝜔 , 𝜀1(𝜔)









 write_eigenvalues



 Ω𝑆























Ecor = 𝐸𝑄𝑃 − 𝐸𝐿𝐷𝐴 𝐸𝐿𝐷𝐴











... 
eqp_co_corrections 
... 

... 
evs     <?> 
ev0     <?> 
evdel   <?> 
ecs     <?> 
ec0     <?> 
ecdel   <?> 
... 

 𝑛 = *𝑣, 𝑐+

𝐸𝑄𝑃 = 𝐸𝐿𝐷𝐴 + 𝐸𝑛𝑠 + 𝐸𝑛𝑑𝑒𝑙 ∗ (𝐸𝐿𝐷𝐴 − 𝐸𝑛0)


