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αβ ψ n

+ ψ n
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Ĥ − εn( )ψ n
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Ĥ αβ

αβ = xx, yy, zz, xy, yz, xz{ }
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n Ĥ αβ n ' ≠ 0 ⇒ M n

−1 → M nn '
−1

Luttinger and Kohn, Phys Rev 97 869 (1955)

εn ′n (k) ≈
1
2
kT M nn '

−1 k = k
2

2
k̂(θ ,φ)T M nn '

−1 k̂(θ ,φ) = k
2

2
Mnn '

−1 (θ ,φ)

εn (k,θ ,φ) ≈
k2

2
Mn

−1(θ ,φ)

•               not convenient for transport properties calculation
Mecholsky et al., PRB 89 155131 (2014)

Mn (θ ,φ)
→σ nMn (θ ,φ) → Mn

eqv



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7

• Degenerescence support under implementation



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7

• Degenerescence support under implementation

Si, 1st band, Γ



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7

• Degenerescence support under implementation

Finite DFPT

Si, 1st band, Γ

1.161 0.000 0.000
0.000 1.161 -0.000
0.000 -0.000 1.161

1.161 0.000 0.000
0.000 1.161 0.000
0.000 0.000 1.161



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7

• Degenerescence support under implementation

Finite DFPT

Si, 1st band, Γ

1.161 0.000 0.000
0.000 1.161 -0.000
0.000 -0.000 1.161

1.161 0.000 0.000
0.000 1.161 0.000
0.000 0.000 1.161

3E-09 1E-07 7E-08
1E-07 9E-08 1E-11
7E-08 1E-11 2E-07

Δ



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7

• Degenerescence support under implementation

Finite DFPT

Si, 1st band, Γ

1.161 0.000 0.000
0.000 1.161 -0.000
0.000 -0.000 1.161

1.161 0.000 0.000
0.000 1.161 0.000
0.000 0.000 1.161

3E-09 1E-07 7E-08
1E-07 9E-08 1E-11
7E-08 1E-11 2E-07

Si, 1st band, 14 ,0,0( )

Δ



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7

• Degenerescence support under implementation

Finite DFPT

Si, 1st band, Γ

1.161 0.000 0.000
0.000 1.161 -0.000
0.000 -0.000 1.161

1.161 0.000 0.000
0.000 1.161 0.000
0.000 0.000 1.161

3E-09 1E-07 7E-08
1E-07 9E-08 1E-11
7E-08 1E-11 2E-07

Si, 1st band, 14 ,0,0( )

Ge, 1st band

Δ



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Results

7

• Degenerescence support under implementation

Finite DFPT

Si, 1st band, Γ

1.161 0.000 0.000
0.000 1.161 -0.000
0.000 -0.000 1.161

1.161 0.000 0.000
0.000 1.161 0.000
0.000 0.000 1.161

3E-09 1E-07 7E-08
1E-07 9E-08 1E-11
7E-08 1E-11 2E-07

Si, 1st band, 14 ,0,0( )

Ge, 1st band

Δ

Δ = 10−4



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Numerical noise : finite differences

8



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Numerical noise : finite differences

8

ε k ,n
αβ ~ 2

ε k+Δk , n − ε k , n
Δk 2



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Numerical noise : finite differences

8

ε k ,n
αβ ~ 2

ε k+Δk , n − ε k , n
Δk 2



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Numerical noise : finite differences

8

ε k ,n
αβ ~ 2

ε k+Δk , n − ε k , n
Δk 2



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Numerical noise : finite differences

8

ε k ,n
αβ ~ 2

ε k+Δk , n − ε k , n
Δk 2

•        convergence  
cumbersome
Δk



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented
• One less convergence to do



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented
• One less convergence to do

• Better numerical precision



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented
• One less convergence to do

• Better numerical precision

• Degenerate bands: accurate treatment,



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented
• One less convergence to do

• Better numerical precision

• Degenerate bands: accurate treatment,Mnn '
−1 → Mn (θ ,φ)→σ n → Mn

eqv



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented
• One less convergence to do

• Better numerical precision

• Degenerate bands: accurate treatment,
• Future directions

Mnn '
−1 → Mn (θ ,φ)→σ n → Mn

eqv



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented
• One less convergence to do

• Better numerical precision

• Degenerate bands: accurate treatment,
• Future directions

• electron-electron interactions

Mnn '
−1 → Mn (θ ,φ)→σ n → Mn

eqv



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Conclusion

9

• Effective masses important for material design
• Not much effort to ➚ precision
• Here

• DFPT implemented
• One less convergence to do

• Better numerical precision

• Degenerate bands: accurate treatment,
• Future directions

• electron-electron interactions
• electron-phonon interactions

Mnn '
−1 → Mn (θ ,φ)→σ n → Mn

eqv



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Acknowledgments

10



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Acknowledgments

10

Xavier Gonze’s group

Samuel Poncé 
Yannick Gillet 
Michiel van Setten 
Matteo Giantomassi 
Yongchao Jia



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Acknowledgments

10

Xavier Gonze’s group

Samuel Poncé 
Yannick Gillet 
Michiel van Setten 
Matteo Giantomassi 
Yongchao Jia

CISM



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Acknowledgments

10

Xavier Gonze’s group

Samuel Poncé 
Yannick Gillet 
Michiel van Setten 
Matteo Giantomassi 
Yongchao Jia

CISM



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Acknowledgments

10

Thank you!Xavier Gonze’s group

Samuel Poncé 
Yannick Gillet 
Michiel van Setten 
Matteo Giantomassi 
Yongchao Jia

CISM



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

Oshikiri et al. PRB 66 125204 (2002)



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

Oshikiri et al. PRB 66 125204 (2002)



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

Oshikiri et al. PRB 66 125204 (2002)



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

Oshikiri et al. PRB 66 125204 (2002)<0.02% M in AlAs



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

Oshikiri et al. PRB 66 125204 (2002)<0.02% M in AlAs

~16% M in AlAs



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

∂ε DFT

∂εG0W0
= 1−

∂ Σ̂ ω( )
∂ω

= 1
Z

Oshikiri et al. PRB 66 125204 (2002)<0.02% M in AlAs

~16% M in AlAs



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

∂ε DFT

∂εG0W0
= 1−

∂ Σ̂ ω( )
∂ω

= 1
Z

Oshikiri et al. PRB 66 125204 (2002)<0.02% M in AlAs

~16% M in AlAs

= M G0W0

M DFT



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Future directions

11

• Correction factor for e-e interactions

M G0W0

M DFT =
∂2ε DFT

∂k2
∂2εG0W0

∂k2
= ∂ε DFT

∂εG0W0

∂εG0W0 = ∂ε DFT +
∂ Σ̂ ω( )

∂k
δ k +

∂ Σ̂ ω( )
∂ω

δεG0W0

∂ε DFT

∂εG0W0
= 1−

∂ Σ̂ ω( )
∂ω

= 1
Z

Oshikiri et al. PRB 66 125204 (2002)<0.02% M in AlAs

~16% M in AlAs

• How general is this apprx?

= M G0W0

M DFT


