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The central quantity we calculate inside EPW is:

gmnν(kfi,qfi)

Mon. 1. Giustino,
Tue. 2. Giustino

[Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]
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The central quantity we calculate inside EPW is:

gmnν(kfi,qfi) →

Physical Properties

• Self-energies
▶ Today: Lafuente-Bartolome

• Transport
▶ Wed: 1. Poncé, 6. Ha

• Superconductivity
▶ Wed: 2. Margine, 8. Mori

• Optics
▶ Wed: 3. Kioupakis, Thu: 3. Zhang
▶ Sat: 6. Tiwari

• Polarons
▶ Thu: 2. Giustino, Fri: 5.

Lafuente-Bartolome
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The central quantity we calculate inside EPW is:

gmnν(kfi,qfi) →

Physical Properties

• Self-energies
▶ Today: Lafuente-Bartolome

• Transport
▶ Wed: 1. Poncé, 6. Ha

• Superconductivity
▶ Wed: 2. Margine, 8. Mori

• Optics
▶ Wed: 3. Kioupakis, Thu: 3. Zhang
▶ Sat: 6. Tiwari

• Polarons
▶ Thu: 2. Giustino, Fri: 5.

Lafuente-Bartolome

• WFPT
▶ Sat: 4. Lihm
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Fine-grid e-ph element:

gmnν(kfi,qfi)

Fine-grid
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Fine-grid e-ph element:

gmnν(kco,qco)→
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Fine-grid e-ph element:

gmnν(kco,qco)
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gmnν(kco,qco) = ⟨umkco+qco
|∆qcoνv

KS|unkco
⟩

Wavefunctions: QE/pw.x
(nscf)

[Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]

Computational flow in EPW

Sabyasachi Tiwari 09 of 32



gmnν(kco,qco) = ⟨umkco+qco
|∆qcoνv

KS|unkco
⟩

Wavefunctions: QE/pw.x
(nscf)

∆qcoνv
KS =

∑
κα

√
ℏ

2Mκωqcoν
eκα(qco)∂κα,qco

vKS
Polarization vectors and
phonon frequencies:
QE/ph.x
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κα
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∑
κα
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ℏ

2Mκωqcoν
eκα(qco)∂κα,qco

vKS
Polarization vectors and
phonon frequencies:
QE/ph.x

∂κα,qco
vKS = e(−iqco.r)

∑
p e

(−iqco.Rp) ∂V
KS(r)

∂τκαp
Perturbing potential:
QE/ph.x
pattern representation

Inputs to EPW

[Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]

Computational flow in EPW

Sabyasachi Tiwari 09 of 32



QE

pw.x (scf)

pw.x (nscf)
ph.x
(phonon)

Computational flow in EPW
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QE

pw.x (scf)

pw.x (nscf)
ph.x
(phonon)

• Wannierization

wm(r −Re) =
1
N

∑
nk e

−ik.ReUmnk|ψnk⟩

Computational flow in EPW
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QE
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pw.x (nscf)
ph.x
(phonon)

• Wannierization

• e-ph coarse grid
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∑
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(−iqco.Rp) ∂V
KS(r)
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[Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)][Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]
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QE

pw.x (scf)

pw.x (nscf)
ph.x
(phonon)

• Wannierization

• e-ph coarse grid

• e-ph Wannier basis

gmnκα(Rp,Rp′) =

⟨wm(r)|
∂V KS(r−Rp′)

∂τκαp
|wn(r −Rp)⟩

[Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)][Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]
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QE

pw.x (scf)

pw.x (nscf)
ph.x
(phonon)

• Wannierization

• e-ph coarse grid

• e-ph Wannier basis

• e-ph fine grid

gmnν(kfi,qfi) =√
ℏ

2Mκωqfiν

∑
RpRp′

ei(kfiRp+kfiRp′)

×
[Umkfi+qfi

gmnκα(Rp,Rp′).eκα,ν(qfi)Unkfi
]

[Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)][Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]
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QE

pw.x (scf)

pw.x (nscf)
ph.x
(phonon)

• Wannierization

• e-ph coarse grid

• e-ph Wannier basis

• e-ph fine grid

• Physical properties

Physical Properties

• Self-energies
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• Transport
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• Superconductivity
▶ Wed: 2. Margine, 8. Mori

• Optics
▶ Wed: 3. Kioupakis, Thu: 3. Zhang
▶ Sat: 6. Tiwari

• Polarons
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--
&inputepw
prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'

elph = .true.
epwwrite = .true.
epwread = .false.

nbndsub = 8
proj(1) = 'Si : sp3'
wannierize = .true.

nk1 = 6
nk2 = 6
nk3 = 6
nq1 = 3
nq2 = 3
nq3 = 3
/

Basic inputs
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&inputepw
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dvscf_dir = './save'
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← I/O flags

← Control flags

← Wannier/electronic-structure flags

← Coarse grid

Basic inputs
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--
&inputepw
prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'
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← Prefix which was used in
scf calculation

Basic inputs
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← Mass of ions and output
directory

Basic inputs
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• e-ph Wannier basis
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--
&inputepw
prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'

elph = .true.
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← Bands after Wannierization

Basic inputs
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amass(1) = 28.08
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← Starting projections for
Wannierization

Basic inputs
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← To Wannierize or not

Basic inputs
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&inputepw
prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'
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← To Wannierize or not
Not needed for restart

Basic inputs
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&inputepw
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← Coarse grids used for nscf and
ph calculations

Basic inputs
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--
&inputepw
..
loptabs = .true.
scattering = .true.
temps = 300
...
/

Application based inputs
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--
&inputepw
..
loptabs = .true.
scattering = .true.
temps = 300
...
/

← Learn in
respective
sessions

Physical Properties

• Self-energies
▶ Today: Lafuente-Bartolome

• Transport
▶ Wed: 1. Poncé, 6. Ha

• Superconductivity
▶ Wed: 2. Margine, 8. Mori

• Optics
▶ Wed: 3. Kioupakis, Thu: 3. Zhang
▶ Sat: 6. Tiwari

• Polarons
▶ Thu: 2. Giustino, Fri: 5.

Lafuente-Bartolome

• WFPT
▶ Sat: 4. Lihm

Application based inputs
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• Current EPW version is only parallelized over k-grid

Parallelization in EPW
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• Current EPW version is only parallelized over k-grid
▶ mpirun -np <no of cores> <location of q-e bin>/epw.x -nk

<no of cores> -in epw.in > epw.out
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• Current EPW version is only parallelized over k-grid
▶ mpirun -np <no of cores> <location of q-e bin>/epw.x -nk

<no of cores> -in epw.in > epw.out

▶ e.g., 6× 6× 6 k grid: maximum 216 cores to utilize

Parallelization in EPW

Sabyasachi Tiwari 24 of 32



• Current EPW version is only parallelized over k-grid
▶ mpirun -np <no of cores> <location of q-e bin>/epw.x -nk

<no of cores> -in epw.in > epw.out

▶ e.g., 6× 6× 6 k grid: maximum 216 cores to utilize

▶ mpirun -np 216 <location of q-e bin>/epw.x -nk 216 -in
epw.in > epw.out

Parallelization in EPW
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• Special displacements for electron-phonon

• Special displacements anharmonicity

• Fri. 6. Zacharias

EPW+ZG
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• Computational flow in EPW

• Basic inputs for EPW

• Next in EPW

• Summary of exercises

Summary
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In progress (beyond EPW v5.9):

• Exciton-phonon interactions
▶ Fri. 4. Dai

• Many-body corrections to polarons

• Non-adiabatic superconductivity

Next in EPW
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• Python abstraction layer for EPW workflows

• High-level access to output data as objects

• Designed for HPC

• Developed under CI/CD

• Highly modular and extensible

• Intuitive for users and developers

The EPWpy automation suite
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• Python abstraction layer for EPW workflows

• High-level access to output data as objects

• Designed for HPC

• Developed under CI/CD

• Highly modular and extensible

• Intuitive for users and developers

Sun. 2. Tiwari and Cucco

The EPWpy automation suite
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• Website: epw-code.org

• Forum: forum.epw-code.org/index.php

• References:
▶ [1]. npj comput. mater., 9, 156 (2023)
▶ [2]. Comput. Phys. Commun. 209, 116 (2016)
▶ [3]. Phys. Rev. B 76, 165108 (2007)

EPW resources
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Tutorial Tue. 5

Hands-On Intro: Running EPW

Jon Lafuente-Bartolome

University of the Basque Country

UPV/EHU
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• Next in EPW

• Summary of exercises

Summary
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• Exercise 1: Phonon linewidths in Pb (metal)

• Exercise 2: Electron linewidths in SiC (polar semiconductor)

Main goal: To learn the basic usage of EPW and how to check the
quality and convergence of the calculations.

	0

	0.02

	0.04

	0.06

	0.08

	0.1

	0.12

X W L Γ K

γ q
	ν
	(m

eV
)

Summary of exercises

Sabyasachi Tiwari 32 of 32


