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EPW resources

Docs

A complee s ofttorial and fs re avllabe in this ink

Exercise 1

dectory. o
and creste directory

Overview of work from 2016 to 2023

In this exercse we il generatethe ZG configuraton of sicon i a3 x 3 % 3 supercel for the
tempersture T 0 K and run your frst DFT-ZG cakultion Inth fllowing, 3 step fo obtaining

hephorars
b oo i Exp o nts. We. computanonal
hese seps ar standard Quantum Espressarns fo obtalning th nteratonic oce constnts. W nature.com/npi
- npj ‘ materials nature.com/npjcompumats
disprson ot
modesth code excludesthem. I the st is anhamonic one shou considerto evalat
aharmoric s using A-SOM 3 i Bxercise .
Runaself-consistent calulationfo silon in the For converged results, the energy cutoff ARTICLE OPEN BoSioiipi

ecutule shoukd be 30 Ry:

Electron—phonon physics from first principles using the EPW

code
Runa .« calulaton on a homogencous 4 4 X 4 a-pint g sing the npat
¢ e Hyungjun Lee'?, Samuel Ponce G, Kyle Bushick 0, Samad Hajinazar "', Jon Lafuente Bartolome 0, Joshua Leveille',
Chao Lian'?, Ja&Mo Lihm @, Francesco Macheda &%, Hitoshi Mori @, Hari Paudyal &7, Weng Hong Sio, Sabyasachi Tiwa
F orum Marios Zacharias @', Xiao Zhang*, Nicola Bonini”, Emmanouil Kioupakis &, Elena R. Margine (° and Feliciano Giustino @'
= om0 Frge Sl EPW is an open-source software for b initio calculations of electron-phonon interactions and related materials properties. The
ool code combines density functional perturbation theory and maximally localized Wannier functions to efficiently compute
R e i o e i R
. e T TR e e Tt e e TR e o S
the code since 2016, namely: a transport module for the calculation of charge carrier mobility under electric and magnetic felds
: . B for calcultions of phonon mediated superconductors using
. multi-band irect le for
e . (T e I S e e xuper(ells, and  module for calculating band structure R
—_— ——— temperature-dependent optical spectra using the special displacement method. For each capability, we outline the methodology
b — = and implementation and provide example calculations.
N e e— = npj Cc ional Materials (2023)9:156; ji.org/10. 023-01107-3
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Summary

Computational flow in EPW

Basic inputs for EPW
e Next in EPW

e Summary of exercises
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Computational flow in EPW

The central quantity we calculate inside EPW is:

gmmj(kﬁu qﬁ)

Mon. 1. Giustino,
Tue. 2. Giustino

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

The central quantity we calculate inside EPW is:

gmmj(kﬁu qﬁ) —

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

Physical Properties

The central quantity we calculate inside EPW is:

gmmj(kﬁu qﬁ) —
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Computational flow in EPW

Physical Properties

The central quantity we calculate inside EPW is: e Self-energies
» Today: Lafuente-Bartolome

gmmj(kﬁu qﬁ) —
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Computational flow in EPW

Physical Properties

The central quantity we calculate inside EPW is: e Self-energies
» Today: Lafuente-Bartolome

gmny(kﬁ,qﬁ> —y e Transport
» Wed: 1. Poncé, 6. Ha
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Computational flow in EPW

Physical Properties

The central quantity we calculate inside EPW is: e Self-energies
» Today: Lafuente-Bartolome

gmny(kﬁ,qﬁ> —y e Transport
» Wed: 1. Poncé, 6. Ha

e Superconductivity
> Wed: 2. Margine, 8. Mori
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Computational flow in EPW

Physical Properties

The central quantity we calculate inside EPW is: 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

gmmj(kﬁu qﬁ) —
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Computational flow in EPW

Physical Properties

The central quantity we calculate inside EPW is: 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

gmmj(kﬁu qﬁ) —
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Computational flow in EPW

Physical Properties

Self-energies
» Today: Lafuente-Bartolome

The central quantity we calculate inside EPW is:

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
e WFPT
> Sat: 4. Lihm

gmmj(kﬁu qﬁ) —
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Computational flow in EPW

Fine-grid e-ph element:

Imnv (kﬁ7 qﬁ)
Fine-grid
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Computational flow in EPW

Fine-grid e-ph element:

Imnw (Keos Qeo) —

Coarse-grid

Sabyasachi Tiwari

Imnv (kﬁ7 qﬁ)
Fine-grid
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Computational flow in EPW

Fine-grid e-ph element:

gmnz/(kcm qco) — gmm{a(Rey Rp} %gmm/ (kﬁ7 qﬁ)

Coarse-grid Wannier-basis Fine-grid
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Computational flow in EPW

Fine-grid e-ph element:

gmnz/(kcm qco) — gmm{a(Rey Rp} _lgmm/ (kﬁ7 qﬁ)

Coarse-grid Wannier-basis Fine-grid
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Computational flow in EPW

Fine-grid e-ph element:

Gmnv (kco ) qco)

Sabyasachi Tiwari 08 of 32



Computational flow in EPW

Wavefunctions: QE/pw.x

(nscf) gmnu(kcm qco) = <Umkco+qco chouvKS’Unkco>

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

Wavefunctions: QE/pw.x

(nSCf) gmny(kcm qu) — <umkco+qco
Polarization vectors and

honon frequencies:
p q chol//v ZKO&

QE/ph.x

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

KS
choV/U

QMHWQCOI/ €ra (qc0> aha \deo U

’ Unkeo >

KS
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Computational flow in EPW

Wavefunctions: QE/pw.x

_ KS
(nscf) gmnu(kcm qu) = <umkco+qco chouv ‘unkco>
Polarization vectors and
- ) KS
(thEo/no; frequencies: Aqeovv Zna WC/{Q(qC())aﬁaaqcov
p X dco

. ) KS(,.
Perturbing potentia|: a}{,(};_qcovKS — 6(—cho.7') Zp 6(_1qco.Rp)a‘8/T—(7)
QE/phX Kap

pattern representation

[Phys. Rev. B 76, 165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]
Sabyasachi Tiwari 09 of 32



Computational flow in EPW

Inputs to EPW

Wavefunctions: QE/pw.x
(nscf)

Polarization vectors and
phonon frequencies:

QE/ph.x

Perturbing potential:

QE/ph.x
pattern representation

[Phys. Rev. B 76,
Sabyasachi Tiwari

choV/UKS ’unkco>

gmnu(kcm qco) = <umkco+qco

KS
cho,ﬂ) Zma QMHWq o Cra (qc0>aha dco v
KS _ _(—iqeo.T) (—iqeo.Rp) V5 (1)
aﬁ‘,(}.qcov =€ « Zp € o OTwap
165108 (2007), Rev. Mod. Phys. 89, 1 (2017)]
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Computational flow in EPW

i

Sabyasachi Tiwari 10 of 32



Computational flow in EPW
QE

¥ v
e Wannierization

Wi (r — Re) = % > ok e kR mnk|Vnk)
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Computational flow in EPW
QE

AQCOVUKS | unkco >

ngLU(kCO7 qCO) = <umkco+QCo

KS

AQcol/U Zma QMqucoy ena(qco)aﬁza,qcov

e Wannierization

e e-ph coarse grid KS _ _(—iqeo. —ides.R,) OVES(r)
Dt = el-i9e07) T, it ) 20

87—;«1;7

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

gmn/-ca(RépVaIgip’)R:)
(Wi (1) 2 |, (1 — Rp)>

OTwap

e Wannierization
e e-ph coarse grid

e e-ph Wannier basis

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

QE
gmm/<kﬁ7 qﬁ) -
h i(k k
T Lm,R,, € )
X
o Wannierization [Umkﬁ-i-qﬁgmmca(Rpa Rp'>'eﬂa,l/(qﬁ)Unkﬁ]

e e-ph coarse grid

e-ph Wannier basis

e-ph fine grid

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

QE Physical Properties
e Self-energies
» Today: Lafuente-Bartolome
e Transport
» Wed: 1. Poncé, 6. Ha
e Superconductivity
+ + > Wed: 2. Margine, 8. Mori
e Wannierization * Optics
. > Wed: 3. Kioupakis, Thu: 3. Zhang
* e-ph coarse grid > Sat: 6. Tiwari
e e-ph Wannier basis e Polarons
e e-ph fine grid » Thu: 2. Giustino, Fri: 5.
e Physical properties Lafuente-Bartolome
e WFPT

» Sat: 4. Lihm
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Summary

Computational flow in EPW

Basic inputs for EPW
e Next in EPW

e Summary of exercises
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Basic inputs

&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.
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/
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Basic inputs

&inputepw

prefiz & ‘sl < 1/0 flags
amass(1) = 28.08

outdir = './'

dvscf_dir = './save'

elph = .true.

epwwrite = .true.
epwread = .false.
nbndsub = 8
proj(1) = 'Si : sp3'
wannierize = .true.
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/
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Basic inputs

&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.
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/
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+ 1/0 flags

< Control flags
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Basic inputs

&inputepw

prefix = 'si' — I/O ﬂags
amass (1) = 28.08

outdir = './'

dvscf_dir = './save'

elph = .true.

epwwrite = .true.
epwread = .false. + Control flags
nbndsub = 8
proj(1) = 'Si : sp3'
ierize = .true. . i
rennierize T mre < Wannier/electronic-structure flags
nkl = 6
nk2 = 6
nk3 = 6
nql = 3
nq2 = 3
nq3 = 3
/
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Basic inputs

&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.
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/

Sabyasachi Tiwari

+ 1/0 flags

< Control flags

< Wannier/electronic-structure flags

< Coarse grid
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Basic inputs

&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.
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/

Sabyasachi Tiwari

< Prefix which was used in
scf calculation
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Basic inputs

&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.
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/

Sabyasachi Tiwari

< Mass of ions and output
directory
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Basic inputs

&inputepw

prefix = 'si'

amass(1) = 28.08 .
outdir = 1./ + Files

dvscf_dir = './save’ where dvscf
elph = .true. files are

epwwrite = .true.
epuread = .false. saved

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

nkl =
nk2 =
nk3 =
nql =
nqg2 =
nqg3 =
/

wWwwo oo

Sabyasachi Tiwari 15 of 32



Basic inputs

&inputepw

prefix = 'si'

amass(1) = 28.08 .
outdir = './' < Files

dvscf_dir = './save' Where dVSCf
elph = .true. fileS are

epwwrite = .true.
epwread = .false. saved

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

nkl
nk2
nk3
nql
nq2
nqg3
/

oo
WwWwwo oo
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Basic inputs

&inputepw

prefix = 'si'

amass(1) = 28.08 .
outdir = './' < Files

dvscf_dir = './save' Where dVSCf
elph = .true. fileS are

epwwrite = .true.
epwread = .false. saved

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

¥

pp.py—./save

nkl
nk2
nk3
nql
nq2
nqg3
/

oo
wWwwo oo
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Basic inputs

&inputepw

prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'

elph = .true. —
epwwrite = .true. Ca|CU|at|0n

epwread = .false.
and restart
nbndsub

proj (1)

8
'Si : sp3'

¥
wannierize = .true. e Wannierization

nkl
nk2
nk3
nql
nq2
nqg3
/

L | I (B
wWwwo oo

e e-ph coarse grid
e e-ph Wannier basis
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Basic inputs

&inputepw

prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'

elph = .true. —
epwwrite = .false. Calculatlon

epwread = .true.
and restart
nbndsub 8

proj (1) 'Si : sp3' L]
wannierize = .true. e Wannierization

nkl
nk2
nk3
nql
nq2
nqg3
/

e e-ph coarse grid
e e-ph Wannier basis

e-ph fine grid

oo
wWwwo oo

Physical properties
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Basic inputs

&inputepw

prefix 'si'

amass(1) = 28.08
-

!

outdir

dvscf_dir = './save'

elph = .true.

epwwrite = .false.
epwread = .true.
nbndsub = 8
proj(1) = 'Si :
wannierize =
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/

Sabyasachi Tiwari

< Bands after Wannierization
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Basic inputs

&inputepw

prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'

elph = .true.

epwwrite = .false.

epwread = .true.

nbndsub = 8 . . .
proj(1) = 'Si : sp3' <+ Starting projections for
renmerize = true. Wannierization

nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/
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Basic inputs

&inputepw

prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'

elph = .true.

epwwrite = .false.
epwread = .true.
nbndsub = 8

proj(1) = 'Si : sp3'
wannierize = .true. < To Wannierize or not
nkl = 6

nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/
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Basic inputs

&inputepw

prefix = 'si'
amass(1) = 28.08
outdir = './'
dvscf_dir = './save'

elph = .true.

epwwrite = .false.

epwread = .true.

nbndsub = 8

proj(1) = 'Si : sp3'

wannierize = .false. < To Wannierize or not
nki = 6 Not needed for restart
nk2 = 6

nk3 = 6

nql = 3

nq2 = 3

nq3 = 3

/
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Basic inputs

&inputepw

prefix
amass(1) = 28.08
outdir

dvscf_dir

tgit

Al

= './save'

elph = .true.
epwwrite = .false.
epwread

nbndsub
proj (1)

wannierize

nkl
nk2
nk3
nql
nqg2
nq3
/

WwWwwo oo

Sabyasachi Tiwari

.true.

8
'Si

: sp3'

= .true.

< Coarse grids used for nscf and
ph calculations
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Application based inputs

&inputepw

loptabs = .true.

scattering = .true.
temps = 300
/
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Application based inputs

&inputepw

- < Learn in
loptabs = .true. .
scattering = .true. reSpeCt|Ve
temps = 300 .

e Sessions

/
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Application based inputs

&inputepw

loptabs = .true.

scattering = .true.
temps = 300
/

Sabyasachi Tiwari

< 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
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Parallelization in EPW

e Current EPW version is only parallelized over k-grid
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Parallelization in EPW

e Current EPW version is only parallelized over k-grid

» mpirun -np <no of cores> <location of g-e bin>/epw.x -nk
<no of cores> -in epw.in > epw.out
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Parallelization in EPW

e Current EPW version is only parallelized over k-grid

» mpirun -np <no of cores> <location of g-e bin>/epw.x -nk
<no of cores> -in epw.in > epw.out

> eg., 6x6x6 k grid: maximum 216 cores to utilize
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Parallelization in EPW

e Current EPW version is only parallelized over k-grid

» mpirun -np <no of cores> <location of g-e bin>/epw.x -nk
<no of cores> -in epw.in > epw.out

> eg., 6x6x6 k grid: maximum 216 cores to utilize

» mpirun -np 216 <location of g-e bin>/epw.x -nk 216 -in
epw.in > epw.out
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EPW+ZG

e Special displacements for electron-phonon
e Special displacements anharmonicity

e Fri. 6. Zacharias

AN
Marios Zacharias
Univ Rennes
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Summary

Computational flow in EPW

Basic inputs for EPW

Next in EPW

e Summary of exercises
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Next in EPW

In progress (beyond EPW v5.9):

e Exciton-phonon interactions
» Fri. 4. Dai

e Many-body corrections to polarons
e Non-adiabatic superconductivity

Sabyasachi Tiwari 27 of 32



The EPWpy automation suite

JU

e Python abstraction layer for EPW workflows
e High-level access to output data as objects
e Designed for HPC

e Developed under Cl/CD

e Highly modular and extensible

e Intuitive for users and developers

Sabyasachi Tiwari 28 of 32



The EPWpy automation suite

JU

Sabyasachi Tiwari

Python abstraction layer for EPW workflows
High-level access to output data as objects
Designed for HPC

Developed under ClI/CD

Highly modular and extensible

Intuitive for users and developers

Sun. 2. Tiwari and Cucco
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EPW resources

o Website: epw-code.org

« Forum: forum.epw-code.org/index.php

e References:
» [1]. npj comput. mater., 9, 156 (2023)
» [2]. Comput. Phys. Commun. 209, 116 (2016)
> [3]. Phys. Rev. B 76, 165108 (2007)
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https://epw-code.org/
https://forum.epw-code.org/index.php

Tutorial Tue. 5

Hands-On Intro: Running EPW

Jon Lafuente-Bartolome

University of the Basque Country
UPV/EHU



Summary

Computational flow in EPW

Basic inputs for EPW

e Next in EPW

Summary of exercises
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Summary of exercises

e Exercise 1: Phonon linewidths in Pb (metal)
e 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.

140
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