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Structure and how to run the wien2k code :

& = C | ® susitheochem.tuwien.ac.at % C

Adding a new dimension to DFT calculations of solids ...

— WIENZ2k

FEATURES
P. Blaha, K. Schwarz, G. Madsen, D. Kvasnicka and J. Luitz

HARD+SOFT

Inst. f. Materials Chemistry, TU Vienna
ORDER INFO

The program package WIEN2k allows to perform electronic structure calculations of solids using density functional theory (DFT).
PAPERS It is based on the full-potential (linearized) augmented plane-wave ((L)APW) + local orbitals (lo) method, one among the most
accurate schemes for band structure calculations. WIENZ2k is an all-electron scheme including relativistic effects and has many
features. It has been licensed by more than 3000 user groups and has about 12000 citations on Google scholar (Blaha WIENZ2K).

The current version is

WIEN2k_17.1

and was released on 4. July 2017. Version 17.1 is an important update, with new features (non-local van der Waals) and
fixing some bugs. Upgrading is highly recommended.

In the last years it became a tradition to have at least one "WIEN-workshop" every year, where new and experienced users can
learn more about the code, get intensive hands-on training, interchange ideas and share experiences.

This year the H

28 WIEN?2k wnrkchnn

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Structure and how to run the wien2k code :

& = C | @ susitheochem.tuwien.ac.at/reg user/textbooks/ ¥l (

Adding a new dimension to DFT calculations of solids ...

(LJAPW+lo WIEN2k-Textbooks:

On this page you find links to usefull texts related to WIEN2k.

FEATURES

Please let us know it you have some interesting material which should be added to this list.

HARD+SOFT

ORDER INFO  Most recent version of the WIEN2k-Usersguide (pdf)

PAPERS « DFT and the Family of (L)APW-methods: a step-by-step introduction (pdf)

A very nice introduction to DFT, (L)APW and the WIEN2k code by S.Cottenier (Univ. Gent, Belgium). Highly recommended for newcomers
in this field. Updated Aug. 2013. (The old version is available from here. )

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Structure and how to run the wien2k code :

 The code is very well structured in independent programs linked through scripts

« All we need to start a calculations is the crystal structure of a material

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Structure and how to run the wien2k code :

 [|nitialization of a calculation ... start from case.struct and run the script init_lapw

NM

check for
overiap. spheres

SCROUP
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LSTART
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Structure and how to run the wien2k code :

* Information on any program
init_lapw -h

PROGRAM: /zeus/WIENZ2k/init_lapw

PURPOSE: initialisation of the 1/apw-package WIENZk

to be called within the case-directory

has to be located in WIEN-executable directory

needs case.struct file

USAGE: init_lapw [OPTIONS] [FLAGS]

FLAGS:

-h/-H ->help

-b —->batch (non-interactive) mode (see possible options below, SGROUP is always ignored)
—sp —»in batch mode: select spin-polarized calculation

CPTIONS:
—-red X —»in batch mode: BMT reduction by X % (default: RMT not changed)
-vxc X —>»in batch mode: VXC option (default: 13 = PBE )
—ecut X —>»in batch mode: energy seperation between core/fvalence (default: —-6.0 Ry)
—rkmax X —>»in batch mode: REMAX (default: 7.0, not changed)
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k :
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Structure and how to run the wien2k code :

-+
* Program flow in wien2k e
LA+, Oi?pumnls “'--i = n:‘l_ v |
 Torun a NON-MAGNETIC calculation run
s | e e
. Ep g : care Eeo
* the script run_lapw D T |
LAPWO (POTENTIAL) generates potential from density I i —
LAPW1 (BANDS) calculates valence bands (eigenvalues and eigenvectors) P I Potd
LAPW2 (RHO) computes valence densities from eigenvectors T =
LCORE computes core states and densities e Lo e e
MIXER mixes input and output densities
~ .
| sTOR :'| . comverged ? N
N
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Structure and how to run the wien2k code :

« when if the calculation converged

run_lapw -h

PROGEAM:

PURPOSE:

USAGE:

OPTIONS:

-cc LIMIT -=
—ec LIMIT -=
—fc LIMIT -=

/zeus/lapw/WIEN2k/bin/run_lapw

running the nonmagnetic scf-cycle in WIEN
to be called within the case-subdirectory
has to be located in WIEN-executable directory

run_lapw [OPTIONS] [FLAGS]

charge convergence LIMIT (0.0001 =)

energy convergence LIMIT (0.0001 Ry)

force convergence LIMIT (1.0 mBy/a.u.)

default is —ec 0.0001; multiple convergence tests

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Structure and how to run the wien2k code :

* Programs in wien2k

PURPOSE:runs WIEN executables: afminput,aim,arrows,broadening,cifZstruct,
clmaddsub, clmcopy, clminter, convham, convZprim, dftd3, dipan, dmftproij,
dstart,eosfit,eosfité, filtvec, findbands, fleur?wien, hexZ2rhomb, hf,
initxspec, irrep, joint, joinvec, kgen, kram, Lapw(, lapwl, LapwZ,
lapw3, lapwb, lapw/, lapwdm, Llapwso, lcore, lorentz, lstart, mini,mixer, nn,
optimize, orb, pairhess, plane, rhomb_1inb, sgroup, shifteiqg, spaghetti,
structZcif, structiposcar, struct_afm check, sumpara, supercell, symmetry,
symmetso,telnes3, tetra, txspec, wanniers0, wiw, wiZwaddsp,wplot, xspec

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k I{UTGERS

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial



mailto:glucian.pascut@

International summer school on Computational Quantum Materials 2018, Sherbrooke, Québec, Canada - 2018

Structure and how to run the wien2k code :

* Programs in wien2k

The “history” file case.scf case.dayfile

:ENE total energy (Ry). If there is a “WARNING"” mentioned, check :WAR

‘WAR contains some warnings indicating that there might be a problem with your calculations.
Usually these problems are not fatal, but may influence the accuracy.

:DIS charge distance between last 2 iterations ([ |p,, — pn—1|dr). Good convergence criterium.

:FER Fermi energy (and Fermi-method)

:GAP energy gap (for insulators). Please note, this value will only be correct, if the VBM/CBM

are in your k-mesh. (“Shifted” k-meshes do not contain tha Gamma-point and often gaps
are at Gamma !!)

:FORxx torce on atom xx in mRy/bohr (in the local (for each atom) cartesian coordinate system)
:FGLxx torce on atom xx in mRy /bohr (in the global coordinate system of the unit cell (in the same
way as the atomic positions are specified))

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Research strategies using first principle code

» Experimental crystal structure

» Crystallographic Information File (cif)

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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= MnO cif E!‘
3 # CRYSTAL DATA
» Crystallographic
5 ¢————-"—-"-"""-"—""""——
7 _chemical name common "MnO'
8 cell length a 4.44570
= 0 0 9 cell length b 4.44570
Informatlon Flle (le) 10 _cell length c 4.44570
11 cell angle alpha 90
12 cell angle beta 90
13 cell angle gamma 90
14 symmetry space group name H-M '"Fm -3 m'
15  symmetry Int Tables number 225
le
17 loop
18  space group symop operation Xyz
19 '%, y, z'
. . 20 '-x, -y, —-z'
» cif2struct MnO.clif 21 ..
22 'z+1/2, y+1/2, x'
rhe
24 loop_
25 atom site label
¢ pvqr1(:).f;trll(:t 26 :atom:site:occupancy
27 _atom site fract x
28 _atom site fract y
29 _atom site fract z
30 _atom site adp type
31 _atom site B iso or equiv
32 _atom site type symbol
33 Mn 1.0 0.000000 0.000000 0.000000 Bisg 1.000000 Mn
- 0 1.0 0.500000 0.500000 0.500000 Bisg 1.000000 O
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k :
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Let’s start with the case

MnO (insulator)

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
% RUTGERS

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial ‘



mailto:glucian.pascut@

International summer school on Computational Quantum Materials 2018, Sherbrooke, Québec, Canada - 2018

First, let's start a calculation on MnO - structural file :
 srun--mem 8GB -c 1 -t 1:00:00 --pty bash
* module load edmftf

mkdir MnO - create a work directory for this project

_ Acpl434-mp2 ~]% mkdir MnO
« c¢d MnO - go inside that directory Acpl434-mp2 ~1%$ cd MnO
acpl434-mp2 Mn0]s$ B

* cp SRESULTS/DFT/MnO.cif . - copy the file containing the structure

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
% RUTGERS
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First, let's start a calculation on MnO - structural file :

o cif2struct MnO.cif - convert the structural information to the wien2k format
« |s -l -check that a new file MnO.struct was created

[Llectl0@cpl434-mp2 MNO]$ 1s

MnO.cif

[Llectl0@cpl434-mp2 Mn0]$ cif2struct MnO.cif
[Llectl0@cpl434-mp2 Mn0]$ 1s -1

total 5

-rw-r--r-- 1 lectl0 1lect 4920 Jun 3 20:39 MnO.cif
-rw-r--r-- 1 lectl0 1lect 865 Jun 3 20:40 MnO.struct
[Lectl0@cpl434-mp2 MNO]$ I

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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First, let’s start a calculation on MnO — structural file :
* less MnO.struct - see the contained of the file and press ¢ to close the view

blebleble
F LATTICE,NONEQUIV.ATOMS 2 225 Fm-3m
MODE OF CALC=RELA unit=bohr
8.401155 8.401155 8.401155 90.000000 90.000000 90.000000
ATOM -1: X=0.00000000 Y=0.00000000 Z=0.00000000

MULT= 1 ISPLIT=15
Mn NPT= 781 RO=.000050000 RMT=  2.00000 Z: 25.00000
LOCAL ROT MATRIX: 1.0000000 0.0000000 0.0000000

0.0000000 1.0000000 0.0000000
0.0000000 0.0000000 1.0000000
ATOM -2: X=0.50000000 Y=0.50000000 Z=0.50000000

MULT= 1 ISPLIT=15
0 NPT= 781 RO=.000100000 RMT= 2.00000 Z: 8.00000
LOCAL ROT MATRIX: 1.0000000 0.0000000 0.0000000

0.0000000 1.0000000 0.0000000
0.0000000 0.0000000 1.0000000

0 NUMBER OF SYMMETRY OPERATIONS
(END) _
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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First, let's start a calculation on MnO — prepare the job:

* Init_lapw -b -vxc 5 -ecut -6.0 -rkmax 7 -numk 3000 - initialize the calculation
init_lapw -h

PROGRAM: /zeus/WIENZk/init_lapw

PURPOSE: initialisation of the 1/apw-package WIENZk

to be called within the case-directory

has to be located in WIEN-executable directory

needs case.struct file

USAGE: init_lapw [OPTIONS] [FLAGS]

FLAGS:

-h/-H ->help

-b —->batch (non-interactive) mode (see possible options below, SGROUP is always ignored)
—sp —»1in batch mode: select spin-polarized calculation

OPTIONS:

—red X —>in batch mode: BEMT reduction by X % (default: EMT not changed)

—wvxc X —>»in batch mode: VXC option (default: 13 = PBE )

—ecut X —»>in batch mode: energy seperaticon between core/valence (default: -6.0 Ry)

—rkmax X —»in batch mode: BEMAX (default: 7.0, not changed)

—numk X —>in batch mode: use X k-points in full BZ (default: 1000)
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k :
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First, let's start a calculation on MnO - structural file :

e |s -seethe new files

[lectl0@cpl434-mp2 Mn0]$ 1s

dstart.def MnO.1in0 MnO.1inc MnO.klist MnO. rsigma MnO.struct st
dstart.error Mn0.in0 st MnO.inc_st MnO.nnshells MnO. rsp MnO.test
kgen.def Mn0.in0 std MnO.inm MnO.outputd MnO. rspdn MnO. tmp

:Log MnO.inl MnO.inm_restart_st MnO.outputkgen MnO. rspup MnO.tmpden
lstart.def MnO.inl st  MnO.inm_st MnO.outputnn MnO.sigma MnO.vspdn_st
MnO.bva MnO.1in2 MnO.1inq MnO.outputs MnO.struct MnO.vsp_st
MnO.cif Mn0.in2_1s MnO.inq_st MnO.outputsgroup MnO.struct_nn new_super.clmsum
MnO.cLlmsum MnO.in2_st MnO.inst MnO.outputsgroupl MnO.struct_orig nn.def
MnO.dayfile MnO.in2_sy MnO.kgen MnO.outputst MnO.struct_sgroup symmetry.def

[lect10@cp1l434-mp2 Mn0]$ §

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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First, let's start a calculation on MnO — prepare the job:

* run_lapw -ec 0.0001 -cc 0.0001 - run the calculation

run_lapw -h

PROGRAM: /zeus/lapw/WIENZk/bin/run_lapw

PURPOSE : running the nonmagnetic scf-cycle in WIEN
fo be called within the case-subdirectory
has to be located in WIEN-executable directory

USAGE: run_lapw [OPTIONS] [FLAGS]

OCPTIONS:

-cc LIMIT -=> charge convergence LIMIT (0.0001 e)

—ec LIMIT -=> energy convergence LIMIT (0.0001 Ry)
—fc LIMIT —-> force convergence LIMIT (1.0 mRy/a.u.)

default is —-ec 0.0001; multiple convergence tests possible

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Today, | will talk about :

e Structure and how to run the wien2k code
 Research strategies using first principle code

 Results of wien2k

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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15t Experiment

Lattice parameters, X-ray
Crystal Structure

st 1011
1. T_I‘_leory p_redlct_lon * novel states of matter
Atomic positions, Correlations, metal/insulator,
local moment, Phonon instabilities
. * new functionalities
2nd Experiments »

optics, magnetic susceptibility,
ordering temperature

2nd Theory prediction * Improve existing
Possible magnetic ground state, type of phase materlaIS/funCtlonal Ities

transition, new symmetry

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
The State University of New Jersey, USA ( glucian.pascut@gmail.com ) tutorial
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Before | will give example for the research strategy

Let’'s continue with another calculation

FeSe (metal)

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Now, let’s start a calculation on FeSe — structural file :

[lect10@cpl434-mp2 Mn0]$ cd ../

« We are inside the MnO directory - [Lect10@cpl434-mp2 ~]$ mkdir FeSe
[Llect1l0@cpl434-mp2 ~]5 cd FeSe
- cp../ -let's gooutside [lect10@cpl434-mp2 FeSel$ |}

 mkdir FeSe - create a work directory for this project
 cd FeSe -goinside the new directory

 cp $RESULTS/DFT/FeSe.struct . - copy the file containing the structure

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wienzk IQJTGERS
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Now, let’s start a calculation on FeSe — structural file :

« less FeSe.struct - see the contained of the file and press g to close the view

FeSe structure
P 2 129 P4/nmm
RELA
7.121433 7.121433 10.430154 90.000000 90.000000 90.000000
ATOM -1: X=0.25000000 Y=0.75000000 Z=0.00000000
MULT= 2 ISPLIT=-2
-1: X=0.75000000 Y=0.25000000 Z=0.00000000
Fe 2+ NPT= 781 RO=0.00005000 RMT= 2.31 : 26.00000
LOCAL ROT MATRIX: 0.7071068-0.7071068 0.0000000
0.7071068 0.7671068 0.0000000
0.0000000 0.0000000 1.0000000
: X=0.75000000 Y=0.75000000 Z=0.73000000
MULT= 2 ISPLIT=-2
: X=0.25000000 Y=0.25000000 Z=0.27000000
Se 2- NPT= 781 RO=0.00005000 RMT= 2.20 1 34.00000
LOCAL ROT MATRIX: 1.0000000 0.0000000 0.0000000
0.0000000 1.0000000 0.0000000
0.0000000 0.0000000 1.0000000
NUMBER OF SYMMETRY OPERATIONS

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Now, let’s start a calculation on FeSe — prepare the job:

* Init_lapw -b -vxc 5 -ecut -6.0 -rkmax 7 -numk 1000 - initialize the calculation
* Is -to check how many files were created

 run_lapw -ec 0.0001 -cc 0.0001 -fc1 - run the calculation

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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15t Experiment

Lattice parameters, X-ray
Crystal Structure

st 1011
1. T_I‘_leory p_redlct_lon * novel states of matter
Atomic positions, Correlations, metal/insulator,
local moment, Phonon instabilities
. * new functionalities
2nd Experiments »

optics, magnetic susceptibility,
ordering temperature

2nd Theory prediction * Improve existing
Possible magnetic ground state, type of phase materlaIS/funCtlonal Ities

transition, new symmetry

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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FIG. 2. Insulator-metal-antiferromagnetic phase diagram for
RNiO; as a function of the tolerance factor and (equivalently)
the ionic radius of the rare earth (R ).

Phys. Rev. B 45, 8209(R)
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Forces in DFT+DMFT: Crystal/Magnetic

Structure predictions

TABLE I: Optimized atomic positions in the metallic and in-
sulating state of NdNiOs. Experimental structure is from Ref. 8.
The GGA and GGA+U structure is from Ref. 6.

FPbnm Exp. DMFEFT-PARA GGA

Ni (0.000, 0.000, 0.500) [ (0.000, 0.000, 0.500) | (0.000, 0.000, 0.500)
O, (0.216, 0.287, 0.539) | (0.214, 0.287. 0939] (0.207, 0.294, 0.547)

O,  |(0.569, 0.490, 0.750)|(0.573, 0.490, 0.750) | (0.501, 0.477, 0.750)
Nd  |(0.496, 0.035, 0.750)|(0.491, 0.044, 0.750) | (0.488, 0.058, 0.750)
VT — Texp)?) D.DDEE 0.0190
P2./n Exp DMEFT-AFM GGAJU

Niy (0.000, 0.000, 0.000)[(0.000, 0.000, 0.000)
Niz (0.000, 0.000, 0.500) | (0.000, 0.000, 0.500)|(0.000, 0.000, 0.500)
Oy (0.575, 0.487, 0.752) | (0.574, 0.480, 0.750) | (0.505, 0.475, 0.755)
O (0.214, 0.276, 0.527) | (0.209, 0.285, 0.540)|(0.198, 0.291, 0.5

O (0.719, 0.204, 0.447)|(0.717, 0.210, 0.460) | (0.711, 0.198, 0.4
Nd (0.493, 0.039, 0.750) | (0.493, 0.044, 0.750) | (0.489, 0.056, 0.7
V(r —rezp)?) 0.0091 0.0180

(0.000, 0.000, 0.000)

Kristjan Haule and Gheorghe L. Pascut, Phys. Rev. B 94, 195146 (2016)

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Resonant X- ray Scattermg from DFT+DMFT
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Kristjan Haule and Gheorghe L. Pascut, Scientific Reports
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DFT + DMFT — paramagnetic state
Half of the NI ions have exactly

zero magnetic moment!!!

Kristjan Haule and Gheorghe L. Pascut, Scientific Reports
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FIG. 2. Insulator-metal-antiferromagnetic phase diagram for
RMNi0; as a function of the tolerance factor and (equivalently)
the ionic radius of the rare earth (R).
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Resonant X-ray Scattering — AgNIO2
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What else can we do?
Structural relaxations in the paramagnetic state

Tricks in DFT don’t work ...

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k

The State University of New Jersey, USA ( glucian.pascut@gmail.com ) tutorial
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Today, | will talk about :

e Structure and how to run the wien2k code
* Research strategies using first principle code

* Results of wien2k for two examples MnO and FeSe

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial
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Results of wien2k for FeSe and MnO

* Density of states
« Band structure

« Band structure with band character plotting

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial
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Results of wien2k for FeSe

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for FeSe - You should be Iin the FeSe dir

« grep :CHA FeSe.dayfile - charge convergence

run_lapw -ec 0.0001 -cc 0.0001 -fc1

[lectl0@cpl434-mp2 FeSe]$

: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE
: CHARGE

: CHARGE

[lectl0@cpl434-mp2 FeSe]

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

The State University of New Jersey, USA ( glucian.pascut@gmail.com)

convergence.:
convergence:
convergence.
convergence.
convergence:
convergence.
convergence.:
convergence.
convergence.
convergence:
convergence.
convergence.

convergence.:

0

0
0
0
0
0
0
0
0
0
0
1
1
e

Wien2k
tutorial

0
0
0
0
0
0
0
0
0
0
0
0
0
$

grep

.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001 -.0000576
.0001 -.0000685

. ,"u,_,,
\" '

S

32| =

2

- AJ
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:CHA FeSe.dayfile

0

0

2732603
.3751676
. 1349825
.0974887
.0132406
.0074044
.0016225
.0004805
.0001906
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Results of wien2k for FeSe - You should be Iin the FeSe dir

- grep :ENE FeSe.dayfile - energy convergence

[1&ct10@cp1434 mp2 FeSe]$ grep :ENE FeSe.dayfile
: ENERGY convergence: 0 0.0001 O
:ENERGY convergence: 0 0.0001 O
- - - :ENERGY convergence: 0 0.0001 .0220166350000000
I’un_lapW ec 00001 CC 00001 fC 1 :ENERGY convergence: 0 0.0001 .0300415950000000
:ENERGY convergence: 0 0.0001 .0213419950000000
:ENERGY convergence: 0 0.0001 .0094099950000000
:ENERGY convergence: 0 0.0001 .0031383150000000
:ENERGY convergence: 0 0.0001 .0006063200000000
:ENERGY convergence: 1 0.0001 .0000149650000000
1 0.0001 .0000087750000000
1 0.0001 .0000054050000000
1 0.0001 .0000033000000000
1 0.0001 .0000017500000000
e]$

: ENERGY convergence:
: ENERGY convergence:
: ENERGY convergence:
: ENERGY convergence:
[lectl0@cpl434-mp2 FeSe]

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers :
: p y o WienZk €% RUTGERS
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Results of wien2k for FeSe - You should be Iin the FeSe dir

- grep :FOR FeSe.dayfile - energy convergence
run_lapw -ec 0.0001 -cc 0.0001 -fc1

[1ect10@cp1434:mp2 FeSe]$ grep :FOR FeSe.dayfile
:FORCE convergence: 1 1 0 XCO 0 XCO

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k IQJTGERS

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial =N Ly
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Results of wien2k for FeSe - You should be Iin the FeSe dir

Density of states

mkdir FeSe

cp * FeSe

SAVE the calculation for DMFT

[LlectlO0@cpl433-mp2 FeSel]$ x lapwl
LAPW1 END
76.630u 2.570s 0:40.12 197.4% 0+0k 0+154784io0 Opf+0w

[lect10@cpl433-mp2 FeSels |

X Iale [lectl0@cpl433-mp2 FeSel]$ x lapw2 -qgtl
LAPW2 END
« X lapw2 -qtl 15.966u 1.333s 0:10.60 163.1% 0+0k 0+127080io0 Opf+0w
[lect10@cp1433-mp2 FeSe]ls$ [
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial
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Results of wien2k for FeSe - You should be Iin the FeSe dir

[Llect1l0@cpl433-mp2 FeSel$ configure_int_lapw
(C)2008 by Morteza Jamal

RARRHR AR R AR AR AT AT AT A

#

£+

« Density of states

Configures and creates FeSe.int
# #
f. . I g
[ J

configure_int_lapw __ .. ..
atom 2 is Se

° 1 *** For Total DOS type 'total' *x**

*** For finishing type 'end' ***

° tot S d f Please enter the number of atom that you like to plot D0S? (default:1) 1
y ,p, y Select PDOS for Fe from: tot,s,p.pz,px+py,d,dz2,dxy,dx2y2,dxz+dyz, f (give a comma-separated list).
tot,s,p,d, f
° 2 *** For finishing type 'end' ***

Please enter the number of atom that you like to plot D0S? (default:2) 2
Select PDOS for Se from: tot,s,p,pz,px+py,d,dz2,dxy,dx2y2,dxz+dyz, f (give a comma-separated list).
tot,s,p,d, f

e tot,s,pd,f

*** For finishing type 'end' ***

Please enter the number of atom that you like to plot D0S? (default:3) total

)
tOtal *¥** For finishing type ‘'end' ***
Please enter the number of atom that you like to plot D0S? (default:4) end
¢ end FeSe.int is ready for using.
[lect10@cp1433-mp2 FeSel$ N
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k ;
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Results of wien2k for FeSe - You should be Iin the FeSe dir

[)EET]ESit)/ Of states [lectiogcp1433-mp2 Fesels x tetra

openfilename:
FeSe.dos2

e X tetra LEGAL END TETRA

9.344u 0.015s 0:00.39 89.7% 0+0k 2440+1184io 1pf+0Ow
[Lect10@cpl433-mp2 FeSel$ [}

(C)2007 by Morteza Jamal
i

* Open a new terminal # #
# DOS PLOT 2 #
# #
BHHHARRRHHARRRRHHARBRHHARRRHRHARRRHH

L rT]()(jLJIEE I()Ei(j EB(er]fti: NOTE: This plotting interface uses FeSe.int and FeSe.qtl

thus, these files must correspond to your FeSe.dos[1-7][ev] files.
At present we support up to 49 DOS cases.

¢ (j()SSF)IC)tZZ Which units?
Ryd .. 0
eV .. 1 (default)
1l
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for FeSe - You should be Iin the FeSe dir

*ATTENTION*
You can select 11 + 0 DOS for plotting in FeSe.int .

= Please see and select lines to plot.
Density of states

(tot) of atom Fe

(s) of atom Fe

(p) of atom Fe

line:4 (d) of atom Fe

o Cj()ESF)IC)tzz line:5 (f) of atom Fe

line:1
2
3
4
5

line:6 (tot) of atom Se
7
8
9
1
1

line:
line:

line:7 (s) of atom Se
line:8 (p) of atom Se
1line:9 (d) of atom Se
0 (f) of atom Se
1 (total D0S) of FeSe

line:
line:

Howmany DOS do you want to plot TOGETHER(Max is 4)7 4
Enter line 1 (= lines in FeSe.int) 1
Please enter label 1 : tot Fe

Enter line 2 (= lines in FeSe.int) 4
Please enter label 2 : d Fe

Enter line 3 (= lines in FeSe.int) &
Please enter label 3 : tot Se

Enter line 4 (= lines in FeSe.int) 11
Please enter label 4 : total DOSJ

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k IQJTGERS

UNIVERSITY
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Results of wien2k for FeSe - You should be Iin the FeSe dir

Density of states T P

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
g e %s RUTGERS
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Results of wien2k for FeSe - You should be Iin the FeSe dir

Enter 1line 4 (= 1lines 1in FeSe.int) 11
Density of states Please enter label 4 : total DOS

Showing partial DOS
Press RETURN to continue

Do you want to set ranges? (y/N)n
Do you want a hardcopy? (y/N)n
[lectlO@inter FeSe]$

* mkdir FeSe_DOS _
SAVE the DOS calculation

e cp*FeSe DOS

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
% RUTGERS

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial 2
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Results of wien2k for FeSe - Band Structure

 cp SRESULTS/DFT/FeSe.klist_band _
FeSe.Insp

### Figure configuration

5.0 3.0 # paper offset of plot
15.0 22.5 # xsize,ysize [cm]
. 1.0 9 # major ticks, minor ticks
° 1.0 1 # character height, font switch
Cp $RESULTS/DFT/FeseInSp 1.1 2 4 # line width, line switch, color switch
### Data configuration
-112 # energy range, energy switch (1:Ry, 2:eV)
2 [.3526254600 # Fermi switch, Fermi-level (in Ry units)
1 999 # number of bands for heavier plotting 1,1
0 1 0.2 # jatom, jtype, size of heavier plotting
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for FeSe - Band Structure

lecti@@inter FeSe]S grep :FER FeSe.scf

FERMTI - ENERGY(TETRAH.M. )= 0.3859724178
R M ENERGY(TETRAH.M. )= 0.3860265434
M ENERGY(TETRAH.M. )= 0.3838682004
M ENERGY(TETRAH.M. )= B.3777553652
M ENERGY(TETRAH.M. )= 0.3562184296
M ENERGY(TETRAH.M. )= .3473916138
M ENERGY(TETRAH.M. )= 8.3515395363
M ENERGY(TETRAH.M. )= 8.3515312239
M ENERGY(TETRAH.M. )= .3521528063
M ENERGY(TETRAH.M. )= 0.352626078606
M ENERGY(TETRAH.M. )= 0.3526226365
o M I - ENERGY(TETRAH.M. )= 0.3526254600
lecti@@inter FeSe]

=

« grep .FER FeSe.scf

B A A T R B B b R N
e B e M T e B M e Ml .

L
L]
L
L]
L
L]
L
L]
L
L]
L
L]
L
L]
L
L]
L
L]
L
L]
L
L]
L
L]

Mmim mrmm/mmimm/im/fm[m
e v v i v e v i v i v R v e v i v

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for FeSe - Band Structure

### Figure configuration
5.0 3.0 # paper offset of plot
15.0 22.5 # xsize,ysize [cm]
® _ l 1.0 9 # major ticks, minor ticks
emacs -nw Fese'lnsp 1.0 1 # character height, font switch
1.1 2 4 # line width, line switch, color switch
### Data configuration
-112 # energy range, energy switch (1:Ry, 2:eV)
¢ (:trl >(1 (:trl ES 2 0.3892523284 # Fermi switch, Fermi-level (in Ry units)
1 999 # number of bands for heavier plotting 1,1
0 1 0.2 # jatom, jtype, size of heavier plotting

e Citrl X, Ctrl C

F ERMTI - ENERGY(TETRAH.M. )=
F ERMTI - ENERGY(TETRAH.M. )=

lecti@@inter FeSe]S

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for FeSe - Band Structure

e Band Structure
* X lapwl —band
« X lapw2 —qtl -band

e X spaghetti

Is and you should see FeSe.spaghetti _ps

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for FeSe - Band Structure

« Open a new terminal
(s FeSe.spaghetti ps

« Xmgrace FeSe.bands.agr

* mkdir FeSe_BANDS SAVE the BAND

. cp*FeSe BANDS calculation

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

The State University of New Jersey, USA ( glucian.pascut@gmail.com)
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Results of wien2k for FeSe - Band Structure character

FeSe atom Ttot size 0.20 FeSe atom 2tot size 0.20
1.0 V — 1.0 v 7
i 1 0.75
0,50
| 1 0.25
> A 1[’ L T ™ I_f. |
<l 0.0 — A E, 0.0 - \ /g 0.00
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Results of wien2k for MnO - You should be in the MnO dir
cd ../MnO

pwd

[Lect10@cpl433-mp2 FeSe]$ cd ../MnO
[lect10@cp1l433-mp2 Mn0]$ pwd
/home/lectl0/Mn0O

[lect10@cp1433-mp2 Mn0]1$ §

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wienzk I{UTGERS
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Results of wien2k for MnO
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Results of wien2k for MnO - You should be in the MnO dir

« grep :CHA MnO.dayfile - energy convergence

['I.ectl(l@cp1433-mp2 Mno]s grep : CHA MnO. dayflle

run_lapw -ec 0.0001 -cc 0.0001

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

The State University of New Jersey, USA ( glucian.pascut@gmail.com)
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Results of wien2k for MnO - You should be in the MnO dir

« grep :ENE MnO.dayfile - energy convergence

run_lapw -ec 0.0001 -cc 0.0001 [Lect10@cp1433-mp2 Mn01$ grep :ENE MnO.dayfile

:ENERGY convergence: 0 0.0001 ©

:ENERGY convergence: 0 0.0001 ©
:ENERGY convergence: 0 0,.0001 .0264068500000000
:ENERGY convergence: 0 0.0001 .0170616550000000
:ENERGY convergence: 0 0,0001 .1368756100000000
:ENERGY convergence: 0 0,0001 .0984619900000000
) :ENERGY convergence: 0 0,0001 .0801456300000000
SAVE the CﬂlCUlathn ENERGY convergence: 0 0,0001 .0013164050000000
:ENERGY convergence: 0 0,0001 .0015890200000000
fOr DMFET :ENERGY convergence: 0 0,0001 .0022623150000000
:ENERGY convergence: 0 0,0001 .0008895050000000
:ENERGY convergence: 1 0,0001 .0000734900000000
:ENERGY convergence: 1 0,0001 .0000778950000000
_ :ENERGY convergence: 1 0,0001 .0000406400000000
e mkdir MNO :ENERGY convergence: 1 0,0001 .0000132400000000
:ENERGY convergence: 1 0,0001 .0000054150000000
:ENERGY convergence: 1 0,0001 .0000046950000000
:ENERGY convergence: 1 0,0001 .0000006300000000

o Cp * MnO [lect10@cp1433-mp2 Hn01$ B
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for MnO - You should be in the MnO dir

« Density of states

* X kgen put 5000

« Xlapwl
* Xlapw2 —qtl
Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k
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Results of wien2k for MnO - You should be in the MnO dir

[Lect10@cpl433-mp2 Mn0]$ configure_int_lapw
(C)2008 by Morteza Jamal

HHAH B R AR R R R

# #

Configures and creates Mn0.int

® D e n S i ty Of State S ::##################################ﬁ

atom 1 is Mn
atom 2 is 0

° Conflgure Int IapW **¥* For Total DOS type 'total' ***
- - *¥*¥* For finishing type ‘'end' ***

Please enter the number of atom that you like to plot D0S? (default:1) 1
Select PDOS for Mn from: tot,s,p,d,d-eg,d-t2g,f (give a comma-separated list).

e Xltetra tot,s,p,d, f

*** For finishing type 'end' ***

Please enter the number of atom that you like to plot DOS? (default:2) 2
Select PDOS for O from: tot,s,p,d,d-eg,d-t2g,f (give a comma-separated list).
tot,s,p.d, f

**¥* For finishing type 'end' ***

Please enter the number of atom that you 1like to plot D0S? (default:3) total
*** For finishing type 'end' ***

Please enter the number of atom that you 1like to plot D0S? (default:4) end

Mn0.int is ready for using.

[Lect10@cp1433-mp2 Mnol$ I
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Results of wien2k for MnO - You should be in the MnO dir

*ATTENTION*
You can select 11 + 0 DOS for plotting in MnO.int .

Please see and select lines to plot.

line:1 (tot) of atom Mn
line:2 (s) of atom Mn
line:3 (p) of atom Mn
line:4 (d) of atom Mn
. line:5 (f) of atom Mn
® line:6 (tot) of atom O
Density of states Line:§ (tot) of atos
line:8 (p) of atom O
line:9 (d) of atom O

1line:10 (f) of atom O
line:11 (total DOS) of MnO

« Open a new terminal

Howmany DOS do you want to plot TOGETHER(Max is 4)? 4

Enter line 1 (= lines in Mn0.int) 1
Please enter label 1 : tot Mn

« dosplot2

Enter line 2 (= lines in Mn0.int) 4
Please enter label 2 : d Mn

Enter line 3 (= lines in Mn0.int) 6
Please enter label 3 : tot O

Enter line 4 (= lines in Mn0.int) 11
Please enter label 4 : total DOS

Showing partial DOS

Eress RETURN to continue

atsress
“|I§‘:‘ TS

YA

N =
§ =R
iz ES

3 &

f’f
N

v
)
10 2

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers Wien2k

UNIVERSITY

The State University of New Jersey, USA ( glucian.pascut@gmail.com) tutorial



mailto:glucian.pascut@

International summer school on Computational Quantum Materials 2018, Sherbrooke, Québec, Canada - 2018

Results of wien2k for MnO - You should be in the MnO dir

« Density of states

-10 'l 0 5 10
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For any guestions related to this talk PLEASE emalll

Dr. Gheorghe Lucian

Pascut Prof. Kristjan Haule, &
Rutgers University J
glucian.pascut@gmail.com Rutgers University

o

Dr. Heung-Sik Kim

Rutgers University haule@physics.rutgers.edu

hk676@physics.rutgers.edu
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Thank you very much for your attention!
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