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• 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
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• Initialization of a calculation … start from case.struct and run the script init_lapw
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• Program flow in wien2k

• To run a NON-MAGNETIC calculation run 

• the script run_lapw
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• Crystallographic

Information File (cif)
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• cif2struct MnO.cif

• MnO.struct
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Let’s start with the case 

MnO (insulator)

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

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

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

Wien2k

tutorial

mailto:glucian.pascut@


First, let’s start a calculation on MnO – structural file :
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• srun --mem 8GB -c 1 -t 1:00:00 --pty bash

• module load edmftf

• mkdir MnO - create a work directory for this project

• cd MnO - go inside that directory 

• cp $RESULTS/DFT/MnO.cif . - copy the file containing the structure 
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First, let’s start a calculation on MnO – structural file :
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• cif2struct MnO.cif - convert the structural information to the wien2k format 

• ls -l - check that a new file MnO.struct was created
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First, let’s start a calculation on MnO – structural file :

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

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

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

Wien2k

tutorial

• less MnO.struct - see the contained of the file and press q to close the view
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First, let’s start a calculation on MnO – prepare the job:
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• init_lapw -b -vxc 5 -ecut -6.0 -rkmax 7 -numk 3000 - initialize the calculation
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First, let’s start a calculation on MnO – structural file :
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International summer school on Computational Quantum Materials 2018, Sherbrooke, Québec, Canada      - 2018

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

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

Wien2k

tutorial

• run_lapw -ec 0.0001 -cc 0.0001 - run the calculation
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1st Experiment
Lattice parameters, X-ray 

Crystal Structure

2nd Experiments 
optics, magnetic susceptibility,

ordering temperature

1st Theory prediction 
Atomic positions, Correlations, metal/insulator, 

local moment, Phonon  instabilities 

2nd Theory prediction 
Possible magnetic ground state, type of phase 

transition, new symmetry

…

• novel states of matter

• new functionalities 

• improve existing 

materials/functionalities

Self-consistent experiment + theory?
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Before I will give example for the research strategy

Let’s continue with another calculation 

FeSe (metal)
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Now, let’s start a calculation on FeSe – structural file :
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• We are inside the MnO directory -

• cp ../   - let’s go outside

• mkdir FeSe - create a work directory for this project

• cd FeSe - go inside the new directory 

• cp $RESULTS/DFT/FeSe.struct . - copy the file containing the structure
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Now, let’s start a calculation on FeSe – structural file :

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

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

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

Wien2k

tutorial

• less FeSe.struct - see the contained of the file and press q to close the view
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Now, let’s start a calculation on FeSe – prepare the job:
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• init_lapw -b -vxc 5 -ecut -6.0 -rkmax 7 -numk 1000 - initialize the calculation

• ls   - to check how many files were created

• run_lapw -ec 0.0001 -cc 0.0001   -fc 1 - run the calculation
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ReNiO3

Phys. Rev. B 45, 8209(R)

At low-T
“charge disproportionation” ??? 

low

temperature

high

temperature

mailto:glucian.pascut@


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

Gheorghe Lucian Pascut, Department of Physics & Astronomy , Rutgers

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

Wien2k

tutorial

Forces in DFT+DMFT: Crystal/Magnetic 

Structure predictions

Kristjan Haule and Gheorghe L. Pascut, Phys. Rev. B 94, 195146 (2016)
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Resonant X-ray Scattering from DFT+DMFT

Kristjan Haule and Gheorghe L. Pascut, Scientific Reports 

“charge disproportionation” ??? 
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DFT+DMFT –

magnetic predictions 

Half of the Ni ions have exactly 

zero magnetic moment!!!

DFT + DMFT – paramagnetic state

Kristjan Haule and Gheorghe L. Pascut, Scientific Reports 
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YNiO3
HoNiO3(Sm,Eu)NiO3 (Pr,Nd)NiO3

Proposed - NdNiO3
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AgNiO2 ReNiO3

Gheorghe L. Pascut et. all
PRL 106, 157206 (2011)

Phys. Rev. B 45, 8209(R)
At low-T both compounds show 

“charge disproportionation” 

m
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low

temperature

high

temperature
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Results accepted as evidence

for  

charge disproportionation 

DFT give a negligible charge disproportionation which

is also depended on the details of the calculations

Gheorghe L. Pascut et. all PRL 106, 157206 (2011)

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 …
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• Research strategies using first principle code 

• Results of wien2k for two examples MnO and FeSe
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Results of wien2k for FeSe and MnO
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• Density of states

• Band structure

• Band structure with band character plotting
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Results of wien2k for FeSe
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Results of wien2k for FeSe - You should be in the FeSe dir

• grep :CHA FeSe.dayfile - charge convergence

run_lapw -ec 0.0001 -cc 0.0001   -fc 1
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Results of wien2k for FeSe - You should be in the FeSe dir

• grep :ENE FeSe.dayfile - energy convergence 
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Results of wien2k for FeSe - You should be in the FeSe dir

• grep :FOR FeSe.dayfile - energy convergence 
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Wien2k
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Results of wien2k for FeSe - You should be in the FeSe dir

• mkdir FeSe

• cp * FeSe

Density of states

• x lapw1

• x lapw2 -qtl

SAVE the calculation for DMFT
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Results of wien2k for FeSe - You should be in the FeSe dir

• Density of states  

• configure_int_lapw

• 1

• tot,s,p,d,f

• 2

• tot,s,pd,f

• total

• end
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Wien2k

tutorial

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

• Open a new terminal

• module load edmftf

• dosplot2 

Density of states  

• x tetra 
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Results of wien2k for FeSe - You should be in the FeSe dir

Density of states  

• dosplot2 
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Results of wien2k for FeSe - You should be in the FeSe dir

Density of states  
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Wien2k

tutorial

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

Density of states  

• mkdir FeSe_DOS

• cp * FeSe_DOS

SAVE the DOS calculation
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• cp $RESULTS/DFT/FeSe.klist_band

• cp $RESULTS/DFT/FeSe.insp

FeSe.insp

Results of wien2k for FeSe - Band Structure   
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• grep :FER   FeSe.scf

Results of wien2k for FeSe - Band Structure   
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Results of wien2k for FeSe - Band Structure   

• emacs -nw FeSe.insp

• Ctrl X, Ctrl S

• Ctrl X, Ctrl C
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• Band Structure   

• x lapw1 –band

• x lapw2 –qtl -band

• x spaghetti

• ls and you should see FeSe.spaghetti_ps

Results of wien2k for FeSe - Band Structure   
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• Open a new terminal  

• gs FeSe.spaghetti_ps

• xmgrace FeSe.bands.agr

• mkdir FeSe_BANDS

• cp * FeSe_BANDS

Results of wien2k for FeSe - Band Structure   

SAVE the BAND
calculation
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Results of wien2k for FeSe - Band Structure character  
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tutorial

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

• cd ../MnO

• pwd
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Results of wien2k for MnO
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Wien2k

tutorial

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

• grep :CHA MnO.dayfile - energy convergence 

run_lapw -ec 0.0001 -cc 0.0001
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Wien2k

tutorial

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

• mkdir MnO

• cp * MnO

SAVE the calculation
for DMFT
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Wien2k

tutorial

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

• Density of states  

• x kgen put 5000

• x lapw1 

• x lapw2 –qtl
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Results of wien2k for MnO - You should be in the MnO dir

• Density of states  

• configure_int_lapw

• x tetra
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Wien2k

tutorial

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

• Density of states

• Open a new terminal    

• dosplot2 
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For any questions related to this talk PLEASE email
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Prof. Kristjan Haule,

Rutgers University glucian.pascut@gmail.com
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Rutgers University 
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Dr. Heung-Sik Kim
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Thank you very much for your attention!
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