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Fe using OpenMX: 

Ground-State, Band Structure, DOS
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Fe using OpenMX: Ground-State, Band Structure, DOS

1. Create a subdirectory inside your main directory using ‘mkdir’ command:

mkdir    OMX-Fe-GS

2. Copy all data from ../alikefay/OpenMX-Fe directory to your own subdirectory using cp command:

cp    /home/cmpb/OpenMX/Fe-GS/*    ./OMX-Fe-GS

3. Go to your subdirectory using ‘cd’ command:

cd    ./OMX-Fe-GS

4. Open the Fe.in file and try to understand the keywords.

5. Now, if you feel ready for the run, it’s time to submit the job. We need first to activate the module using:

module    unload    openmpi/4.1.4-intel-2023.0.0

module    unload    intel/2023.0.0

module    load    intel/2020.3

module    load    openmx
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Fe using OpenMX: Ground-State, Band Structure, DOS
Fe.in
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Fe using OpenMX: Ground-State, Band Structure, DOS
Fe.in
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Fe using OpenMX: Ground-State, Band Structure, DOS

6. Now, submit the job using the following command (if you get permission error first run: chmod -R 777 ./  ),

    nohup     mpirun    -np    5    openmx Fe.in    >    Fe.out     -f    openmp    &

7. The Fe.out is the job log and you can see the progress of the scf loops by opening it.

8. When the job is finished open the Fe.out and find the magnetic moment of Fe atom and compare it with the 
experimental value of 2.22 𝜇𝐵. What is the ground state energy? How many scf loops are performed?

9. Use the following command to prepare the band structure data for plotting,

    bandgnu13    Fe.Band

10. Next use the python script in your directory to plot the band structure using the command,

         Python3     Plot_band.py
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Fe using OpenMX: Ground-State, Band Structure, DOS
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Fe using OpenMX: Ground-State, Band Structure, DOS
11. Now, we are ready to calculate the DOS. The keyword setting in the code are: 

Since the keyword is already set in the input files, you just need to do the post processing. Use the following 
command to calculate the total DOS (PDOS)

       DosMain    Fe.Dos.val    Fe.Dos.vec

Then, you are interactively asked from the program as follow:

By answering these questions, you can calculate DOS or PDOS for a specific atom and orbitals.
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Fe using OpenMX: Ground-State, Band Structure, DOS
Now, use the following command to plot the DOS

         python3    Plot-DOS.py
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Fe using OpenMX: 

Heisenberg Exchange Parameters

10



Fe: Adiabatic Magnon Dispersion
In this exercise, you will learn how to calculate the Heisenberg exchange parameters of ferromagnetic Fe using 
OpenMX. In the next step, we will calculate the magnon dispersion of Fe within spin wave theory.

1. Create a subdirectory in your directory and call it ‘Fe-Jx’

mkdir     ./OMX-Fe-Jx

2. First copy the following directory to you own directory using cp command:

cp    /home/cmpb/OpenMX/Fe-Jx/*    ./OMX-Fe-Jx

cd    ./OMX-Fe-Jx

3. ‘cd’ to the subdirectory and open the Fe.in file. Try to understand all the keywords. As you can see, we are using 
many k-points for this calculation. This is because we want to get good convergence and accuracy for the 
Heisenberg exchange parameter. 

4. I addition, the basis set of Fe is chosen as Fe4.0H-s2p2d2. This is because we want very localized magnetic 
moments for adopting the Heisenberg model. 
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Fe: Adiabatic Magnon Dispersion
Fe.in
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Fe: Adiabatic Magnon Dispersion
Fe.in
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Fe: Adiabatic Magnon Dispersion
4. Another important keyword is ‘HS.fileout   On’. In fact, jx is a post processing calculation and we need first to run 

a ground state calculation. Please note that current version of OpenMX only support colinear calculation for jx.

5. Activate the module using:

module    unload    openmpi/4.1.4-intel-2023.0.0

module    unload    intel/2023.0.0

module    load    intel/2020.3

module    load    openmx

5. Now you can run the job. While you are waiting for the run to be finished, open the Fe.config file and try to 
understand the keywords. 

    nohup    mpirun    -np    5    openmx    Fe.in    >    Fe.out    -f    openmp    &

6. When the calculation is finished, run the jx using the following command,

  nohup    mpirun     -np    5    jx     Fe.scfout    Fe.config    >    Jx.log    -f    openmp    &
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Fe: Adiabatic Magnon Dispersion
Fe.config
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Fe: Adiabatic Magnon Dispersion
The code calculates the Heisenberg constants as,
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Fe: Adiabatic Magnon Dispersion
Here, we calculated the Heisenberg exchange constants for all neighbors in the demonstrated supercell of the Fe 
atom in the middle of the supercell (The supercell contains 124 atoms with one centered and 123 neighboring Fe 

atoms). When the calculation is done run:   python3     Plot-HeisP.py
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Fe: Adiabatic Magnon Dispersion
In the next step, run the following script:    python3     Plot-Magnon.py

It plots the calculated exchange constants as well as the adiabatic magnon dispersion along high symmetry lines in 
the Brillouin zone using the spin wave theory: 
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