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How are treated the magnetic systems in DFT?

- In general, DFT formulation is spin independent

- The degeneracy of the states has to be broken

- We will have one KS eq. per spin 

- How is obtained the spin polarization?

The states            are degenerated

(independent spins)

Spinors- The quantization axis is usually the Z axis 

SIESTA calculates the spin polarization as the 
difference between the up and down charge
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Collinear spins: 

Atomic spins are parallel or antiparallel each 
other and parallel to the quantization axis

- Ferromagnetic (FM) 

- Antiferromagnetic (AFM) 
- Ferrimagnetic (FiM) 
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- Ferromagnetic (FM) 

- Antiferromagnetic (AFM) 

Collinear spins: 

- Ferrimagnetic (FiM) 

Atomic spins are parallel or antiparallel each 
other and parallel to the quantization axis
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Non-collinear spins:

Atomic spins are randomly oriented 
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- In the non-collinear case the spins are not independent  

"H()(

[𝜎, 𝜎’ =↑, ↓]

Non-collinear spins:

"H%&''’ = 𝜙%, 𝜎 "H()( 𝜙&, 𝜎’
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- In the non-collinear case the spins are not independent  

Non-collinear spins:

"H%&''’ = 𝜙%, 𝜎 "H()( 𝜙&, 𝜎’
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- In the collinear case:

𝜔=↑, ↓

Orbital overlaps
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Non-collinear spins:
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Some tips about collinear and non-collinear SIESTA runs
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Some tips about collinear and non-collinear SIESTA runs



SIESTA School 2025:  Spin, spin-orbit coupling and magnetism (I)                          ramon.cuadrado@csic.es

Some tips about collinear and non-collinear SIESTA runs
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Some tips about collinear and non-collinear SIESTA runs

collinear non-collinear



Typical SIESTA non-collinear output for charge  and MMs
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B: Spin-orbit coupling (SOC) in SIESTA

Motivation

Pseudopotentials and SOC

Scalar (SR) and fully relativistic (FR) calculations

Relationship between magnetic anisotropy energy (MAE) and SOC

How SOC is included in SIESTA 
Some examples
Running SIESTA including SOC
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The magnetic recording trilemma 
embodies the fundamental compromise 

between writability, thermal stability, and 
readable signal-to-noise ratio.
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Magnetic anisotropy energy, K Direct consequence of the SOC

It is a relativistic effect

Which is the relationship between MAE and SOC?
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PSML format: https://www.pseudo-dojo.org/

ATOM PROGRAM: https://departments.icmab.es/leem/siesta/Pseudopotentials/index.html
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Spin-Orbit splittings in atoms

d-splitting increases when Z increases

SIESTA School 2025:  Spin, spin-orbit coupling and magnetism (I)                          ramon.cuadrado@csic.es



Bands structure

Triple degenerate states

FR calculations broke the degeneracy shifting the 
lower band

SR
FR
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Total energy differences between = orientations of the atomic spins of Co24Pt31-L10 NP
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Modifying theta for 
each SCF calculation

Fixing phi to 0o
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Total energy differences between = orientations of the atomic spins of Co24Pt31-L10 NP



(001)

(010)

(100)

Total SCF energy vs. magnetizations angles

𝜑=0° 𝜑=45°
0° ≤ 𝜃 ≤ 180°

0° ≤ 𝜃 ≤ 180°

To
ta

l e
ne

rg
y 

[m
eV

]

SIESTA School 2025:  Spin, spin-orbit coupling and magnetism (I)                          ramon.cuadrado@csic.es

Modifying theta for 
each SCF calculation

Fixing phi to 45o

Total energy differences between = orientations of the atomic spins of Co24Pt31-L10 NP
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Fixing theta to 90o 

Modifying phi for each SCF step

Total energy differences between = orientations of the atomic spins of Co24Pt31-L10 NP



Magnetic Anisotropy Energy of bulk (Fe,Co)Pt-L10 alloy
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Modifying theta for 
each SCF calculation

Modifying phi for 
each SCF calculation

(Fe,Co)Pt-L10

Fe,Co 

periodic

periodic

periodic periodic



Spin-orbit coupling in the SIESTA manual:
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Some tips about SOC SIESTA runs
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Some tips about SOC SIESTA runs
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Some tips about SOC SIESTA runs
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- Total Energy calculations including ESO:

- SOC contribution to the Forces:

- Mulliken or other population analysis: 

- Projected density of states.

- Bands structure.
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Z

Some tips about SOC SIESTA runs

- DFT+U+SOC

- D3 dispersión correction+SOC
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(you can perform optimizations with SOC)



C: Electronic structure analysis and convergence

Charge and magnetic moments (MMs)

Convergence tips

Projected density of states (PDOS)
Bands structure

OUTPUTS



Output spin resolved charges (collinear spins) 
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Output spin resolved charges (collinear spins) 

At the end of the Selfconsistency

MM*/at = Q*↑ −Q*↓ 	 [𝜇-/at]
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Output charges and the components of the spin moments (non-collinear spins) 
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SpinInSCF = True By default

On-the-fly spin moments:

- Posibility to calculate the Orbital 
Moments by means of the flag: WriteOrbMom = True

Additional feature when SO is included:

Note: Also for Spin Polarized case!
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Output PDOS files (collinear spins) 

SystemLabel.DOS (Total DOS) SystemLabel.PDOS (orbital)

…
.

…
.

…
.

Energy(eV) DOS Spin up (eV-1) DOS Spin down (eV-1)

…
.

…
. …
.

SIESTA School 2025:  Spin, spin-orbit coupling and magnetism (I)                          ramon.cuadrado@csic.es

Energy window where the 
PDOS will be computed

Number of the 
points in the 

histogram

Peak width of the gaussian 
used to broad the eigenvalues



Same as SystemLabel.DOS and SystemLabel.PDOS but now there are five columns

Energy(eV) DOS Spin up (eV-1) DOS Spin down (eV-1) Re {DOS}  (eV-1) Im{DOS}  (eV-1)

Output PDOS files (non-collinear spins) 
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PDOS utility 

/home/your_user_name/your_SIESTA_main_directory/Util/Contrib/APostnikov

* fmpdos.f Compile it: make

1)
2)
3)

4)

Note 1: You can build your own program to extract the PDOS

Note 2: There is another utility in  Util/pdosxml directory

Run   ./fmpdos and some questions have to be answered:

Note 3: Use the utility present in the SIESTA version that you are using.
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Atomically resolved
Example:



Output Bands files:  

… … … …
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In spin-polarized DFT without SOC the Hamiltonian conserves Sz, so bands 
can be labeled as spin-up or spin-down, but once SOC is included Sz is no 
longer a good quantum number and the bands become mixed-spin states; in 
that case one can only obtain spin projections or the full spin texture of each 
band, not pure up/down labels.



Examples:

Topological Insulator:

Dirac cone

Bi2 Se3
Au fcc
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* Have a good pseudopotential (perform some calculations for a known system)

* Have a good basis set (same as for PPs): Simplex method, SZ, DZP, TZP, etc

* Converge the mesh cutoff (space grid for integrals in real space)

* Converge the number of k-points (periodically systems)

* Converge the UC when only the gamma point is used (molecules, clusters)

* Converge the electronic temperature kT

DFT calculations is not only pushing the button 

* Geometry optimization

* Converge any property you want to obtain (MAE, MMs, Bands, etc) 

Convergence: Not only in magnetism
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General mesh cutoff and k-points convergence: bulk Fe3O4
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Kx x Ky x Kz



Convergence of MAE in the bulk YFeB alloy (68 atoms)
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Thank you very much!


