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e Relativistic approximations in SIESTA and magnetism
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e Non-collinear magnetism
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e Pseudopotential approximation
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Pseudopotential approximation

Bond between atoms

Valence orbitals
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® Non-local pseudopotential operators and Spin-Orbit Coupling

= Scalar Relativistic calculations

=% Fully Relativistic calculations
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Spin Polarized: Schrodinger eq.
/r P g q

ATOM (PPs generator) & Vi = Vi = Zl:— 1 [(l D) Visayo + “/1—1/2:|
Fully Relativistic: Dirac: V,,,,,(r),V,,,,(r)
—— V.. — ol 2 [V B ]
J, J_ up l o] 1L/ 12 1-1/2
#.psf /
SIESTA School R. Cuadrado (ICN2) May 2017




Spin Polarized: Schrodinger eq.
/r P g q

- 1
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e Scalar-relativistic (SR) SP (Vion=\/ps) NC (\Vion=\/ps):
Semi-local op.: Acts in different

VP = Z Z Vi (r)lim)(lm| = ZVfIS (r)P;, <=>  way on each | but in the same
=0 m=—1 fashion on the radial parts.
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On-Site Spin Orbit Coupling

Spin Polarized: Schrodinger eq.
/r P g q

- 1
ATOM (PPs generator) N Vin = Vo |= T+l [(l + D)Vise + l‘/l—1/2:|
Fully Relativistic: Dirac: V,,,,,(r),V,,,,(r) o
T 7 Vip = V= N1 [Vl+1/2 - l—1/2]
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e Fully relativistic on-site Spin-Orbit (semi-local): ON-SITE
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On-Site Spin Orbit Coupling

Spin Polarized: Schrodinger eq.
/r P g q

- 1
ATOM (PPs generator) N Van = Vi | I [(l + 1) Visaje + Wiy /2}
Fully Relativistic: Dirac: V,,,,,(r),V,,,,(r) o
~—— ~—— Vuzvso= ‘/112_ 1—1/2
/. J- P LT LY /
#.psf
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On-site approximation for spin—orbit coupling in linear
combination of atomic orbitals density functional
methods

L Fernandez-Seivane', M A Oliveira’, S Sanvito® and J Ferrer!
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Off-Site Spin Orbit Coupling

Spin Polarized: Schrodinger eq.
/r P g q

- 1
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e Fully relativistic and fully non-local Off-Site Spin-Orbit implementation: OFF-SITE
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V2+1/2("") = Viin, ("') + §Vuz>,l (7') V2—1/2("") = Vin, ("”) -
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Off-Site Spin Orbit Coupling

Spin Polarized: Schrodinger eq.
/r P g q
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- Total Energy calculations including Eqy:  EX° =Tr(3V>%) = Y~ pio V277

pv op
uvoo’

- Forces: FO = — Z

oo’

- Calculation of band structures

- Mulliken analysis population. Magnetic moments, magnetization (S,,S,,S,), etc.
- Projected density of states

-LSDA+ U

- Different vdW schemes.
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® Practical issues
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Practicals (SIESTA manual

SIESTA manual

6.7 Spin polarization

Spin non-polarized (string)

Choose the spin-components in the simulation.

NOTE: this flag has precedence over SpinOrbit, NonCollinearSpin and SpinPolarized

while these older flags may still be used.
non-polarized Perform a calculation with spin-degeneracy (only one component).

polarized Perform a calculation with collinear spin (two spin components).

non-collinear Perform a calculation with non-collinear spin (4 spin components), up-down and

angles.

Refs: T. Oda et al, PRL, 80, 3622 (1998); V. M. Garcia-Sudrez et al, Eur. Phys. Jour. B
40, 371 (2004); V. M. Garcia-Sudrez et al, Journal of Phys: Cond. Matt 16, 5453 (2004).

spin-orbit Performs calculations including the spin—orbit coupling. By default the off-site SO
option is set up to true. To perform an on-site SO calculations this option has to be spin-

orbit+onsite.

6.8 Spin—Orbit coupling

Note: Due to the small SO energy value contribution to the total energy, the level of precision

requiered to perform a proper fully relativistic calculation during the selfconsistent process is quite
demanding. The following values must be carefully converged and checked for each specific system to
assure that the results are accurate enough: SCF.H.Tolerance during the selfconsistency (typically
between 10~3eV — 10~eV), ElectronicTemperature, k—point sampling and high values of Mesh-
Cutoff (specifically for extended solids). In general, one can say that a good calculation will have
high number of k—points, low ElectronicTemperature, extremely small SCF.DM.Tolerance

and high values of MeshCutoff. We encourage the user to test carefully these options for each

system. An additional point to take into account is the mixing scheme employed. You are encour-

aged to use SCF.Mix hamiltonian (currently is set up by default) instead of the density matrix.,

due to that speeds up the convergence.
tested for each specific system and the
the non-linear core corrections. Finally

The pseudopotentials have to be properly generated and
y have to be in their fully relativistic form together with

it is worth fo mention that the selfconsi

for some non-high symmetric magnetizations directions with respect to the physical symmetry axis

could be coumbersome, however
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relativistic density-functional-based calculations

R. Cuadrado and R. W. Chantrell

Department of Physics, University of York, York YO10 5DD, United Kingdom
(Received 25 July 2012; revised manuscript received 6 November 2012; published 18 December 2012)

Total energy vs. magnetizations angles

Total energy [meV]

SIESTA School

0 25 50 75 100 125 150 175
0 (degree)

R. Cuadrado (ICN2)

May 2017



PHYSICAL REVIEW B 86, 224415 (2012)

Electronic and magnetic properties of bimetallic L1, cuboctahedral clusters by means of fully

relativistic density-functional-based calculations

R. Cuadrado and R. W. Chantrell

Department of Physics, University of York, York YO10 5DD, United Kingdom
(Received 25 July 2012; revised manuscript received 6 November 2012; published 18 December 2012)

Total energy vs. magnetizations angles

Total energy [meV]

SIESTA School

0 25 50 75 100 125 150 175
0 (degree)

R. Cuadrado (ICN2)

May 2017



PHYSICAL REVIEW B 86, 224415 (2012)

Electronic and magnetic properties of bimetallic L1, cuboctahedral clusters by means of fully
relativistic density-functional-based calculations

R. Cuadrado and R. W. Chantrell
Department of Physics, University of York, York YO10 5DD, United Kingdom
(Received 25 July 2012; revised manuscript received 6 November 2012; published 18 December 2012)

Total energy vs. magnetizations angles

LU e e e IR e m e m e s e e e e B e e e S e LA B A e e

> 1r ]
() [ ]
> i ]
) i ]
p 1L ]
L) 1t o = 0° ]
© 1[ ¢ =45° —8B— ]
é S 0 =90° —e— -

0 25 50 75 100 125 150 175/0 25 50 75 100 125 150 175

0 (degree) ¢ (degree)

In-plane anisotropy

SIESTA School R. Cuadrado (ICN2) May 2017



T0P PUBLISHING JOURNAL OF PHYSICS: CONDENSED MATTER
1. Phys.: Condens. Matter 24 (2012) OR6005 (15pp) doi:10.1088/0953-8984/24/8/086005

Fully relativistic pseudopotential
Metalic alloys L1, formalism under an atomic orbital basis:
spin—orbit splittings and magnetic
anisotropies

R Cuadrado and J I Cerd4

Instituto de Ciencia de Materiales de Madrid ICMM-CSIC, Cantoblanco, 28049 Madrid, Spain
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Topological Insulators
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Thank you very much!
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Spin Polarized: Schrodinger eq.
/7 P g q
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