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Evolution of multi-core processors



Femto-magnetism

Laser-induced demagnetization

Expt: Beaurepair et al. PRL 76 4250 (1996)

Ultrafast manipulation of
spins with light

I Efficient devices based in
spin currents

I Fast (femtoseconds)
operational times
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Still only an approximation to QED. . .



Theory: fully ab-initio approach
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Effective potentials (we use ALDA):

Bs[ρ,m] = Bext + Bxc[ρ,m], vs[ρ,m] = vcl + vxc[ρ,m] (2)

Density:
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E. Runge and E. K. U. Gross, Phys. Rev. Lett. 52, 997 (1984)
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Demagnetisation in elemental magnet : Ni

A field

4x4 super-cell of Ni

bulk Ni
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I Inter-site non-collinearity
and magnons do not
contribute in early times

I 1
4c2
−→σ · (∇vs(r, t)× i∇)

I The physics is dominated

by spin-orbit induced

spin-flips

Krieger et al. JCTC 11, 4870 (2015),
Elliott et al. New J. Phys. 18, 013014 (2016),

Dewhurst et al. Computer Phys. Comm. 209, 92 (2016)



Nuclear degrees of freedom

Treat nuclei as classical point particles: Ehrenfest dynamics

Quantum nuclei required for superconductivity!



phono- magnetism
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Phonons and electron-phonon coupling: FePt

0

0.005

0.01

0.015

0.02

0.025

E
n
e
rg

y
 (

e
V

)

Γ                                              X                                                   R         

in-plane Fe

in-plane FePt



Femto- phono- magnetism: FePt

0 20 40 60 80

time (fs)

-0.8

-0.6

-0.4

-0.2

0

M
(t

)/
M

(0
)-

1

Γ − point      X - point

0 20 40 60 80

time (fs)

-0.6

-0.4

-0.2

0

Pt with ph

Pt without ph

Fe with ph

Fe without ph

I EPC is not necessarily a good guide.

I Magnetization dynamics due to non-adiabatic coupling.

Sharma et al. arxiv/2203.14234 (2022)



Femto- phono- magnetism: FePt
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I Early time physics is the same.

I Phenomena of OISTR domiates in early times.

Sharma et al. arxiv/2203.14234 (2022)



Ferri-magnetic layers: Mn2/Co4/Cu(001)



Magnetization dynamics in Mn2/Co4/Cu(001)
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I Ground-state is Ferri-magnetic

I ∼ 29fs one of the Mn layers switches the direction of spin

I Stays in transient FM state at least till 150fs

I Saturation is due to missing nuclear dynamics .

Dewhurst et al. Nano Lett. 18, 1842, (2018)



Magnetization dynamics without SOC
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I Spin-flips and spin-orbit play no role in switching of magnetic

order.

Dewhurst et al. Nano Lett. 18, 1842, (2018)



Optical inter-site spin transfer (OISTR)

m = nup − ndn



Experimental confirmation of OISTR



Femto- phono- magnetism: FePt
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I Early time physics is the same.

I Phenomena of OISTR domiates in early times.

Sharma et al. arxiv/2203.14234 (2022)



Spin currents due to phonons
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I Minority spin current flow from Fe to Pt (this demagnetizes Pt).

I Increase in minority states on Fe atoms leads to enhanced

spin-flips (loss in Fe moment).

Sharma et al. arxiv/2203.14234 (2022)



Faster switching with phono- magnetism: GdFe
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Giant optical spin-Hall angles
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I θSH(ω) =
jSxy(ω)

jz(ω) : finite frequency extension of SHA leads to a

giant effect.

I In eUV range the SHA is larger than 1.

Elliott et al. arxiv/2204.01538 (2022)



What is missing from the theory?



Extending
space-time
boundaries

(ultra long-range
TDDFT)

Exchange-correlation
functional

development

Nuclear degrees
of freedom

(quantum or classical)

Radiation
via

Maxwell's equations

Relativistic
interaction

terms



Various combinations yield new predictiveness

long-range + Maxwell’s equations + TDDFT =⇒

{
light propagation

density wave propagation

long-range + spin-orbit + spin-TDDFT =⇒ skyrmion dynamics

long-range + dipole-dipole interaction + spin-DFT =⇒ magnetic domains

quantum nuclei + TD-long-range + superconductivity =⇒ TD-supercond

New physics can be found at competing energy scales!



Elk code: full potential LAPW method

Science 351, 6280 (2016) Gold standard for electronic structure

of solids. Features include:

I Ground state

I Most single particle observables

I Structural optimization

I Many-body methods: GW and
beyond, RDMFT, BSE ...

I Response functions: magnons,
phonons, plasmons, excitons ...

I Wannier90 interface

I Tensor moments

I Non-equilibrium spin dynamics

I Superconductivity: calculation of Tc,

Eliashberg

J. K. Dewhurst, S. Sharma, L. Nordström and E. K. U. Gross .......

http://elk.sourceforge.net/



Summary

I Early time demagnetization in elemental magnets is
dominated to SOC.

I In multi-sub-lattice systems OISTR is the first mechanism
that causes spin-dynamics.

I OISTR can be coherently controlled by lasers.

I Large SHA can be obtained for finite frequencies.

I Femto- phono- magnetism: phonons for femtosecond
magnetization dynamics


