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Few hundreds of fs!
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The puzzie of the ultrafast demagnetization

= [Electron-phonon coupling
= Spin to orbital momentum conversion
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The puzzie of the ultrafast demagnetization

= Electron-phonon coupling
= Spin to orhital momentum conversion
<= Superdiffusive spintransport >
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1\ v = 1nm/fs
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v = 1nm/fs
1\ T = tens of fs
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v = 1nm/fs

T = tens of fs

A = tens of nm
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v = 1nm/fs

E 3 T = tens of fs
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- Small perturbation of equilibrium
- Perfect screening (perfect metal)
- Spherically symmetric band structure
- Breaking of momentum conservation
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Rudolf, Battiato et al. Nature Comm. 3, 1038 (2012)
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= Strong confirmation of ultrafast spin diffusion

= First observation of the ultrafast magnetization increase
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Can we control these ultrafast spin currents?

Kampfrath, Battiato et al. Nature Nanotech. 8, 256 (2013)
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Kampfrath, Battiato et al. Nature Nanotech. 8, 256 (2013)
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Detection ultrashort spin currents

Kampfrath, Battiato et al. Nature Nanotech. 8, 256 (2013)
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Detection ultrashort spin currents
= Conversion spin current to charge current

Spin Hall effect Inverse Spin Hall effect

3_/'

spin current

charge current

SO interaction

Kampfrath, Battiato et al. Nature Nanotech. 8, 256 (2013)
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Detection spin currents

= Conversion spin current to charge current
= Conversion charge current to THz radiation
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Kampfrath, Battiato et al. Nature Nanotech. 8, 256 (2013)
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= Wire

"= Diode >|7

= Transistor —<
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Ultrashort spin pulses diffuse in metals
only up to few hundreds of nm
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E 1 Semiconductor

Battiato, Held, Phys. Rev. Lett. 116, 196601 (2016)
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Semiconductor
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Semiconductor

Steady state
uncharged injection

Oscillations and
charge shock wave

Charge build-up
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Boltzmann + Maxwell system




Boltzmann + Maxwell system
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1+1+43 dimensional problem: not cheap, but can be handled

Runge Kutta Discontinuous Galerkin
* Unstructured meshes

Arbitrarily high order of convergence (depending on max polynomial power)
Mass, energy and momentum conserving

High stability in presence of shocks
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* 5 dimensional tensor: number of entries is N°
(400 basis functions -> 1013 integrals to calculate and 10TB to store)
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* 5 dimensional tensor: number of entries is N°
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(400 basis functions -> 1013 integrals to calculate and 10TB to store)
* 12 dimensional integral

e Dirac deltas inside the integral




Sijktm = Y _ / dkdk; dkadks
G

(w(k, k1, ko, ks)-
S(k + Ky — kz — ks + G) S(E(I) + E(kr) — E(kz) — E(ks)):
b: ()b (1) (k1 )b (k2 b (k) )

* 5 dimensional tensor: number of entries is N°
(400 basis functions -> 1013 integrals to calculate and 10TB to store)

* 12 dimensional integral

e Dirac deltas inside the integral

* Failure to integrate to extreme precision leads to breaking of particle, energy and
momentum conservation




Thermalization in real hand structures
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Check his poster out!!!

Numerical study of strongly out-of-equilibrium
M thermalization dynamics

Michael Wais




Thermalization in real band structures
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Future plans / Areas of interest

2D/3D thermalisation 2D/3D thermalisation + 2D/3D thermalisation +
transport + Poisson transport + Maxwell

Thermalisation in Out of equilibrium THz radiation

real hand struct transport

- Impactionization - Spindiffusion « THzemission
- Timescales of thermal. - Spininjection - THz absirption
« Momentum conseruv. - Charging of interiaces

- Thermal hottlenecks - Transport hlockade
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