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Non-equilibrium charge, spin and energy transfer at 

interfaces revealed by ultrafast spectroscopy
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Experimental methods

• Pulse duration < 20 fs

• Wavelength 500 to 730 nm

• Pump fluence (focused) 3.0 mJ/cm²
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optically excited spin transport

→ transient magnetization enhancement

→ ultrafast demagnetization by transport
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goal:

analysis and control of

fundamental microscopic

processes on fs timescales

after optical excitation

phonon-phonon 

scattering

→ phonon non-equilibrium

→ deviation from thermal behavior

spin-lattice coupling
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Selected results

Competing spin transfer and spin-orbit coupling mediated dissipation 

at Co/Cu(001) interfaces on femtosecond timescales: 

J. Chen et al., Phys. Rev. Lett. 122, 067202 (2019)

P. Elliott et al., Adv. Mater. Interfaces 9, 2201233 (2022)

Microscopic non-equilibrium energy transfer dynamics in a photoexcited

metal/insulator heterostructure: 

N. Rothenbach et al., Phys. Rev. B 100, 174301 (2019) 

N. Rothenbach et al., Phys. Rev. B 104, 144302 (2021)
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Time-resolved second harmonic generation (SHG) spectroscopy: 

Time-resolved x-ray absorption (XAS) spectroscopy: 

→ Surface- and interface-sensitive 

in centrosymmetric media

P(E) = ε0 [χ(1) E(t) + χ(2) E²(t) + …]

L. Le Guyader, A. Eschenlohr et al., 

J. Synchrotron Rad. 30, 284 (2023)

• Beam splitting scheme for I0 reference and 

simultaneous acquisition of ground state and 

excited spectra

• High repetition rate (few 10 kHz)

• Application of correction algorithm (zone plate

flat-field correction and detector gain non-

linearity) increases S/N by 1-2 orders of

magnitude

→shot-noise limited femtosecond time-resolved 
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BaFe2As2 DOS: H. Wadati et al., 
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Interplay of local correlations and non-equilibrium spin dynamics: 

“hot phonons“

high energy, 

hybrid phonons

at Fe/MgO interface

acoustic phonons,

thermalization of the

heterostructure
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