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Time-resolved and in-situ electron microscopy techniques offer a unique access to dynamical processes 

at the nanoscale. Pushing the limits of temporal resolution, ultrafast transmission electron microscopy 

(UTEM) [1, 2] utilizes ultrashort electron pulses to stroboscopically map transient states of matter. Recent 

advances in nanoscale photocathode technology allowed for the generation of high-coherence electron 

pulses with a temporal duration down to 200 fs, focusable to sub-nanometer spot-sizes and with a narrow 

spectral width of 0.6 eV [2, 3]. High quality electron pulses now open the possibility to equip a broad 

range of electron microscopy techniques with femtosecond temporal resolution, including bright-field 

imaging [4], electron-energy spectroscopy [5] or convergent-beam electron diffraction [6]. 

 

Here, we report on femtosecond Lorentz microscopy for the imaging of ultrafast demagnetization 

dynamics in a single nanostructure [7], extending the accessible time-scales of time-resolved Lorentz 

microscopy [8-11]. In the experiment, an isolated permalloy disc (1-µm diameter, 20-nm thickness) on a 

silicon nitride membrane is optically excited by femtosecond laser pulses (800-nm central wavelength, 

50-fs pulse duration, 500-kHz repetition rate). The magnetic texture of the disc is mapped by collimated 

electron pulses with a temporal duration of 700-fs using Lorentz microscopy (Fig. 1a). The disc hosts a 

magnetic vortex state, visible in the Lorentz micrographs as an image intensity peak at the center of the 

disc (Fig. 1b). Notably, Lorentz micrographs recorded in the stroboscopic UTEM mode (Fig. 1b, lower 

panel) show an image contrast comparable to micrographs recorded with a continuous Schottky electron 

source (Fig. 1b, upper panel), highlighting the spatial coherence of the photoelectron pulses. 

 

Upon optical excitation, the spin system in the permalloy disc is heated close to the Curie temperature, 

resulting in a decreased sample magnetization. In the micrographs, the image intensity of the central vortex 

spot directly correlates with the sample magnetization. Radial profiles of the Lorentz micrographs for 

different delay times between optical excitation and electron probing are shown in Fig. 1c. A sudden 

decrease of the central peak is observed after excitation with a partial recovery on picosecond time-scales. 

Tracking the central peak amplitude with delay time gives a direct measure for the temporal evolution of 

the vortex magnetization at different optical fluences (Fig. 1d). The observed changes are in line with 

results from ultrafast optical spectroscopy [12]: In a microscopic picture, optical excitation couples to the 

electronic subsystem of the sample. Electron-spin coupling on few 100 fs, yields the transiently hot spin 

system observed here. The time scale of partial spin cooling (about 2 ps, Fig. 1d) is governed by electron-

lattice coupling.  

 

Whereas femtosecond magnetization dynamics are studied in detail by ultrafast optical spectroscopy and 

time-resolved photoemission spectroscopy, femtosecond Lorentz microscopy ideally complements these 

investigations by adding real-space spatial information. In particular, in the present study, a spatial 
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resolution below 100 nm is obtained and could by employed in future investigations for mapping the 

ultrafast spatially evolution of optically excited nanoscale magnetic textures.  
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Figure 1.  Femtosecond Lorentz microscopy. (a) Femtosecond electron pulses image the transient 

magnetic state in an optically excited nanostructure employing Lorentz microscopy. (b) Lorentz 

micrographs of a permalloy disc, recorded with a continuous electron beam (upper panel) and with a 

pulsed electron beam derived from a laser-driven tip-shaped photocathode (lower panel). N: number of 

imaging electrons; scale bar: 500 nm (c) Radial profiles of femtosecond Lorentz micrographs for different 

delay times between optical excitation and electron probing. Continuous heating of the high-repetition 

rate laser results in a difference in peak amplitude between negative delay times and for experiments with 

no laser on the sample. (d) Temporal evolution of the image intensity of the central peak in the Lorentz 

micrograph (panel c) for two different optical fluences. Quantitative analysis of Lorentz contrast recovers 

the transient sample magnetization (right axis). Adapted from Ref. [7]. 

Microsc. Microanal. 25 (Suppl 2), 2019 39

https://doi.org/10.1017/S1431927619000928 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927619000928

