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Scientific Summary 

 

In this thesis, the construction of an experimental setup for Ultrafast Electron 

Diffraction (UED) is discussed. UED turned out to be very fruitful in the last two 

decades for studying structural changes of materials during phase transition in 

non-equilibrium conditions. The setup was constructed in the Surfaces and Thin 

Films group at the Zernike Institute for Advanced Materials, University of 

Groningen, The Netherlands and allows for measurements in both reflection and 

transmission geometry. For the reflection geometry, the wave front of the laser 

pump beam is tilted in order to compensate for the fact the electron bunches 

don`t probe the whole surface at once, by also not pumping the whole surface at 

once. Due to coulombic repulsion the electron bunches are expanded; this is 

overcome by a standing wave of electric field in a cavity. Using this technique, the 

bunches are compressed below 1 ps; as shown with measurement with a streak 

camera. In order to allow the study of clean surfaces, the whole setup is placed in 

an Ultra High Vacuum (UHV) chamber, having a base pressure of about 10-10 mbar. 

The sample preparation chamber is equipped with an x,y,z,θ-manipulator, 

evaporators for several materials and cryogenic cooling. Furthermore, a setup for 

X-ray Photoelectron Spectroscopy (XPS) allows for in situ characterisation of the 

samples before they are studied with UED. The setup was tested with 

experiments on CoO nanoparticles and a silver crystal. 

In Chapter 3, the results are discussed of a study on a polycrystalline, bimetallic 

foil of 5 nm chromium and 40 nm gold. The decrease in ring diffraction intensity 

turned out to follow a bi-exponential decay. This observation is explained with a 

model in which not only the fast interaction between excited electrons and the 

lattice is taken into account, but also the slower diffusion of hot electrons and 

phonons from the chromium into the gold. A computer simulation of this model is 

in very good agreement with the measured time constants of 3±0,5 ps and  

26±4 ps for the fast and the slower process respectively. 

In Chapter 4, we discuss a study on a Heusler alloy with the composition 

Ni55Mn19Ga26. This material is a very good candidate for nanotweezers due to the 

volume change in the magnetically and thermally induced phase transition 
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between the low-temperature martensite and the high-temperature austenite 

phase. The relative intensity change of the primary Bragg spots and the so-called 

satellite peaks of the martensite phase was studied as a function of time delay 

between the pump and the probe pulse. A 70% drop of the satellite intensity was 

observed upon excitation with the laser, taking place at the same time as a 3% 

increase of the primary Bragg spot intensity. Following upon this change, an 

oscillation of the intensities around the new value was observed. We interpret 

this as the result of a restoring force towards the martensite phase.  

Finally, in Chapter 5, a future experiment is discussed, studying the 

superconductor magnesium diboride (MgB2). Angle Resolved Photoelectron 

Spectroscopy (ARPES) experiments have revealed information about the 

electronic configuration of the material in the superconducting and normal phase. 

An experiment with UED would add knowledge to this about the changes in 

structure during the phase transition. 


