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Laser-induced phase transitions in thin Fe-films: FXE @ EuXFEL

Irradiation of a solid with an ultrashort laser pulse leads to states of strong

electronic excitation, high temperatures, and high pressure. The complex

relaxation processes that occur after energy deposition can lead to ultrafast

structural changes and phase transitions, often along unusual paths and

under strong non-equilibrium conditions. Understanding these processes

does not only address fundamentally important questions but is also highly

relevant for many applications of short-pulse lasers. This ranges from

materials processing and synthesis to data storage in phase change

materials.

Time-resolved diffraction experiments at X-ray free-electron lasers (XFELs)

allow to investigate the transient and irreversible dynamics of laser-excited

materials on the relevant time (fs to µs) and length (Å to nm) scales.

Here, we discuss some examples of our recent work at XFELs. By applying

time-resolved wide-angle and small-angle X-ray scattering in combination

with a unique thin-film sample design we have investigated the non-

equilibrium structural dynamics of various materials after short pulse laser

excitation.

Sample scheme to study irreversible dynamics

Time-resolved X-ray scattering

Strong laser-excitation of solids
Al

• strong electronic excitation (fs)

Ø changes of interatomic forces

non-thermal processes

• rapid heating (≈ ps)

Ø states at high (T, P)

Ø overheating & melting

Ø solid-plasma transition

• material expansion & cooling (10 ps - µs)

Ø ablation
Ø rapid solidification
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Rapidly quenched Sb: t.r. WAXS XPP @ LCLS
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static synchrotron data (APS) transient cooling rate:
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Thin films, deposited on
free standing Si3N4-membranes
Rapid quenching & isothermal conditions
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hypothesis: a→ g transition

g-Fe (111)

𝟎. 𝟗×𝑭𝒎

𝟏. 𝟒×𝑭𝒎

𝟐. 𝟒×𝑭𝒎

𝟒. 𝟎×𝑭𝒎

𝝉𝒎 ≈ 𝟕𝟎𝟎𝒇𝒔

𝐹# <= 𝑇, = 20℃ → 𝑇# = 1538℃
𝐹-. ≈ 0.6×𝐹#
⇒ 𝑇-. ≈ 𝑇, + 0.6× 𝑇# − 𝑇, = 930℃
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