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In the recent experiment at the High Energy Density
(HED) instrument of the European X-ray Free Electron
Laser (EuXFEL) after single shot exposure of LiF crystal
by the tightly focused beam (photon energy 9 keV, energy
27-80 wJ, duration ~ 20 fs) the formation of the
microchannel with > 1000 length-to-diameter aspect ratio
was observed [1]. The presence of cavity in the channel
was confirmed by confocal scanning microscope in the
fluorescence mode trough measurement of LiF
photoluminescence (PL) [2] (Fig. 1a, b) and FIB-SEM
(Focused Ion Beam - Scanning Electron Microscopy)
technology.

The development of the cavity was analysed via 2D SPH
(Smooth Particle Hydrodynamic) and Molecular Dynamic
(MD) simulations, revealing a sequence of processes, that
lead to the final long cavity structure, with a critical role
played by energy deposition through cylindrical

rarefaction waves (Fig. 1c,d). We show that the described
mechanisms can be applied to any type of materials since
the cavity represents a rapidly created a high energy
density region with formation of a very high pressure
plasma. At such conditions distinctions between material
become insignificant.

The formation of nanoscale channels is one of a central
component of nanofluidic biochip systems. Our work
provides a new pathway for development of new
analytical tools with accurate control of liquid fluid flow,
high selectivity and increased mass flow rate. The work
was partly supported by KAKENHI (Grant
No0.24K06988) from JSPS.
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Figure 1. Formation of the channel with diameter of ~ 1 pm into the depth down to ~1mm in LiF crystal by single shot XFEL focused
beam with the energy density 895 kJ-cm: (a) in-depth PL images show absence of material in the center (black circles ); (b) dependence
of cavity size on the depth: experiment (in red), result of simulation (gray dots), and initial cavity size given in the SPH simulations
(dashed-black) ; results of simulations: (c) fields of shock velocities near the LiF surface; damage pattern (d) and pressure fields (e)

formed at a depth 390 and 660 um at time 1.75 ns.
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