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2. Scientific accomplishments (max. 3 pages) — Results obtained during the reporting period.

1. Study of the interaction of the laser beam with target by means of Finite Element Method
The numerical study interaction of the laser beam with the target offers information on the impact of the laser parameters

and target material characteristics on developing processes based on the phenomena indicated by the simulation results.
For this purpose, finite element analysis is the method that fits best. There are two software variants that we have in
mind, namely COMSOL and PIC. In a first stage, we used the COMSOL software to study the phenomena, processes
and conditions obtained for the generation of ablation plasma, the Particle in cell (PIC) software being more suitable for
the study of plasma movement and the particles that compose it, i.e. for the subsequent stage of study. Laser interaction
with the silver target containing Fe and Ni impurities was numerically simulated and the results were used to explain the
Experimental phenomena noticed on the thin films obtained by pulsed laser deposition technique. It resulted that the
three instabilities, Plateau — Rayleigh instability (PRI), Rayleigh — Taylor instability (RTI), Richtmyer — Meshkov
instability (RMI), and the “crown splash”, as phenomena related to fluids break-up are are responsible for the formation
of droplets during the deposition of thin metal films. The explanation is based on the results obtained in COMSOL which
indicates the formation of both the liquid phase and the gas and plasma during laser irradiation of the target. The fluid
phase is highlighted by the point temperatures developed on the spot and in its immediate vicinity, over a distance until
which the thermal diffusion takes place depending on the material characteristics.If the thermal energy developed on the
spot that interacts with the laser radiation is also dependent on the laser parameters, as well as on the optical
characteristics of the target material, the heat transfer on the surface of the material in the vicinity of the spot depends
only on the thermal conductivity characteristics. Heat transfer in the target volume will be influenced by laser beam over
a distance equal to the optical path (inverse of the absorption coefficient) and under the exponential attenuation effect
given by the Beer-Lambert law, after which only the characteristics related to the thermal conductivity of the material
will count. The same parameters for the numerical simulation and for the experimental proceedings were used: pulse
energy of 100 mJ, 150 mJ and 180 mJ, 10 ns pulse width, 10 Hz pulse repetition and 168 pm spot radius and 1072 Torr
pressure in the deposition chamber. Parametric sweep was used to vary the pulse energy. The theory, mathematics and
formulae to describe the physical phenomena and processes and their implementation in COMSOL simulation is as
described in the articles previously published by our laboratory team [2, 3]. New conditions and extended geometry and
domains have been added with this simulation to analyse and anticipate thermal behaviour and heat transfer when plasma
of ablation travels from the target to the substrate and the new model was published by our laboratory [1]. The geometry
includes the target and the environment surrounding the target in the deposition chamber, as well as the non-
homogeneous material of the target (Figure 1) [1].
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The silver melting and boiling points, as well as those of the impurities of iron and nickel are used as reference for phase
change in the diagrams. Phase components are analyzed in the diagrams of Figure 3 [1]. The thermal effects in the
deposition chamber were analyzed by isosurface diagrams and 2 D plots as presented in Figure 4 and Figure 5,

respectively.
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Figure 3. Study of phases fractions during ablation, for t =t = 10 ns, based on COMSOL simulation. (a) Phase rate per
element developed during laser ablation at 150 mJ on COMSOL simulation; (b) Phase rate out of total ablated material
based on COMSOL simulation; (c) Element rate out of each phase during ablation to different energies based on
COMSOL simulation [1]
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environment [1]

Conditions for existence of different phases of ablated material in the deposition chamber on the plasma plume trajectory
are analyzed in phase diagrams as in Figure 6.
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target and support) [1] (http://spectroscopy.phys.uaic.ro)

The fluid phases developed due to thermal effects during laser interaction
with the target material explain droplets formation in terms of instabilities of PRI, RT1 and RMI type, as well as crown
splash fluid break-up at the impact with the solid substrate or still melted film on the substrate. Thin film deposition for
experimental study to compare with simulation results was conducted on the installation presented in Figure 7. The laser
system used was YG981E/IR- 10 Hz, and the parameters: =10 ns pulse width, A=532 nm wavelength, a=45° incident
angle and v = 10 Hz pulse repetition time (Figure 1). The pressure in the deposition chamber was 3-102 Torr. The SEM
images of figure 7 evidence different shapes of droplets, each being specific to a certain pulse energy of the laser beam
in interaction with the silver target doped with Fe and Ni impurities, and that corresponds to certain amounts (percentage)
of liquid, gas or plasma in the total fluid phase, each being susceptible to one or another of the fluid break-up instabilities.
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“These instabilities are based on the induced perturbing phenomena such as electromagnetic field of laser beam for the
first 10 ns, the electric field of the diffusion current generated by the charged carriers (ions in plasma) during their motion

v . and the phase states developed
during ablation and evidenced in the
numerical simulation in COMSOL”
[1]. Crown splash effect is noticed
for high energy of 180 mJ (Figure 7
a) and b) while pearl shaped droplets
are noticed for lower pulse energy
(100 mJ). Study of the influence of
each fluid-break-up phenomena and
instabilities will provide with information and answers for finding solutions to diminish and avoid droplets formation or
or on the contrary, to control their size and shape when they are aimed to be obtained.

Figure 7. Compared SEM images of droplets on the thin films A (180 mJ) and B (100 mJ): (a) Sample A (180 mJ) 500x;
(b) Sample A (180 mJ) 5kx; (c) Sample B (100 mJ) 500x; (d) Sample B (100 mJ) 5kx [1]

2. Numerical study of CdO/Se and CdS/Se dual targets to synthesis CdSe nanoparticles on glass slab or other supports
by PLD technique

Modeling and simulation of physical and chemical phenomena has an important role in obtaining information leading to
a reduction in the number of experimental trials. In this sense, for the preparation of the conditions for deposition with
pulsed laser of some quantum dots of cadmium selenide (CdSe), the study of the fulfillment of the ablation conditions
of the precursor materials was performed with finite element method, using COMSOL analytical software platform. The
method of pulsed laser deposition (PLD) of thin layers and obtaining nanoparticles represents the prospect of developing
clean, ecofriendly technologies. Irradiation of the dual targets in the ablation and PLD process is studied for 532 nm
laser beam wavelength, 150 mJ energy on a spot of 0.650 mm, pulse width of 10 ns and 10 Hz frequency. Ablation is
studied according to the phase diagrams obtained as a result of modeling and simulation in COMSOL, in terms of
temperatures relative to boiling points which represent the vaporization temperature (boiling point) in the case of Se and
sublimation and decomposition in the case of CdO and CdS.

Figure 1. a) Thermal effect on target surface with zoom on spot b)lsosurface thermal effects at pulse width (10 ns) in
the target with zoom on spot, c) Isosurface thermal effects at pulse width (20 ns) in the target with zoom on spot
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simulation in COMSOL, however, predicts that only CdO has the necessary properties to interact with laser radiation
efficiently and in the presence of selenium.
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5. Further group activities (max. 1 page):
e Collaborations, education, outreach.

The following activities will consider both round tables with partners in Germany but also with other
partners in Austria, Bucharest or France to achieve the proposed equipment and targets. Both
doctoral students and those with a master's or bachelor's degree who have research topics in this field
of laser and energy particle physics will be trained.

The following research topics will be developed

1. Performing PIC codes (using FAIR infrastructure) to investigate the interaction & simulation
hydrodynamic expansion (FAIR)

2. Making prototype targets on standard laser target holders used at FAIR and characterize them by
means: space-time resolved optical emission spectroscopy, UV-VIS/FTIR spectroscopy, XRD, XPS,
AFM, scanning electron microscopy SEM/ EDX/EDS (at LOASL)

3. Study of PLD thin films doped with nanoparticles - Designed and manufacture the of the
new-KIT-Vacuum simulation chamber for transport, making and analyzing special PLD thin
films dedicated to FAIR / APPA / MML / Plasma Physics / PHELIX experiments. Enhanced
vacuum transport beamline for the laser at FAIR

4. Study of the interaction of the PHELIX laser beam with targets by means of Particle in Cell (PIC)-
simulation computer techniques

6. Financial Report (budget usage) for the reporting period (see the Annex).

7. Research plan and goals for the next year (max. 1 page).

Study of the doped targets under high power laser beam (PHELIX). Experiments.

1. Designed and manufacture the of the new-KIT-Vacuum simulation chamber for transport,
making and analyzing special PLD thin films dedicated to FAIR / APPA / MML / Plasma
Physics / PHELIX experiments. Enhanced vacuum transport beamline for the laser at FAIR

2. Study of the interaction of the PHELIX laser beam with targets by means of Particle in Cell
(P1C)- simulation computer techniques



