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Nd:YAG laser ablation of materials of biological interest

M.S. Rabasovié!, D. Sevic!, B.P. Marinkovié¢!

Lnstitute of Physics Belgrade, University of Belgrade, Serbia

The aim of this study is to analyze the possibilities of using of the Laser Induced Breakdown
Spectroscopy (LIBS) for discerning the materials ablated by laser. Lasers are widely used for ablation
of biological materials. For practical considerations in biomedical applications, it is necessary to have
a real-time feedback control system, so that discriminating between the ablated layers is possible. As
excitation laser we use Nd:YAG (1064 nm, pulse width 5 ns, energy up to 300 mJ). We used dry pork
bone as an experimental sample. The diagnostic part of our experiment is based on streak camera, so
we can perform the time resolved analysis of spectral data. Reasoning of our LIBS analysis follows the
concept presented in [1], where femtosecond laser was used for tissue ablation. Sodium (Na) line at 589
nm and Calcium (Ca) line at 612 nm could be used for discrimination between the soft tissue and the
bone. Nanosecond Nd:Yag lasers are also widely used for biomedical applications |2, 3] Our method of
time resolved LIBS is presented in [4|. This study was inspired by a similar analysis (not for biological

Figure 1: Streak image of LIBS of a dry bone.

materials, but for printed circuit board) presented in [5]. The real application would be based on using the
simpler, not time resolved spectrograph with gated acquisition time frame. Our analysis of streak images
provides the proof of the concept. Also, the optimal value of gate time is determined by our analysis.

[1] R.K. Gill et al., J. J. Biophotonics 9 (2016) 17.

[2] B. Cencic et al., Appl. Phys. A 112 (2013) 65.

[3] G. Hawlina et al., BMC Ophthalmology 14 (2014) 131.

[4] M.S. Rabasovic et al., IEEE Trans. Plasma Sci. 42 (2014) 2588.
[5] M.S. Rabasovic et al., Appl. Phys. A, 122 (2016) 186.
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Ejected electron spectra from Coster-Kroning transitions in argon

B.P. Marinkovié¢!, J.J. Jureta!, L. Avaldi®

LLaboratory for Atomic Collision Processes, Institute of Physics Belgrade, University of Belgrade,
Pregrevica 118, 11080 Belgrade, Serbia

2CNR-Istituto di Struttura della Materia, Area della Ricerca di Roma 1, CP10, 00015 Montero-
tondo Scalo, Italy

High resolution ejected electron spectroscopy has been used to investigate ejected electrons in the
energy region of the Coster-Kronig (C-K) transitions from 25 to 56 €V in Ar at incident electron energies of
243, 324, 606, 909 and 2018 eV and fixed ejection angle of 90°. The C-K spectrum in Ar includes transitions
from the initial state 152252p©3s23p° to the final states 1522s22p®3s('P,2P)3p%, and 1522522p®3s523p°(°D,
D, 38, 1S) [1]. In the C-K process the vacancy in the 2s shell (L;) made by the impact of electrons with
energies larger than 327 €V is filled by an electron from the 2p subshells (L2 3), while the second electron
from either 3s or 3p subshells (M;, My 3) is promoted to the continuum. The final result is formation of
two separate groups of peaks around 30 and 50 eV i.e. (L1-L23sMy) and (Lj-L23Ma3) respectively.

The intensity evolution of all states in the C-K energy region was studied at several incident electron
energies from 243 to 2018 eV. The calibration of ejected energy scale was made with respect to the energy
position of the Ar 3d('D) state at 11.72 eV measured under the same experimental conditions.

The measurements have been carried out using a crossed electron-atom beam apparatus OHRHA [2]
equipped with an electron gun that can be rotated around the axis of the electrostatic lenses of the
analyzer, and the hemispherical analyzer with 7 channeltrons as detectors. The energy resolution of the
ejected electron spectra measured as full width at half maximum (FWHM) of the narrowest feature in the
spectrum, was typically between 60 and 80 meV.
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Figure 1: Coster — Kroning transition lines in Ar obtained at 243, 327 and 2018 eV incident electron
energies and ejection angle of 90°.

[1] T. Kylli et al., Phys. Rev. A 59 (1999) 4071.
2] J.J.Jureta et al., Int.J.Mass Spectrom. 114 (2014) 365.
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Electron transmission through steel capillary

B.P. Marinkovi¢!, M.Lj. Rankovi¢!, J.B. Maljkovié¢!, A.R. Milosavljevi¢?, D. Borka?, C. Lemell?,
K. Tokesi®

Unstitute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

2PLEIADES beamline, Synchrotron SOLEIL, L’orme des Merisiers, Saint-Aubin - BP48, 91192
GIF-sur-YVETTE CEDEX, France

3Atomic Physics Laboratory, Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade,
Serbia

Anstitute for Theoretical Physics, Vienna University of Technology, Vienna, Austria

SInstitute for Nuclear Research, Hungarian Academy of Sciences (ATOMKI), Debrecen, Hungary
and ELI-ALPS, ELI-HU Non-profit Kft., Szeged, Hungary

The transmission of low-energy electrons through platinum [1,2] and steel capillaries have been
investigated both experimentally and theoretically. The length of the present steel capillary was L =
19.50 mm while the inner diameter was d = 0.90 mm. Kinetic energy distribution of electrons transmitted
through steel capillary was recorded at two tilt angles (the angle between the incident electron beam and
the capillary axis) of 2.64° and 4.0°, respectively. The experimental results were obtained by an electron
spectrometer which consists of an electron gun, a double cylindrical mirror energy analyzer (DCMA) and
a channeltron detector.

Electron transmission is modelled by a classical trajectory Monte Carlo simulation taking both elastic
and inelastic scattering events of primary electrons colliding with the inner wall of the capillary and
transport of secondary electrons into account.
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Figure 1: Energy spectra of electrons transmitted through a steel capillary.

Figure 1 shows energy spectra of 150 eV electrons passing through the steel capillary at 2.64° tilt angle.
We found excellent agreement between our simulated electron-energy spectra with experimental data.

[1] A.R. Milosavljevi¢ et al.. Nucl. Instr. Meth. Phys. Res. B 354 (2015) 86.
2] D. Borka et al, Nucl. Instr. Meth. Phys. Res. B, in press (2017),
http://dx.doi.org/10.1016/j.nimb.2017.02.024
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High resolution study of the autoionizing states of He in the vicinity of the equal
velocity region

B. Paripas!, J.J. Jureta?, B. Palasthy!, B.P. Marinkovi¢?, G. Pszota!

Unstitute of Physics, University of Miskolc, 3515 Miskolc-Egyetemuvdros, Hungary

2Laboratory for Atomic Collision Processes, Institute of Physics Belgrade, University of Belgrade,
Pregrevica 118, 11080 Belgrade, Serbia

By “equal velocity region” we mean the primary electron energy range in which the energies of the
autoionizing electrons approximately match that of the scattered electrons. This range is around 90-95 eV
for the four most important autoionizing states of helium. Then such interesting phenomena can occur as
the post-collision interaction and certain types of the state-to-state interference. We have been studying
this range for a long time [1], concentrating the interference of the 2s?(*S) and 2p?(!D) resonances. It takes
place at 93.15 eV critical primary energy, where the energy of the scattered electron from one reaction path
equals the energy of the ejected (autoionizing) electron released along the other path and vice versa: here
the scattered-ejected electron pairs are indistinguishable. The observation of this exchange interference
is disturbed by the Fano interference (the interference between the direct and indirect ionization), too,
which occurs at all primary energies. We intend to study it separately in the neighbourhood of the critical
energy, and then to estimate its measure for the critical energy.
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Figure 1: The electron spectrum measured at 90° ejection angle at 88.14 eV primary energy with the best
computer fit (solid line). At the bottom the spectrum components, at the top the residuals (in sigma
units) are shown.

The present measurements were made by an Omicron High Resolution Hemi-spherical Analyzer
(OHRHA) [2] at 88 €V and 97 eV primary energies (where the groups of the ejected and the scattered
electron peaks are well separated), at 130°, 90° and 50° ejection angles. The measured spectra were
evaluated by a computer code, using the Shore parametrization.

[1] B. Paripés et al., Eur. Phys. J. D 69 (2015) 34.
[2] J.J. Jureta et al., Int. J. Mass Spectr. 114 (2014) 365.
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The photofragmentation of the core excited halothane molecule

S.D. Togi¢!, M. Radibratovié?, M. Mil¢ié?, P. Bolognesi?, L. Avaldi?, R. Richter®, M. Coreno®?,
B.P. Marlnkowc

Unstitute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

2Institute of Chemistry, Technology and Metallurgy — Center for Chemistry, University of
Belgrade, Njegotseva 12, 11000 Belgrade, Serbia

3University of Belgrade, Faculty of Chemistry, Studentski trg 16, Belgrade, Serbia

Astituto di Struttura della Materia-CNR (ISM-CNR), Area della Ricerca di Roma 1, Montero-
tondo Scalo, Italy

5 Flettra-Sincrotrone Trieste, Area Science Park, 1-34012 Basovizza, Trieste, Italy

In recent years, great attention has been paid to halogenated anesthetics and their role in the
destruction of the earth’s ozone layer [1|. One of the most commonly used is halothane (CoHBrCIF3).
Compared to the other volatile anestethics from the same group (halogenated chlorofluorocarbons) this
bromide-containing agent is the most destructive against ozone.

We present both experimental and theoretical results related to the photofragmentation of the core-
excited halothane molecule. The experiments have been performed at the Gas Phase photoemission
beamline of the Elettra synchrotron radiation source (Trieste, Italy) using photons near the C 1s ionization
edge (~ 300 eV). The mass spectrum [as shown in Fig.1] is dominated by lighter mass fragments.
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Figure 1: The fragmentation mass spectra of halothane.

To explain the observed large number of lighter mass fragments extensive molecular dynamics (MD)
simulations of CoHBrCIFS " ion at different temperatures were performed. All MD simulations were carried
out in the microcanonical (NVE) ensemble using Verlet algorithm for time integration. At each step of
the simulation the potential energy was calculated by minimizing the electronic energy with self-consistent
charge-density-functional tight-binding (SCC-DFTB) method as implemented in the DFTB+ code [2].
The results of MD simulations have confirmed the experimental findings: there are fragmentation paths
producing almost all fragments found in the mass spectra. For the main fragmentation pathways the
minima and the transition states on the potential energy surface were calculated with more accurate
quantum chemical methods.

Work partially supported by the MAECI Serbia—Italy Joint Research Project “A nanoview of radiation-
biomatter interaction” and the MESTDRS (OI 171020, OI 172065).

[1] A.C. Brown et al., Nature 341 (1989) 635.
[2] B. Aradi et al., J. Phys. Chem. A 111 (2007) 5678.



