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Dear Participants,
Welcome to the Laser Ignition Summer School 2017, 19-22 July 2017, Brasov, Romania. This event
is organized within the project 691688 LASIG-TWIN, Laser Ignition - A Twinning Collaboration for
Frontier Research in Eco-Friendly Fuel-Saving Combustion.
The objective of LASIG-TWIN is to create a networking collaboration between the Romanian National
Institute for Laser, Plasma and Radiation Physics (INFLPR) and its Laboratory of Solid-State Quantum
Electronics (ECS) and four other high renowned institutes from Germany, the UK and France, providing
a unique opportunity for INFLPR and its partners to significantly increase their science excellence and
visibility, technology innovation capacity and industrial exploitation capability in the fields of laser spark
plug for fossil fuel efficient combustion fundamentals and applications. The project is focus on the key
target actions of composing Teams of Excellence; a Training and Lecturing Program and the Roadmap for
a future collaboration; organizing short term Staff Exchanges (Training) and Expert Visits (Lectures)
that will help raise INFLPR’s research profile as well as the one of the partnering institutes; to organize
two public Summers Schools; internal and external expert driven Technology Workshops and Businessto-Business (B2B) meetings in conjunction with industry and academia clusters, and finally bringing the
world-renowned Laser Ignition Conference (LIC) in 2017 to Romania, in order to increase INFLPR,
Romanian and European visibility in the fields of Laser Ignition.
The Summer Schools are major dissemination events of LASIG-TWIN. Within Laser Ignition Summer
School 2017 there will be a lecture program that will be conducted by experts of LASIG-TWIN, as well as
a number of lessons that will be given by external experts. The organizers are grateful to all lecturers who
accepted to teach at this Summer School. The School is complemented by a social program, including a
Welcome Dinner (Wednesday, 19 July) and a visit at “Canionul 7 Scari”, near Brasov. We hope that you
will enjoy the time in Brasov, Romania.
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AGENDA
WEDNESDAY, 19 JULY
15:00-19:00
Speakers and students arrival. School Registration
19:30-21:00
DINNER
THURSDAY, 20 JULY
*)
9:00-9:30
Opening Session - Introductory Remarks
PAVEL Nicolaie, INFLPR, Magurele, Romania
BECKERT Erik, Fraunhofer Institute, IOF, Jena,Germany
9:30-10:30
Compact Nanosecond Laser System for the Ignition of Aeronautic
Combustion Engines
FREYSZ Eric, Université de Bordeaux 1, France
10:30-11:00
Pumping Configurations for Solid-State Lasers
PAVEL Nicolaie, INFLPR, Magurele, Romania
11:00-11:15
COFFEE BREAK
11:15-12:00
Packaging of Laser Systems for Harsh Environments
BECKERT Erik, Fraunhofer Institute, IOF, Jena, Germany
12:00-12:45
Laser Processing from Macro- to Micro- and Nanoscale
ZAMFIRESCU Marian, INFLPR, Magurele, Romania
12:45-14:00
LUNCH
14:00-15:00
Growth of Laser Crystals and its Influence on the Laser
Performance
KRÄNKEL Christian, Leibniz-Institut für Kristallzüchtung, Berlin, Germany
15:00-16:00
Laser Materials Processing: Thin Films Deposition and Patterning
DINESCU Maria, INFLPR, Magurele, Romania
16:00-16:15
COFFEE BREAK
**)
16:15-18:00
POSTER SESSION
19:00-20:30
OFFICIAL DINNER
*)

**)

The Laser Ignition Summer School 2017 will be located in the conference room of Classic Inn Hotel,
Brasov, Romania.
The recommended size of the poster is A1 (height × width: 841 x 594 mm; 33.1 x 23.4 in). Please bring
with you the poster also in electronic format. The authors of the award winning posters could be
asked for a short oral presentation of their work.
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FRIDAY, 21 JULY
8:30-9:15
Application of Optical Measurement Techniques for the
Characterization of the Laser Ignition Process
BÄRWINKEL Mark, Universität Bayreuth, Bayreuth, Germany
9:15 -10:15
X-ray Tomography/Fluorescence by Synchrotrons and Conventional
X-ray Sources. Application for Imaging and Metrology of
Automotive Parts
TISEANU Ion, INFLPR, Magurele, Romania
10:15 -10:30
COFFEE BREAK
10:30 -11:30
Basic of Crystal Growth from Melt
VIZMAN Daniel, West University of Timisoara, Timisoara, Romania
11:30 -12:00
Fs-Laser Inscribed Waveguides in Crystals for Compact and
Versatile Lasers
KRÄNKEL Christian, Leibniz-Institut für Kristallzüchtung, Berlin, Germany
12:00-13:00
LUNCH
13:00 -14:00
Laser Ignition of a Gasoline Engine Automobile
PAVEL Nicolaie, INFLPR, Magurele, Romania
14:00-19:00
SOCIAL PROGRAM
Visit to “CANIONUL 7 SCARI”
19:30-21:00
DINNER
SATURDAY, 22 JULY
9:00-10:30
Closing Session
Handing over the Diplomas of Attendances
Poster Session Awards

10:30-

Speakers and students departure
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SPEAKERS BIOGRAPHY
AND
ABSTRACTS
FREYSZ Eric
BECKERT Erik
ZAMFIRESCU Marian
KRÄNKEL Christian
DINESCU Maria
BÄRWINKEL Mark
TISEANU Ion
VIZMAN Daniel
PAVEL Nicolaie

Université de Bordeaux 1, France
Fraunhofer Institute, IOF, Jena, Germany
INFLPR, Magurele, Romania
Leibniz-Institut für Kristallzüchtung, Berlin, Germany
INFLPR, Magurele, Romania
Universität Bayreuth, Bayreuth, Germany
INFLPR, Magurele, Romania
West University of Timisoara, Timisoara, Romania
INFLPR, Magurele, Romania
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FREYSZ Eric
Laboratoire Ondes et Matière d’Aquitaine, Université de Bordeaux 1
351 cours de la Libèration 33405 TALENCE Cedex
FRANCE
Email:

eric.freysz@u-bordeaux.fr
FREYSZ Eric
Scientific results:
Research interests:

Senior Researcher (Directeur de recherche, CNRS), 59 years old.
130 publications, 6 patents, 220 conference proceedings,
45
invited talks.
Laser, Nonlinear optics, THz spectroscopy, Time resolved
spectroscopy, Laser-induced phase transitions.

Professional Experience
2014 - present:
Deputy director, Department Sciences and Technologies, Université de Bordeaux.
2011 - present:
DR1 CNRS, Laboratoire Ondes et Matière d’Aquitaine.
2005 - 2010:
Director of Centre de Physique Moléculaire Optique et Hertzienne.
2002 - 2008:
Director of Institut de Physique Fondamentale.
2000:
Invited Professor, Physics Department, University of Pittsburgh, Pennsylvania.
1991-1993:
Visiting scientist, Physics Department, University of Berkeley, California.
1990:
Thèse d’état, Université de Bordeaux 1.
1984:
CR2 CNRS.

Compact Nanosecond Laser System for the Ignition of Aeronautic Combustion Engines
TIME:

THURSDAY 20 July, 9:30 - 10:30

In this presentation I will introduce some compact nanosecond laser devices that we have designed
for the ignition of aeronautic engines.
In the beginning, the non resonant mechanism giving rise to ignition of small kerosene droplets in an
aeronautic engine will be explained. These mechanisms drive the requirements for ignition of an
aeronautic engine by a nanosecond laser pulse. These requirements will be detailed. We will show that
at least pulses with very good beam shape (TEM00 and M2<1.5), duration ∼1 ns and energy above 10 mJ
delivered at relatively high repetition rate are mandatory. We will also illustrate the hostile environment
in which laser devices have to be working.
Afterwards, in my talk I will focus on the nanosecond laser system we have developed. They are
based on a two stage amplification of a Nd:YAG microchip laser. The first amplification stage is realized
in either an ytterbium doped fiber amplifier or Nd:YAG fiber crystal. The criteria we used to design these
amplifiers will be explained and the typical results we achieved will be presented. We will also compare
the advantages and the limitations imposed by these systems. To further increase the energy of the
nanosecond system delivered and bring the pulse energy above 10 mJ, we will present the last
amplification stage that we have build around Nd:YAG rods which were pumped longitudinally or
transversally by pulsed diode laser. Here again; the different criteria we used to design these amplifiers
will be detailed and discussed.
Finally I will present the ignition experiments we performed with these devices. This will illustrate
the need for powerful and high repetition rate compact nanosecond lasers.
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BECKERT Erik
Fraunhofer Institute for Applied Optics and Precision Engineering IOF
Albert-Einstein-Straße 7, Jena 07745
GERMANY
Email:
erik.beckert@iof.fraunhofer.de
Erik Beckert received a Diploma in precision engineering in 1997 and a PhD in
optoelectronic system integration in 2005, both from Technical University of Ilmenau,
Germany. In 2001 he joined Fraunhofer - Institute for Applied Optics and Precision
Engineering (IOF), where he is now a group leader and a field of competence
representative for micro assembly and system integration. His research interests cover
packaging and integration technologies for opto-mechanical and laser-optical system,
printing of functional structures and materials for optics and photonics, as well as the
emerging field of quantum technologies for communication and imaging.

Packaging of Laser Systems for Harsh Environments
TIME:

THURSDAY 20 July, 11:15 - 12:00

Not only the design, but also the packaging of laser systems is a key factor for highly performant and
reliable, robust laser systems. This is of interest in particular in harsh environments, such as aviation and
space, but also vacuum science and high power laser machining. Packaging of laser systems poses
various challenges - different materials have to be joined together, components and their optical
performance are stress and alignment sensitive, heat from active sources and conversion materials
needs to be dissipated, and steep temperature gradients causing thermomechanical stress can occur.
Well designed and optimized packaging and bonding technologies address these needs.
The talk will focus on bonding techniques for metallic and non-metallic, amorphous and crystalline
materials, emphasizing on the development and application chain from bonding geometry design,
optimization by simulation of stress and the resulting birefringent or laser-optical performance, and
practical issues of processing and equipment when applying different bonding technologies. Specific
technologies to be discussed are gluing, soft soldering by means of laser reflow, hydrophilic bonding and
plasma assisted bonding as well as two-photon absorption based laser welding. The basics as well as
design and parametrization of these techniques will be discussed, followed up by boundary conditions
and restrictions. Examples will demonstrate the application of the different technologies in reality.
Amongst them is the green laser for the Raman experiment of the upcoming 2020 ExoMars Mission, a
nanosecond fiber laser for a space LIDAR and an entangled photon source for a satellite quantum
payload.
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ZAMFIRESCU Marian
National Institute for Laser, Plasma and Radiation
CETAL - Center for Advanced Laser Technologies
409 Atomistilor Street, Magurele 077125, Ilfov
ROMANIA
Email:

marian.zamfirescu@inflpr.ro
Marian Zamfirescu graduated in 2000 the University of Bucharest at the Faculty of Physics.
He obtained in 2003 the PhD degree in physics at the University of Clermont-Ferrand,
France. Since 2006 Dr. Zamfirescu coordinated at INFLPR the design, the construction and
the exploitation of the femtosecond laser processing platform for various laser processing
techniques, such as Laser Direct-Writing (LDW), Two Photon Photopolymerization (TPP) for
3D laser lithography, Laser Induced Forward Transfer (LIFT), laser fabrication of waveguides
in transparent bulk materials, and developed new laser methods for fast structuring of
large-area with resolution below the diffraction limit.

Laser Processing from Macro- to Micro- and Nanoscale
TIME:

THURSDAY 20 July, 12:00 - 12:45

In this work a review of laser processing methods and their applications is presented. At the Center
for Advanced Laser Technologies (CETAL) infrastructure, complex geometries are produced for
applications such as microfluidics, micro-targets for laser interactions in ultra-intense regime, microoptics, photonic crystals, sensors, etc.
Laser material processing is a versatile technique that allows for fabrication of various structures
with resolutions down to submicrometer. When a laser beam is focused at the surface or inside of a
transparent material, different laser-matter interaction effect could be involved for laser structuring
such as: laser ablation, laser melting and resolidification, glass densification in bulk transparent
materials, photopolymerisation.
Fast patterning with features of tens to hundreds of nm size is possible dues the Laser Induces
Periodical Surface Structuring (LIPSS) effect. The mechanism formation of the laser induced surface
nanostructures and the possible applications are presented. In 3D, the highest resolution is obtained by
femtosecond laser pulses focused in photoresist materials. The material structuring is based on
nonlinear absorption effect produced by ultrashort laser pulses in photopolymers transparent to the
laser radiation. By Two Photon Photopolymerization (TPP) complex structures can obtained. The
applications of 3D laser lithography such as integrated optics, scaffolds for tissue engineering or microtargets for laser interactions in ultra-intense regime are presented.
The additive manufacturing is also used by melting metallic powders and formation of 3D metallic
structures. The produced structures are analyzed by X-Rays micro-tomography.
In laser ablation regime, the focused ultrashort laser pulses can be used for configuration of
functional structures such as diffractive optical elements and components for microelectronics in
coplanar wave configuration with micrometer resolution.
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KRÄNKEL Christian
Zentrum für Lasermaterialien - Kristalle (ZLM-K) at the Leibniz-Institut für Kristallzüchtung (IKZ)
Max-Born-Straße 2, 12489 Berlin
GERMANY
Email:
christian.kraenkel@ikz-berlin.de
Christian Kränkel studied physics at the Universität Hamburg and did his PhD-thesis in the
research group of Prof. Günter Huber at the Institut für Laser-Physik (ILP) in Hamburg,
Germany. He spent two years as a postdoctoral researcher in the group of Prof. Ursula Keller
at the ETH Zurich, Switzerland. Since 2010 he was a junior research group leader at the ILP
and achieved his habilitation degree in February 2017. Since March 2017 he is the leader of
the newly installed Zentrum für Lasermaterialien - Kristalle (ZLM) at the Leibniz-Institut für
Kristallzüchtung in Berlin, Germany. His research focus lies in the growth of novel ion-doped
laser crystals as well as their spectroscopic and laser characterization.

Growth of Laser Crystals and its Influence on the Laser Performance
TIME:

THURSDAY 20 July, 14:00 - 15:00

The role of the growth of the laser crystal in the actual performance of a laser crystal is often
underestimated. In my presentation I will thus give a detailed insight of the growth conditions on the
properties of a laser crystal. For this purpose, the most common techniques for the growth of laser
crystals will be introduced, such as the Czochralski-technique, the Bridgman-technique and the heat
exchanger method. The influence of phase diagrams and growth atmospheres on the growth behavior
will be explained. Moreover, the question will be addressed, under which circumstances the doping ion
is implemented into the laser crystal - and under which it is not.
The presentation will also highlight the interplay between the doping ion and the host crystal. The
doping ion distorts the perfect symmetry of a crystal, reducing its quality and decreasing the thermal
conductivity. In turn, the Coulomb field of the crystal lattice strongly influences the spectroscopic
properties of the laser ion. In this way, the proper choice of the host material for a doping ion often
allows to adapt the laser properties to the desired application. The latter will be illustrated by examples
of Yb3+-doped high power lasers at 1 µm, visible lasers doped with Pr3+ as well as Er3+-doped laser
crystals for 3 µm lasers.
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DINESCU Maria
National Institute for Laser, Plasma and Radiation
Photonic Processing of Advanced Materials
409 Atomistilor Street, Magurele 077125, Ilfov
ROMANIA
Email:

maria.dinescu@inflpr.ro, dinescum2002@yahoo.com

Maria Dinescu graduated the Faculty of Physics, University of Bucharest and she received a
PhD from the Institute of Atomic Physics, Bucharest. Since 1978 she works as scientist in
the National Institute for Lasers, Plasma and Radiation Physics, Magurele, Romania; since
1999, as Senior Researcher I-st degree, she is leading a research group “Photonic
Processing of Advanced Materials”. The main activity is related to lasers materials
processing: pulsed lased deposition (PLD) and matrix assisted pulsed laser evaporation
(MAPLE) of thin films, laser patterning by laser induced forward transfer (LIFT) and two
photons polymerization-direct writing (2PP-DW). Maria Dinescu published more than 250
papers in international journals, has more than 200 invited and oral presentations to international conferences in
the field, 9 book chapters, organized as co-chair international conferences (ALT, E-MRS, MRS, San-Servolo School
etc.). She is a PhD supervisor at Craiova University and co-editor at Applied Surface Science (since 2014).

Laser Materials Processing: Thin Films Deposition and Patterning
TIME:

THURSDAY 20 July, 15:00 - 16:00

Laser was demonstrated to be an attractive tool for materials processing: applications as cladding,
hardening, cutting, etc. are present in industry since many years already. Other category of applications
is related to microscale processing: thin films deposition, laser patterning, etc. Pulsed laser deposition
(PLD) is one of the most frequently used techniques for thin films deposition: it allows the one step
transfer of materials with complicated stoichiometry (ferroelectrics, photovoltaics, piezoelectrics) from
bulk targets to thin films, allowing also obtaining complex heterostructures just using a multi target
system. Starting from PLD a new technique was developed, allowing the deposition of “soft” materials
(polymers, proteins, etc): matrix assisted pulsed laser evaporation (MAPLE). In MAPLE the material to be
deposited is dissolve in a matrix which absorbs the laser radiation, it evaporates, and the vapors
mechanically transfer the material to be deposited to the substrates. The technique demonstrated to be
effective for soft materials, nanoparticles, composites, etc. deposition. Laser direct writing (LDW) via
multi photon absorption (MPA) process allows obtaining 1D, 2D and 3 D structures with application in
controlled drug delivery, tissue engineering, electronics, being suitable for high resolution (i.e. beyond
diffraction limit) structuring of polymeric materials. LIFT is a versatile technique which has been
successfully used for printing patterns of different materials, in solid or liquid phase, including metals,
oxides, nanoparticles, polymers, and biomolecules, i.e., proteins, DNA, cells, and tissue. In LIFT the
material is transferred by the laser beam from a transparent support or donor onto an appropriate
substrate or receiver. Examples of results obtained using the above mentioned techniques for functional
thin films and structures will be presented.
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BÄRWINKEL Mark
Universität Bayreuth
Chair of Engineering Thermodynamics and Transport Processes (LTTT)
Universitätstraße 30, 95447 Bayreuth
GERMANY
Email:

mark.baerwinkel@uni-bayreuth.de
Mark Bärwinkel studied energy science and technologies at the University of Bayreuth. In
his master theses, he dealt with ”Analysis of pulse train ignition with passively
Qswitched lasers“. Since June 2014, he is a research assistant at the LTTT with the emphasis
on laser ignition. Current work focuses on the influence of laser and focusing parameters
on the laser induced breakdown and ignition process. Investigations are carried out using
an end-pumped passively Q-switched laser ignition system with variable in-coupling
geometry and (variable) focusing unit.

Application of Optical Measurement Techniques for the Characterization of the Laser
Ignition Process
TIME:

FRIDAY 21 July, 8:30 - 9:15

Recent studies show that laser ignition is able to improve the engine efficiency and the cyclic
variations while, at the same time, reducing the pollutant emissions. However, to exploit the full
potential of the laser ignition, the mechanisms and the characteristics of the ignition process have to be
known. The laser ignition process can be examined by optical measurement techniques. With these
tools, a better understanding of the laser ignition process can be achieved. The acquired knowledge is
meaningful for developers to improve the engine efficiency.
Therefore, the lecture introduces several techniques to characterize each step of the laser ignition
process. The energy transfer from laser to plasma, the plasma development and evolution, the
shockwave propagation as well as the flame kernel development and propagation are involved in the
laser ignition process. In part self-developed but also measurement techniques applied in the literature
to characterize these processes are treated. Among others, the following tools are introduced. A
measurement technique to characterize the energy transfer from laser to plasma temporally and
spatially highly resolved is presented. Plasma imaging and plasma spectroscopy are introduced as an
example to characterize the plasma. The high-speed schlieren measurement technique is applied as an
appropriate tool to measure the shock wave and flame kernel propagation. Furthermore, the planar
laser-induced fluorescence is presented to visualize minor species within the flame kernel.
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TISEANU Ion

National Institute for Laser, Plasma and Radiation
X-Ray Microtomography Laboratory
409 Atomistilor Street, Magurele 077125, Ilfov
ROMANIA
Email:

ion.tiseanu@inflpr.ro, ion.tiseanu@gmail.com

Ion Tiseanu received his M.S. in 1984 in Nuclear Engineering at the University of Bucharest
and his PhD degree in Radiation Physics and Technology at the Institute of Atomic Physics,
Bucharest, Romania. Ion Tiseanu is currently the leader of the X-ray imaging group at the
National Institute for Laser, Plasma and Radiation Physics with research interests spanning
the industrial microtomography and microbeam fluorescence. Over the past 15 years he was
involved, as a scientific consultant for leading manufacturers of Germany and Japan in the
design, construction and application of several dedicated X-ray imaging instruments: microtomographs,
microbeam absorbtion/fluorescence systems. He has proposed a new procedure for the non-destructive fully 3D
modeling of Cable-in-Conduit-Conductor type super conductor cables based on micro-focus computed tomography
and participated at the design and construction of a mobile CT-System for in-situ inspection in the LHC at CERN.

X-ray Tomography/Fluorescence by Synchrotrons and Conventional X-ray Sources.
Application for Imaging and Metrology of Automotive Parts
TIME:

FRIDAY 21 July, 9:15 - 10:15

X-ray micro-tomography (µXCT) has emerged in the recent years as a powerful tool for the nondestructive acquisition of high resolution 3D images of materials and structures. The volumetric models
generated by µXCT analysis are very useful in visualizing the shape, distribution and evolution of the local
macro-density-regions as defects, voids, inclusions or other internal features.
In this review, we compare a micro-tomographic instrument available at INFLPR that is based on a
conventional nanofocus X-ray source to sophisticated synchrotron radiation-based systems. The two
approaches are discussed in terms of physics of image formation, spatial and density resolution, penetration
depth, scanning time and sample size. We present some tomography measurements with very high space
resolution (∼1 µm/voxel) on relatively large carbon-based composite (CFC) samples (up to 5×5×5 mm3),
carried out on both types of tomography systems. High resolution images from specific regions of interest,
even from within large flat objects, obtained by local tomography or laminography, are presented as an
application example for the non-destructive microstructural analysis of metal coated/impregnated composite
materials, like the bonding interface of dissimilar materials ceramic/metal.
In the automotive industry, there is a growing demand for nondestructive 3D inspection methods.
However, destructive testing methods are still state-of-the-art for the inspection of car body parts. To
overcome these limitations, a new advanced multi-scan and multi-sensor computed tomography system for
the inspection of large aluminum car bodies was developed and successfully applied. Besides 3D CT and
micro 3D CT, the system includes newly developed extended scan methods which allow scanning small
sections inside of large objects up to the size of car bodies. A variety of different scan methods, in
combination with the handling performed by a robot arm, leads to a highly flexible system that is able to
provide three-dimensional information for objects sizing from ∼1 mm up to 5000 mm. Reconstruction and
scanning algorithms were developed in order to allow achieving three-dimensional information of material
and geometry in large automotive bodies, with a resolution of up to 30 µm. In micro 3D CT mode, a
resolution of up to 3 µm can be achieved. The development of the mechatronic inspection system includes
aspects of mechanics, electronics, software, and algorithms. The system allows the car manufacturer to nondestructively inspect a variety of join connections in car body parts. The capability of the system is
demonstrated by different applications. In the field of metrology, it is shown that fan/cone-beam CT is
capable of performing dimensional metrology tasks relevant for the automotive industry.
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VIZMAN Daniel
West University of Timisoara, Faculty of Physics
Bd. V. Parvan 4, Timisoara 300223
ROMANIA
Email:

daniel.vizman@e-uvt.ro
Daniel Vizman is Professor of Physics at West University of Timisoara, Romania and the Dean
of the Faculty of Physics. Daniel Vizman received his PhD in physics from West University of
Timisoara in 1998. He spent one year (1999-2000) as a Humboldt fellow and two years (20002002) as a Visiting Research Scientist at the Fraunhofer Institute for Integrated Systems and
Device Technology IISB in Erlangen, Germany. His main research interest is in crystallization
processes both at laboratory and industrial scale. He was the leader of the development team
of commercial software for modeling of crystal growth processes at IISB. He was awarded the
Romanian Academy Award in 2014 for his contribution in the field of modeling of crystal
growth processes. Since 2012 he is the Secretary of the European Network of Crystal Growth.

Basic of Crystal Growth from Melt
TIME:

FRIDAY 21 July, 10:30 - 11:30

The lecture will be focused on the most important techniques to grow crystals from melt based on
Bridgman, Floating-zone and Czochralski methods. The principles of these methods will be presented
toghether with the key parameters which influence the crystals quality. The basics of heat transfer
mechanisms in relation to the crystal growth process are introduced. Of special importance are the
convective flows, which have a strong influence on the shape of the solid-liquid interface and on the
concentration and distribution of dopants. In a crystal growth from melt method, there are typically
three different mechanisms that drive convective flows: buoyancy-driven convection, capillary
convection, and forced convection. Buoyancy and capillary convection are both driven by temperature
and concentration gradients; therefore, they are sometimes called natural convection. Forced
convection is always driven by external forces, such as rotational movements of the crystal and crucible,
by the shear stress at the free melt surface generated by the argon flow, Marangoni convection or by
Lorentz forces induced in the melt (e.g., by applying a magnetic field). Convective flows and their
contribution to the heat and species transport can be calculated by solving the corresponding system of
transport and conservation equatio. The key for influencing the incorporation of species into the crystal
lies in the “species transport” in the melt. Therefore, the transport of impurity atoms in the melt is of
great importance. Its physical mechanisms, diffusion and convection, are the same as for the transport
of heat in the melt. A very special phenomenon of species incorporation into the crystal is segregation,
which will be also adressed in the presentation.
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KRÄNKEL Christian

Fs-Laser Inscribed Waveguides in Crystals for Compact and Versatile Lasers
TIME:

FRIDAY 21 July, 11:30 - 12:00

In this presentation I will introduce the fs-laser inscription technique for the fabrication of
waveguides inside the volume of laser crystals and give a brief overview of the state-of-the-art of the
results obtained with waveguide lasers based on this method. Femtosecond pulses focused hard enough
into the volume of a crystal cause a damage spot. If the crystal is moved, this spot becomes a track. The
track is visible due to a phase change of the damaged material, which also changes its density. The
resulting stress in the surrounding of the track changes the refractive index. A proper alignment of two
or more tracks thus enables the formation of a high index region in the crystal, which allows for
waveguiding.
Based on this approach, compact and monolithic waveguide laser resonators with a total length of
less than 1 cm with the resonator feedback only provided by the Fresnel reflection at the waveguide’s
end-facets, i.e. without any mirrors or coatings, were realized. These allow for several watt of
continuous wave output power at efficiencies approaching 80%, comparable to conventional bulk laser
resonators. By an additional track placed close to the waveguiding region and modulated according to
the desired frequency, single longitudinal mode, narrow emission laser operation can be obtained at
only slightly decreased efficiency and still 2 W of output power. Even in Q-switched pulsed operation
utilizing SESAMs or low dimensional materials such as graphene or carbon nanotubes as saturable
absorbers up to 5 W of average output power at nearly 70% slope efficiency are obtained in few-nspulses enabled by the short cavity. Mode-locking with 2 ps pulses at multi-GHz repetition rates and watt
level output power was obtained very recently in short extended cavities with lengths of only 7 cm and
less. Mode-locking in monolithic resonators is under investigation. But there is even more to come, as
the fs-laser inscription technique is not limited to linear waveguides and outstanding results have
already been obtained in curved fs-laser inscribed waveguide lasers.
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PAVEL Nicolaie
National Institute for Laser, Plasma and Radiation
Laboratory of Solid-State Quantum Electronics
409 Atomistilor Street, Magurele 077125, Ilfov
ROMANIA
Email:

nicolaie.pavel@inflpr.ro

PAVEL Nicolaie graduated in July 1990 from Faculty of Physics, University of Bucharest, Romania. He
received in 1997 a PhD in Institute of Atomic Physics, Bucharest, specialization Optics, Spectroscopy
and Lasers. From March 1999-March 2001 he was with Laser Research Center, Institute for
Molecular Science (IMS), Okazaki, Japan as a PostDoc Fellow of the Japanese Society for the
Promotion of Science and from June 2005 to Nov. 2006 and July - Nov. 2017 he was with Institute for
Laser Physics, Hamburg University, Germany, under a PostDoc scholarship of Alexander von
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Pumping Configurations for Solid-State Lasers
TIME:

THURSDAY 20 July, 10:30 - 11:00

A solid-state laser medium can be realized in various shapes (like rod, slab or disk), depending of the
material type (four-level or quasi-four level laser) as well as of the characteristics (power or the beam
quality) of the desired laser beam. Several pumping schemes (longitudinal-, side-, face- or edge-, or
multi-pass pumping) can be also employed. In this talk I will review the main geometries of the laser
medium and the corresponding pump configurations, showing the features of each configuration.

Laser Ignition of a Gasoline Engine Automobile
TIME:

FRIDAY 21 July, 13:00 - 14:00

A possible answer to the human concern on environment impact of the automobiles that are
powered by internal combustion gasoline engines could be the ignition by laser. The laser ignition has
several advantages in comparison with classical ignition by an electrical spark plug. There is no sparkplug electrode in the engine and thus no quenching effect of the developing flame kernel occurs. The
position of the ignition point inside the combustion chamber can be chosen whereas a system with
multiple-point ignition could provide better and more uniform combustion. Furthermore, laser ignition
offers the possibility to ignite leaner air-fuel mixtures.
In this work I will present historically the main efforts made toward and the achievements obtained
for realizing laser ignition in gasoline car engines. Emphasis will be made on the work done in the last
years between our group from INFPR and Renault Technologie Roumanie for realizing full ignition of a
Renault engine with a multi-point injection system. Measurements on several engine parameters, like
coefficient of pressure variance and HC, CO, NOx and CO2 specific emissions will be presented. The
engine operation at lean mixtures will be also discussed. A Renault Dacia Logan vehicle that was
equipped with a K7M 812 k engine was successfully moved only by the laser ignition system. Many
issues still have to be solved, but the laser ignition remains an attractive research subject, especially in
other applications, like cogeneration of energy or space applications.
- 14 -
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Laser Ignition System Study in a Research CFR Octane Rating Unit Engine
Today, the impact of pollutant emissions produced by internal combustion engines on the
environment represents a critical issue especially in the urban areas. Aspects of such interest were
discussed at the sixth biennial Mayors Summit, C40’s flagship event, in December 2016. An agreement
was reached within the United Nations Framework Convention on Climate Change to reduce
greenhouse gases emissions and pollutant emissions as of 2020. Moreover, the mayor of Paris will
reduce pollutant emissions in urban areas by eliminating vehicles equipped with diesel engines starting
with Paris in 2020 and from all of France starting with 2025.
In this global context, researchers in the automotive industry will design and implement new
technologies to reduce pollutant emissions and greenhouse gases produced by internal combustion
engines. Among these new technologies laser ignition developed for spark ignition engines holds an
important place and is set to replace the conventional spark plug ignition systems that have been used
for Spark Ignition Engines for over 200 years. Ignition is the process of starting radical reactions until a
self-sustaining flame has developed. The ignition process strongly affects combustion and its early
stages and influences the formation of pollutant emissions, flame quenching and extinction and fuel
efficiency.
Laser ignition has been defined as a potentially superior ignition source for technical appliances and
can also be suitable for internal combustion engines. It is considered to be one of the most promising
future ignition concepts for SIE. The objective of the paper is the experimental research of laser ignition
use in SIE. The results presented in the paper bring new scientific information in a specific domain in
which the literature offers less information. The experimental results, obtained at the operating regime
900 rev/min and λ= 1.131 dosage, present the influence of laser ignition on different engine
parameters. The present work is concerned to the study of laser ignition influence over the cyclic
variability parameters in a research CFR Octane Rating Unit engine, model IT9-2M. Compared to a
conventional spark plug, a laser ignition system assures efficient engine operation at lean dosages.
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Laser Ignition from Passively Q-switched Nd:YAG/Cr4+:YAG Systems of an Automobile
Engine
A promising solution for reduction of fuel consumption and decreasing the noxes exhausted by a car
engine is the laser ignition [1, 2]. Extensive research has been done in the last years in order to realize a
laser-spark device [3, 4]. However, due to various technical problems, related in principal to the
realization of a laser with dimensions close to an electrical spark or to the installation of it on a real
engine, such a task was very challenging. Therefore, only recently automobile engines were ignited by
laser sparks [5, 6]. In this presentation we review our work performed for building a laser spark with
small size and pulse characteristics suitable for engine ignition and report successful ignition of a Renault
automobile engine with a laser spark.
Initially, ignition was performed with one Nd:YAG/Cr4+:YAG conventional laser system in a static
combustion chamber filled with methane-air mixture gas. Through further design and improvements, a
laser-spark device similar to a classical spark plug was realized. This laser delivered pulses with energy
up to 4.0 mJ and 0.8-ns width; repetition rate could be increased up to 100 Hz. Sapphire window was
used to transfer the laser beam into the engine cylinder. In the next step, an integrated system
consisting of four laser sparks that was powered and controlled by computer was built. This laser-spark
system was mounted on a test-bench K7M (1.6 MPI, gasoline) Renault car engine and it was used to
successfully ignite and run the engine. A better stability in terms of maximum pressure and a significant
decrease of CO and HC were measured for various points of engine speed and load. Further experiments
aim better characterization of engine performances under laser ignition.
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Sm3+ doped YSAG and Y2O3 Transparent Ceramics
In the last years the interest in using Sm3+ efficient emission in various materials, especially for fosphors
in red-orange, but also for laser emission has increased in connection with the development of lasers diodes
in the 405 nm range, used already in many applications. One shall mention only several recent investigations
of Sm3+ in various materials, such as single crystals [1,2], glasses [3,4] or phosphors [5]; many other
references could be found in these papers.
In the present work, Sm3+ doped YSAG (Sm0.06Y1.96Sc0.05Al4.95O12) and Yttria (Y2O3) transparent ceramics
were fabricated by solid-state reaction and vacuum sintering. The structure of ceramics was determined by Xray diffraction. The microstructure properties of obtained transparent ceramics were investigated by
scanning electronic microscopy (SEM) on fracture and polished surface followed by thermal treatment.
Commercial nanopowders were used as starting materials: γ-Al2O3, Y2O3, Sc2O3 and Sm2O3 (20- 50 nm) for
Sm3+: YSAG and Sm2O3, Y2O3 (10 µm), La2O3 and ZrO2 (20-50 nm) for Yttria. Powders were mixed in
stoichiometric ratio using planetary alumina or agate balls in anhydrous ethylic alcohol in an alumina and
agate jar, respectively, for 24 h. As sintering additive 0.5 wt% of tetraethyl orthosilicate (TEOS) was used in
case of YSAG and La2O3 and ZrO2 in all Y2O3 sintered samples. After that, the alcohol solvent was removed by
drying in oven at 60-700C air atmosphere. The mixtures of the powders were dried and sieved through a 200mesh screen and then shaped into pellets with half inch diameter in a metal mold at 10MPa followed by cold
isostatically pressed at 245 MPa for 2-5 minutes. The samples were placed in alumina crucibles, surrounded
by their own powders, and covered with an alumina plate. Before sintering, the samples were heated at
8000C for removing organic substances used in their preparation. Transparent ceramics were obtained by
sintering for 12 - 16 hours at temperatures between 17500C - 1760°C in high vacuum atmosphere, with a
growing and cooling rate of 50C / min. After annealing 8 hours in air atmosphere, all samples were laser
quality polished on Logitech PM5 machine.
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High Power THz Pulses Generated by Two Colour Filamentation of Various Intensity
Profiles Laser Beams
The ”THz gap” is the name of the band from the electromagnetic radiation spectrum that is lying
between the infrared and the microwave domain. Generally speaking, the name of the THz wave
indicates that the electromagnetic wave has a frequency ranging from 1 to 10 THz. Until recently this
type of radiation encountered many technological challenges in terms of emission efficiency and
detection sensitivity. Over the time, THz radiation has begun to be studied intensively, and now,
following the rapid development of photonics technology and ultrafast laser systems as well as
materials, THz radiation presents important applications. High intensity THz radiation shows unique
properties of superconducting and ferro / antiferromagnetic materials control, is used in very compact
particle accelerators, as sources of radiation in the field of high harmonics generation, in biomedicine,
such as medical imaging [1], DNA analysis [2] and in structural theoretical models of proteins validation
[3] and last but not least, in the conformational change of some wrongly packaged proteins [4]. Highintensity and broadband THz sources can be obtained by optical rectification (nonlinear phenomenon of
2nd order) of ultrashort laser pluses in different crystalline and plasma systems. All these generation
methods employ a Gaussian-type laser beam. Using other types of laser beams such as Airy and Bessel
type, one achieves different plasma distributions that could improve the generation of THz radiation.
Here we describe the experiments done at Center for Advanced Laser Technologies, CETAL-PW
laboratory using the TW-class output. The Super Gaussian laser beam delivered by the system was
passed through the THz setup and a two color plasma filament was obtained by focusing the beam with
an off-axis parabolic mirror. The generated THz beam was collimated and further focused on a pyro
detector in order to measure the THz amplitude signal. Keeping the same THz setup configuration, an
axicon is inserted into the laser beam before the parabola’s focus, to preserve the filament and detector
locations. The axicon generated a Bessel transversal distribution laser beam. Using the Bessel beam the
efficiency conversion infrared to THz radiation was increased by one order of magnitude in comparison
with the configuration with a Gaussian type laser beam. Further experiments for THz emission using Airy
laser beams are in preparation.
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Laser Emission in Nd:GdLuCOB and Nd:GdCOB Single Crystals
Developing of compact and efficient laser devices by means of self-frequency doubling (SFD)
materials could be the solution in various applications, such as laser display, spectroscopy, optical data
storage or medical treatment [1-3]. These materials are able to generate both second harmonic and
fundamental wavelength, acting simultaneously as gain media and nonlinear effective materials.
Among these special materials, Nd:GdCOB is recognized as a very promising self frequency doubler,
due to its good chemical, mechanical and optical properties, high damage threshold, congruent melting
and low absorption at the second harmonic wavelength of ∼0.53 μm [4]. Discovering new materials
with improved SFD characteristics is also demanding. Recently, our group reported on co-doped
Nd:GdLuCOB as a medium that could yield improved SFD performances due to the possibility of using
the ZX principal plane for this process [5].
In this work we compare the laser emission at 1.06 μm, in continuous wave (cw) and quasi-cw
regimes, obtained from Nd:GdCOB and Nd:GdLuCOB crystals that were grown by the Czochralski
method. The pump was made at 812 nm with a fiber-coupled diode laser. The slope efficiency for the
co-doped Nd:GdLuCOB crystal rises with up to 13% in comparison with Nd:GdCOB, while the optical-tooptical conversion efficiency at the maximum output power level (of nearly 1.8 W) increases with up to
6% [6]. This behavior is correlated with the better spectroscopic properties measured in the
Nd:GdLuCOB crystal compared to the Nd:GdCOB single crystal.
Based on these laser emission characteristics, we discuss further the benefit of using the
Nd:GdLuCOB crystals for self frequency doubling applications with emission in green spectral range.
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Thin Film Beam Splitter Multiple Short Pulses Generation for Enhanced Plasma Based
Ni-like Ag X-Ray Laser Emission
An alternative, novel multiple short pulses generation scheme is implemented directly after the optical
compressor of a TW class laser system. Subsequently those multiple pulses have been used as pump on a Ag
target in order to obtain a plasma based soft X-ray laser emission. The new method is based on a polarization
sensitive thin film beam splitter (TFBS) and a half-wavelength waveplate for tuning the energy ratio in the
multiple short pulses.
The TFBS, from Idex-CVI, was specified as 10% reflectivity and 90% transmission. We exploited the fact
that the TFBS has a reasonable polarization sensitivity, which means that we could change the amount of the
reflection from 2% to 30% of the total energy, using a λ/2 waveplate. Modifying the polarization by turning
the λ/2 waveplate leads to different energy ratio between pulses. The TFBS was placed in front of the mirror,
both at 45 degrees towards incoming beam. Increasing the distance between TFBS and the mirror provides
the possibility of adjusting the delay with 3.3 ps/mm between the two short pulses. Based on this method, an
extensive study of the running parameters for a grazing incidence pumped Ag x-ray laser pumped with a long
pulse of 145 mJ in 6 ns at 532 nm and up to 1.45 J in few picoseconds at 810 nm. Five fold enhancement in
the emission of the plasma based Ag X-ray laser is demonstrated using the new pumping method [1].
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Multiple Ultrashort Pulses Generation and Related Experiments
Multiple pulses generation characterization and coherent control are at the core of a broad range
of experiments with ultra-intense laser pulses. A commercial TW-class laser system based on chirped
pulse amplification at TEWALS facility in INFLPR has been employed to produce two out of one temporal
delayed multiple pulses by tailoring the light paths into the optical stretcher. Using the advantage of
having the frequencies only spatially separated, a simple passive pulse shaping technique in the spectral
domain was implemented by modifying the setup of the optical stretcher. A certain amount of the
spectrum was sent on a separate path and recombined with the main beam after a delay line passing.
The resulting ultra-short multiple pulses have complementary spectra. The ratio of the intensity of the
pulses and the delay between them can be easily controlled.
The new configuration represents an opening for experimental studies which enabled significant
improvements to the secondary source generation of radiation at the extreme domains of the
electromagnetic spectrum, such as sub-millimeter wavelength (THz) or soft X-ray. This method was
implemented to the TW-laser system, which successfully delivered temporal multiple pulses at the
output. An intensity autocorrelator was used for the characterization of the obtained multiple pulses.
The multiple pulses were used in experiments related to high intensity, broadband THz pulses
generation. We demonstrated that temporal modulation of the laser pulse can be used in order to
overcome the saturation of the THz emission from two color air filaments. The collinear generation of
THz pulses has the advantage of being an important candidate for THz pump probe investigations
method [1]. Another important application is the better control over the dynamics of the plasma with
direct improvements in XRL emission, by decreasing the energy necessary for pumping [2].
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Optical and Morphologic Properties of BaGd2ZnO5:Er3+ Phosphor
A Judd-Ofelt analysis of the efficient up-conversion oxide phosphor Er:BaGd2ZnO5 is performed on a
ceramic sample. The Judd-Ofelt parameters are calibrated using the lifetime of the Er3+ 4I13/2 level, whose
decay is practically radiative. The refractive index of BaGd2ZnO5 is estimated using the luminescence
spectrum of Eu:BaGd2ZnO5 calibrated with the magnetic-dipole transition (5D0 → 7F1) probability. The
obtained Judd-Ofelt parameters are: Ω2 =3.14×10-20 cm2, Ω4 = 1.82×10-20 cm2, and Ω6 = 0.69×10-20 cm2. The
calculations yielded the transition probabilities, branching ratios, and radiative lifetimes for the excited
energy levels of Er3+ involved in up-conversion.
Ceramic pellets of BaGd2ZnO5:Eu(5 at.%) and BaGd2ZnO5:Er (3 at.%) were synthesized by solid-state
reaction. BaLn2ZnO5 (Ln = Y or Gd) compounds crystallize in orthorhombic phase (space group D2h16, Pbnm
(62), Z = 4). The refractive index of the BaGd2ZnO5 was estimated from the luminescence spectrum of
BaGd2ZnO5:Eu(5 at.%) corresponding to 5D0 → 7FJ (J = 0, …, 4) transitions and the lifetime of 5D0 level.
Eleven energy levels of Er3+ (between 4G9/2 and 4I11/2) and the lifetime of the 4I13/2 energy level were used
in the Judd-Ofelt analysis. The values of the obtained Judd-Ofelt parameters are typical for oxides with low
local symmetry: large value for Ω2 and small value for Ω6.
The Judd-Ofelt parameters were used to calculate the electric-dipole transition probabilities, branching
ratios and radiative lifetimes for Er3+ levels 2H11/2, 4S3/2, 4F9/2, 4I9/2, and 4I11/2. The radiative lifetimes of the
green and red emissions are only slightly influenced by the scattering of the transmitted light.
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Crystal Growth and Spectroscopic Investigation of Dy3+-doped Ca3(Li,Nb, Ga)5O12 and
Ca3(Nb, Ga)5O12 Single Crystals
Partially disordered garnets like calcium niobium gallium garnet Ca3(Nb,Ga)5O12 and calcium lithium
niobium gallium garnet Ca3(Li,Nb,Ga)5O12 doped with rare-earth are intensely studied due to their broad
spectral bands associated with mechanical and thermal properties superior to glasses. Their wide
absorption bands make them proper active media for laser diode-pumped solid-state lasers although
their wide emission bands can be used to obtain tunable solid-state lasers and ultra-short-pulse lasers.
In recent years, the demand for visible luminescence and laser has brought renewed interest in Dy3+doped materials. Dy3+ ion is an excellent choice for investigating visible and mid-infrared emissions for
laser materials and is required in many applications: technological, military, telecommunication,
displays, biomedicine etc. Until now yellow laser could be realized only through nonlinear frequency
conversion method or its combination with Raman shifting technology, which suffers from complicated
and expensive optical system, as well as poor conversion efficiency.
In this work we report on Dy3+ (5 at.%) doped disordered CNGG and CLNGG single crystals that were
grown by the Czochralski method. Structural properties of the as-grown crystals have been studied using
X-ray diffraction. Spectroscopic investigations (absorption, JO analysis, excitation and emission spectra
and lifetime measurements) were performed. For both crystals, the emission spectra exhibit two
emission bands in visible domain, 450-520 nm and 550-650 nm, corresponding to Dy3+ 4F9/2→6H15/2 and
4
F9/2→6H13/2 transitions, respectively .The most intense Dy3+ emission lines in both crystals are situated
at ∼580 nm corresponding to 4F9/2→6H13/2 transition. The obtained results indicate that Dy:CNGG and
Dy:CLNGG crystals could be a promising laser materials for yellow domain.
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Advances in Laser Processing of Materials
This work deals with the optimization of the laser based cleaning process of tungsten nanoparticles
from nonconventional substrates. Within the recent years the interest regarding the
cleaning/mobilization of nanoparticles has reached new heights due to the problems that dust
nanoparticles raises in facilities such as ITER (international thermonuclear experimental reactor) or in
semiconductor based application. For example, in ITER facility the etching of the vacuum vessel gives
rise to dust formation (micro and nanoparticles of tungsten, carbon, etc.) that implicates the usage of
highly specialized cleaning techniques (laser cleaning, plasma cleaning, etc.).
By employing an excimer laser we investigate the removal of tungsten nanoparticles from a silicon
substrate. The tungsten nanoparticles are produced and deposited on the substrate through magnetron
sputtering combined with gas aggregation. The nanoparticles have a flower-like aspect and form a thin
and compact layer on the surface of the substrate. In order to optimize the nanoparticles cleaning
conditions, different laser fluences and number of pulses (per laser irradiation sequence) were used.
Moreover, these parameters were selected in such a way that the silicon substrate suffers minimal
damages. In addition, in order to improve even more the particle removal efficiency, the tungsten
samples were investigated by scanning electron microscopy, Raman spectroscopy, X-ray diffraction, and
profilometry prior and post laser irradiation. Furthermore, information about the particles ejection
mechanism was extracted by performing plasma imaging, under vacuum and also in atmospheric
conditions. Our results indicate that laser cleaning is a powerful technique that could be successfully
applied in a variety of applications.
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Functional Polymeric Coatings Obtained by Matrix-Assisted Pulsed Laser Evaporation
For most of the applications closely related to the medical field, particularly in the development of
orthopedic implants capable of a high degree of osseointegration, one of the top challenges emerges
from the need the create complex coatings with tailored properties that facilitate their integration into
the organism/bone. The ability to create functional biointerfaces in the form of thin films with
controlled morphological and chemical characteristics plays a major factor in achieving these goals.
Matrix-assisted pulsed laser evaporation (MAPLE) has been shown to be one of the most versatile
techniques when it comes to the creation of these complex coatings, a technique that allows the
deposition of organic materials, including natural and synthetic polymers.
In our study, the MAPLE technique was successfully used for the deposition of a functional coating
based on a recently synthesized copolymer, Poly(lactide-co-caprolactone)-block-poly(ethyleneglycol)block-poly(lactide-co-caprolactone, (PLCL-PEG-PLCL)). The structure and morphology of the deposited
layers were investigated by Fourier Transform Infrared Spectroscopy (FTIR), Atomic Force Microscopy
(AFM) and Scanning Electron Microscopy (SEM). The results from FTIR studies show that, for a well
defined range of process parameters (incident laser fluence, numbers of pulses and spot size) the
deposition process does not alter the main functional groups of the deposited material.
Moreover, the in vitro preliminary study of osteoblast response to these coatings showed a high
degree of cytocompatibility for most of the tested parameters for the MAPLE coatings.
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Deposition and Investigation of C/W/Mg Ternary System Composite for Plasma-Facing
Materials (PFM)
Plasma-wall interactions in Tokamak machines result in contamination and formation of
conglomerates on the walls, thereby producing plasma contamination in later stages. Tungsten, carbon,
and beryllium are the most common materials used as bulk/coatings in thermonuclear fusion reactors.
The wall contaminants will contain these materials, also in combination with hydrogen, oxygen, and
nitrogen. This is likely to have several consequences resulting in material property changes due the
detachment and material mixing. Their composition and properties are extremely important for further
cleaning procedures; thus, producing and characterizing such layers is of paramount importance. Since
Be is a toxic element, in experiments it can be substituted by magnesium (Mg), which has similar
properties.
In our work we report preliminary results based on hydrogen and nitrogen influence on the
topography, on the ratios between elements and compositional properties of C/W/Mg thin films
deposited by combinatorial pulsed laser deposition (PLD). A Nd:YAG pulsed laser at 1064 nm wavelength
with the pulse width of 6 ns and a repetition rate of 10 Hz has been used to alternatively ablate C/W/Mg
solid targets at fluences of 1.6 J/cm2 for (C, Mg), and 6.6 J/cm2 for W. To this aim, a multitarget system
allowing simultaneous rotation-translation was used, the depositions being performed in a gaseous
atmosphere containing argon, nitrogen and hydrogen. Different compositions of the gas mixture (Ar +H,
Ar+H = N), number of pulses and substrate temperatures (200°C, 400°C, 600°C) were used. From EDX
investigations it results that all samples showed an oxidation due to the high reactivity of magnesium
with oxygen, resulting in a linear behavior with increasing of the substrate temperature in the case of
both ratios (Mg/O and W/C). Topography assays highlighted the influence of H implantation during
sequential deposition that indicated the formations of various columnar growths on the composite layer
at different substrate temperatures. XRD investigations show that all the thin films are amorphous. Mass
spectrometry (SIMS) results revealed that the compositional structure of the material changes from
composite to multilayer by increasing substrate temperature and number of pulses per layer.
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Infrastructure and Analysis Facilities of Laboratory for Characterization of Spent
Nuclear Fuel and Radioactive Waste
Laboratory for Characterization of Spent Nuclear Fuel and Radioactive Waste - LABORAD - handles
and characterizes radioactive waste generated in following activities: research activities, current
operation of research reactors, power plants and Post-Irradiation Examination Laboratory; production of
radioactive sources for industrial and medical usage like iridium and molybdenum; decommissioning of
spent radioactive sources from medical equipment. LABORAD is notified as testing laboratory by the
National Commission for Nuclear Activities Control (CNCAN). The implemented Quality Management
system respects ISO/CEI 17025:2005 standard “General requirements for the competence of testing and
calibration laboratories”.
Available notified methods in laboratory are:
- Determination of uranium, plutonium and americium using Dual Alpha Spectrometer - 576 A ORTEC
which allows to know in detail the inventory of alpha emitters and to measure the associated activity
for each radionuclide separately;
- Determination of uranium isotopic composition using Thermo Ionization Mass Spectrometer FINNIGAN MAT 261. The measurements are used to evaluate the burn-up of irradiated nuclear fuel;
- Determination of lanthanide ions from diluted spent nuclear fuel solutions using High Performance
Liquid Chromatograph (HPLC) - WATERS;
- Measurement of gamma radionuclides activity on samples in different geometries for the
characterization of radioactive solutions and evaluation of burn-up for irradiated nuclear fuel using High
Resolution GAMMA detector - ORTEC;
- Measurement of gamma radionuclides activity on shielded radioactive waste containers (with or
without concrete) using High Resolution GAMMA portable detector - ORTEC NOMAD;
- Determination of gadolinium chemical and isotopic composition using Inductively Coupled Plasma
Mass Spectrometer - ELAN DRC®-e ICP-MS;
- Measurement of absorbed dose in water using Fricke dosimetry system. This dosimeter provides a
reliable means for measurement of absorbed dose to water, based on a process of oxidation of ferrous
ions to ferric ions in acidic aqueous solution by ionizing radiation.

LABORAD has the ability to use the methods presented above not only for in house measurements but
also for commercial contracts.
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Pulsed Laser Welding of Dissimilar Materials (Al-CuNi) in Overlapping Joint
Configuration for Electric Vehicles Batteries
The weld-ability of dissimilar overlapping joints between aluminium, nickel-plated copper and pure
copper using a 5-kW Nd:YAG solid-state pulsed laser was investigated. The laser welding study involved
four possible material combinations: thin aluminium on thin nickel-plated copper, thin aluminium on
thick copper, thin nickel-plated copper on thin nickel-plated copper and thin nickel-plated copper on
thick copper. Materials with thickness between 0.15 mm and 3 mm were used in the experiments. The
beam was delivered to the work piece with 200 mm focal length lens that delivered a 200 µm spot. The
welds were achieved using around 50% full peak power (2.000 W), even though all materials are highly
reflective for the 1.0-µm infrared wavelength.
To investigate the shape and porosity of the welding seam using the defined process parameters Xray radiography was realized. The behaviour of the welding specimens for varied process parameters
was investigated. In addition, shielding gas conditions, laser beam positioning and clamping system of
the materials were considered. These joints are being used for lithium ion battery technology in the
electrical vehicles industry. In order to test welded accumulators, three test norms were performed:
continuous discharge testing of 240 A for 20 minutes, continuous discharge test 120 A for 10 minutes
with 550 A pulse for 10 seconds, test pulse discharge 120/240/360/480/550 A in 10 second intervals.
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Czochralski Growth of Sm3+-doped Ca3(Nb,Ga)5O12 and Ca3(Li,Nb,Ga)5O12 Single
Crystals for Laser Emission in the Orange Domain
Single crystals of Ca3(Nb,Ga)5O12 - CNGG and Ca3(Li,Nb,Ga)5O12 - CLNGG with 5-at.% Sm3+-doping
concentration in the melt were grown by the Czochralski method. The Judd-Ofelt parameters for both
crystals were estimated and used to determine the radiative transition rates, fluorescence branching
ratios and radiative lifetime. The absorption cross sections at 405 nm are 2.2×10-20 cm2 and 2.8×10-20 cm2
for CNGG and CLNGG, respectively. Partial energy levels of Sm3+ “quasicenter” in Sm:CNGG and
Sm:CLNGG crystals have been established based on the low temperature absorption and emission
spectra. Relaxation dynamics of Sm3+ 4G5/2 metastable level have been evaluated in the frame work of
Inokuti-Hirayama model and the microscopic interaction parameters CDA were calculated. The
experimentally integrated emission cross-sections for the 4G5/2 → 6H7/2 transition at 615 nm were found
to be 0.87×10-21 cm2 for CNGG and 1×10-21 cm2 in the case of CLNGG. These results indicate that
Sm:CNGG and Sm:CLNGG crystals could be promising laser materials for orange domain.
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Theoretical Studies on Generation of THz Radiation via Optical Rectification
in Lithium Niobate
Development of new reliable high-power sources of electromagnetic radiation is important for
applications and fundamental research. We determine experimental parameters for generation of THz
radiation in Lithium Niobate (LiNbO3) via optical rectification from femtosecond laser pulses and
simulate experimental data. Second order susceptibility tensor have one component of a large value d33
that lead to large effective susceptibility for an experimental setup for which pump radiation is polarized
on the anisotropy axis of the crystal. In LiNbO3 the group velocity of the optical pulse is significantly
larger than phase velocity of THz. Phase matching is achieved in a non-collinear configuration. Using a
Gaussian pulse that contain spatio-temporal couplings (tilted pulse front) direction of emission is
changed making that projection of group velocity of the optical pulse on the direction of emission to be
equal with phase velocity of THz.
Here is presented a model for calculation of nonlinear polarization generated in LiNbO3 based on
linear canonical transformations which are also used for beam transport trough optical system. By
solving the vectorial wave equation in the space of frequencies (k, ω) the phase-matching condition is
obtained. The physical meaning is that the Fourier transform of the nonlinear polarization it has to
overlap on the surface in this space where phase- matching is achieved. Spectral components close
enough to this surface have a coherence length longer than effective length of the crystal and thus are
amplified in the material. The simplicity of the expression for nonlinear polarization allow determination
of experimental parameters for optimization of THz emission, the treatment is unitary and improve the
understanding of phenomena based on geometric arguments.
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Numerical and Experimental Investigation of Performance of a Spark Ignition Engine
That energy efficiency increasing the importance of every day in terms of natural balance and
minimizing of emissions has been an inevitable item on the agenda in the automotive world. Developed
in many studies is desirable more efficient use of energy resources and giving less damage to the natural
balance with liquid fuels such as gasoline and diesel fuels inclusion different additions. Today,
performed fuel supplements: For gasoline engines: ethyl alcohol, methyl alcohol, hydrogen, LPG, CNG
and LNG (use less). For diesel engines: ethyl alcohol, methyl alcohol, hydrogen, LPG, vegetable oils, CNG
and LNG. All fuel supplements which can be used for two type of engine are added in both experimental
and numerical studies. These additions results are investigated performance and emissions values of
engine. Due to experimental studies require both cost and extensive time, academic studies tended
analysis program which can be taken faster and more near accurate results. In addition to making the
car engine, the analysis done by creating a model manufactured engines is an important issue in this
soils where the domestic automobile production gradually gained speed. That any gasoline engine did
performance analysis using both pure fuel and fortified fuel has been revealed comparative results
which engine and fuel technology enable the development.
This study has aimed to obtain engine performance values (torque, power, fuel consumption) and
emissions values with numerical analyzes modeling a gasoline engine and participating alternative fuels
in different mixing ratios. Alternative fuels which located in the literature participate in frequent rate on
gasoline in numerical analysis. Thanks to Workstation and program of computational fluid dynamics
(CFD) which will be the study has been prevented experimental (cost) of work and it has been faster
data. The study has been aimed to provide added value at the end the following:
- To determine of appropriate alternative fuel in terms of fuel consumption in a gasoline engine;
- To find out appropriate blend ratio in terms of engine performance;
- To determine the appropriate blend ratio in terms of emission;
- To make graduate studies, to educate and improve manpower and to make academic works;
- To initiate studies with the automotive industry.
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Development of Metal-Ceramic Layered Composites
Single and multilayered structures at nano-length scale are very attractive materials due to their
high strength, toughness, and wear resistance relative to conventional laminated composites.
Spark Plasma Sintering (SPS) – also called FAST (Field Assisted Sintering Technology) - is a new and
innovative sintering technology, which is becoming increasingly important in the processing of
numerous materials, such as nanostructured materials, composite materials and gradient materials. The
process is based on a modified hot pressing process in which the electric current runs directly through
the pressing mould and the component, instead of by an external heater. Using a field assisted sintering
technology (FAST) we have produced different multi-layered metal-ceramic composites. Such materials
can combine properties of refractory metals like W with semiconducting or insulating ceramics like Al2O3
or SiC. To analyse the interface quality and specimens’ microstructure SEM/EBS/EDX investigations have
been carried out in conjunction with thermal analyses performed by laser flash calorimetry up to
1000°C. Concerning the W-Al2O3 interface, the main problems are related to the thermal expansion
coefficient mismatch of the materials and to the strong oxidation behaviour of W. By using an additional
thin soft metal layer in-between it is possible to improve the W - Al2O3 adherence and heat transfer,
reducing the adverse effects of thermal cycling.
As a result, we have shown that by using this method it is possible to produce complex multimaterials components with various applications, ranging from thick (0.1-1 mm) protective ceramic
coatings for refractory metals to special high temperature mountings for optical components.
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Transport Package Type B(U) for the Transfer of the Defected Irradiated CANDU Fuel
Bundles
The irradiated CANDU fuel bundles found with defects during the underwater inspections performed
at Unit 2 of the Cernavoda NPP, were transported to INR Pitesti in order to perform their post irradiation examination. These experimental investigations were done within the Post-Irradiation
Examination Laboratory (PIEL) of INR Pitesti. The purpose of this work is to present the equipment and
steps during the entire process of transfer.
The shipping container type B(U) was designed at INR Pitesti and made by “Titan Bucuresti”. The
auxiliary equipments needed to load the bundle (in the pool of Cernavoda NPP) and to unload it (into
the transfer cell of PIEL), were designed and made at INR Pitesti. The transport package is made of:
container, basket with bundle, impact dampers, overpack, stretchers system, auxiliary equipment
necessary for loading and unloading the bundle in the container, a device for drying and pressuring using
an inert gas - helium. The package type B(U) is authorized to transport by road either one defected
irradiated CANDU bundle cooled for at least 365 days or up to six defected irradiated fuel elements
cooled for at least 10 days.
Before sending the package to INR-Pitesti, dosimetric measurements were performed on Cernavoda
NPP site. The unfixed contamination was sampled and measured for the following equipments: auxiliary
tools, drying and pressuring (He) device, the outer surface of the container type B (U), impact damper,
the over-pack and the truck platform after loading all components. The results were within the
acceptance intervals.
Discharging the bundle at INR-PIEL was made in the transfer cell using devices similar to those used
at charging. The operations were performed in reverse order. Dosimetric measurements at different
distances from the container were again made. The results were also within the acceptance intervals.
Three fuel elements (FE) of interest were selected from the defected irradiated CANDU bundle. They
were subjected to both non-destructive examinations (visual inspection, dimensional control with eddy
currents, gamma scanning) and to destructive examinations (fission gases measurements, metallographic
examination, burn-up determination, hydrogen concentration in the cladding by colorimetric method,
mechanical tests).
The ensemble transport type B(U) provides effective protection against radiation emitted by radioactive
contents, both under normal circumstances and in case of accident and is able to guarantee the safety
and security of transport of radioactive materials , thus avoiding the risks of nuclear nature.
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Techniques Used In the Post Irradiation Laboratory for Investigation of Failure
Mechanism of Nuclear Fuel Elements
The Institute for Nuclear Research Pitesti owns facilities that allow the testing, manipulation and
examination of nuclear fuel and of irradiated structure materials from nuclear reactors. One of those
facilities, the Post Irradiation Laboratory (PIEL), is a hot cell facility equipped with 2 hot cells made of
heavy baritine concrete, 3 hot cells made of steel, one hot cell made of lead and apparatus used to
handle and test the nuclear materials. Using different types of post-irradiation investigation techniques,
both non-destructive (visual inspection, dimensional control, gamma scanning) and destructive (fission
gases measurements, metallographic examination, scanning electron microscopy, burn-up by mass
spectrometry, mechanical testing) we can establish the failure mechanism of nuclear fuel bundles.
The failure mechanisms of nuclear fuel elements are usually related to: fabrication defects, debris
fretting (due to foreign debris which remains in the coolant system especially during initial fuel load),
hydride induced fissure of the cladding, mechanical damage (due to improper handling of fuel bundles)
and power ramps which can lead to cladding fissure. The purpose of this paper is to establish by means
of post-irradiation techniques the mechanism of nuclear fuel bundles failure. The data obtained from
the post-irradiation examinations are used, first to confirm the safety, reliability and nuclear fuel
performance, and second, for the development of a strategy in order to eliminate the nuclear fuel
defects.
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Highly Transparent Yb3+- and Nd3+-doped Y2O3 Sesquioxide Ceramics
Recently, ceramic laser technology has emerged as a promising candidate because of its numerous
advantages over single-crystal lasers. First, ceramics can be produced in large volumes, which makes
them attractive for high-power laser generation. Second, ceramics can be heavily and homogeneously
doped with laser-active ions. They can also be used to fabricate novel laser materials, such as
sesquioxides, which cannot be produced by the conventional melt-growth process. [1-4]
In this work 2.0-at.% Yb:Y2O3 and 1.0-at.% Nd:Y2O3 polycrystalline transparent ceramics were
obtained by solid-state reaction and vacuum sintering method using high purity Yb2O3, Nd2O3 and Y2O3
as starting raw materials. As sintering aids were used La2O3 combined with ZrO2. The powders were
blended and ball milled in absolute ethyl alcohol for 16 h with alumina balls. After mixing operation the
slurry was dried and sieved trough a 200-mesh screen, in order to obtain a soft agglomeration of the
precursor powders. The homogeneous powders were calcinated at 500oC and compacted into disks with
12 mm in diameter and 3 mm in thickness in steel mould at a pressure of 10 MPa. Then, the green
bodies were isostatically pressed at 250 MPa for 5 min and calcinated in air at 900oC for 10 h. Sintering
treatment was conducted at 1760oC for 12 h under high vacuum (4×10-6 mbar) in a furnace with a
tungsten-molybdenum chamber. Annealing cycles were performed in air at 1300oC for 20 h in order to
promote the re-oxidation of the phases reduced during sintering under high vacuum.
The phase structure, microstructure and optical properties of prepared ceramics were systematically
investigated. The XRD analysis indicates for both compositions only diffraction peaks which are
representative to Yttria phase (COD 96-720-5918), with cubic symmetry (Ia-3 space group). The polished
surface microstructure was investigated by scanning electron microscopy (SEM). No obvious pores were
detected at either the grain boundaries or inside of the grains, which certifies that the samples have
fully dense structure. The in-line transmittance of the 2.0-at.% Yb:Y2O3 ceramic sample is about 81% in
the NIR region. Slight decrease of the transmissions occurs in the visible wavelength region, which is
indicate that the sample has some optical scattering centers.
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Gelatin Based Hydrogels Loaded with Biogenous Mineral for Hard Tissue Regeneration
The capacity to induce a rapid and controlled healing of bone defects is a key feature for a bone
substitute. Artificial bone composites exhibit distinctive features by comparison to natural tissues, due to a
lack of self-organization and intimate interaction apatite-matrix. This explains the need of ‘‘bio-inspired
materials’’, in which mineral grows in contact with natural originated polymers [1].
In the present work, we have investigated the potential of a combination of three components to trigger
enhanced bio-interactions with bone regeneration potential. Thus, cuttlebone (CB) powder has been loaded
for the first time into gelatin based hydrogel structures, generating biocomposite materials. Previous studies
have reported the capacity of hydrothermally transformed aragonite from cuttlebone to cuttlebone
hydroxyapatite to induce biommimetic mineralization, improved the protein adsorption and osteoblastic
phenotype of seeded marrow mesenchymal stem cells and to induce new bone formation after in vivo testing
[1,2]. However, the physico-chemical properties and biocompatibility characteristics of CB have not been
fully investigated, therefore the potential applications of CB being underexploited at the moment.
In this context, physico-chemical measurements as well as in vitro biocompatibility tests have been
performed for the generated materials, in order to investigate the influence of the biogenous mineral over
the characteristics of the polymeric systems and the corresponding properties. Scanning electron microscopy
showed uniform dispersal of the mineral powder within the entire structure of the materials.
When compared to polymeric control gelatin-alginate system, as well as to polymeric systems loaded
with commercially available mineral such as bone substitute, nanohydroxyapatite or in situ generated
mineral, significant increment of the compressive modulus and accordingly, increased stiffness of the CB
based hydrogels were found. This behavior might be exhibited due to strong interactions between the
polysaccharide and the calcium present in the cuttlebone, namely a subsequent crosslinking of the alginate
macromolecules. It is important to mention that the MG63 cells firmly adhered on the hydrogels’ regions in
the proximity of mineral crystals, for all generated materials, as proven by scanning electron microscopy. This
work successfully proves the potential of such biocomposites based on biogenous mineral to find applications
in bone regeneration.
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Basic Study of Transparent 1.0-at.% Nd:YAG Ceramics
Ceramic laser materials are now use as alternative solutions to replace single-crystals for realizing
lasers with high output performances. Large volume of transparent ceramics doped with rare earth ions
isare desirable for high power lasers. The development of short pulse lasers and their applications fueled
the research in this field, especially for Yb and Nd doped Y3Al5O12 material that allows ceramic
engineering for new laser architectures [1-3].
In this work we report recent results on fabrication of transparent pure YAG (Y3Al5O12) and Nd doped
YAG ceramic media by solid state reaction method. Nd:YAG nanopowders were prepared by solid-state
reaction method using high purity Y2O3 (99.999%), Al2O3 (99.999%) and Nd2O3 (99.999%) nanopowders.
Polyethylene glycol (PEG-400) was added during the mixing process in order to avoid clustering; also,
tetraethyl orthosilicate (TEOS) and MgO were used as sintering additives, in order to obtain dense
ceramic pellets by decreasing the inter- and intra- particle porosity. The powders were molded into
cylindrical pallets of 4.0-mm thickness and 12.0-mm diameter using a steel die at 20 MPa. To increase
the density of the samples they were cold isostatic pressed for 10 minutes at 245 MPa.
The structure of each sample was investigated with an X-ray diffractometer (PANalytical X’Pert PRO
MRD, Bragg Brentano). All the diffraction peaks were attributed to the cubic symmetry of YAG (Ia3d
spatial group); the results are similar for all samples, indicating a single phase of Y3Al5O12.
An electronic microscope (SEM, Quanta Inspect F) was used to investigate the morphology (in
fracture) of sintered samples. The SEM micrographs allow us to appreciate the homogeneous and dense
microstructure with small pores for the transparent ceramics.
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Micro-Cone Target Fabrication for Laser-Driven Particle Acceleration
Fabrication of 3D micro-targets for ultra-intense laser-matter interaction using the 3D laserlithography processing technique is presented in this work. According to Particle-In-Cell (PIC) numerical
simulations, an engineered cone-shaped micro-target, increase the absorption of the electromagnetic
field, prevent the plasma expanding and improve the divergence and the efficiency of the emitted
particle, compared with the standard planar thin foils. The simulation parameters were selected to be in
agreement with a petawatt laser, installed at the Center for Advanced Laser Technologies - CETAL
facility, which has central wavelength at 800 nm, 25 fs puls duration and 25-J maxim energy. An ultrahigh intensity laser pulse, I= 1021W/cm2, generated by this laser was considered in all simulations.
The fabricated micro-targets have cone-shape geometry with straight walls and are realized in IP-L
photoresist using the Photonic Professional system from Nanoscribe GmbH, installed at CETAL. This
system uses the nonlinear absorbtion of IR femtosecond laser pulses in photoresists materials to
produce complex 3D microstructures using rapid prototyping algorithms. A solid design can be created
in photoresist layer by layer with resolution below 100 nm. The structures were investigated by
Scanning Electron Microscopy (SEM) and X-ray Tomography. Also, the energy and spatial distribution of
accelerated ions produced by these 3D micro-targets are numerically computed using the Particle-In-Cell
simulations.
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Diagnostics for Temporal Characterization of Acceleration Plasma at CETAL-PW Facility
In recent years, laser-plasma accelerated electrons has been a fervent field of research and progress has
been steady, due to their great importance for applications in spatial industry. Therefore, one of the research
topic of the CETAL-PW group is electron acceleration in order to mimic the radiation environment around
planets of our Solar System, aiming to test components for spatial missions.
To assure the most efficient electron acceleration process and the best quality electron beam, the
measurement of the plasma density profile and the temporal evolution of the plasma are mandatory. Thus,
we have proposed to develop and implement three techniques for laser produced plasma diagnostics: i)
Folded wave interferometry; ii) Wave-front sensor based diagnosis and iii) Single shot investigation based on
chirped pulse. All these methods aim to obtain informations about the evolution of the plasma density
(plasma waves) induced by the laser pulse interaction and consequently about the plasma temporal
evolution. The main feature brought by all the methods is the possibility of scanning in time the whole
acceleration process. Moreover, detailed knowledge about spatial and temporal distribution of plasma
parameters helps to predict spatial and temporal characteristics of accelerated beams, which will contribute
to develop proper techniques for characterization of laser-induced radiation.
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Numerical Investigation of the Effects of Flame Structure on Engine Characteristics
In this study the effects of flame structures on engine characteristics and flame development have
been numerically investigated at a sequential ignition engine. A single cylinder of the Honda L13A4 i-DSI
(Intelligent-Dual Sequential Ignition) engine (intake-exhaust manifold connections, intake-exhaust
valves, cylinder, cylinder head, piston, spark-plugs etc.) was modeled in STAR-CD/es-ice software for the
gasoline usage taking into account all components related to the combustion chamber.
In the numerically modeled engine, there are two spark plugs located in different zones in each cylinder.
With sequential ignition made at different times, it is possible to increase the combustion efficiency,
reduce the HC emission and reduce the fuel consumption by providing more efficient reaching of the
flame in-cylinder. The ignition difference between the two spark plugs is determined by the electronic
control unit (ECU) of the engine between 2-5 CAD depending on the number of revolutions. In the
analysis, engine speed is 3000 rpm, compression ratio is 10.8: 1, air-fuel ratio is 0.9, ignition advance at
30-25 CAD, were kept constant. The optimum flame radius value was determined in these conditions
and k-ε RNG turbulence model, Angelberger wall interaction and G-equation combustion model were
used. The effect of flame on engine characteristics is the function of flame radius and flame thickness.
Prior to the numerical studies, the number of mesh and cold flow studies were performed. In the study,
three different analyses were carried out to determine the effect of the flame radius. In simulations, the
flame radius was changed to 0.0005 m, 0.0010 m and 0.0020 m, respectively. As a result of the study,
images of flame formation and development were obtained for the time period up to the top dead
center at the time of sequential ignition. It was determined that the net work area was obtained from
the highest power and pressure-volume graph when the flame radius was 0.0010 m for the specified
operating conditions.
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Upconversion Luminescence in LaGaO3: Er: Yb Synthesized by Solid State Reaction
Lanthanum orthogallate LaGaO3 belongs to the wide group of compounds of general ABO3 formula
(A-rare earth ion, B- Al, Ga, Fe, Cr, V) and crystallize in a distorted perovskite structure. LaGaO3 is an
interesting host from the point of view of optical application, as it allows substitution in the La3+ site by
rare-earth luminescent/laser ions or in the distorted octahedral Ga3+ site by transition-metal ions [1].
This paper reports the synthesis and characterization of LaGaO3:Er3+: Yb3+. Lanthanum orthogallate
LaGaO3 ceramic doped with Er3+ and Yb3+ was synthesized in our laboratory by solid state reaction, from
stoichiometric quantities of high purity oxides (La2O3, Ga2O3, Er2O3, Yb2O3). The powders were mixed in
an agate mortar, pressed with a hydraulic press at 2 MPa and then annealed in air at 1350oC for 35 h.
The ceramic sample was cut, polished and then washed in an ultrasonic bath to remove the abrasive
particles. The sample was characterized by XRD and optical spectroscopy techniques (luminescence,
diffuse reflectance and decay measurements). The XRD analyses indicate for both compositions only
diffraction peaks which are representative to the LaGaO3 phase (PDF 01-072-8227) with
orthorhombically distorted perovskite structure (Pnma space group) [2]. LaGaO3: Er3+ is an efficient
green - emitting upconversion phosphor upon excitation with 980 nm even in the absence of Yb3+ [3].
We obtained similar results on LaGaO3: Er3+ ceramic sample to those of the Sokὁlska on LaGaO3: Er3+
crystals [1].
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Synthesis and Characterization of SrLaGa3O7 Samples Doped with Rare Earth Ions
The search for new and efficient upconversion materials, which convert the infrared radiation (IR)
into visible and ultraviolet (UV) light, is a very actual problem. Visible luminescence for IR pumping was
obtained in materials doped with trivalent rare-earth ions as Er3+. The most studied pair of dopants is
Er3+ (activator) - Yb3+ (sensitizer).
This paper reports the possibilities to obtain green (Er3+ transition (2H11/2,4S3/2) → 4I15/2), red (4F9/2 →
4
I15/2), violet (2H9/2 → 4I15/2), and near-UV (4G11/2 → 4I15/2)) from ceramic SrLaGa3O7 doped with Er3+ and
co-doped with Yb3+. Sr(ErxLa1-x)Ga3O7 (x= 0.001, 0.01, 0.03) and Sr(ErxYbyLa1-x-y)Ga3O7 (x= 0.005, 0.01; y=
0.03, 0.04) stoichiometric polycrystalline ceramics were obtained by solid-state reaction method. High
purity SrCO3, La2O3, Er2O3, Yb2O3 and Ga2O3 were used as starting raw materials. After mixing, calcination
treatment and shaping of the precursor powders, the green bodies were sintered in air at 1450oC for 10
hours in order to obtain dense ceramic pellets. The phase structure and optical properties of prepared
ceramics were systematically investigated. The XRD analyses indicate for both compositions only
diffraction peaks which are representative to the SrLaGa3O7 phase (COD 96-810-3932), with tetragonal
symmetry (P-421 m space group). The luminescence was excited at 973 nm with laser diode
DioMod980/30/400 or in UV with a Xe-Hg arc lamp equipped with suitable filters and analyzed with a
Horiba Jobin-Yvon 1000 MP monochromator and an SR830 lock-in amplifier.
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Laser Based Spectrometer for Optical Trace Gas Molecules Detection at
Contaminated Vegetation
Photoacoustic spectroscopy of CO2 laser technique has known a great increase over the years, in
principal by enlarging the application fields gaining importance when it is applied to: biology, physics,
chemistry and medicine, atmosphere, military or engineering.
The number of detectable molecules is related to the spectral overlapping of the CO2 laser emission
with the absorption bands of the trace gas molecules. Based on the mentioned above our method
became one of the most sensitive techniques in the world, being able to measure gas concentrations at
sub-ppb levels with partial pressure of 10-10 atm and a minimum detectable concentration of 0.9 ppbV.
The photoacoustic experimental setup, consists of a tunable continuously wave (cw) frequency
stabilized CO2 laser (emitting radiation in the 9.2 to 10.8 µm region on 73 different vibrational-rotational
lines, with a maximum power of 6.5 W), a lens, a chopper, a photoacoustic cell, a powermeter, a lock-in
amplifier, an acquisition board and a computer for data acquisition and processing. The detection chain
is accompanied by a complex gas handling system built for a proper manipulation of the gases molecules
under study, from the gas bottle to the photoacoustic cell.
This experimental research is devoted to analyze, in the presence of synthetic air, at atmospheric
pressure and at room temperature, the effects of Cd, Pb, Hg, Cu and Zn at germinated seeds/grains
using photoacoustic spectroscopy with respect to the CO2 laser frequencies, in the detection of ethylene
and ammonia molecules. Because heavy metals induced toxicity, involves many mechanistic aspects,
some of which are not clearly elucidated or understood. Each heavy metal is known to have unique
features and physic-chemical properties that confer to its specific toxicological mechanisms of action.
Based on a non-invasive method, stable in biological materials and easy to measure; we conclude that
photoacoustic spectroscopy technology of CO2 laser appeared to distinguish biological samples
germinated with heavy metals from biological samples germinated with distilled water.
The future scope of this research remains in understanding the biochemistry of heavy metals toxicity
in germinating seeds. Understanding such strategies in seeds to overcome such stress and manipulation
of pathways and biomolecules involved will lead to better agricultural produce despite heavy metals
toxicity from contaminated soil.
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Analysis of Exhaled Ethylene in Adults with Autism
Autism is a spectrum condition, a behavioral disorder with hallmark communication and social
deficits. The routes to obtain a precise diagnosis are very difficult because the characteristics of autism
may vary from one person to another. There are different ways a person can be affected by Autism
Spectrum Disorders and so, having a diagnostic decision is a complex process. Conclusive diagnosis of
Autism Spectrum Disorders can be made by a team of professionals experienced in the field like
psychologist, psychiatrist, neurologist, developmental pediatrician, or similar qualified medical
professional. Some autism biomarkers have been proposed for diagnostic of Autism Spectrum Disorders
but at present there are no validated biomarkers for clinical practice use.
Many studies linked oxidative stress with the etiopathogenesis of Autism Spectrum Disorders, but
the literature reports somewhat contradictory results. Exhaled ethylene is known to be a by-products of
oxidative stress in human body. Ethylene concentrations from breath samples were measured using CO2
laser photoacoustic spectroscopy. The results from adults with autism were compared with healthy
controls. CO2 laser photoacoustic spectroscopy is a well known technique for measure trace gases at
parts-per-million or parts-per-billion level. Analysis of exhaled breath using CO2 laser photoacoustic
spectroscopy is suitable for molecular identification and quantification to provide the pathophysiological
status of the body. The sample bags that were utilized to collect exhaled air from the autistic patients
and healthy subjects did not release contaminants at room temperature; moreover, the bags underwent
standard washing and evacuation procedures prior use to exclude gas contamination from the external
environment.
Our results indicated that oxidative stress was not increased in this disorder. As a by-product of
oxidative stress exhaled ethylene from adults with autism presented very small concentration
differences compared to healthy controls. People with autism are generally receiving antioxidants
because they cross the blood brain barrier and combat oxidative stress in the brain cells. Subjects who
took part on our study were administrated vitamin complex and this together with the lifestyle and
dietary patterns may be an explanation for the normality between the concentrations of breath
ethylene at adults with autism and control adults.
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Ultrasensitive Laser Spectroscopy for Breath Analysis
Laser photoacoustic spectroscopy (LPAS) has become over the last decade as a very powerful
technique capable of measuring trace gas concentrations at ppb level. LPAS offers a sensitive technique
for detection and monitoring of trace gases at low concentrations, thus being due to the CO2 laser that
ensures an output power in the wavelength region of 9-11 μm, where a large number of gases present a
high absorption coefficient. At present, the approaches of using the breath analysis for medical
diagnostics are the subjects of an intensive investigation around the world. Non-invasive operation (no
puncture, no instruments’ placing into the body, no contrasts mixtures’ application, etc.), easy use (no
storage, transport conditions and preparing procedures for analytical samples), real time measurement,
minimum nuisance for patients (especially important for children and the elderly), ability to detect
pathogenic changes at the molecular level are the main advantages of these methods.
The presence of certain molecules in the human breath is used as an indicator of a specific disease.
Thus, the analysis of the human breath is very useful for health monitoring. Ammonia is considered to
be a breath biomarker for catabolism of proteins and amino acids, stomach ulcers and duodenal ulcers
caused by helicobacter pylori, renal diseases, asthma [3] and ethylene a breath biomarker for lipid
peroxidation, oxidative stress.
Diabetes mellitus is a metabolic disorder characterized by a high level of blood glucose or
hyperglycemia and, is associated with an increased risk of developing health complications. Type 2
diabetes mellitus is the most common deleterious metabolic disease in the 21st century and has become
one of the most pressing human health concerns all over the world. Hyperglycemia increase oxidative
stress with an important role in the development of health complications in diabetes such as
inflammation or vascular disorders. Hence an accurate and fast practical diagnosis of pre-diabetes prior
to the onset of type 2 diabetes remains a challenge. Therefore, by using CO2LPAS to determine the
concentration of ethylene in the exhaled breath can be achieved a noninvasive measurement of
ammonia and ethylene breathe biomarkers. Poor glycemic control in type-2 diabetes may lead to
increased lipid peroxidation which leads to oxidative stress and to varieties of health complications.
Future studies are needed for understanding the role of ammonia and ethylene as breath biomarker in
the progression of type 2 diabetets. The breath analysis may also bring opportunities in molecular
monitoring for other research fields by using an LPAS system.
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Ethylene Concentration at Fruits under Aerobic vs. Anaerobic Conditions
Fruits are important for human consumption, as they have been associated with lower risk of
chronic diseases. Also people with health problems like cardiovascular diseases, cancer, hypertension
and type two diabetes can benefit from them, due to their high content in dietary bioactive compounds.
Metabolic disturbances (irradiation, toxicity, temperature, freezing, growth hormone etc.) in fruits are
followed by significant and rapid changes in the rate of ethylene emission. For example, the irradiation
preserves the fruits by disrupting the biological processes that lead to their decay. Radiation interacts
with water and other biological molecules in the fruit system and can lead to the decrease of the quality
when the oxidation occurs, which can cause several changes in the molecular structure of the organic
matter.
Under normal conditions, plants grow and reproduce with predictable parameters; yet, plants are
often faced with a changing - sometime extreme - environment that can cause unfavorable conditions.
In such an environment, plants are considered to be stressed and their response should reflect the
degree of tolerance. The measure of their response is given by the production of the natural plant
hormone ethylene. Plants lack glands that produce hormones; instead, each cell is capable of producing
hormones.
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New Optical Imaging System for Intraoperative Detection of Tumours Margins
Patients with invasive lobular carcinoma undergoing breast conserving surgery have a particularly
high risk of tumor-positive excision margins, which is usually caused by the larger and non-uniform
spreading of cancer foci. Surgical removal of invasive lobular carcinoma is not fully successful in
controlling breast cancer because a small number of tumour cells can be left at the surgical area, and the
cancer recurrence probability is very high. Intraoperative assessment of margins using usually techniques
is minimal in reducing the positive margins rate. Therefore, a technology capable of highlighting the
presence of the positive margins could provide very useful information for surgery guidance and
therefore could potentially eliminate cancer recurrence. The margin is defined as the distance from the
tumor to the cut surface of the specimen.
The main objective of this research studies is to develop and to validate a new imaging technology
for breast cancer. Very efficient cancer localization during surgery is the only way to remove cancer in its
entirety. A high sensitivity and specificity dual modality imaging platform will provide the surgeon with
real-time information about cancer spreading, allowing for complete removal of cancer foci, which
otherwise cannot be identified with current clinical instrumentation. This technology, based on a
multimodality imaging approach combining reflectance spectral imaging with structural optical
coherence tomography imaging, will provide the surgeon with real-time feedback with the exact location
and amount of tissue that has to be removed. These OCT/reflectance imaging systems share a common
path optical probe. Our efforts are focused on the development of a dual imaging system and common
path probe, as well as on preliminary testing of the system on excised surgical specimens. The system
uses the spectral-domain approach, which has already proved to offer superior speed and sensitivity to
the traditional time-domain approach.
The development of a common path imaging probe permits the co-registration of the OCT and
spectroscopic (fluorescence/reflectance) images. Diffuse reflectance spectral imaging provided by low
the coherent interferometry - LCI subsystem runs simultaneously with SD-OCT imaging. Since the
hyperspectral camera analyses the sample through a linear aperture, the system requires a dynamic
approach in order to cover sampling areas of few cm2. Starting from the sample, the optical path of the
image is separated by a dichroic mirror. The first segment enters directly the OCT detection system,
while the second path is further oriented onto a mirror controlled by a galvanometer. The galvanometer
assures the scanning of the sample line by line. Each line is focused by a lens onto the aperture of the
spectrometer, then forms a complete image on the camera sensor, which transmits the result (the
spectral “”hypercube”) to PC by FireWire interface. Selecting a point of interest, belonging to a tumour
for example, the whole image will be changed by marking with the case color, all the points that have
the same spectral characteristics. In this way, a map of the extensions of the tumour will be obtained,
indicating for surgeon the safe limits of the intervention.
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(Y1-x-yLuxGdy)3Al5O12:Ce Single Crystal Phosphors for High Brightness white LEDs
Commercial white light-emitting diodes (wLEDs) are based on blue-LEDs plus a yellow-phosphor
powder. The latter is encapsulated and presents remarkable disadvantages for high-brightness wLEDs
due to its degradation with high radiation and temperature. Instead, we propose the use of remote
single crystal phosphor (SCPs). It was found that these exhibit a very high quantum efficiency (QE) and,
in contrast to powder phosphors, an excellent thermal stability (QE> 93% at 300oC). Y3Al5O12:Ce SCPs are
suitable for neutral-cool white sources (color temperature Tc∼6000 K) without special color
requirements. In order to enhance the color quality of the LEDs, SCPs emission tailoring was attempted
through cationic substitution of Y by Lu and Gd ions. With Lu incorporation the emission of SCPs is
linearly green-shifted, while maintaining an outstanding QE and thermal stability. Therefore, (Y1xLux)3Al5O12:Ce SCPs can be used as green phosphors in trichromatic wLED configurations, leading to
efficient white sources with tunable Tc and high color quality. Instead, the Gd incorporation leads to a
continuous red-shift of SCPs emission. However, the QE of
(Y1-yGdy)3Al5O12:Ce SCPs is slightly
decreasing in the high temperatures range and for high Gd contents. Due to the enhanced red-emission,
(Y1-yGdy)3Al5O12:Ce SCPs can realize desirable warm-neutral white sources (Tc > 5000 K) with good color
rendering. In conclusion, (Y1-x-yLuxGdy)3Al5O12:Ce are promising candidates for the development of highbrightness wLEDs.
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Recording Dynamics of Laser-Induced Gratings in 5CB Liquid Crystals Doped with DY7 Dye
Dye-doped photosensitive liquid crystals (LCs) have an important role in nonlinear photonics
because they combine the typical high refractive index modulation in liquid crystals, with high
photosensitivity of photochromic molecules.
Diffraction gratings have been recorded by interference of two coherent laser beams at 514.5 nm
wavelength in 5CB liquid crystals doped with DY7 dye. By monitoring the diffraction efficiency of a laser
probe beam at 633 nm on the gratings induced in 5CB – DY7 compound the magnitude of the nonlinear
response has been determined, the temporal evolution of the gratings has been analyzed, and the time
constants of the recording process have been obtained. The mechanisms of the nonlinear response
involved in grating recording in 5CB - DY7 material are discussed. These results are important for
applications of dye-doped LCs in nonlinear photonic functionalities.
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Methods for Surface Roughness Measurement at Nanoscale
Roughness measurement is an important feature in the characterization of the surface topography.
The allowed roughness and the precision of its measurement depend on the technological conditions
and roughness was measured with a good enough sensitivity for many years. There is a need for the
miniaturization of many devices used every day, varying between micro-sensors in cars to cellular
phones, electronic equipments to biological devices. This size reduction requires the miniaturization and
integration of their components.
The objectives of this presentation are about the theoretical and experimental establishment of the
metrological measurement of the surface roughness of nanomaterials. Since the range of interest is the
nanoscale, the roughness should be in that range (0 to 10 nm). It is generally known that there are
various types of commercial instruments able to map the topography of a surface, each having its own
way to interact with the real surface (stylus profilometers, white light interferometry, scanning probe
microscopy). The topography of the investigated surface depends on the nature of the interaction of the
instrument with the surface. The roughness is an important factor for measurement at nanoscale and it
is essential in many applications: the implementation of microcircuits, the production of the cars, the
production of optical lenses, in biology etc.
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Hyperspectral Imaging via Single-Pixel Camera
In this work we present a hyperspectral imaging system via single-pixel camera with multiplex
encoding. The system incorporates a digital micro-mirror device DMD to optically encode the image of
interest and a spectrometer to detect and provide spectral information to the image. The image formed
on the surface of the DMD is divided into several components, the smallest about the size of a micromirror, each individually controlled in accordance to a predefined sequence of binary masks. The
multiplex method used for this experiment is based on Hadamard Transform and the size of the
encoding mask generated by it is 63 (V) × 65 (H), dictating the spatial resolution of the reconstructed
image. The spectrometer is used to collect the sum of intensities from each mask and divide it into a
string of wavelengths (spectrum). After the acquisition process completes, the image reconstruction
begins and leads to the formation of a hyperspectral image cube which shares the spatial resolution of
the coding masks and the spectral resolution of the spectrometer (0.5 nm).
Compared to conventional imaging spectrometers our single-pixel hyperspectral imaging system
design offers a more elegant method of obtaining hyperspectral images and, at the same time,
introduce a few important advantages such as: extended radiation range detection, higher amplitude
signal and reduced integration time.
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