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Preface

Lasers in Materials Science is the title of both this book and the Third Interna-
tional School, SLIMS-2012, held on S. Servolo Island, Venice (Italy) from July 8
to 15, 2012.

The selection of topics covered in the book and the combination of didactic
introduction to the fundamentals of laser-materials interactions with up-to-date
presentation of state-of-the-art techniques and emerging applications of laser
processing reflect the content and spirit of the lectures and discussions at the
School. One of the goals of this biennial school is to provide Ph.D. students and
young research scientists working in the field of laser-materials interactions with
robust fundamental knowledge that is often lacking in their training, so that they
may profitably interact with colleagues working in areas neighboring their own
research fields. The general area of Lasers in Materials Science spans fields where
the interaction between laser radiation and matter plays a basic role to engineer
new materials, or to enhance specific properties, mainly surface related, of irra-
diated matter. The laser community offers several established International Con-
ferences where young researchers can meet with their peers, exchange
experiences, establish collaborations, or display their own results to a qualified
audience. However, a structured training opportunity, specifically geared toward
young researchers, was lacking before the SLIMS series was established.

Focusing on the strong interplay between experimental and theoretical inves-
tigations of laser-induced phenomena, the program of the one-week residential
School included 17 lectures on the fundamentals and principles of laser-materials
interactions and laser materials processing. The syllabus covered the mechanisms,
relevant experimental and computational techniques, as well as current and
emerging applications in nanoscience, biomedicine, photovoltaics, analysis, and
industry. The topics ranged from laser-surface and -bulk interactions, to the role of
defects, nonlinear absorption phenomena, surface melting, vaporization, super-
heating, homogeneous and heterogeneous nucleation, phase explosion and plasma
formation, nanosecond, femtosecond and attosecond laser pulses, film synthesis by
pulsed laser deposition, nanoparticle nucleation, growth and assembling, laser
nanostructuring of soft matter, development of new light and X-ray sources, free
electron lasers, and laser interactions with biological tissues.

One of the distinctive features of SLIMS-2012 was the active participation of
students in the activities of the School. This was facilitated by structured
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classroom discussions and ample opportunity for students to discuss their ongoing
projects or research plans with the School lecturers in informal settings. The
students presented posters that were displayed over the School duration in the
lecture hall. All posters were discussed during three extensive poster sessions and
at coffee breaks. The students also gave brief oral presentations highlighting key
points of their research in dedicated sessions and participated in a competition for
the Best Student Presentation Award (dedicated to the memory of Prof. Roger
Kelly). The School was attended by 36 students from 13 countries, with 25 stu-
dents coming from EU countries, six from the USA, and four from the Mediter-
ranean Sea area.

All lecturers, coming from both leading research centers and academic insti-
tutions, are actively involved in research topics covered by their lectures. The
School Directors are grateful to School lecturers for the attention they put in the
preparation of truly didactic, though high level, presentations and for the relevant
work they did to convert the didactic material into self-contained book chapters
that offer excellent reviews of the different topics.

Venice International University (VIU) quarters at S. Servolo Island provided
superior lecturing and logistic structures in a pleasant working ambience,
immersed in a quiet, beautiful garden, a few minutes from the heart of the city.
This confirmed to be strategic for the success of the School.

The positive evaluation of SLIMS-2012 by the participants stimulated the
planning of the forthcoming Fourth International School on Lasers in Materials
Science, SLIMS-2014 that will be held on S. Servolo Island from July 13 to 20,
2014 under the direction of N. M. Bulgakova, Y. Lu, P. Schaaf, and P. M. Ossi.

Madrid, Spain M. Castillejo
Milan, Italy P. M. Ossi
Charlottesville, USA L. V. Zhigilei



Contents

Laser Physics for Materials Scientists: A Primer. ... .........

Richard F. Haglund

Introduction. . . ........ ... . . . ...
Fundamentals of Laser-Materials Interactions. . ... ........
Fundamentals of Laser Physics. . . ....................

Electromagnetic Waves in a Medium with Gain

and Absorption. . . ....... ...
Creating Gain in a Laser Medium ..............
Laser Oscillators: Theory . ...................
Mode-Locked Oscillators. . . ..................
Laser Amplifiers. . . . ...... ... .. ... .. .. ....

Laser Systems Used in Materials Processing . ... .........

Laser Oscillators. . . . ........ ... . ... ...
Amplified Laser Systems. . . . .................
Control of Laser Pulse Duration. . .. ............

A Tunable Picosecond Laser for Polymer Processing
in the Mid-Infrared . . . ... ... ... ... ... ... .. ...
Conclusion. . . ...

1
1.1
1.2
1.3
1.3.1
1.3.2
1.3.3
1.3.4
1.3.5
1.4
14.1
1.4.2
1.4.3
1.5
1.6
References
2

Material Response to Laser Energy Deposition

(Thermal and Hyperthermal Processes). . .. ................
Juergen Reif

2.1 Introduction............. ... ... ..
2.2 Basic Considerations. . . . .............c.. ...
2.2.1  Thermodynamics . ... .........uuuuuuuunon..
2.2.2  Deposition of Laser Energy . . . ................
2.3  Beyond Thermal Equilibrium (Hyperthermal Processes) . . . . .
2.3.1 Homogeneous Boiling. . .....................

2.3.2  Ultrashort Excitation: Self-organized
Nano-structure Formation . . ..................
24 Summary. . ...
References . .. ... ... .

—_—

12
13
15
15
20
22

24
27
27

29

29
30
31
32
36
36

37

40
41

vii


http://dx.doi.org/10.1007/978-3-319-02898-9_1
http://dx.doi.org/10.1007/978-3-319-02898-9_1
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec13
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec13
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec13
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec14
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Sec14
http://dx.doi.org/10.1007/978-3-319-02898-9_1#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_2
http://dx.doi.org/10.1007/978-3-319-02898-9_2
http://dx.doi.org/10.1007/978-3-319-02898-9_2
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_2#Bib1

viii Contents

3 Non-Thermal Material Response to Laser Energy Deposition. . .. 43
Wolfgang Kautek and Oskar Armbruster

3.1 Introduction. ............. ... ... 43

32 Response of Metals. .. .......... ... ... ... ... ... ... 44

3.2.1  The Two-Temperature Model. . . ... ............ 44

3.2.2  Hot Electron Transport . . .. .................. 47

323 HotElectron Pressure . . . .......... ... ... .... 49

3.2.4 Hot Electron Emission . ..................... 51

3.3 Response of Dielectrics and Semiconductors . . . .......... 53

3.3.1 Impact/Avalanche and Multiphoton Ionization . . . . . . 53

3.3.2 Non-Thermal Melting . .. .................... 56

3.3.3 Coulomb Explosion . ....................... 59

3.3.4  Photochemical Ablation. . . ................... 60

3.3.,5 3D Stereolithography . ...................... 61

34  ConClusion. . . ........ it 62

References ... ... ... .. 64

4  Atomic Movies of Laser-Induced Structural and Phase
Transformations from Molecular Dynamics Simulations . . . . . .. 67
Chengping Wu, Eaman T. Karim, Alexey N. Volkov
and Leonid V. Zhigilei

4.1 Introduction. ......... ... ... ... 67
4.2  Representation of Laser Excitation in Classical
Molecular Dynamics. . .. ...... .. ... ... .. .. ... 69
4.3  Atomic Movies from MD Simulations
of Laser-Material Interactions . ...................... 72
43.1 LaserMelting. . ......... ... ... 73
4.3.2  Generation of Crystal Defects . ................ 76
4.3.3  Photomechanical Spallation. .. ................ 81
4.3.4  Phase Explosion and Cluster Ejection. . .......... 86
4.3.5 Matrix-Assisted Pulsed Laser Evaporation. . ....... 89
4.4  Concluding Remarks and Future Directions. . . ........... 92
References ... ... ... .. 94

5  Continuum Models of Ultrashort Laser—Matter Interaction

in Application to Wide-Bandgap Dielectrics. . . . ... .......... 101
Nadezhda M. Bulgakova and Vladimir P. Zhukov
5.1 Introduction. ............ ... ... .. 102
5.2 Ultrafast Laser Excitation of Wide-Bandgap Dielectrics . . . . . 102
5.3  Volume Modifications of Wide-Bandgap Dielectrics. . . . .. .. 106
5.3.1  Propagation of Focused Laser Beams Through
Non-linear Absorbing Media . . ................ 106

5.3.2 2D Model of Electron Plasma Generation upon
Laser Beam Focusing Inside Transparent Solids. . . . . 109


http://dx.doi.org/10.1007/978-3-319-02898-9_3
http://dx.doi.org/10.1007/978-3-319-02898-9_3
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec13
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec13
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec14
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Sec14
http://dx.doi.org/10.1007/978-3-319-02898-9_3#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_4
http://dx.doi.org/10.1007/978-3-319-02898-9_4
http://dx.doi.org/10.1007/978-3-319-02898-9_4
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_4#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_5
http://dx.doi.org/10.1007/978-3-319-02898-9_5
http://dx.doi.org/10.1007/978-3-319-02898-9_5
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec5

Contents ix

5.3.3  Single-Pulse Material Heating

and Laser-Induced Stresses . .. ................ 115
5.34 Comments on Multipulse Irradiation Regimes . . . . .. 118
54 Concluding Remarks. . . ........ ... .. .. ... ... ..., 120
References . ...... ... . .. .. . . . . . 121
6  Attosecond Pulses for Atomic and Molecular Physics. . ... ... .. 125
Francesca Calegari, Giuseppe Sansone and Mauro Nisoli
6.1 Introduction. ........... ... .. ... ... 125
6.2  High-Peak-Power Few-Cycle Pulses . . ... .............. 126
6.2.1  Optical Parametric Amplification for the Generation
of mJ-Energy Pulses with Stable CEP. . ... ....... 126
6.2.2  Hollow-Fiber Compression Technique. . . ......... 127
6.2.3  High-Energy Pulse Compression by Using
Gas Jonization . .. ...... ... ... .. ... .. ... 128
6.3  Active and Passive Stabilization of the CEP
of Femtosecond Pulses . .. ..... ... ... ... ... ... ... ... 129
6.4  Generation of Isolated Attosecond Pulses . .............. 130
6.4.1 Polarization Gating. . .. ..................... 131
6.4.2 Ionization Gating . . . ....................... 133
6.4.3  Two-Color Gating with Infrared Pulses. . ......... 134
6.5 Attosecond Metrology. . . . . ... 135
6.6 Application of Isolated Attosecond Pulses to Molecular
Physics: Electron Localizationin D,. ... ....... ... ... .. 137
6.7  Conclusions. . .. ... .. ... 139
References . ......... ... .. . . . . . 139

7 Laser Interactions for the Synthesis and In Situ Diagnostics
of Nanomaterials . .. ... ... ... ... .. ... .. ... ... . ........ 143
David B. Geohegan, Alex A. Puretzky, Mina Yoon, Gyula Eres,
Chris Rouleau, Kai Xiao, Jeremy Jackson, Jason Readle,
Murari Regmi, Norbert Thonnard, Gerd Duscher, Matt Chisholm
and Karren More

7.1 Introduction. . ... .. .. .. ... 143
7.2 Cluster and Nanoparticle Growth in Pulsed
Laser Vaporization . . .. ............ ... .. ui.... 145
7.3  Characterization and Modeling of Ultrasmall
Nanoparticle “Building Blocks”. ... ... ... ... ... ..... 147
7.4  Carbon Nanostructure Synthesis in Laser Vaporization . . . . .. 150
7.4.1 Fullerenes . ........... ... ... 150
7.4.2  Single-Wall Carbon Nanotubes . ............... 151
7.4.3  Single-Wall Carbon Nanohorns . ............... 153

7.5  Laser Diagnostics of Single-Wall Carbon Nanotube
Growth by Chemical Vapor Deposition. . . .............. 154


http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_5#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_6
http://dx.doi.org/10.1007/978-3-319-02898-9_6
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec13
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec13
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec14
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec14
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec15
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec15
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec15
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec16
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Sec16
http://dx.doi.org/10.1007/978-3-319-02898-9_6#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_7
http://dx.doi.org/10.1007/978-3-319-02898-9_7
http://dx.doi.org/10.1007/978-3-319-02898-9_7
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec8

Contents

7.6 Graphene and Beyond: Laser Processing for 2D
Layered Materials. . . . ......... .. ... . . . . ...
7.6.1  Mechanical and Chemical Exfoliation Methods
and Laser Processing . ............ ... ... ....
7.6.2  Laser Interactions in the Synthesis
and Characterization of Graphene
and other 2D Nanosheets. . . . .................
T Summary. . ...
References ... ... ... . . .

Laser-Mediated Nanoparticle Synthesis and Self-Assembling . . . .
Paolo M. Ossi, Nisha R. Agarwal, Enza Fazio, Fortunato Neri
and Sebastiano Trusso
8.1 Introduction.......... ... ... .. ... ...
8.2 Propagation of an Ablation Plasma Through

an Ambient Gas. . . ... ...
8.3  Synthesis of Nanoparticles in the Expanding Plasma. . . .. ...
8.4  Nanoparticle Self-Assembling on a Substrate

and Film Growth . .. ... ... ... ... ... ... ... ... ...,
8.5  Nanoparticle Production Via Pulsed Laser

Ablationin Liquid . .. ..... .. .. .. .. .. .. ...
8.6  Nanoparticle Synthesis Using fs Laser Pulses. . . ..........
8.7  Nanoparticle-Assembled Surfaces with Directed

Artificial Roughness: Selected Applications. . ... .........
8.8  Conclusions and Perspectives. . . . ....................
References ... ... ... . .

Nano-cluster Assembled Films, Produced by Pulsed Laser
Deposition, for Catalysis and the Photocatalysis. . . ... ........
A. Miotello and N. Patel
9.1 Introduction. ........... ... ...
9.2 Cobalt NPs Produced by PLD for Hydrolysis
of Chemical Hydrides . . . .......... ... .. ..........
9.2.1 Co NPs Embedded in B-Matrix
Film (Co-NP-B-MA). ... .. ... . ... . .......
9.2.2  Co-NP-B-MA Nano-catalyst Supported Over
Rough Carbon Films. . . ........ ... ... ... ....
9.3  Co-oxide NPs Produced by PLD for Photocatalysis
Application . .. ... . .
9.3.1 Co304 NPs Assembled Coating Photocatalyst . . . . ..
9.4  Conclusions. . .. ...
References . ......... ... ... . . ..


http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Sec12
http://dx.doi.org/10.1007/978-3-319-02898-9_7#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_8
http://dx.doi.org/10.1007/978-3-319-02898-9_8
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_8#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_9
http://dx.doi.org/10.1007/978-3-319-02898-9_9
http://dx.doi.org/10.1007/978-3-319-02898-9_9
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_9#Bib1

Contents xi

10 Multifunctional Oxides Obtained by PLD: Applications

11

12

as Ferroelectric and Piezoelectric Materials. . . . ... .......... 227
N. D. Scarisoreanu, Maria Dinescu and F. Craciun
10.1 Introduction. . ... ........ ... ... ... 228
10.2 Relaxor Ferroelectric PLZT Thin Films. . .. .. ... ........ 232
10.2.1 PLZT 9/65/35 Thin Films . . .................. 232
10.2.2 PLZT 22/20/80 Thin Films . .................. 236
10.3 Relaxor Ferroelectric PMN-PT Thin Films . ............. 243
104 Lead-Free SBN Thin Films . . .. ... .................. 247
10.5 Lead-Free Ferroelectric NBT-BT Thin Films. . ... ........ 258
10,6 ConCluSionS . . . ..ot v it 263
10.7  Perspectives. . . .. v v vt 264
References . .. ... .. . . . . . . ... 266

Biomaterial Thin Films by Soft Pulsed Laser Technologies

for Biomedical Applications . .. ......................... 271
Ion N. Mihailescu, Adriana Bigi, Eniko Gyorgy, Carmen Ristoscu,

Felix Sima and Ebru Toksoy Oner

11.1 Introduction. ... ...... ... ... ... 272
112 MAPLE Set-up. . . . ... e 273
11.3 MAPLE Layers for DDS. . . ... ... .. .. ... .. ...... 275
11.3.1 Bisphosphonate—-Hydroxyapatite Thin Films. . . ... .. 275
1132 RNase A. ... ... . . 277
1133 Levan .. ...t e e 282
11.4 MAPLE Layers for BS . . ... ... ... ... ... ... ... .... 285
1141 IgG. . oo 285
11.5 MAPLE Layers for BCI .. ....... ... .. .. ... ... ... 287
11.5.1 Magnesium and Strontium Doped Octacalcium
Phosphate Thin Films . . ... ........ ... ... .... 287
11.6 ConcClusions . . . . ... i ittt e 290
References . ... ... ... . 290
MAPLE and MALDI: Theory and Experiments . ............ 295
Anna Paola Caricato
12.1 Introduction. ... ... ... ... ... ..t 295
12.2 MALDI: Basic Principles and Applications . . ... ......... 297
12.3 MAPLE: Basic Principles . .. ....... ... .. ... ... ... 299
12.4 MAPLE: Applications and Influence of Deposition
Parameters. . . ......... .. ... . L i 304
12.4.1 Polymer Film Deposition. . ... ................ 305
12.4.2 Maple Deposition of Bilayer Polymeric Structures . . . 306

12.4.3 Organic Materials, Active Protein and Bioactive
Thin Films. . . ... ... .. ... . .. . . . .. 308


http://dx.doi.org/10.1007/978-3-319-02898-9_10
http://dx.doi.org/10.1007/978-3-319-02898-9_10
http://dx.doi.org/10.1007/978-3-319-02898-9_10
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_10#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_11
http://dx.doi.org/10.1007/978-3-319-02898-9_11
http://dx.doi.org/10.1007/978-3-319-02898-9_11
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_11#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_12
http://dx.doi.org/10.1007/978-3-319-02898-9_12
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec7

Xii

13

14

15

Contents

12.4.4 Influence of Deposition Parameters. . . ...........
12.4.5 Deposition of Colloidal Nanoparticles/Nanorods. . . . .
12.5 DiSCUSSION . « . v v ittt e e e
126 ConClusions . . . . ..o vttt
References ... ... ... ..

Laser Nanofabrication of Soft Matter . . . . .................
Marta Castillejo, Tiberio A. Ezquerra, Mohamed Oujja
and Esther Rebollar
13.1 Soft Matter .. ....... ... ...
13.2 Laser Nanofabrication. . .. .......... ... ... ... ......
13.3 Laser Induced Periodic Surface Structures
of Thin Polymer Films . ... ........ .. .. .. .. .. ... ...
13.3.1 LIPSS Formation and Mechanisms. .. ...........
13.3.2 Application of LIPSS Polymer Substrates
for Surface Enhanced Raman Spectroscopy . . ... ...
13.4 Laser Foaming of Biopolymer Films. . ... ..............
13.4.1 The Role of Wavelength and Pulse Duration
in Laser Foaming . . . ....... ... ... ... .......
13.4.2 Cell Culture on Laser Foamed Biopolymer Films. . . .
13.5 Conclusions. . .......... .
References . ......... . ... . . . ... . ...

Industrial Applications of Laser-Material Interactions

for Coating Formation . . . ... ... ... ... ... ... ... .......

Peter Schaaf and Daniel Hoche

14.1 Introduction. .......... ... ... .o,
14.1.1 The Free Electron Laser . . ...................
14.1.2 Direct Laser Synthesis. . . .. ..................
14.1.3 Protective Coatings and TiN .. ................

142 EXperiments. . . ... ... ... v
14.2.1 Sample Preparation and Setup . . .. .............
14.2.2 Analysis Methods. . . .......................

143 Results . ... e
14.3.1 FEL Irradiation at CW-Mode. . ... .............
14.3.2 FEL Irradiation at Pulsed Mode . . . .. ...........

144 ConClusions. . .. ..o vttt

References ... .. ... .. .

Ultrafast Laser Micro- and Nano-Processing of Glasses. . . .. ...
Koji Sugioka

15.1 Introduction. ............ ... ..
15.2 Surface Micromachining . . .. .......................


http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_12#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_13
http://dx.doi.org/10.1007/978-3-319-02898-9_13
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_13#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_14
http://dx.doi.org/10.1007/978-3-319-02898-9_14
http://dx.doi.org/10.1007/978-3-319-02898-9_14
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec9
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec10
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Sec11
http://dx.doi.org/10.1007/978-3-319-02898-9_14#Bib1
http://dx.doi.org/10.1007/978-3-319-02898-9_15
http://dx.doi.org/10.1007/978-3-319-02898-9_15
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec1
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec2
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec2

Contents xiii
15.3 Internal Modification and 3D Micro/Nanofabrication . . .. ... 362
15.3.1 Photonic Device Fabrication .................. 362

15.3.2 Microfluidic Device Fabrication. . .............. 364

15.3.3 Optofluidic Device Fabrication. . .. ............. 369

15.4 Processing by Pulse Shaping Technique . ............... 374

15.5 Summary. ... ... 376
References . .. ... ... . . . . . . e 377
Index . . ... ... 381


http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec3
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec4
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec5
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec6
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec7
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Sec8
http://dx.doi.org/10.1007/978-3-319-02898-9_15#Bib1

Contributors

Nadezhda M. Bulgakova Institute of Thermophysics SB RAS, Prosp. Lavren-
tyev, 1, Novosibirsk 630090, Russia, e-mail: nbul @itp.nsc.ru

Anna Paola Caricato Dipartimento di Matematica e Fisica “Ennio De Giorgi”,
Universita del Salento, Via Arnesano, 73100 Lecce, Italy, e-mail: Annapaola.
Caricato@le.infn.it

Marta Castillejo Instituto de Quimica Fisica Rocasolano, CSIC, Madrid, Spain,
e-mail: marta.castillejo@iqgfr.csic.es

Maria Dinescu National Institute for Lasers, Plasma and Radiation Physics,
Bucharest, Romania, e-mail: dinescum@ifin.nipne.ro

David B. Geohegan Center for Nanophase Materials Sciences and SHaRE
Facility and Materials Sciences and Technology Divisions, Oak Ridge National
Laboratory, Oak Ridge, TN 37831-6488, USA, e-mail: geohegandb@ornl.gov

Richard F. Haglund Department of Physics and Astronomy, Vanderbilt University,
Nashville, TN 37235-1807, USA, e-mail: richard.haglund@ Vanderbilt.Edu

Wolfgang Kautek Department of Physical Chemistry, University of Vienna,
Vienna, Austria, e-mail: wolfgang.kautek @univie.ac.at

Ion N. Mihailescu Lasers Department, National Institute for Lasers, Plasma and
Radiations Physics, Bucharest, Romania, e-mail: ion.mihailescu@inflpr.ro

Antonio Miotello Dipartimento di Fisica, Universita di Trento, 38100 Povo,
Trento, Italy, e-mail: miotello@science.unitn.it

Mauro Nisoli Dipartimento di Fisica, Politecnico di Milano, Milan, Italy,
e-mail: mauro.nisoli @fisi.polimi.it

Paolo M. Ossi Dipartimento di Energia, Politecnico di Milano, 20133 Milan,
Italy, e-mail: paolo.ossi@polimi.it

Juergen Reif Brandenburgische Technische Universitit, BTU Cottbus, Univer-
sitaetstrasse 1, 03046 Cottbus, Germany, e-mail: reif @tu-cottbus.de

XV



XVi Contributors

Peter Schaaf Institute of Materials Engineering and Institute of Micro- and
Nanotechnologies, Ilmenau University of Technology, Gustav-Kirchhoff-Strasse
5, 98693 Ilmenau, Germany, e-mail: peter.schaaf@tu-ilmenau.de

Koji Sugioka Laser Technology Laboratory, RIKEN, Wako, Saitama 351-0198,
Japan, e-mail: ksugioka@riken.jp

Leo V. Zhigilei Department of Materials Science and Engineering, University of
Virginia, Charlottesville, VA, USA, e-mail: 1zZ2n@virginia.edu



	Preface
	Contents
	Contributors



