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Molecular 8 The Nobel Prize in Chemistry 1999
By successively delaying the . heam - - oot ’
observation pulse in relation to !
the start pulse a "film" is
obtained of the course of the
reaction. The previously
predicted but oh so ephemeral
transition state can be identified
and characterised.
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Fig. 14, Interfi ' lation of a 4.6-fs pulse. Open circles ex- o 2 e
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A. Baltuska, Z.Wei, M.S. Pshenichnikov, D.A.Wiersma, R. Szipdcs:
"All-solid-state cavity-dumped sub-5-fs laser”,
Appl. Phys. B 65, 175-188 (1997)
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The Nobel Prize in Physics
2005

Photo: [.Reed Photo: Sears P Studio Phaoto: E.M. Schmidt

Roy J. Glauber John L. Hall Theodor W. Hansch
Prize share: 1/2 Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Physics 2005 was divided, one half awarded to
Roy ). Glauber "for his contribution to the quantum theory of
optical coherence’, the other half jointly to John L. Hall and
Theodor W. Hansch "for their contributions to the development of
laser-based precision spectroscopy, including the optical frequency
comb technique".
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Figure 3. Principles of the frequency comb technique. The upper part of the diagram shows schematically how the laser pulses
are created. The lower, left-hand diagram shows both the dependence of the pulses on time, where each pulse contains only a
few vibrations, and how the modes are distributed among different frequencies. The spectral distribution consists of @ comb of
frequencies whose separation is extremely well-defined. The zero point of the spectrum is, however, unknown and represents
adisplacement f. By means of non-linear optical techniques the frequencies of the spectrum can be doubled, as shown in the
lower, right-hand diagram. Its lowest frequency can then be compared with its original highest frequency and the displace-
mentf,_ can be determined.
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Fig. 1. Schematic of the MDC Ti:sapphire (Ti:S) ring
laser. The pump beam is focused with a 40-mm lens
onto the Ti:S erystal. M1, M3, M4, chirped mirrors; M2,
chirped dichroic mirror. The radius of curvature of M1
and M2 is 50 mm.
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Fig. 2. (a) Single-scan FRAC trace of the output of the
MDC Ti:sapphire laser. (b) Spectrum of the mode-locked
laser measured through a pinhole positioned at (curve b)
the center of the beam and (curves a and ¢) the half-
intensity-maximum points in the horizontal plane. In the
vertical plane no spatial chirp was observed.
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Fig. 1. Schematic diagram of the correlator used to the
measure Ar. To balance dispersion in the correlator arms
precisely, we evacuate a delay section equal to the resonator
round-trip length in the long arm, a compensation plate
(CFP) is used to introduce the same amount of fused silica
into the short arm as the tube windows introduce into
the long arm, and pulse splitting and recombination are
implemented by identical broadband dielectric coatings on
opposite sides of the beam splitter. PMT, photomultiplier
tube; BBO, S-barium borate.
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Fig 2. Principle of the measurement of Ay. E, (t) and
E, .1(t) describe successive pulses from the laser. Ay —
2k can be determined from the position of the fringe peaks
on the envelope of G(7).

We thank R. Szipoes and K. Ferencz (Research
Institute for Solid State Physics, Budapest, Hungary)
for providing the special dispersive mirrors used in
the Ti:sapphire laser. This research was supported
by Fonds zur Forderung der wissenschaftlichen
Forschung grants P-09710 and P-10409, and by
Osterreichische Nationalbank grants 5335 and 5124.
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=250 nm

Diffraction limits the resolution

~550 nm

of light microscopy

10 pm

and the diffraction limit

Duftraction limit
L]
1 pm i 100 nm
i

Sizes of various biological entities

10nm 1nmiA

The vimentin network of a neuron is revealed by confocal
(outer) and nanoscale-resolution STED (inner part)
modalities. The STED image shows single filaments that
appear in the confocal reference as blurs. (STED recording
described in D.E. Wildanger et al., Opt. Exp., 16, 9614
—9621 [2008]; image courtesy of Stefan W. Hell)
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Scientific Background on the Nobel Prize in Chemistry 2014

SUPER-RESOLVED FLUORESCENCE MICROSCOPY
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nanometer for nanometer, yields an image with a resolution

evelnped the stimulated emission depletion (STED)

microscopy method in 2000, which uses two laser
beams—one stimulates fluorescent molecules to glow while
another cancels out all fluorescence, except for that in a
nanometer-sized volume. Scanning over the sample,

A Diffraction limits the r

of light microscopy

B Sizes of various biological entities
and the diffraction limit
Dittraction Menil
10 um 1pm 100nm 10 nm |n_m|_A

better than the diffraction limit.

Figure 1: (Huang et al., 2010, Cell, 143, 1047 — 57). A: (left) Focused laser beam, (middle)
structure, (right) resolved (A) and not resolved (B) structural features. B: from left to right

mammalian cell, E. coli cell, mitochondrion, influenza virus, ribosome, GFP, thymine.

The vimentin network of a neuron is revealed by confocal
(outer) and nanoscale-resolution STED (inner part)
modalities. The STED image shows single filaments that
appear in the confocal reference as blurs. (STED recording
described in D.E. Wildanger et al., Opt. Exp., 16, 9614
—9621 [2008]; image courtesy of Stefan W. Hell)
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ICTP Winter College on Biophotonics,
10-21 February 2003: report

The Abdus Salam International Center for Theoretical
Physics (ICTP) organizes every year the Winter College on
subjects relevant to Optics.

A view of the Abdus Salam Center for Theoretical Physics, Miramare.
Trieste, Italy (ICTP) where the Winter College 2003 took place

In particular, the following lecturers were delivering
specific  talks: K. Berg-Sorensen (Niels Bohr Inst,
Copenhagen, Denmark); V. Croquette (Ecdle Normale
Superieure, Paris, France): C. Depeursinge (EPFL,
Lausanne. Switzerland); A. Falaschi (Trie taly). P.
French (Imperial College, London, U.K.)“Ma,\_
Planck-Institute for Biophysical Chemistry, —Gottingen.,
Germany); M. S.Z. Kellermayer (Pecs Univ., Hungary); B.
Kemper (Univ. Miinster, Germany ). V. Lakshminarayanan

(Univ. of Missouri, St. Louis, USA); O.E. Martinez (Univ.
de Buenos Aires, Argentina); R. Marzari (Univ. di Trieste,
Italy). A. Oraevsky (Umv. Texas, Houston, USA). U,
Osterberg (Thayer School of Eng. Hanover, USA): F.S.
Pavone (Univ. di Firenze, Italy); C. Sheppard (Univ. of
Sydney, Australia); G. Von Bally (Univ. Miinster,
Germany).

The lectures covered a broad scope of subjects:
Introduction and elements of cell biology, manipulations of
biological units, microscopy. optical sources, imaging,
metrology, tomography and laser safety.

Directors and lecturers observed that the contributions by
the participants during the discussions and in the LAMP-
Workshops lived up to the high international standard for
which ICTP Colleges are known. It was especially apparent
that interest and enthusiasm for interdisciplinary research in
emerging areas like biophotonics is not restricted to the
industrialized countries but 1t 1s also evident in the so-called
“developing countries™ and that this activity can contribute
to reducing the technological gap among nations.

The program of the Winter College wa ded-b
ICO/ICTP Prize ceremony, at which Qr. Roébert Szipiics
from the Research Institute for Solid State Physics and
Optics, Budapest, Hungary, was awarded the 2003 prize (see
also this ICO Newsletter issue). During this occasion, the
winner of the 2002 prize, Dr. Alphan Sennaroglu from Roc
University, Department of Physics, Istanbul, Turkey. was
also honored for his scientific contributions to the
development of solid-state lasers for ultrashort pulse
generation and associated power optimization studies. The
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INndeX mEnrmms
BELFOLD KOULFOLD GAZDASAG TECH TUDOMANY KULT SPORT VELEMENY VIDED

Magyaré lehet a fizikai Nobel-dij?

A& Science Watch nevii oldal évrdl évre osszeallitja a Mobel-dij-esélyes kutaték listajat a kilonbozd
témak felkapotisaga, és a vele foglalkozd kutatok idézettségi indexe alapjan. A fizikai Mobel-dijra
szamitasaik szerint 2015-ben egy Németorszaghan &ld magyar kutatd, Krausz Ferenc, a mincheni
Ludwig Maximilians Egyetem kisérleti fizikai tanszékénak vezetdje és a Max Planck Kvantumfizikai
Intézet igazgatoja is esélyes. Holtversenyben elsdnek szerepel a listan Paul B, Corkum kanadai
kutatoval kdzdsen. Az oldal szerint az attofizika kifejlesztéséért erdemelnének dijat.
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Compression of high-energy laser pulses below 5 fs

M. Nisoli, S. De Silvestri, and O. Svelto

Centro di Elettronica Quantistica e Strumentazione Elettronica— Consiglio Nazionale delle Ricerche, Dipartimento di Fisica,
Falitecnico, Piazza L. da Vinci 32, 20133 Milano, Italy

R. Szipocs and K. Ferencz

Szilardtesifizikai Kutatdintézet, Pf. 49, H-1525 Budapest, Hungary

Ch. Spielmann, S. Sartania, and F. Krausz

Abteilung Quantenelektronik und Lasertechnik, Technische Universitdt Wien, Gusshausstrasse 27, A-1040 Wien, Austria

Received October 25, 1996

High-energy 20-fz pulses generated by a Tizapphire laser system were spectrally broadened to more than
250 nm by self-phase modulation in a hollow fiber filled with noble gases and subsequently compressed in
a broadband high-throughput dispersive system. Pulses as short as 4.5 fs with energy up to 20-up.J were
obtained with krypton, while pulses as short as 5 fs with energy up to 70 wJ were obtained with argon. These
pulses are, to our knowledge, the shortest generated to date at multigigawatt peak powers, @ 1997 Optical

Society of America
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Fig. 2. (a) Spectral broadening in krypton at p = 2.1 bars
and P, = 2GW. A low-intensity pedestal (—1% of the
peak) extends below 600 nm. (b) Measured (solid curve)
and calculated (crosses) autocorrelation trace; an evalua-
tion of the pulse duration (FWHM) is also given.
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SPIE Photonics Wes

BOOTH NUMBER: 8109
R&D ULTRAFAST LASERS LTD.

Company Description

Featured Product: Dual wavelength fs laser system for 3D CARS imaging including
tunable Ti.sapphire and Yb fiber laser

Manufacturer of single or double wavelength ultrafast laser systems including ultrashort
(ps or fs) pulse, ultrabroadband or broadly tunable Ti:sapphire lasers, Yb-doped fiber
lasers, amplifiers and optical parametric oscillators. Their typical applications include
time resolved or CARS spectroscopy or nonlinear (2P, SHG or SRS/CARS) microscopy.
Manufacturer of ultrafast laser optical coatings including different dispersive mirrors such
as chirped mirrars. Complete laser laboratory construction.
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= Europhoton Conference, Neuchatel CH, August 2014
+ On the Cover page of Experimental Dermatology, August 2014
& Mourou® 70 Conference, Michigan USA, June 2014
o CARS imaging system installed at University of Szeged HU, June 2014
o IBRO 2014 Debrecen HU
» Innotrends 2013 Budapest HU
> Optics in the Life Sciences 2013 Hawaii USA
o Ultrafast Optics Conference 2013 Davos CH
< BIOS SPIE Photonics West 2013 San Francisco
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SPIE Photonics West

Company Description

Featured Product: Dual wavelength fs laser system for 3D CARS imaging including
tunable Ti.sapphire and Yb fiber laser

Manufacturer of single or double wavelength ultrafast laser systems including ultrashort
(ps or fs) pulse, ultrabroadband or broadly tunable Ti:sapphire lasers, Yb-doped fiber
lasers, amplifiers and optical parametric oscillators. Their typical applications include
time resolved or CARS spectroscopy or nonlinear (2P, SHG or SRS/CARS) microscopy.
Manufacturer of ultrafast laser optical coatings including different dispersive mirrors such
as chirped mirrors. Complete laser laboratory construction.

H-1012 Budapest, Attila str. 73, HUNGARY Phone/Fax: +36 (1) 392 2582
www.fslasers.com [.SZipocs(@szipocs.com
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FemtoRose 100 TUN Compact/NoTouch (TM)

— hangolasi tartomany 6201050 nm

— szabadalmaztatott ultraszélessavi csarpdlt tOkor
(UBCM) technologia

— beépitett, mikroszkopbdl vezérelhetd fényzar
(shutter)

— szamitogéprol vagy mikroszkopbol vezérelhetd
hullamhossz-beallitas

— teljesen automatizalt, .hands free” mikodés

— Carl Zeiss mikroszkop (ZEN szoftver)
kompatibilitas

— beépitett pumpa |&zer

—teljesen zart dobozolés, kirnyezeti hatasoktal
mentes mikidés

Egyeéb kapcsolodo termekeink, szolgaltatasaink:

— ionosan poriasziott, kis diszperzioju vagy
diszperzidkompenzald tikrok

— komplett lezerlaboratoriumok kiépitése

— szaktanacsadas, konzuhtacia

— femtoszekundumos leézerrendszersk
szervizelése, karbantartasa
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Fig. 2.24. Absorption and fluorescence
spectra of the Ti** ion in Al,O3 (sap-
phire) [2.165]

Table 2.12. Laser parameters of Ti: Al O3

Index of refraction ; n= 176
Fluorescent lifetime T=3.2us
Fluorescent linewidth (FWHM) AN ~ 180 nm
Peak emission wavelength Ap ~ 790 nm

Peak stimulated emission cross section
parallel to c axis oy ~ 4.1 x 10719 cm?

perpendicular to ¢ axis opL ~ 2.0 X 10719 cm?

Stimulated emission cross section
at 0.795 pum (|| ¢ axis)

Quantum efficiency of

converting a 0.53 um pump photon

into an inverted site ngQ ~ 1

o =2.8 x 1071 cm?

Saturation fluence at 0.795 pum
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Fig. 2.26. Abgbrption and emission
spectra of Cr: LiSAF

Table 2.13. Comparison of relevant laser parameters for Cr:LiSAF and Ti:Sapphire

Cr:LiSAF Ti:Sapphire

Peak wavelength [nm) 850 790
Linewidth [nm] 180 230
Emission cross section [10~'%cem?] 0.5 4.1
Fluorescence lifetime [us) 67 3.2
Refractive Index 1.41 1.76
Scattering loss [cm ™! ] 0.002 0

Table 2.14. Comparison of thermal and physical properties of LiSAF and glass

Cr:LiSAF Glass

Thermal shock resistance [W/m'/2] ~ 0.4 ~ 0.4
Fracture strength [kg/mm? 39 5
Thermal expansion coefficient (x 10-5/°C 22 11.4
Young's modulus [Gpa] 100 50
Microhardness [kg/mm?] 197 ~ 500
Fracture toughness [MPam'/2] 0.4 0.45

Thermal conductivity [Wm—!K—1] 3.00 0.62
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Fig.9.1a,b. Signal of a non-mudL-ic«_ked laser. In the frequency domain (a) the intensities (1) of the
modes have a Rayleigh distribution about the Gaussian mean and the phases are randomly distributed.

In the time domain (b) the intensity has the characteristic of thermal noise
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Fig.9.2a,b. Signal structure of an ideally mode-locked laser. The spectral intensities (a) have a
Gaussian distribution, while the spectral phases are identically zero. In the time domain (b) the

signal is a transform-limited Gaussian pulse
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Figura L. Optical pulse propagation through a dispersive medium’ a
frequency-depandent group delay leads to & pulse broadening and to
a carrier frequency sweep.
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Fig. 3. Computed group delay as a function of wave-
length (solid curve) together with experimental data
(squares) for the multilayer design of Fig. 1. Note that
the absolute delay could not be measured; therefore a
wavelength-independent constant delay was added to the
measured relative data.
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Fligura 3. Curve {(a}: calculated reflectivity of chirped mirrors
described in tha text. The reflectivity is somewhat less (=
99.5%) in reality due to scattering losses not included in the
caiculations. Curves (b} and {c): calculated GDD of chirped
mirrors designed for GDD and TOD compensation, respective-
ly. The squares and triangles represent measured data points
obtained with spectrally-resolved®® and conventionall® white-
light interferometry, respectively.
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Femtosecond Dispersive
and Broadband Optics by IBS technology

® Chirped mirrors (CM)

e |ow dispersion ripple, highly dispersive
negative dispersion mirrors (MCGT]I)

* Ultrabroadband chirped mirrors (UBCM)

H-1012 Budapest, Attila str. 73, HUNGARY Phone/Fax: +36 (1) 392 2582
www.fslasers.com [.SZipocs(@szipocs.com
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Fig. 1. Spectrally resolved white-light interferometer for

group-delay measurement of dielectric mirrors. L, Ls.

achromatic lenses; 3,, 3s, slits; Mg, sample mirror; Mg,
reference mirror; (&, transmission grating.

-

,%0- i X

341@8

IC@0 M

b %
! I °¢o¢+
b b¢¢° -I-d-
— o
o) ¥ -
= . u;I b,c,d ¢o° -
& -
> e +
z ¥ R +d*
H ; ooé ¥
A < £
o @ ch
& *
=] °® a
o - "
[ %
-+
o ++++++ c
+::‘66‘AA&A‘A&B&&#AAdzrhaéﬁadé
9=“=“====“=““Er=l£'_u,5.5_2.9rum.n.n1
670 720 770 820 870

WAVELENGTH (nm)

Fig. 4. Measured group-delay functions obtained by
computer processing of the images shown in Fig. 8 (every
fifth point is plotted). The curves correspond to a single
reflection. Inset: four-reflection arrangement used for
measuring curves b—d.
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Ultrabroadband chirped mirrors for femtosecond lasers

E. ]. Mayer, ]. Mdbius, A. Euteneuer, and W. W. Riihle

Department of Physics, Philipps University, Renthof 5, D-35032 Marburg, Germany

R. Szipdcs

R&D Lézer-Optika Bt., P.O. Box 622, H-1339 Budapest, Hungary

Received November 25, 1996
We report on the performance of widely tunable femtosecond and continuous-wave Ti:sapphire lasers that
use a newly developed ultrabroadband mirror set. The mirrors exhibit high reflectivity (R > 99%) and
smooth variation of group delay versus frequency over a wavelength range from 660 to 1060 nm. Mode-locked
operation with pulse durations of 85 fs was achieved from 693 to 978 nm with only one set of ultrabroadband
mirrors. © 1997 Optical Society of America
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e Stable, easy mode-locking (with starter electronics)

e Soliton-like, nearly transform-limited pulses

e Patented Ultrabroadband Chirped Mirror™ optics
— single optics set from 680 to 1040 nm

e Built in Millennia™ / Verdi™ / Finesse™ pumping
(6W, 8W, 10W) — diode-pumped stability

e Sealed, purgeable enclosure

— reliability, full wavelength coverage
e 15 years of experience
e Labview interface program

e Turn-key, truly hands-off operation (automatic cavity
control)
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CARS CARS-delayed CARS-detuned

White Fig. 3 CARS-images of murine
Fat white adipose tissue.
Tissue
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{ Cross-section of the skin }
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In 2012, a novel, cost efficient CARS imaging setup was
developed at Wigner RCP of HAS (Csati, 2012), which was used
for label-free, 3D microscopic imaging of different biological
samples, such as white adipose tissue (Kolonics, 2012). A
commercial version of the prototype CARS system at Wigner RCP
has been constructed and built for the University of Szeged (USZ)
by the end of 2012 by the R&D Ultrafast Laser Ltd in
collaboration with Carl Zeiss Jena. The CARS imaging system
comprises a femtosecond pulse, tunable Ti:sapphire laser (R&D),
an inherently synchronized two-stage Yb-fiber amplifier unit
(R&D), a CARS Unit (R&D) and a CARS-upgraded version (Wigner)
of Axio Examiner LSM 7 MP microscope (Carl Zeiss). Using this
commercial setup, researchers at USZ (Molnar G) and Wigner Figure 1. CARS image of myelin fibers in
RCP (Szipdcs R) have demonstrated that this novel CARS-imaging ;F:Epa:';?;t; mlter oF Wk g
setup allows for label free imaging of the brain (Figure 1.). For )
instance, tuning their CARS setup to CH; vibration of myelin lipids, they could record high quality 3D
CARS images of the myelin. Since myelin loss and axonal degeneration are the pathological hallmarks
of several inherited and acquired neurological disorders, a method that allows simultaneous
visualization of the two inter-related processes in live tissues may have great research utility. Such
method had not been available prior to the introduction of the CARS system.
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= HUNGARIAN BRAIN RESEARCH PROGRAM
- NEMZETI AGYKUTATASI PROGRAM
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The confocal
microscope
illuminates a portion
of skin with the
point source of light
and detects the
reflected light
through a pinhole.

Lucid's non-invasive
VivaScope confocal
microscopes provide

cellular resolution images
to help identify various
skin conditions.

OPM November 2007 |
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Given that this
imaging form lets
physicians look
into tissue in vivo
without any of the
processing that is
done in the pathology
lab, confocal imaging
may well reveal new
skin features that
cannot be directly
correlated to the
pathology.
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(Top) A benign mole
viewed from (left)
the skin’s surface at
visible wavelengths,
(center) at a depth
of 10 um and (right)
at 161 um with
infrared confocal
microscopy.
(Bottom) Malignant
melanoma at (left)
surface level in
visible light, (center)
at a depth of 35 um
and (right) at 95 um
with confocal
microscopy.
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SHG images Collagen AutoFluo Elastin

Fiber aspect: filiform versus amorphous

Fiber aspect: filiform versus amorphous

Fiber spread: straight versus curled Fiber spread: straight versus curled

Image homogensity: homogenecus versus inhomogiilloualot brightness: bright versus palish

Figure 1. Optical slices obtained by multiphoton laser tomography of
the superficial dermis depicting the category characteristics. Left side:
second harmonics generation images depicting dermal collagen. Right
side: autofluorescence images depicting dermal elastin. Edge length is
about 0.2 mm.

8B, 8.

/

)

*

Keratinized [ ¢ B
dead skin —
cells N
More
differentiated
skin cel
Epidermal _| jRigak
cells
Precursor
skin cells
Basal
lamina
Loose
connective—|
tissue
Red blood
cells
Blood \Eollagen
capillary ibers
[moh Proteoglycans
capillary Fibroblast
*C, C>8.J 0 PLO



5 PI Coroorate
Member

R&D ULTRAFAST LASERS LTD.

5 $: % &% O: [; : 73>,

1
250 }  =e
Keratin NAD(PH
20 =
5
a
g
=
]
<]
5
" 720 745 780 THC B0C 820 843 8 T20 740 TH: THC 800 820 840 850 850
Excitation wavelangth / nm Excilation wavalsngth / nm
= =
D 20
a1 r
=
F
=
a
a
0
Melznin Collagen
720 743 TEO THO 800 820 540 860 280 T2 7407 307 520 240 850 832

Excitation wave angth / nm Exciiation wavewlngin / nm

Fig. & Signal imensitics of main fleorophores of heman skin in dependence of excitation
wavelength derived from Fig. 3 - Fig. &

841-&'()*& +(,) Q

‘8B, 8 ) *, *C, C>38.J 0 PLO



SPIE
R&D ULTRAFAST LASERS LTD. RﬂD

D /0O 'W: @@ %&/0$/08 % <

5 & 8 @8 8 :-



6 8@ /
$



6 8:@ /8
8 % 9

() K8 3E6'" O

% C DE



E&), 010/ &+,+ ).B 9(8/

;0 80™*=+D.* ;,; @ 89T W UY®%*8,;, &A& "

& :0:;U88%: %

8 " % 8 @ "/ " 0 08B



E&), 010/ &+,+ ).B 9(8/



E&), )10/ &++ )
18 (,0 ) &(/")



E&), )10/ &++ )
18 (,0 ) &(/")



%6,20 EN &), ()10/ &+,+ )
18 (,0 ) &(/")

#S# $% &'$
P () %*+ $% $



