
Wigner RCP and the ELI Project 

Róbert Szipőcs
szipocs.robert@wigner.mta.hu

HEPTech Academia 

Industry Matching Event on High Energy Lasers 

12-13 November 2014, Hamburg, GERMANY

WIGNER Research Centre for Physics

Budapest, HUNGARY



OUTLINE
_________________________________________________________________

� Introducing Wigner RCP

� Past

Proposal for attosecond light pulse generation using HHG in rare gases

Inventing chirped mirrors, MDC Ti:sapphire oscillators (with TU Wien)
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Wigner RCP and the ELI Project

� Institute for Particle and Nuclear Physics

� Institute for Solid State Physics and Optics



PAST: Proposal for attosecond light pulse generation using 
HHG in rare gases

_________________________________________________
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Gy. Farkas and Cs. Tóth, Physics Letters A 168, 447-450 (1992)
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Gy. Farkas and Cs. Tóth, Physics Letters A 168, 447-450 (1992)



R. Szipőcs, K. Ferencz, Ch. Spielmann, F. Krausz, Opt. Lett. 19, pp. 201-203 (1994)

R. Szipőcs, F. Krausz: Dispersive dielectric mirror; U. S. Pat. No.: 5,734,503 (1993)

PAST: INVENTING CHIRPED MIRRORS IN 1993 (Wigner RCP / TU Wien)

THE SOLUTION FOR ULTRAFAST SOLID STATE LASERS

_________________________________________________

Wigner RCP and the ELI Project - PAST



MIRROR DISPERSION CONTROLLED Ti:SAPPHIRE LASER

________________________________________________

A.Stingl, Ch. Spielmann, F. Krausz, R. Szipőcs, Opt. Lett. 19, pp. 204-206 (1994)

R. Szipőcs, F. Krausz: U. S. Pat. No.: 5,734,503 (1993)

LINEAR CAVITY

☺ Highly stable femtosecond pulses with duration of  ~ 11fs 

Wigner RCP and the ELI Project - PAST



DISPERSIVE MIRRORS, CHARACTERIZATION: 

WHITE LIGHT INTERFEROMETRY
__________________________________________________________________________

A.P. Kovács, K. Osvay, Zs. Bor, R. Szipőcs, Opt. Lett. 20, 788-790 (1995)

(a) Low dispersion sample (linear phase shift)

(b) Chirped mirror sample (quatratic phase shift)

(c) Gires-Tournois Intereferometer mirror (cubic phase shift)

(d) (c)+(d)

Wigner RCP and the ELI Project - PAST



MIRROR DISPERSION CONTROLLED Ti:SAPPHIRE LASER

________________________________________________

Lin Xu, Christian Spielmann, Ferenc Krausz and Róbert Szipőcs, Opt. Lett. 21, pp. 1259-1261 (1996)

RING CAVITY

☺ Highly stable femtosecond pulses with duration of ~7.5 fs 

Wigner RCP and the ELI Project - PAST



Route to phase control of ultrashort light pulses (TU Wien)

________________________________________________

Lin Xu, Christian Spielmann, Ferenc Krausz and Robert Szipőcs, Opt. Lett. 21, pp. 1259-1261 (1996)

L. Xu, Ch. Spielmann, A. Poppe, T. Brabec, F. Krausz and T. W. Hansch, Opt. Lett. 21, 2008-2011 (1996)

Wigner RCP and the ELI Project - PAST



Ultrabroadband chirped mirrors for ultrafast lasers

________________________________________________

Wigner RCP and the ELI Project - PAST

E.J. Mayer, J. Möbius, A. Euteneuer, W. Rühle, R. Szipıcs: Opt. Lett. 22, 528-530 (1997)

● The first widely tunable femtosecond pulse Ti:sapphire laser

● High reflectivity (R . 99%) and smooth variation of group delay over a

wavelength range from 660 to 1060 nm 

● Mode-locked operation from 693 to 978 nm using one set of mirrors



Compression of laser pulses down to 4.6 fs

________________________________________________

Wigner RCP and the ELI Project - PAST



Compression of high-energy laser pulses below 5 fs

________________________________________________

Wigner RCP and the ELI Project - PAST



Wigner RCP and the ELI Project - PRESENT

Wigner RCP and ELI-ALPS
The HELIOS program in Budapest (A. Czitrovszky):

Attosecond pulse generaton, optical thin films, metrology
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The HELIOS program in Budapest (A. Czitrovszky):

Attosecond pulse generaton, optical thin films, metrology

________________________________________________
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Integrated ultrafast laboratory (HELIOS lab)

________________________________________________

INFRASTRUCTURE

• 1 kHz / 4 mJ / 30 fs Ti:S amplifier

• commercial optical parametric amplifier covering 300-15000 nm with fs pulses

• XUV spectrometer

• time-of-flight electron spectrometer 

APPLICATIONS

• Ultrafast plasmonics

• Pump-probe experiments on functional molecules (e.g. light harvesting)

• Femtosecond metrology (damage threshold and monitoring etc.)

• High harmonic generation on clusters
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Integrated ultrafast laboratory (HELIOS lab)

________________________________________________

Vacuum chamber for HHG



Wigner RCP and the ELI Project - PRESENT

Integrated ultrafast laboratory (HELIOS lab)

________________________________________________

Damage threshold measurements
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Integrated ultrafast laboratory (HELIOS lab)

________________________________________________

ZYGO 7100 interferometer
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Strong-field physics @ WIGNER

________________________________________________

PAST:

Strong-field and attosecond physics traditions

Group of Győző FARKAS (from 1970s on)

First proposal on atto pulse generation  (1992)

PRESENT:

Strong-field ultrafast electron phenomena on the nanoscale

Group of Péter DOMBI
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Strong-field ultrafast electron phenomena on the 
nanoscale

________________________________________________



Wigner RCP and the ELI Project - PRESENT

Controlling electrons with plasmon resonance

________________________________________________



0 µm

115 µm

135 µm

0 µm

0 µm

Particle acceleration by fiber lasers (ICAN Project) Femtosecond pulse solid state lasers and optics (ELI/Helios Project)

LifeScience@Wigner (e.g. National Brain Research Program (NAP))

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group



Research Topics:

● Theory of photonic crystal fibers. Design, manufacturing and 

quality test of photonic crystal fibers. Applications in optical fiber 

lasers, amplifiers and 3D microscopic imaging systems.

● Damege threshold of dispersive dielectric mirrors in the > 50 ps 

and in the sub-ps time domain

● Development of femtosecond pulse solid state and fiber lasers for 

in vivo 3D nonlinear microscopy

● Double wavelength pulsed laser systems for CARS microscopy

● Applications of nonlinear microscopy in dermatology, neurology 

and pharmacology

Scientific background, present competences @ Szipıcs Group

_________________________________________________

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group



1. Várallyay Z, Saitoh K, Fekete J, Kakihara K, Koshiba M, Szipőcs R: Reversed dispersion slope photonic bandgap fibers for 

broadband dispersion control in femtosecond fiber lasers, OPTICS EXPRESS 16, 15603-15616 (2008)

2. Fekete J, Várallyay Z, Szipőcs R: Design of high bandwidth one- and two-dimensional photonic bandgap dielectric structures 

at grazing incidence of light. APPLIED OPTICS 47, 5330-5336 (2008)

3. Fekete J, Cserteg A, Szipőcs R: All-fiber, all-normal dispersion ytterbium ring oscillator, LASER PHYSICS LETTERS 6, 49-53 
(2009)

4. Várallyay Z, Saitoh K, Szabó Á, Szipőcs R: Photonic bandgap fibers with resonant structures for tailoring the dispersion, 
OPTICS EXPRESS 17, 11869-11883,(2009)

5. Antal P, Szipőcs R: Tunable, low-repetition-rate, cost-efficient femtosecond Ti:sapphire laser for nonlinear microscopy,
APPL. PHYS. B107, 17–22 (2012)

6. Antal P, Szipőcs R: Relation between group delay, energy storage and loss in dispersive dielectric mirrors, CHINESE OPTICS 

LETTERS 10, 053101/1-4  (2012)

7. P. Bognár, D. Haluszka, N. Wikonkál, A. Kolonics, R. Szipőcs, S. Kárpáti, Reduced Inflammatory Threshold Indicates Skin 

Barrier Defect in Transglutaminase 3 Knockout Mice, J. INVESTIGATIVE DERMATOLGY 134, 105-111 (2014)

8. Grósz T, Kovács AP, Kiss M, Szipocs R, Measurement of higher order chromatic dispersion in a photonic bandgap fiber: 
Comparative study of spectral interferometric methods, APPLIED OPTICS 53, 1929-1937 (2014)

9. Kolonics A, Csiszovszki Zs, Tőke ER, Lőrincz O, Haluszka D, Szipőcs R, In vivo study of targeted nanomedicine delivery into 

Langerhans cells by multiphoton laser scanning microscopy, EXPERIMENTAL DERMATOLOGY 23, 596-605 (2014)

10. Toke ER, Lorincz O, Csiszovszki Z, Somogyi E, Felföldi G, Molnár L, Szipőcs R, Kolonics A, Malissen B, Lori F, Trocio J, 
Bakare N, Horkay F, Romani N, Tripp CH, Stoitzner P, Lisziewicz J, Exploitation of Langerhans cells for in vivo DNA vaccine 

delivery into the lymph nodes, GENE THERAPY 21, 566-574.(2014)

11. Várallyay Z, Szipőcs R, Stored Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers, IEEE 

JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS 20, 0904206/1-6 (2014)

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group

Recent publications

_________________________________________________
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Infrastructure – nonlinear microscopy

_________________________________________________

LSM 7MP (Carl Zeiss)
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Infrastructure – laboratory for optical fibers



Lasers source: 2-36 MHz pulsed Yb-fiber laser

Imaging optics: small size scanning 2P microscope

Optimized for application: low cost

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group

Collaboration with industry – nonlinear microscopy
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GROUP DELAY AND ABSORPTION LOSS IN A MULTISTACK DIELECTRIC MIRROR

____________________________________________________

substrate/ 0.6(H 2L H)9 0.5(H 2L H)9 0.42(H 2L H)9 / air

� GROUP DELAY IN REFLECTION IS PROPORTIONAL TO ABSORPTION LOSS 

� BUT WHY?
K. Ferencz, R. Szipöcs: Opt. Eng. 32, pp. 2525-2538 (1993)

Relation between group delay, energy storage and absorbed/scattered 
power in highly reflective dispersive dielectric mirror coatings



� For low loss layer structure, we get:

where τd is the so called dwell time.

For highly reflective (R~1) dispersive dielectic mirror coatings, we can write:

GROUP DELAY ON REFLECTION IN PROPORTIONAL TO THE ENERGY 
STORED IN DISPERSIVE DIELECTRIC MIRRORS!

U
Pi

R, ττττgr

T, ττττgtS

THEORY

____________________________________________________
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Antal P, Szipőcs R: Relation between group delay, energy storage and loss in dispersive dielectric mirrors 
CHINESE OPTICS LETTERS 10, 053101/1-4  (2012)

Relation between group delay, energy storage and absorbed/scattered 
power in highly reflective dispersive dielectric mirror coatings



QW STACK GTI MIRROR

HIGH-DISPERSIVE MCGTI MIRROR UBCM MIRROR

1D NUMERICAL EXAMPLES: THE REFRACTIVE INDEX PROFILES

____________________________________________________

V. Pervak, C. Teisset, A. Sugita, S. Naumov, F. Krausz, A. Apolonski, “High-dispersive mirrors for femtosecond lasers,” Opt. Exp. 16, 10220-10232 (2008).

E.J. Mayer, J. Möbius,  A. Euteneuer,  W. Rühle, R. Szipőcs, “Ultrabroadband chirped mirrors for femtosecond lasers,” Opt. Lett. 22, 528-530 (1997).

Relation between group delay, energy storage and absorbed/scattered 
power in highly reflective dispersive dielectric mirror coatings



1D NUMERICAL EXAMPLES: THE COMPUTED ENERGY DENSITY FUNCTIONS

____________________________________________________

QW STACK GTI MIRROR

HIGH-DISPERSIVE MCGTI MIRROR UBCM MIRROR

Relation between group delay, energy storage and absorbed/scattered 
power in highly reflective dispersive dielectric mirror coatings



1D NUMERICAL RESULTS:

THE COMPUTED GROUP DELAY, ENERGY STORED AND ABSORBED POWER

____________________________________________________
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For computing absorptance, a wavelength independent k = 0.0001 

extinction constant was used for both H and L layers. 

TWO ORDERS OF MAGNITUDE HIGHER ABSORPTION FOR THE    

HIGH-DISPERSIVE MCGTI  MIRROR STRUCTURE!  ����

Loss can be reduced by state of the art deposition technologies. ☺

Antal P, Szipőcs R: CHINESE OPTICS LETTERS 10, 053101/1-4  (2012)

Relation between group delay, energy storage and absorbed/scattered 
power in highly reflective dispersive dielectric mirror coatings



� Contiunity of energy flow (Poyting’s theorem):

� Stored energy (U) is volume integral of energy density u(x,y,z) in the fiber:

� The group delay (τ) for transmission is computed as

Z. Várallyay, R. Szipőcs „Stored Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers,”

IEEE J.STQE Vol. 20, No. 5, SEPTEMBER/OCTOBER (2014)

U

Pi PT, τTS

THEORY (2D) – OPTICAL FIBERS

____________________________________________________

L

Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers



NUMERICAL RESULTS – OPTICAL FIBERS

____________________________________________________

Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers

Z. Várallyay, R. Szipőcs „Stored Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers,”

IEEE J.STQE Vol. 20, No. 5, SEPTEMBER/OCTOBER (2014)



NUMERICAL RESULTS – OPTICAL FIBERS

____________________________________________________

(a)  Computed dispersion  vs.  wavelength  functions (thick lines), corresponding  confinement  losses  (thin  lines)  
and  (b)  computed  stored energy-group delay ratio (U/τ) vs. wavelength functions of  solid core PBG fibers  of  two 

differen designs  and of  two different index-guiding fibers. One of the index guiding fibers is similar to HI-1060 of Corning, 

while the second one has an 8 µm core radius. Each fiber has a unit length of 1 m and the incident power is 1W.

Z. Várallyay, R. Szipőcs „Stored Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers,”

IEEE J.STQE Vol. 20, No. 5, SEPTEMBER/OCTOBER (2014)

Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers



All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Pulse dynamics
_________________________________________________________________

� Determined by interplay between gain, self-phase modulation, dispersion
and filtering effects

� Pulse shaping is based on nonlinear polarization rotation in the fiber 
together with spectral and temporal filtering by a polarizing element

PC: polarization controller

PBS: polarizing beam splitter

ISO: isolator

Yb F: Ytterbium doped fiber

WDM: wavelength division multiplexer

SA: saturable absorber

J. Fekete, A. Cserteg, Szipőcs; All-fiber, all-normal dispersion ytterbium ring oscillator,  
Laser Physics Letters 6, 49-53, 2009

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group



Mode-locking performance
_________________________________________________________________

J. Fekete, A. Cserteg, Szipőcs; All-fiber, all-normal dispersion ytterbium ring oscillator,  
Laser Physics Letters 6, 49-53, 2009

Measured RF spectrum Measured optical spectrum and AC trace 

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group



Monitoring mode-locking performance
_________________________________________________________________

Measured radio-frequency power spectrum at around the central frequency of the all-fiber, all-
normal-dispersion Yb-fiber ring laser for different polarization settings in front of the PBS

RF spectrum is measured by a radio-frequency spectrum analyser 
(FSV3, product of Rohde&Schwarz)

� NOT PRACTICAL FOR A TURN-KEY SYSTEM!

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

Wigner RCP and the ELI Project – PRESENT
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Polarization control by electronics
_________________________________________________________________

http://www.generalphotonics.com

PolaRITE III - Mini dynamic polarization 
controller, product of General Photonics

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group



Recording of „stability maps” using SLH circuits
_________________________________________________________________

Measured signal power (left) and normalized noise power (right) as the 
function of control voltage on the polarization controllers.

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

Wigner RCP and the ELI Project – PRESENT
Competences at Szipıcs Group
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Crystal grow

________________________________________________

INFRASTRUCTURE

APPLICATIONS
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Explosion dynamics of small samples in intense and short 
x-ray pulses 

________________________________________________



SPIN OFF COMPANIES

� FEMTOLASERS GMBH. (A)

CEO: Andreas Stingl

Founded as Stingl OAG in 1994 

by Andreas Stingl, Christian Spielmann and Ferenc Krausz

� OPTILAB LTD. (HU)

CEO: Kárpát Ferencz

Founded in 1991 by Kárpát Ferencz and Róbert Szipőcs

� R&D ULTRAFAST LASERS LTD. (HU)

CEO: Róbert Szipőcs

Founded as R&D Lézer-Optika Bt.

in 1995 by Attila Kovács and Róbert Szipőcs
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FEMTOLASERS GMBH. (A)
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www.femtolasers.com
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optilab@t-online.hu
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OPTILAB LTD. (H)
_________________________________________________________________

optilab@t-online.hu

FEMTOSECOND OPTICS

- low disp., wide-band antireflective (AR) coatings

- low disp., wide-band beam splitter (BS) coating

- low disp. hig reflectors (HR)

- low disp. dichroic coatings (input coupler, IC)

- low disp. partial reflectors (output coupler, OC)

- low disp. protected silver mirrors

- low disp. protected thin BBO plates for autocorrelators (from 0.012 mm)

- thin fused silica wedges for dispersion management

- substrate diameters: from 3 mm to 101.6 mm at present

- substrate surface ROC: from +/-25 mm to +/-36000  mm at present
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www.szipocs.com

FemtoCARS
the

Label-free, 3D Microscopic Imaging System for Real-time in vivo Diagnostics
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R&D ULTRAFAST LASERS LTD. (H)
_________________________________________________________________

www.szipocs.com

FemtoCARS
the

Label-free, 3D Microscopic Imaging System for Real-time in vivo Diagnostics



FUTURE?
_________________________________________________________________

Wigner RCP and the ELI Project



THANK YOU!

Wigner RCP and the ELI Project


