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Introduction

Since the first demonstration of the laser in 1986ers have become a common
tool for engineering and scientific applicationgtiOal pulses with ultra-short duration
(<100 fs) and broad wavelength tunability are regpifor many modern studies of light-
matter interaction. Shortest pulse laser systemdased on Ti:sapphire oscillators with
Kerr lens mode-locking and are now commerciallyilabde with sub-6 fs duration and
energies about few nano-Joules. However, wavelengihbility of Kerr lens mode
locked Ti:sapphire lasers is limited to a narrowga around the fundamental or around
the second harmonic wavelength. Through the extreangoral confinement of the
light, peak power of tens GW/éntan be obtained directly from such laser systems.
Further intensity scaling is limited by optical dage and moderate nonlinear effects. To
overcome these limits, an amplification scheme ¢bame chirped pulse amplification.
(CPA) (see Fig. 1) was proposed in 1985: a tempostietched low-energy pulse is

amplified in a laser medium and subsequently recesged [1].

Resulting higl
High energy pulse energy
after amplification ultrashort
pulse
Initial Long and low powet ‘
short pulse safe for amplificatin

pulse ~ ‘
A - |

— Stretcheri Compressorf——»

Fig. 1. Principle of chirped pulse amplification proposedih Strickland and G. Mourou [1]. A
low energy initial short pulse is temporally stretd before amplification and recompressed
after amplification to avoid high peak powers ie tmplifier system.

One of the main drawbacks of this technique is thatpopulation inversion in a
laser medium leads to nonradiative processes aseé cansiderable thermal effects in
the laser crystal. Another technique for ultra-sHaser pulse amplification is optical
parametric amplification (OPA) in nonlinear crystil contrast to amplification in laser
media with population inversion, parametric ampétion originates from three-wave
mixing process inside crystal and does not inva@mergy storage in a material thereby

reducing thermal load to a minimum. Several uniguaperties, like high gain per pass,



broad amplification bandwidth and high contrasiorgive optical parametric amplifiers
a favorable edge over conventional laser amplifiemsed on media with population
inversion. The so called optical parametrical obitppulse amplification (OPCPA)
technique was proposed and demonstrated in 199%hwherged OPA and CPA
techniques advantages. In 1997 I.N. Ross et alogexp the use of OPCPA system to
amplify laser pulses to petawatt peak power lef8lsThis doctoral thesis is dedicated
for high peak power few-cycle pulse generation amplification in novel OPCPA

systems.

Main objective is to:
Generate and amplify few-cycle pulses in the imfdaregion.

Main tasks:

 To investigate possibility of few-cycle pulses aifiphtion at 800 nm in
multi-beam-pumped OPCPA;

» To explore optimal beam configuration in multipleam-pumped OPCPA,;

« To generate and amplify high peak power carrierepe-phase-stable
pulses;

« To compress and characterize infrared pulses.

Innovations of this work:
In this work we experimentally demonstrated for firet time a noncollinear

broadband multi-beam-pumped OPA @ 800 nm, basegpenl BBO crystal. Amplified
spectrum supports sub-12 fs duration, which is pdimited by experimental condition
(spatial chirp in bulk glass stretcher and usedapiphire oscillator spectrum). Also the
possibility to decrease parametric diffraction @éncy by increasing intersecting angles
of pumps was demonstrated. The performed numeriedtulations reveal that

distribution of pump beams i®—-¢-plane allows to manipulate and broaden gain

spectrum of non-collinear OPA.

New concept of hybrid type Il OPA-OPCPA/filamentatisystem for generation
of high energy carrier-envelope-phase (CEP)-stdbile-cycle pulses @ 1/m is
proposed and demonstrated. The highest energyri2® 1.5um before compression
was generated in a four-stage OPCPA system. Atsohighest energy 4 mJ @ 1um



was measured after filamentation in argon gas Wiltars pressure and highest energy

1.5mJ @ 1.;um was measured in self-compression regime.

Propositions to defend
1. Multi-beam & - ¢ -plane-pumped OPCPA, based on type | BBO crystal

(pump 532 nm), enables efficient amplification abddband few-cycle
pulse.

2. @-¢-plane-pumped non-collinear OPA scheme enablesatapulate and
broaden OPA gain spectrum.

3. Hybrid type Il OPA-OPCPA/filamentation system eremblgeneration of
high energy (up to tens of mJ) carrier-envelopespkstable few optical
cycle tunable pulses.

4. Typell (eog phase matching in KTP reduces amplitude-to-carrie
envelope-phase noise conversion due to pump/idisiginal cross phase

modulation in OPA stages.

Approbation:
The results presented in this thesis are publishetid international scientific

papers: 6 of them (3, 5, 9, 12 and 13 in the pabbas list) are published in I1SI-rated
journals, 1 (1@ in the publication list) in a book chapter and24 7, 8 and 11 in the

publication list) in other peer-reviewed articlééso the results were presented in 18 (1-
9 and 13-21 in the conference list) internationadl 8 (10-12 in the conference list)

national conferences.
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Thesis summary

The thesis consists of 5 sections: introductiony thapters, main results and
conclusions, and a list of references.

In the Introduction, the main techniques for generation and amplifcatof
ultra-short pulses are outlined, motivation forhhigeak power OPCPA development is
revealed and main objective of this thesis, maiskda innovations of this work,
propositions to defend and approbation of resuégaesented.

In Chapter 2, experimental investigations of ultra-broadband-tamothree-beam-
pumped OPCPA at 800 nm are described. The two-sDREPA system is based on
type | BBO @-barium borate) crystals (pump @ 532 nm), where IHeOPA stage
(OPA 1) was pumped by one beam and tPfeCPA stage (OPA I1) was pumped by two

or three pump beams derived from independent Nd:Yas8r amplifiers (see Fig. 2).

/ Ak PCF
FI
Nd:YAG /L{ Bulk stretcher }S§BS1
Ti:Sa osc.

L DL| I
‘ FI

i Y

> Nd:YVO, cw
BS2 L[ 7 ‘

OPA |
BS4 S a

BS3 Ead

( OPA Il
3 x Nd:YAG B

SHG + delay

Fig. 2. Experimental setup. BS1-4 are beam-splitters; R@GBtonic crystal fiber; Fl, Faraday
isolator; SHG, second-harmonic generator; DL, défe; BD, beam dumpers.

The femtosecond Ti:sapphire oscillator was used ased source for OPA and

for a picosecond pump laser. The spectrum of Tjpkmp oscillator extended from
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670 nm to well beyond 900 nm. About one third af femtosecond radiation was split
off and coupled into ~70 cm long photonic crystaef (PCF) which had zero group
velocity dispersion at 750 nm and was used asquémcy-shifter to produce 1064 nm
radiation sufficient for seeding the Nd:YAG regeatere amplifier (RA) and ensuring
optical synchronization between seed and pump dagdr A weak seed pulse was
amplified in a flashlamp-pumped regenerative angliRGA60 (Continuum Inc.) to
~9 mJ30 ps pulses at a repetition rate of 30 Hz. Thadky isolator (FI) was placed at
the output of RA to prevent optical damage by ekbaflected beam. The beam splitter
BS2 reflected half of the beam towards frequenaybtlog crystal and only up to 650

of 532 nm radiation was used to minimize the patamesuperfluorescence. The
remaining transmitted part was split into threetpand sent to parallel Nd:YAG power
amplifier’s (PA’s). Each PA contained a flashlampnped Nd:YAG rod (6x80 mm) and
operated at the same repetition rate of 30 Hz. rAfleuble-passing and frequency
doubling the amplified pulse energies at 532 nmewgry to ~2 mJ, were collimated by
three demagnifying telescopes and reflected towdwel ©PA Il stage.

The other part of Ti:sapphire radiation was stretctio ~20 ps after double-
passing a 5 cm long bulk SF57 glass. The Pockdllsves used to extract a pulse that
will be amplified from the whole pulse train ana ttemporal overlap of seed and pump
pulses was accomplished by an optical delay lim¢hé OPA | stage, a 4 mm long BBO
crystal (cut at) = 24 deg) was used. The seed was focused by costaeemirrors and
the pump was focused by a lens (1 m focal len@thg internal angle. between pump
and seed was about 2.3 degrees and could be variied the optimal spectral profile of
the amplified signal. In the second OPA stagenanblong BBO crystal cut at the same
angle was used, but interaction geometry was margtex.

The broadband phase matching can be achieved wnaollinear interaction
geometry [4]. The broadest phase matching and &ogtion gain is achievable for a
signal-idler angleQ2 such that the signal group velocity is equal te ttler group
velocity projected to the signal direction:

v, cos@Q) =v,. (1)
Eq. (1) can be fulfilled in principab or ¢ crystal planes, but only up to two pump

beams could be used to amplify the same broadlhgndlsn those cases [5, 6]. In this
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thesis, it is demonstrated that distribution of pubreams inéd-¢-plane allows to
manipulate and broaden OPA gain spectrum in nolmear geometry. Theoretical
calculation of 8- ¢ -plane-pumped OPA based on type | BBO (pump 532 gam
spectra and phase matching curves are depictedign3.FThe pump intensity of
10 GW/cnf is limited by the crystal damage threshold. Thendandwidth in6-¢ -
plane-pumped OPA increases in comparison to Galégroation (black curves in Fig.
3). Modulation in gain spectra increases with dasireg noncollinearity angle or

increasing angle.
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Fig. 3. Phase-matching curves and gain spectra of type® Based multiple beam-pumped
OPCPA ¢, =532 nm,l, = 10 GW/cm2,L =4 mm). The pump beams are arrangedding¢ -

plane at: (a)¢ =0 deg and¢ =0.5 deg, (b) ¢ =0.5 deg and¢ =1deg, (c) ¢ =0 deg and
¢ =1 deg.

The seed spectrum and amplified signal spectrunintethe OPA stages are
depicted in Fig. 4a. The higher-frequency parthef $eed spectrum was cut already in
the pulse stretcher but the bandwidth of the remgispectrum could be supported by

the used BBO crystal effortlessly. The Fig. 4b swanpes spectral characteristics of the
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second OPA stage. Apparently, if pumped by onehef three beams, spectra of
amplified signal are similar but not identical atlds indicates that phase-matching
conditions were not fulfilled equally for all punfggams (see Fig. 3). The bandwidths of
signal spectrum when pumped by separate pump beasarately were
87,95,and 96 nm @ FWHM, respectively. If pumpgdadll three pump beams, the
resultant bandwidth was 92 nm @ FWHM with transfdimmited pulse duration of
11.4 fs.

1.00 A

signal spectrum (b) —— 1% beam pumped
amplified spectrum — 2" peam pumped

(a)

behind 1% OPA —— 3" beam pumped
amplified spectrum

behind 2" OPA

all 3-beams pumped

0.75 -

0.50 |

Normalized intensity
Normalized intensity

0.25 -

0.00 (o) E— /

T T T T T T T T T T T T T T T T T T T T T T
650 700 750 800 850 900 950 650 700 750 800 850 900 950

Wavelength, nm Wavelength, nm

Fig. 4. Spectral properties of two-stage OPA: (a) seedtgpac(green) and amplified signal
spectrum behind the first (black) and second (@R stage and (b) spectra of signal amplified
separately by one pump beam and by all three beathe second stage

In the first OPA stage, the seed was amplified fralmJ to 3QuJ and higher gain
resulted in increased levels of parametrically gateel superfluorescence which was
effectively amplified in the second OPA stage attihgr with the signal. The results of
signal energetic characteristics in the second BB3tal are depicted in Fig. 5. The
total pump energy in front of the second OPA stags 8.3 mJ with each of pump
beams having roughly the same energy. If pumpedny one of the beams, the signal
energy increased to 0.23-0.31 mJ and if pumpednlgycambination of two beams, the
signal energy varied from 0.46 to 0.54 mJ. Finallypumped by all three beams, the
signal was amplified up to 0.72 mJ and this comesls to an efficiency of close to 9 %.
However, if pumped separately by each of three Beand adding the energies of
amplified signals, the sum energy would be 0.8 se& (Fig. 5). A 10% discrepancy in

efficiency may be linked to the creation of addiabbeams under conditions of three-
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beam pumping. And the relatively low OPA efficienicygeneral is attributed to poor

temporal pulse contrast and non-uniform spatial@sddrm different laser amplifiers.

1.0

0.8 Sum energy — @

Signal, mJ

Pump, mJ

Fig. 5. Dependence of amplified signal energy versus pangrgy at the output of the second
OPA stage on different number of pumping beams

The additionally generated beams in the second @iAped by all three beams
possess a rather complex distribution so the itggmpf interacting waves was studied in
detail using only two pump beams for the sake wipéicity. Although it resembles the
effect of self-diffraction [7]. The representatidestribution of interacting beams in the
far field is depicted in Fig. 6. Two pump beams everossed at an angle (internaly
of 0.8 degrees in type | BBO crystal and spatiatrdiution of all prominent beams in
the visible was registered. Besides two pump beaiggial beam and their newly
appeared counterparts there can be seen many lotlaens which are parasitically
generated second harmonic of signal and sum-freigef signal-idler spectral wings
that are different from pump wavelength.

All additional waves could carry away up to 10%tofal energy in this case.
Obviously, high losses would seriously reduce athges of such pumping method.
However, it can be controlled by adjusting the arggtween pump beams. At different
pump intersecting angles we measured the energyimip beams at which additional
beams are not visible yet. Higher pump energy spords to lower losses introduced

by additionally created beams at a given angle éetwpump beams. The measured
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variation of this energy on angle between two pumepms is depicted in Fig. 7. By
increasing the angle between pump beams the eaéngliich additional beams are not
visible yet increases linearly, although at largegles the efficiency of OPA decreases
due to reduced interaction length and it may alsonmore difficult to maintain the
bandwidth. We found an optimum external angle afudli.5-2 degrees in our setup as a

good compromise between efficiencies of creationad@litional beams and signal

amplification.
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Fig. 6. Two-beam (P1 and P2) pumped OPA output in théidéd-at A¢ =0.8 deg. SFG, sum-
frequency generation, SH, second harmonic.
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In Chapter 3 the concept and realization of hybrid system basetype || KTP
OPCPA and filamentation is described. For manyiegfbns in attosecond science, in
particular for the generation of isolated attosecoiUV/soft-X-ray pulses, extremely
short pulses comprising only one or two light datibns underneath the field envelope
are required. The well-established standard tedgyofor the generation of few-cycle
driver pulses based on Ti:sapphire amplifier syst&rspectral broadening of mJ-level
femtosecond pulses in noble gases. The energyghpoti of gas-phase broadening
schemes, such as the hollow-core fiber compreg8$a@nid filamentation [9], is limited to
4-5 mJ at 0.&um due to ionization losses. In this thesis, a Ct@bls 1.5um OPCPA
system is demonstrated with pulse energies up .torhad after four OPCPA stages based
on a fusion of a DPSS femtosecond Yb:KGW MOPA ambgecond Nd:YAG solid-
state technology. By employing more narrowband typehase matching, one can
optimize the spectral brightness of the seed aexpense of the seed energy, achieve a
more uniform saturation across the pulse spectrang minimize energy back-
conversion into the pump. Furthermore, self-compresf CEP-stable 2.2 mJ, 74.4 fs,
1.57um input pulses is demonstrated down to 19.8 fstauran a single filament in
argon gas at 5 bar pressure with 1.5 mJ outputggn&¥e foresee that our TW-peak
power sub-4 cycle pulse will open the door to emgitnew experiments in attosecond
high-field science in the near future.

In our IR OPCPA scheme (see Fig. 8), both Yb:KGW &ldl:YAG regenerative
amplifiers (RA) are simultaneously directly seededm a single Yb:KGW master
oscillator. The repetition rate of the Yb:KGW diepgemped solid state MOPA (Pharos,
Light Conversion, Ltd.) was set at 10 kHz as th@"5B8armonic of the flash-lamp-
pumped Nd:YAG amplifier (Ekspla Ltd.) operating2it Hz. The 1030 nm output from
the femtosecond Yb:KGW MOPA is first split into twaarts by means of a variable
beam splitter: part one is used for implementirgftrst OPA stage, part two is used for
pumping the second OPA stage. In the first OPAestdéige 1030 nm pulses are first
frequency-doubled in a 1 mm thick type | BBO crystBypically 8.5uJ of 515 nm
pulses are again split by a variable beam spiittertwo parts: 1.31J are focused onto a
10 mm thick sapphire plate to generate a whitetlggimtinuum in a single filament. The
with-light continuum is recollimated and used teddhe first OPA stage. The white-
light seed pulses and the 515 nm pump (second macnod Yb:KGW MOPA) pulses
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are combined collinearly to avoid idler angularpeission. In particular, selecting the
~785 nm wavelength for amplification, this configtion produces CEP-stable idler
pulses [10] at 1...m that we use as a seed in the second OPA stage.

Following the pioneering work of Kraemer et al. [11?], we employ Type Il
KTP crystals (1030/1064 nm pump, ~1u® signal, ~3.5um idler) for the subsequent
OPA stages 2-4 because these crystals (unlike ébargstals) are transparent for the
mid-IR idler wavelength and exhibit a relativelyobd bandwidth around 16n. The
CEP-stable idler pulses from the first OPA stage ra&collimated and focused onto a
6 mm thick type Il KTP crystal (cut &t =45.5 deg,¢ =0 deg). The pump beam is
focused onto the same KTP crystal under an extevadt-off compensation angle of

2.2 deg with respect to the seed beam which wasfaedpup to 10uJ.

— G
HPM PM

0.43mJ@1.5um

G
3rd KTP
CEP-stable AOPDF C <1pJ@1.5pm JrdK
seeder — >10mJ@1.5um
I 4th KTP
4pJ@1.5um, 10kHz
f4 T2
45-90mJ
vacuum cell f4
100mJ@1.064um, 20Hz [EREE - s e

e}

Fig. 8. Scheme of the OPCPA power-amplification stages®4 G, reflection grating; CM,
curved mirror; PM, plane mirror; TM/BM, top/bottonmirror; AOPDF, acousto-optic
programmable dispersive filter; RA, regenerativephiner; PA, double-pass post amplifier; f,
f3, f4, 15, lens focal lengths; T1, T2, telescopAs;aperture; W1/W2, input/output windows;
BP, beam profiler.

filamentation cell

In the subsequent booster-amplification stagesd34ashown in Fig. 8, the 1.5-
um signal pulses are amplified from the (D level to energies >10 mJ before
recompression.The CEP-stable 1/m pulses from the front-end are temporally
stretched to ~40 ps using a grating-based stretehdran IR DAZZLER in order to

optimize energy extraction from the 60-ps long NA& pump pulses. To guarantee a
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homogeneous pump profile free of hot spots, weyrigteage the 10-mm-diameter crystal
rod in the Nd:YAG power amplifier onto the 10-mmeth KTP crystals in stages 3 and
4. We obtain a pump diameter of 2 mm for stage @ &1 mm for stage 4. Relay-
imaging is achieved with three lenses with focaligtds of f = 75 cm, f3 =10 cm, and
f4 =35 cm. The 1.5m (seed) pulses are focused onto the third-stage &Vstal and
imaged onto the fourth-stage KTP crystal with tetgee T1. With this pumping
geometry and 90 mJ pump pulses, we have achievea 1h5 mJ signal pulses centered
at 1.57um and pump-signal conversion efficiency of ~14%he final OPCPA stage.
To avoid damage to the gold-coated gratings inQREPA compressor, we expand the
1/& beam diameter of the fourth-stage output by aofast 5 to 9.5 mm by means of a

Galilean beam expander T2.
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Fig. 9. Spectral properties of the power-amplification G2Cstages: (a) measured spectrum of
the third stage seed (black doted line) and aneglifignal spectra after stages 3 (red line) and 4
(green line), (b) the same data in logarithmicesc@d) recalculated idler spectrum, the blue line
indicates the idler transmission thru 1 cm of KTFhe amount of superfluorescence is
immeasurable in absence of the white-light se€dR stage 1.

The spectra of the seed and amplified signal putéebe power-amplification
stages are shown in Fig. 9. As idler absorptioneiases above 3.46n in KTP, we can
achieve higher output powers when tuning the sigeater wavelength above 1.p8.
The SHG-FROG characterization data of 3.5 mJ jB7pulses with 62 nm bandwidth
from the 20 Hz four-stage IR OPCPA (see Fig. 1@jcate a 74.4 fs @WHM pulse

duration, close to the transform-limit of 72.6 fs.
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corresponds to a 72.6 fs duration.

820
g £ 780
ey N}
%o %740-
o o
5 = 700}
k= =
660 [ 1 L "ll ‘ T bl 1 1
-300 -100 0 100 300
Delay, fs Delay, fs
? 1.07 — retrieved L6 %‘ 1.0 —retrieved Lo =
5 — measured L g ---TL pulse S
g 4o E »
= o ] 2
§ 09 [ f £0° . 12
= - 4 =
E o™ (d) /_F3
Z 0.0bmmm——d M\ Z 0.0k
1200 1400 1600 -200-100 0 100 200
Wavelength, nm Time, fs
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Fig. 12. Self-compression of 1.5 mJ pulses in argon atr5 (@ measured and (b) retrieved

FROG traces, (c) measured spectrum (black curg)eved spectral intensity (blue) and phase
(red). (d) Retrieved temporal intensity (blue) qithse (red) profiles indicating a 19.8 fs pulse
duration. The transform-limited intensity profildashed) corresponds to a 15.9 fs duration.

In the filamentation regime without plasma-indugedse self-recompression, we
generated up to 4 mJ 600 nm-wide IR supercontinupparting 8 fs pulse durations
which less than two optical cycles at wh. SHG-FROG data of 2.1 mJ spectrally
broadened pulses are displayed in Fig. 11 and revesther complex spectro-temporal
structure. The observed strong nonlinear phases léad temporal break-up into two
peaks of 20 fs and 15 fs separated by 60 fs. Sindean single-filament spatial profile
was observed simultaneously, we conclude thatahmpaoral splitting helps to keep the
pulse intensity below the break-up threshold ahgle filament.

By lowering the input pulse energy and tuning tlas gressure in the cell, we
achieved the regime of pulse self-compression.hin éxperiment, CEP-stable 2.2 mJ
74.4 fs 1.574m input pulses are compressed in a single filanmergrgon down to a
19.8 fs duration (see Fig. 12). This representsvgbral compression of the input pulses
by a factor of ~4. The output energy was 1.5 miresponding to the energy throughput
of 66%. In addition, the spectral phase was shawhet remarkably reproducible on a

daily basis which holds potential for further requession using fixed-dispersion
chirped mirrors.
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Conclusions

* G-¢-plane-pumped (pump 532 nm) OPA based on type | BB@ble
amplify few-cycle broadband pulses at 800 nm.

» Separate two-beam-pumped OPA gain spectra carhbeaime for “plusy
and “minus” ¢ pump-planes. In special case, for nonsymmetri¢alg -
plane-pumped geometry, OPA extend gain spectra.

» Parametrical diffraction can be controlled by atings the angle between
pump beams. By increasing the angle between puam$€0.5-3 deg) the
threshold increases linearly, although at largeiemthe efficiency of OPA
decreases due to reduced interaction length. Optirenternal angle of
about 1.5-2 degrees in our setup is a good compgmbetween efficiencies
of creation of additional beams and signal amifmn.

* Hybrid type Il KTP OPCPA (at 1.pm)/filamentation approach enable to
generate few-cycle high peak power infrared pulses.

* A more narrowband type Ib0-6 phase matching in KTP can optimize the
spectral brightness of the seed at the expendeedafeed energy, and reduce
amplitude-to-CEP noise conversion due pump/idlesigmal cross phase
modulation in OPA stages.

* The filamentation regime involving plasma-induceelf-sompression is

possible for sub-100 fs pulses @ fr8.
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Santrauka

Keliy optiniy cikly trukmés impulgy parametrinis stiprinimas

infraraudonoje srityje

Disertacijoje nagrisama tematika susijusi su keloptiniy cikly trukmes impulsy
formavimu bei parametriniu stiprinimu infraraudoagjrityje. Sioje disertacijoje buvo
tirtos dvi moduliuotosios fas (,Cirpuoty”) impulsy parametrinio stiprinimo sistemos,
stiprinartios ypa& plataus spektro impulsus 800 nm bei 55 srityse.

Disertacip sudaro 5 dalygvadas, du parametrinio stiprinimo sistemas aprgsant
skyriai, pagrindiniai rezultatai ir iSvados beiunjamos literairos grasas.

Ivade yra aprasomi pagrindiniai ultratrumppmpulsy formavimo bei stiprinimo
metodai. Trumpai pristatoma darbo motyvacija, darkslas bei uzduotys. Pristatomas
darbo naujumas, ginamieji teiginiai bei rezujtaprobacija.

Antrajame skyriuje pristatomi keliais pluoStais kaupinamo plataus kspe
signalo parametrinio stiprinimo rezultatai. Darbenfa karg pademonstruotas plataus
spektro impulg 800 nm srityje parametrinis stiprinimas kaupinaiviem ir trimis
nepriklausong lazeriniyy Saltiniy pluosStais (kaupinimp iSdestymas 6 — ¢ -plokStumaoije).
Kaupinant trimis pluosStais igdtytais 6 — ¢ -plokStumoje I-tipo BBO parametriniame
stiprintuve buvo sustiprinti 92 nm spektro @tw impulsai. Sustiprinti impulsai palaiko
sub-12 fs trukmes, t.y. <5 optincikly. Kaupinamame keliais pluoStais parametriniame
stiprintuve stebimas nayj erdving komponeni atsiradimas, kuriuos gkygoja
parametrig pakopirt difrakcija (pakopiniaiy® procesai), o tai maZina begdistemos
energetinio keitimo efektyvum Darbo metu pademonstruota galirylmazinti
parametrigs difrakcijos sglygotus nuostolius parametriniame stiprintuve damin
kampus tarp kaupinimo pluast Taip pat teoriSkai numatyta galingybprapksti
parametrinio stiprinimo koita kaupinimo pluostus i¥dtant& — ¢ -plokStumoije.

Treéiajame skyriuje pristatomas alternatyvuditas formuoti didéls energijos
(keliy deSingiy milidzauliy) keliy optiniy cikly trukmés stabilios fags impulsus 1,m

srityje. Budas paremtasslyginai siauro spektro 1,bm srityje stiprinimu ll-tipo KTP
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kristale (kaupinama ~@m spinduliuote) bei spektro gtita inertirese dujose po
stiprinimo. Ketury pakopm parametriniame stiprintuve pasiekta iki Siol dalBia
12,5 mJ impulso energija 1LBn srityje prieS kompresij Impulsy pavyko suspausti iki
artimai spektriSkai ribotos trukie — 74,4 fs (spektriSkai ribotas impulsas atitrinka
72,6 fs). Maksimali impulso energija po dvjetspindzio gardalineigiamos dispersijos
kompresoriaus sieék 6 mJ. Norint pasiekti keji optiniy cikly trukmes, sustiprinto
impulso spektras buvo giemas pavieége gijoje argono dujose. Iki 4 mJ iSvaém
energijos gijos formavimosi metu iSplitusio spekingpulsas atitinka 8 fs (1,6 optinio
ciklo 1,5um spinduliuotei) spektriSkai ribptimpulsy. Taip pat rastosa/gos kuomet
impulsas patiria iki 4 kant savisgida gijos formavimosi metu. Saviggdos rezime iki
1,5 mJ iSvadiés energijos impulsai susispauiiti 19,8 fs (<5 optini cikly). Suformuoti
impulsai yra tinkami pavieni atosekundiés truknes impuls; generacijai aukSteés

eilés harmonik generacijos metu.
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