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A CPA laser system with an output power of 10" W is presented, which at the final stage will be brought to a
power close to 10 TW. The areas of its application are described, the results of the supercontinuum investigation on
photonic crystal fibers and other samples are presented. A technique and device for manufacturing biconical fibers
for the purpose of obtaining a supercontinuum on them has been developed. Different schemes of accelerators, in-
cluding those on chips and surface electromagnetic waves, have been proposed.
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Approximately, since 2000, high-power femtosec-
ond laser systems that exceed the TW level have re-
ceived the widest distribution in solving both research
and applied problems. These laser systems have already
been given a well-known name — CPA (ie the abbrevia-
tion "chirp pulse amplification") of laser systems in ac-
cordance with the CPA method, which underlies their
creation.

There is no point in enumerating all fields of sci-
ence, including the fundamental, and techniques in
which laser-based systems are used [1]. It will be advis-
able to point out the unique features that determine this
diversity. Let's note two principal aspects. First, these
are primarily applications associated with the use of Fs
pulses in the study of superfast processes, for which
they are practically a delta function. It is also important
to note the possibility of obtaining a relative frequency
stability, up to 10™®, which is closely related to this fea-
ture of the laser, for the generation of a supercontinuum
of longitudinal oscillation types [2]. And second, the
applications associated with the use of ultrahigh-
intensity pulses, for example, in areas close to our NSC,
such as particle acceleration for basic research, research
in the field of thermonuclear fusion and plasma genera-
tion, generation of x-rays and attosecond pulses, etc.

In the NSC KIPT an intermediate laser stage with an
output power of 10" W in pulse was created at the in-
termediate stage of the work. It operates at a wavelength
of 0.8 um and generates 30 fs pulses.

In order to understand the merits and features of a
laser installation — very briefly — the principle of its
operation. Fig. 1 shows the functional scheme of the
CPA laser system. As you can see, it consists of four
main blocks. The Masteroscillator is a 30 fs Ti-Sa laser.
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Fig. 1. Functional scheme of CPA laser system

Further, these 30 fs impulses are not simply ampli-
fied, as in the traditional schemes, but are expanded in
the Stratcher. Then, the extended pulses are amplified in
the two amplification amplifier amplifiers stages: in the
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weak optical amplifier (Amp. 1) and the power amplifi-
er (Amp. 2). And in the Compressor, their compression
occurs. So, the output pulse of 3W from 10°W in-
creased 10’ times to 10* W at the compressor output.
Fig. 2 shows a general view of the CPA laser instal-
lation and further in Fig. 3 its fragment — the master
oscillator [3]. Here is a plant with dimensions of
300x130x40 cm.

i L o]
Fig. 2. A general view of the CPA laser installation
At the final stage, we are planning to create a com-
pact version of a CPA laser system with dimensions of
140x60x60 cm and a pulse duration of less than 20 fs,
and the pulse power will be brought to a level close to
10 TW.

Fig. 3. The setting generator CPA laser installation

Next we will touch on the application of CPA laser
systems within the NSC KIPT. These applications fol-
low from the structure of the construction of the CPA
system:
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- applications related to the use of the CPA master
generator of a laser system generating pulses of less
than 20 fs;

- applications related to the use of anCPA laser sys-
tem with an output power level of 10 W to about
1TW;

- applications related to the use of CPA laser system
with a level of output power from several TW and
above.

For practical implementation of the master oscilla-
tor, we carried out a sufficiently large volume of re-
search aimed at improving the quality of its output char-
acteristics, such as: pulse duration and emission spec-
trum, relative frequency stability. In the laser system
originally designed by the CPA, the pulse duration was
30 fs. Fig. 4 shows the autocorrelation functions ob-
tained by the correlator we have created, with the help
of which, according to the formula rp=Nk/ 1.55¢,
where N is the number of interference bands at the half
level; A is the wavelength of the radiation; 1.55 — coeffi-
cient for the shape of the pulse sech2; ¢ — is the speed of
light, durations of 30 fs and 17 fs of pulses were deter-
mined. Fig. 5 shows their spectra measured by the SP-1
spectrometer from Thorlabs.

Fig. 4. Correlation functions o 3 fs Ti-Sa Iase (Ift)
and 17 fs Ti-Sa laser (right)
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Fig. 5. 1 — emission spectrum of 30 fs Ti-Sa laser,
spectral width 22.6 nm; 2 — radiation spectrum
of 17 fs Ti-Sa laser, spectral width 58.4 nm

Calculations show that in this case for the shape of
the pulse sech2 the width of the emission spectrum
should correspond to a value of approximately 45 nm.
Consequently, the spectrum shown in Fig. 5, having a
width of 58.4 nm, indicates that the pulse at the output
of the Ti-Sa laser undergoes dispersion expansion when
a glass substrate of the output mirror of the M1 laser
passes through a 6 mm (see Fig. 1). In accordance with
formula (1) for the theoretical limit, the pulse duration t
and sech2 type should be equal to about 12 fs:

T, = 0.315 A2/c AL,
where A is the wavelength of the laser radiation, AA is
the width of the laser emission spectrum, and c is the
speed of light.
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Pulses with a duration of 12 fs of the output of the
master oscillator can be obtained with a prism external
Compressor.

In the conditions of our laboratory, taking measures on
passive frequency stabilization made it possible to obtain a
relative stability of 100 Hz/80 THz = 1.25x10™%? Hz.
Which is an order of magnitude greater than the stability
that metrologists sought at the dawn of laser technology.

To expand the scope of the master oscillator, a num-
ber of experiments were carried out using nonlinear
fibers. This made it possible to obtain ultra-wide output
spectra. The experiments were carried out on two types of
photonic crystal fibers (PCF): Thorlabs for A = 1060 nm,
fiber length 60 cm and Newport for A = 800 nm, fiber
length 20 cm.

In Fig. 7 shows the results of measurements of the
emission spectra at the output of photonic crystal fibers
for A = 1060 nm, 60 cm and for A = 800 nm, 20 cm, de-
pending on the wavelength and power of the laser pump
radiation.
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Fig. 6. Measured emission spectra at the output
of photonic crystal fibers

From Fig. 6, the spectrum at the output of the fiber is
shown to be up to 500 nm, which indicates the promise
of using PCF for expanding the emission spectrum of
the master oscillator.

However, obtaining the same wide spectra is possi-
ble with the help of biconical fibers [4], which have the
advantage over PCF, namely — small dimensions of the
equipment, easy manufacturing, no critical focus, no
rigid requirements for the adjusted devices.

The attractiveness of this method predetermined its
practical application in the conditions of the NSC KIPT.

The diameter of the waist for a biconical fiber for a
wavelength of 800 nm should not exceed 2.5 um. Bi-
conical fibers are obtained by drawing from a conven-
tional single-mode optical fiber SMF-28.

Fig. 7 schematically shows the image of a biconical
fiber.

The fiber structure includes a constriction about
2.5 pm in diameter, connected by conical junctions with
120 pm fiber parts.
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Fig. 7. Schematic representation of a biconical fiber

Thus, using this technique, based on the published da-
ta [4], it is possible to obtain a broadening of the spec-
trum to a width equal to two optical octaves (Fig. 8).
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Fig. 8. The radiation spectrum at the output

of a biconical fiber

The device for drawing biconical fibers provides the
production of fibers with a total length of up to 20 cm.
Fig. 9 shows a general view of the device for drawing
biconical fibers created at the NSC KIPT.

Fig. 9. General view of the device
for drawing biconical fibers

Fig. 10. A photo of a protective casing
of a biconical fiber

To protect the fiber from dust, mechanical damage
and other undesirable effects affecting them, a protec-
tive casing design was developed and manufactured, the
photo of which is presented in Fig. 10.

It was of interest to find out the possibility of obtain-
ing supercontinuum on other, more compact samples.
As samples, quartz and window glass plates having the
same thickness of 2 mm were tested and the breakdown
in air was investigated. Fig. 11 shows the spectra of
supercontinuums for various samples.
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Fig. 11. Spectra of supercontinuums for various samples

The acquisition of such ultra-wideband spectra finds
its application in metrology, space navigation, relativ-
istic gravimetry [5].The next direction of applications is
related to the CPA-installation, which provides an out-
put power level from 10 W to 1 TW. The level of in-
put power of 10*° W, received to date at NSC KIPT, we
plan to use to accelerate electrons using the latest tech-
nology associated with the use of chips [6]. Quartz chips
have extremely small dimensions on the order of
25x150 pm with grooves applied on the surface, ap-
proximately 1400 per mm. Dimensions of accelerators
based on them significantly decrease and can have di-
mensions from mm and more, depending on the re-
quired acceleration rates. Acceleration experiments on
chips, described in the literature [6], indicate the possi-
bility of obtaining an acceleration rate of 850 MeV/m.
To this end, afs Ti-Sa laser with a pulse energy of
150 pJ, i.e., with the energy achievable at a laser facility
created by the NSC KIPT, was used.

Fig. 12 shows the proposed scheme of a desktop ac-
celerator based on the use of an accelerating structure
on two chips. It will use the system created in the NSC
KIPT CPA, which even with one amplifier gives an
output energy of up to 1000 pJ. To generate electrons, a
new method based on a tungsten nanotape [6] will be
used, which will ensure compact longitudinal (several
mm) and transverse (tens of nm) beam dimensions.
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Fig. 12. Accelerator circuit on chips

The third direction of applications is associated with
the application of the laser-based CPA system, provid-
ing an output power level of up to 10 TW and above.

When receiving a system of pulses with a power of
1 TW and higher at the output of the CPA, this system
can be used to implement the method proposed and de-
veloped in the late 80 s of the last century in the KIPT
by N.A. Khizhnyak and S.V. Zhilkov [7]. The essence
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of the method is the acceleration of charged particles by
surface electromagnetic waves excited above the dielec-
tric surface by a powerful laser beam, which is guided
from the inside of the dielectric to the boundary of its
separation from the external medium at an angle ex-
ceeding the limiting angle of total internal reflection
(Fig. 13).
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Fig. 13. Scheme of acceleration of an electron beam
by surface electromagnetic waves

Such an accelerating structure for the performed cal-
culations provides a rate of acceleration up to 1 GeV/m.
If we apply a scheme similar to Fig. 13, it is possible to
achieve large values of the rate of acceleration. Another
planned application of the TW CPA system is the accel-
eration of electrons in the laser plasma [8], followed by
acceleration on the chips (Fig. 14).
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Fig. 14. Scheme of electron acceleration in a laser
plasma with subsequent acceleration on chips

The universality of the laser system developed at our
institute CPA provides the possibility of constructing
various configurations of accelerator systems. One of
the proposed schemes for electron acceleration in a laser
plasma with subsequent acceleration on chips is shown
in Fig. 14. At the first stage, relativistic electrons are
obtained, and at the second stage, their further accelera-
tion. The plasma is formed by an Nd-YAG laser, which
is used to pump the first CPA amplifier of the laser sys-
tem, part of the pump radiation, less than 50 mJ, is di-
rected to the target. Nylon can be used as a target mate-
rial. As an accelerator, a focused beam of a CPA system
is used, with parameters such as a wavelength of

800 nm, a pulse duration of 30 fs, and an energy in the
pulse of 210 mJ. That is, it is possible to obtain an out-
put power of up to 7 TW. Part of the radiation is divert-
ed directly to the chip-accelerator, thereby completing
the integrated system of the desktop accelerator.

Thus, possible directions of application of various
components of the laser system are shown. Possible
methods for obtaining a supercontinuumare described,
and a ready-made device for obtaining biconical fibers
is presented. Also, possible schemes for the use of the
CPA of a laser system for accelerating electrons are
indicated.

Work was partially supported by the Ukrainian
budget program "Support for the most important direc-
tions of scientific researches" (KITKBK 6541230).
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PABOTBI B HHI[ X®THU IO CO3IAHHIO U IPUMEHEHMIO CPA-JTABEPHOI CUCTEMBI
A.B. Bacunves, A.H. /loeonus, AM. Ezopos, B.11. 3aityes, B.11. Jlewjenxo, H.H. Onuwenko, A.1. Iloeposzun, I.B. Comnuxos

Ipencrasnena CPA-masepHas crcTeMa ¢ BEIXOMHOM MomuocTsio 100 BT, KOTOpas Ha 3aBepiraromeM sTane GyaeT I0BeIeHA
no womHoctd, Ommskoit k 10 TBT. Omnucanbl obmacTH ee NpUMEHEHHs, TPEICTaBICHBl PE3YIbTaThl HCCIEIOBAHUS
CYIEepPKOHTHHYYMa Ha ()OTOHHO-KPUCTAJUTMUECKHUX BOJIOKHAX M Ha Apyrux oOpasmax. Paspaborana MeTomuka M yCTPOHWCTBO IS
W3TOTOBIICHUS] OMKOHMYECKUX BOJIOKOH C IIEJIBIO MONYYEHHUs Ha HHUX CYHNEPKOHTHHYyyMa. [IpemsioskeHbl pa3iidyHBIE BapHaHTHI
BO3MOXKHOTO nprMeHeHHst CPA-Ta3epHBIX CHCTEM ISl HCCIEM0BAHHS CXEM IIEPCIIEKTUBHEIX YCKOPHTENEH, B TOM YHCiIe Ha YUIax
1 Ha MTOBEPXHOCTHBIX 3JIEKTPOMATHUTHBIX BOJIHAX.

POBOTH B HHI[ X®TI [0 CTBOPEHHIO I 3ACTOCYBAHHIO CPA-JIA3EPHOI CHCTEMUA
A.B. Bacunves, A.H. /loeona, A.M. €zopos, B.Il. 3aiiyes, B.11. /lewjenxo, 1. M. Onuwienxo, A.1. Ilosposin, I.B. Comnuxoe
[pencrasnena CPA-na3epHa cucteMa 3 BHXIJIHOKO MOTYXHiCTIO 10% Br, sixa Ha 3aBeplIabHOMY eTarli Oyne JOBEICHA 0
noTy)XHOCTI, 61m3bK0i 0 10 TBT. Onucano o6nacTi i 3acTOCYBaHHsI, MPEACTABICHI Pe3yJIbTaTH JOCIIHKECHHS CYIIEPKOHTHHYY-
Ma Ha (OTOHHO-KPHCTATIYHUX BOJIOKHAX I Ha iHIIKX 3pa3kax. Po3po0iieH0 METOANKY Ta MPUCTPIi JIsi BUTOTOBICHHS OiKOHIY-
HHUX BOJIOKOH 3 METOI0 OTPHMAaHHs Ha HHUX CYNEPKOHTHHYyMa. 3amporoHOBaHO Pi3Hi BapiaHTH MOXIHBOTO 3acTocyBanHs CPA-
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JIa3€pHUX CUCTEM IJIA IIOCIIiZ[)KeHHSI CXEM MEPCICKTUBHUX HpI/ICKOpIOBa‘{iB, B TOMY YUCIIi Ha Yimnax i Ha TOBEPXHEBUX CJIEKTPO-
MArHITHUX XBHIISAX.
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