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ABSTRACT

Primarily intended as a prototype at the front end of (PFE) for petawatt
laser systems, the Pulsed Laser Multi-Megawatt (MGW) is a 1053nm
system that combines the functionality of an eyepiece In a laser system, an
eyepiece to functions primarily as an optical component designed to enable
users to view and manipulate the laser beam or target accurately. Such as
functionalities, Magnification, Beam Observation, Focus Adjustment,
Safety, Targeting and Measurement, Alignment Aid. The addition of the
target chamber and compressor (COMS) to the MGW enables the facility
to be completely laser-based (energy output up to 120 J, + duration from
20 fs up to 2.8 ns) and dedicated to the evolution of physical technology
and the investigation of its potential. The investigation is limited in time.
Pulse laser and identify as goal. Other lasers have been added that support
the expansion of extremely powerful lasers that are used as the basis for the
system’s expansion and the creation of a Raman plasma at OPCPA. Other
information is displayed about the diversity of scientific research at MGW.
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INTRODUCTION

Chief search in physics of great-energy-density
[1] and material science [2] that hastened the
mega-joule and lasers kilo-joule development
[3-9]; nevertheless, these lasers deployment is
restricted due to the function and construction
complexity and cost. Low rates of repetition
(naturally some shots/day) deter the statistical
averaging and big parameter spaces mapping.
Lasers of midscale producing hundreds joules
of power as sub-petawatt peak at greater
repetition rates offer additional flexibility and
enriched utilizer entree. Such lasers scale assist
technologies as advanced and verified prior to
their implementation on facilities of big-scale.
Also, they assist as platforms of trials for scientific
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search in their own right.

Chief search in physics of great-energy-density
[1] and material science [2] that hastened the
mega-joule and lasers kilo-joule development [3];
nevertheless, these lasers deployment is restricted
due to the function and construction complexity
and cost. Low rates of repetition (naturally some
shots/day) deter the statistical averaging and big
parameter spaces mapping. Lasers of midscale
producing hundreds joules of power as sub-
petawatt peak at greater repetition rates offer
additional flexibility and enriched utilizer entree.
Such lasers scale assist technologies as advanced
and verified prior to their implementation on
facilities of big-scale so that ultra-short, high-
intensity lasers in the visible spectra range has
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been a significant area of interest for a variety
of scientific and practical applications. Also, they
assist as platforms of trials for scientific search in
their own right [4].

The current project describes, in which
improvement is offerd by an ocular magnification
as parametric combination in non-linear crystals
and magnification of laser in glass as neodymium-
doped. A COMS of pulse and 3 chambers as goal
were supplemented, permiting MGW to assist
being a complete utilizer facility for physics plasma
search

The current work defines (MGW) laser at the
Energetics Laboratory for of Laser (LLE), mid-scale
system of laser constructed primarily as the PFE
for OMEGA EP [4]. Presently, the MGW works at
1053 nm, in which improvement is offerd by an
ocular magnification as parametric combination
in non-linear crystals and magnification of laser in
glass as neodymium-doped, a podium for the goal
earmarks and technologies of laser development,
an approach promising for producing extreme
-intense pulses (>1023 W=cm?2). Also, the MGW is
obtainable to external utilizers for investigational
operations.

A diagram block laser as MGW is displayed in
Fig. 1. The laser as MGW is a complex system of
narrow-band and arms of expansive-band that are
able to be united or separately work for diverse
implementations.

Regarding broad-band function, splitting broad-
bandandnarrow-bandfront-endsproduceidentical
bursts as the second smallest. (OPCPA) seeding
and pumping, correspondingly. The narrow-band
pulse is intensified in 3 Nd: YLF megaphones and
doubled recurrence prior to pumping the crystals
of OPCPA. The resultant broad-band pulse as signal
is extra intensified in 2 megaphones as Nd: glass.
Following the pico-2nd COMS, pulses are able to
be heading for the chamber of goal being spherical

(STC), the chamber of goal as cylindrical (CTC), or
the chamber of plasma under-dense (UDP). Being
an alternative, the COMS as pico-2nd is able to be
by-passed to permit nano-2nd pulses to straightly
propagate to every chamber as goal.

For narrow-band function, the Nd: YLF
megaphones output straightly drives to the
megaphones as ND: glass. Such modality is chiefly
utilized for pumping the stage being ultimate of
an extreme-broad-band ocular being parametric
megaphone line (OPAL) following 2nd-harmonic
propagation. Such is backings the >10 J, >140
nm pulses propagation [11], that are pressed
in the femto-2nd COMS and carried to the UDP
Chambers.

Table 1 condenses the parameters range
(energy E, central A, and period of pulse) and
narrow-band and broad-band function modality
simplementations for the laser as MGW system.

A general pulse laser as MGW view from
the system end displays the pico-2nd COMS of
chamber of grating (ps-GCC), the CTC and the STC

(Fig. 2)

SPECKS SPECK LASER DESCRIPTION

The comprehensive styling of the laser as MGW
is displayed in Fig. 3. According to the preferred
function modality, switch-yards 1to 5. The narrow-
band front-end comprises pulse-modeling system,
a diode-pumped re-generative megaphone and a
crystal ring of big-aperture megaphone (CLARA),
whole fuctioning at 1054 nm. The enhanced
beam is converted into a narrow bandwidth, this
is followed by a change to the secondharmonic
frequency of the beam for the purpose of pumping
the stages of OPCPA that were initially released via
the broad band front-end. The beam’s OPCPA as a
signal of output is created that is programmable
(PSLIM) and increased in size on the disk and glass
rod types of megaphones (DA and N).(RA).

Narrowband [~ Nd:YLF »  Nd:glass [—> Picosecond Target
front end amplifiers amplifiers »| compressor chambers
- v
P o
Y &, N
Broadband N Ultra —N\ | Femtosecond
A——— | OPCPA broadband ‘ OPAL . .
ront-en =3 front énd —/ — /| compressor

Fig. 1. (MTW) diagram block laser. OPCPA, ocular chirped-pulse parametric megaphone; OPAL, ocular megaphone parametric line.
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Chambers as goal. Regarding trials of solid-goal,
the CTC or STC are utilized classically. Trials of gas-
cell and Gas-jet are pereformed in the chamber of
UDP.

In respect to narrow-band function modality,
the mirrors of switchyard sent straightly to the
beam of CLARA of output to the DA and RA for
magnification, it is above-lapped in space and time
at the crystal of OPCPA along the extreme broad-
band pulse of seed from the OPAL front-end [11].

The narrow-band modality is also utilized for
developing technologies for the joule-class 5%-
harmonic propagation, near-infrared pulses. The
output of CLARA is able to be sent without or
with RA magnification to the 5! Table in which
numerous studies utilizing non-linear crystals
cascades were done [12,13].

System of Timing Hardware
The timing hardware system enables consistent

synchronization of the entire laser assembly and
inspection purposes. A high-accuracy 37 MHz
(36;998;933 15 Hz) equivalent sine wave reference
generator is used as the timing master generator
clock and numerous timing boxes. Each box has
a number of multi-channel delay modules that
provide pulses in the form of transistor-transistor
logic (TTL) to trigger lasers and inspection systems.

Integrated System of Front-End

The system as front-end being integrated yields
haped pulse for every MGW function modality
with great steadiness, utility of turn-key and
minor chieftenance [14]. It begins from a stable,
compact, alone-recurrence scattered feedback
mercantile laser as fiber (Adjustic/Koheras). Such
10 mW constant-wave (cw) laser is A-become
stable to the chief Nd: YLF megaphones (1053
nm) improvement peak through a fiber intracavity
Bragg grating temperature control. The particular

Fig. 2. General laser as MGW system from the chamber being spherica as goal side

Table 1. Parameters and Chief Implementations of the pulse laser as MGW.

Modality Implementation (nm) E(J) (ps)
Broad-band Big-area harm tests 1053 120 2400
Physics of great-energy-density, 1053, 527 35-50 0.5-100
x-ray, and neutron
earmarks
Raman plasma magpnification 1053, 527 35-40 0.5-100
Extreme -fast streak-camera 1053, 264 0.1 (5 Hz) 0.5-100
development
Narrow-band Pump for all OPCPA laser 527 50 1600
5! propagation development 527,263,211 1.2 (5Hz) 1000-2800
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A is adjusted for matching the emission as un-
seeded from the regen of Nd: YLF that slightly
relies on (0.2 nm) optics as sensitive to humidity
and the improvement crystal temperature.

The arbitrary wave-form generator+ a parting
sample of 100 ps to create shapes of pulse which
are precompensated for the LiNbO, modulator
transmission as non-linearity and the square-pulse
CLARA and regen deformation.

The shape of the pulse library allows changing
the output shape of cold pulses for different
implementations. Picojoule pulses from the
LINbO3 modulator were amplified in a greatly
modified (23 dB) polarization-supporting two-
step amplifier with ytterbium-doped fiber in
the regenerative part. Fig. 4 illustrates the
initial example of pulses as a traditional OPCPA
configuration. Super-Gaussian pump waves are
created by pre-distorting the shape of the laser’s

amplifier.

The delay module in the timing box is
responsible for providing channels that are
synchronized: d. H. The narrowband fiber optic
front-end has a frequency of 300 Hz, the ring
amplifier and the regenerative amplifier have a 5
Hz trigger. The period as an eyepiece that jitters is
5 ps rms compared to the clock as an example of
regularity..

Re-generative Megaphone

The re-generative regen of Nd: YLF (megaphone)
is a fundamental component that facilitates
significant advancements at 1053nm with a
TEMOO spatial profile of beam. A fiber-coupled
cw diode cluster is employed in the system of
pulses for the Nd:YLF crystal’s end pumping.. One
50 W or 2 25 W diode fiber-coupled arrays are
utilized along a 805 nm center A, and the pump is

2 nlJ, 225 fs, 76 MHz
1048 to 1057 nm

250 mJ,2.8 ns, 5 Hz
1048 to 1057 nm

1211,
1048 to

2.8 ns
1057 nm

40J,0.6 ps
1048 to 1057 nm

IFES, 7 pJ, 2.8 ns, 607J, 1.6 ns
1053 nm 1053 nm
—> 211 nm | OPAL frontend | 405%’71131?
—>» 264 nm ' .
» 527 nm
— 1053 nm
> Ot 101
Fig. 3. Laser as MGW styling
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Fig. 4. Front-end shape of pulses, consistent to function of the only 1st modulator
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sent to the module of regen through 800 m core
step-index multi-modality fiber and 3 m long. 2
m long folded resonator of Pockels switching cell
<9 ns. The out-put extreme energy at pulse of
as output steadiness is better compared to 1%
rms fluctuations was attained along exceptional
goodness of beam (<1% ellipticity) [15].

Crystal Big-Aperture Ring Megaphone

The CLARA is utilized for amplifing the output
regen to a level of energy appropriate either for
stages of OPCPA as pair pumping in the broad-band
modality.. Since MGW was constructed as a PFE
for the system of OMEGA EP kilojoule laser [4], a
rate of 5 Hz repetition was essential for aligning its
chief megaphones and diverse earmarks, Nd: YLF
was nominated as it corresponds the improvement
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Nd-doped phosphate laser glasses peak and
relatively has great conductivity as thermal with
astigmatism as thermal being low. Water chilling
to 110 mm long rods, 25.4 mm diameter at 5 Hz is
adequate for supporting joule-scale pulses.

Big-aperture Nd: YLF rods of laser were
improved intensely through finishing being
magnetorheological (MRF) [16]. The Gaussian
regen beam is extended [17].

2"-Harmonic Generator

The depiction of CLARA is spread to the stage
of SHG containing a crystal of lithium triborate
(LBO) that was selected due to its comparatively
great non-linearity and angular approval. The
effectiveness of the 2nd-harmonic conversion
is over 70%. The extreme energy expenditure

—— Measurement
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Fig. 5. Distinctive 2"-harmonic (a) profile of beam and (b) shape of pulse with an estimate by a Gaussian as super shape (N D 34)
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Fig. 6. Pump Pre-Amp to signal effectiveness of conversion along (diamonds) and with no UOPA (squares)
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associated with the SHG stage of OPCPA is confined
to under 1.1 J. The nominal profile of the SHG
beam is illustrated in Fig. 5a. A traditional second-
ordered pulsatile function is exhibited in Fig. 5b.

The UOPA offers almost 4 magnitude orders
of energy magnification in whichas limiting the
related fluorescence as parametric to some pico-
2nds around the pulse as output [18].

Stretcher of Offner

The UOPA pulse as output is aboveextended in
the stretcher of Offner to 1.8 ns (FWHM) [19] with
a 300 ps=nm dispersion (+¢ 2"-order dispersion).
Systems of Chirped-pulse-magnification
conventionally utilize a stretcher being static
and fixed the width of pulse via adjusting the
parameters of COMS, i.e., the incidence angle
and grating parting [20]. The MGW, as the PFE for
OMEGA EP, was utilized to advance such method.
Following the MGW pico-2"* COMS is bring into

10

Fluence (J/cm?)

00

Normalized intensity

line in air.
Ocular  Being Parametric ~ Chirped-Pulse-
Magnification Stages

OPCPAis a main laser issue as MGW in its broad-
band modality since it magnifies aboveextended
pulses with additional improvement, bigger
band-width, and greater disparity being interim
in comparison to would be conceivable with Nd-
doped megaphones only [21]. It was constructed
in 2 stages: a 2-crystal pre-megaphone offers great
improvement, whereas a power as one-crystal
megaphone produces great extraction of energy
effectiveness. Fuctioning the pre-megaphone
with few OPCPA re-conversion and the power
megaphone in fullness balances the energy of
pump variations effect whereas exploiting the
withdrawal of energy [22]

The orientateon of crystals in the pre-amplifier
is exceedingly significant for preventing SHG being
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Fig. 7. (a) Output beam of OPCPA and 7.(b) spectrum
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mm

Fig. 8. Rod megaphone detected at the plane corresponding to the latter beam hit on the grating in
the COMS (a) without and (b) with PSLIM rectification
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parasitic [23] that minimizes the signal output of
shapes and energy of beam the output spec-trum
of signal. . Reflections as multiple and passes via
the megaphone able to decrline the improvement
practiced by the signal of chirped, leading to a
spectrum and pulse step-like shape [24].

When the UOPA is by-passed, the pulse of seed
is intensified to 30 mJ from 600 pJ, consistent to
5 107as net improvement with an effectiveness
of conversion exceeding 24% (Fig. 6). OPCPA
pre-megaphone driving to some extent into
the re-conversion system optimizes the 2-stage
effectiveness of system in addition the steadiness
of energy [25]. With UOPA improvement, the
energy of seed into the Pre-Amp is 8J. It needs less
beam of intensity of pump for obtaining a better
effectiveness of conversion of 27% (Fig. 6).

The effectiveness of whole system, include
power megaphone and pre-megaphone, is 31%
along 1% (rms) steadiness of energy above
90 shots. Such smooth the signal’s amplitude
as a function of space bit. The spectrum that
conforming is displayed in Fig. 7b.

The half-wave plate and FR are protecting
upstream optics from back reflections. Because
of the low relatively harm the PSLIM sill, such
telescope as anamorphic is utilized for imaging the
Power-Amp on the light spatial modulator.

Nd: Glass Rod Megaphone

The following stage of increasing magnification
is the 2-pass rod microphone. The medium that
is amplified has a diameter of 2.5 cm, the flash
that is triggered by the lamp has a length of 4, the

OUTPUT beam

rod that is made of glass has a diameter of 240
mm. The enhancement of the signal in the rod
is marginal, but the improvement of the signal
in the broadband band and the signal in the
narrow band from the Nd: YLF microphones due
to their increased bandwidth is significant. The
improvement of the narrow bandwidth. 87 and
the broad-band improvement is not exceeding
77. In exercise, lamps are dismissed at a 2.7.0 kV
voltage,

A minor intentional folding mirror misalignment
presents a minor walk-off per pass amount
that of minor influence on the beam. The RA
improvement non-uniformity is able to be pre-
compensated through PSLIM. Fig. 8a displays the
RA profile output of beam along by-passed PSLIM.
Fig. 8b displays that PSLIM is able to advance .

Harmonics Propagation

Few MGW trials need pulses as ocular at central
Aotherthanthatof 1053 nm. i.e., pico-2" resolved-
time dense plasma line shifts measurements [26]
need at 526.5 nm the 2"*harmonic. Streak-cameras
of timing x-ray calibration needs little subpico-2"
pulses in UV deep region. For fulfilling such needs
and to upsurge the disparity being interim of the
pressed pulses [27], the beam of MGW of output
is able to be changed into the 2™ or 4™ harmonics.
Various sets of big-aperture crystals (till 85 mm 85
mm) of DKDP and KDP are obtainable for utilize,
according to the needed energy of period and
pulse. The extreme detected SHG effectiveness
of 80% conversion for a subpico-2" pulse was
improvemented in a KDP thick crystal of 2 mm. The
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Fig. 9. Diagnostic COMS package showing input beam (red line path) and output beam (blue line path) markers
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(5*"HG) is essential for numerous plasma earmarks
[26,27]. To examine and adjust (5thHG), following
4 roundtrips, the beam of CLARA is locked onto
via the switch-yards SY2 and SY1 on a table of RA
and directed to the 5! (Fig. 3).

MGW Arrangment to Pump an All-OPCPA Laser

The laser as MGW able to be configured in
narrow-band modality for pumping the latter
whole-OPCPA laser system megaphone (9.5 J, 19
fs pulses) [11,28]... In its place, the narrow-band
beam of CLARA is steered utilizing SY1 prior to it is
recurrence-doubled in the SHG Sec. (Fig. 3). In the
CLARA, 3 roundtrips offer a 1.6 ns pulse, 300 mJ.
The injected beam into the chief back path via SY2
following the transfer depiction of vacuum relay
prior to PSLIM. Till 150 mJ is able to be utilized if
PSLIM is not by-passed owing to its onset of harm.
After DA and RA, SY3 directs the beam towards the
SHG table. The VSF diminishes that is intended to
be repeatedly doubled with a maximum efficiency
of 76%.

EARMARKS AND LASER PRESENTATION
COMS Diagnostic Package

Each MGW stage is of various earmarks;
nonetheless the COMS earmarks package (CDP) is
the greatest precarious. It detects Parameters of
MGW under cases of great-energy and offers beam
of output features which are essential for shots as
goal and further trials. It is displayed in Fig. 9 and

contains the GCC-beam of input (pulse being long)
earmarks in red and GCC beam of output (pulse
being short) earmarks in blue.

The enlarged beam from the DA traverses
the VSF with a 1.45-power increase to reach the
CDP table, which is positioned behind the LM3
camera.. It detects near-field profile beams at a
comparable level to G4, such as the grid surface
where the shortest pulse before B. COMS exits.
Use a beam downer or (M2) as a rotating mirror
and (Cal 1) as a calorimeter to block the input to
the GCC before full energy activity acquisition and
collect beam profiles with the G4E during high
energy acquisition.

detected via the energy pickoff meter (Cal 2)
comprises of a a one-mode-fiber, an integrating
sphere, and a calori-meter mercantile scale as
picojoule—nanojoule (Ophir PD10). The (Cal 2) is
calibrated crossing a 9 in diameter. (Cal 1) of full
calori-meter energy that is an LLE fabricated and
designed calori-meter. Such calori-meter is relied
on temperature absorbing glass measurements.
The factor of crossing calibration among Cal 1 and
Cal 2 is stable comparatively.

Following the system of pickoff energy, the
beam reveryes the Spectro-meter of input (Spec
IN). Such is of (Acton, SP-500), as Spectro-meter
of Czerny—Turner and the beam is joined the slit
Spectro-meter utilizing a (PZ) as polarizing fiber.
The output of diagnostic COMS package is extra
complicated, , the ASP-output, the time-extended
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Fig. 10. MGW pulse laser energy of output for a RA range input energies and the 15 ps pulses gratings
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alone-shot auto-correlator (TESSA), alike to [29].

Energy of output

The energy of output being MGW on-shot is
detected utilizing calori-meters as pickoff crossing-
calibrated of a calori-meter of big-aperture which
includes energy of large (1.5-1000 J) range. The
pickoff calori-meters are situated on the CDP table
behind the leaky mirror.

The pulse being re-pressed in the GCC is of 2
chief energy restrictions arriving from the isolator
of Faraday and the COMS- gratings. The 49 J
boundary is set via the sill of harm of the doped
terbium glass (1.9 J=cm?). The range of energy
under 49 Jis displayed in Fig. 10 as the safety zone.

The extreme energy yielded through MGW in
120 J narrow-band modes. shots are not offered
within modality rate-risk and great-risk zones
since it is risky for the laser. However, whole points
on Fig. 10 match to actual shots and exhibit the
complete MGW shots ranges of energy that might
be securely obtainable with compromising factors
of restraint. Planned up-grades to permit for short
MGW pulse function at greater energies, that of
4.9 J=cm?as greater sill of harm.

Period of pulse

The stretcher determines the length of the
pulse and the sign of chirp. Attempting to recreate
the entire spectrum of pulse lengths with a single
definitive diagnosis is not possible.. A scanning

as 2nd-order auto-correlator (SAC) is utilized
habitually with the OPCPA-beam of 4.9 Hz prior
to complete-energy shots for measuring the
pulse auto-correlation. It is caboveing 99 ps as
range being temporal and is enough sensitive for
aligning the COMS if needed that is exceptional. A
shortest pulse auto-correlation trace is displayed
in Fig. 11a and of 497 fs as FWHM that matches
to 369 fs as period of pulse. It is displayed with
an auto-correlation simulated task calculated for a
pulse as transform-restricted relies on the output
of OPCPA spectrum. Both auto-correlation traces
well abovelap with just a 4.8% mis-match among
the FWHMs. A pedestal is detected in the auto-
correlation traces detected for intensified and
pulses as un-intensified that is matching above
extra compared to the 3 magnitude orders.

IMPLEMENTATION AND FINDINGS
Density of Energy

Relativistic e- beams offer an influential
foundation for matter heating to extremist
densities of energy in the range of Mbar to Gbar
[30]. One technique for producing hot e- is by
interactions of great-intensity laser-matter and
Heat transfer at intensities concentrated above
10® W=cm? [31,36]. In such cases, hot e- is
produced and deposit of energy inside matter
above scales of pico-2" time [32]. Thoughtful in
what way the hot-e- beams are produced and in
what way they are coupling the energy to matter

7236 (1 ns
— 7237 (11.8 ps)
(a) (b) — 7240 (11.9 ps)
LY — — 19 l T — 7241 (13.4 ps)
— — 7242 (12.5 ps)
= 2 — 7243 (13.5 ps)
S E 4 ¢ E
£ 08 N 08 — 7244 (12.3 ps)
= = e e
£ g —
§ 0.6 FT limit: g 0.6 - .
S 473 fs (FWHM) =
= .8
9 =
N 0.4 = Experiment: N 7‘: 04
| 497 fs (FWHM) S
g 02+ B . .§ 0.2
2 = 02
~ <
0.0 . 00 &
-3 -2 -1 0 1 2 3 -15 -10 -5 0 5 10 15
Time (ps) Delay (ps)

Fig. 11. (a) Detected finest-compression auto. (b) One-shot auto-correlation MGW shots
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great-density is motivated powerfully through a
extensive implementations ranges in energy of
great density (HED) science, include acceleration
of particles of great-energy [33].

Spectroscopies resolved and integrated time of
plasma were established [34] for diagnosing the
extremist states of matter which are produced
and for analysis atomic great-density physics and
models Is of energy- transfer [23,29], include the
transfer dynamics of energy in powerfull systems
of inhomogeneous matter as hot-dense [35].

X-ray Spectro-meters

Resolved x-ray Spectro-meters are established
for the arrangement of MGW pulse laser, photon
ranges energy to 29 keV from 50 eV. An extremist
UV Spectro-meters suite, both resolved and
integrated time [28], This electronic absorption
is mainly described at the maximum absorption
wavelength249 nm by electronic excitation from
HOMO to LUMO and corresponds to the transition
from the ground state to the first excited state,
[37] the emission measuring among 60 and 250
eV, of a E =1F 100 spectral resolution of and a 2
ps. interim resolution. Greater energies of photon
nearby 1 keV are caboveed through a Spectro-
meter as integrated time (among 800 and 2100
eV is the spectral ranges and E =1F 450 is the
resolving power) and Spectro-meter as time-
resolved (1300 to 1700 eV is the spectral range
from E =1E 650 resolution, 2 ps is the interim
resolution) [30]. X-rays with 7 keV as energies of
photon are registered in modality of integrated
time of a flat greatly adapted to pyrolytic Spectro-
meter, as definite in [34].

CONCLUSION

MGW laser was constructed according to the
utmost recent technologies of laser and remains
to develop ideas as novel in laser engineering and
science. Also, it is a supple platform for creating
plasma earmarks and frontier laser. The beam of
output with size up to 60 mm, energy of output
till 109 J and period of pulse from 17 fs to 2.1 ns
able to be heading for to diverse chambers for
diverse trials, include extreme great-intensity
development as whole Raman plasma megaphone
and OPCPA system.
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