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. Some history (explosively pumped iodine laser (EPIL), «Iskra-4», «Iskra-5»,

«Plamyay).

2. Phase conjugation (PC).

3. Competition of nonlinear processes (SBS, SRS, optical breakdown).

4. Production of superstrong electromagnetic fields by means
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of the EPIL with phase conjugation (project «LAMBDA»).
Conversion of iodine laser radiation to 274 harmonic.
The transverse SRS-SBS in the KDP and DKDP crystals .
Parametrics. «PETAWATT» . Perspective.

Conclusion
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Photodissociation iodine laser

CsFJ+hy ., — CsFAT'CP,,) —I (Ps)+h v, homogeneous EPIL

Working mixture :
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High-explosive pumped photodissociation
iodine laser (technical realization)

Scanning at time (At = 2 ps)
> t
* = 8 ¢ 2 I °

500 mm
E up to 60 kJ

N
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explosive

D 1200 mm
E uptol MJ
"2 %




Photodissociation laser — short pulse regime (t~0.1-10ns)
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P:(:::filelg Electric-discharge Shock wave front
Laser “Iskra-3” “Iskra-4” “Iskra-5” “VM-1” “VM-2” “Plamya”
J, cm 40 40-70 70 15 50 130
E annerr K 0.5 1-2 2.5 0.2 1 up to 6
P channel, TW 0.3 2-10 5-8 0.2 1 up to 6

“Iskra-4”

Near-field zone




Converting of iodine laser radiation (A=1.315mm)
to the second harmonic
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Nonlinear element — DKDP (>85%)
Fast directed growth
210x210x18mm
produced by IAP RAS

Experimental results:

-converting efficiency ~70%

@ ~(3-4)GW/cm?

» simulations and experiments are in good
agreement

0,8
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0,4

0,2

Moo beam diameter 80 mm
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1-A06=0

2 - A= 1.5x10%rad
3 - AB= 3x10*rad
points - experiment

curves — calculations, @ 6 =10 rad

0 1 2 3
GW/cm?

Dependence of experimental converting
efficiency on input radiation intensity
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Converting of the «Iskra-4» iodine laser radiation (A=1.315mm)
to the second harmonic

Full-scale experiments with mosaic converters

20 (beam diameter 41 cm)
0.8
L=18 mm
0.6 - Ceed 1
oOoveo
o 0°0
P 2
0.4 - o “ ‘\ z °®
3 o
0.2 -
curves- calculations, @ 0 =10-rad
1-A0=0; 2-A0=1,5x10"rad; 3 - AO=3x10 rad;
s 0 points - experiment
| mosaic convert | 0 1 2 3 4 5
2x2 crystals DKDP, GW/cm?2
aperture - 42 cm, length - 1,8cm
32 The maximum converting efficiency > 50 %
On camera (is reached at the intensity (1-2.5) GW/cm?)
Dichroic mirror: Maximum energy E, - up to 600J
* a1 R20>0:9% R.<0.01  Gontrast increase — by 104 times
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Conversion of the «Iskra-5» facility to the
second harmonic operation mode
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Experimental and calculated converting efficiency
to 2"d harmonic vs input radiation intensity

Efficiency, %

\ : Y . y/ S y l.,‘-"l‘li . |
: e | e cxperiment
' calculation |
Crystal DKDP o ‘ ‘

0.0 0.5 1.0 1.5 2.0 2.5 3.0

(aperture 35cm, length 2cm)
Pumping intensity, GW/cm?

produced by IAP RAS

 The maximum second harmonic conversion efficiency — about 60%
(is reached at the intensity (0.5-1.5)GW/cm?)

* Total energy in 12-channel’s experiments is 3kJ
(pulse duration 0.5ns)
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Research of the transverse SBS and SRS
in anisotropic crystals (KDP and DKDP)
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Aim- experimental definition of stationary small signal gain (g). E(1=0.53um) ~0.5J
o . . Touls=29NS
Method — excitation of induced scattering in the resonator.
Lxd=7x0.4mm
SBS at DKDP
- | g, cm/GW 4.4+0.4
Tg, NS 3+0.5
S — Avg, cm-! 0.74+0.03
: 1 V, .ng kmis 5.7+0.2
= | [1] g=3.53-5.09 cm/GW
: . : 1. G.W.Faris, L.E.Jusinski and A.P.Hickman.
I o 0 it~ | “High-resolution stimulated Brillouin gain
Crystal DKDP spectroscopy in glasses and crystals”.
J.Opt.Soc.Am.B,v.10,Ne 4,p.587 (1993).
The work is fulfilled under the contract with LLNL 10

(NeB239660, 1997)



Research of the transverse SBS and SRS
in anisotropic crystals (KDP and DKDP) Mﬁnqpm

SRS in KDP and DKDP
E(1=0.438pum) ~5J

KDP DKDP (80%) Touis=(0-5-3)ns
Lxd=15x2mm
g (cm/GW) | 0.29+0.03 0.18+0.05

our
measurements | A,=438nm Ap=438nm
g (cm/GW) 0.24+0.03 0.1+0.03
recalculated Ap=530nm Ap=353nm R R,
g (cm/GW) 0.21+0.04 0.098+0.07
data from LLNL | A,=530nm Ap=353nm

0.25
1o

E. 0.20

g | - pump | u
= LR - SRS-signal % = =
; ——— - theory (eq. 4)) v 0.15

= [:%3
P =
= "\_‘ (v w g v ¥ 2 0.10
(& . b =

= n a
& 5 0.05

E o2 | = .

= o 0.00 et —————— ™
: c . - = 0 1 2 3 4 5 6 7 8 o 10
time. ns time, ns
Test (benzol) Crystal KDP

The work is fulfilled under the contract with LLNL
(contract NeB239661, 1997) 1 1



EPIL divergence
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g [J/em?] E P
Efficiency = B~ =, [Jsr] or — [W/sr]
i I [W/em?] = o* o*

Opon ~ (107 <107) rad Q upto ~1000 6. B ~10" J/sr (for the MJ laser)

Optimizations of active medium composition

Design of new type resonator

Measurement layout (Michelson interferometer)

probing laser Shock wave
— \ e Anmax =4.6-10° Q Anmin — 0.4x10°
'_ I EPDL I I egen ~ ampl ~ 2 La grad n
high-speed
photochronograph ﬂ
1
O.in ~ (2+3) -104 rad

Streak record
interference pattern
|

B, .~ 21012 J/sr

0 0.4 0.8 1.2 1.6 2 24

An (10°%), gradn (10 cm™)
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Phase conjugation (PC)
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Distorted Complex
wave front (WF) conjugated WF
Plane WF \ /
N/ —
o ™= Medium Radiation
./ » With An —| injection
- \
point B e Ko >>1 system
source g
—

Key element — PC-mirror <« SBS in compressed gases(Avg < Av,)

: P, g, Ipump, Avs,
Medium | . tm | c/MW | MWiem? | cm
Xe 53 0.06 40-170 0.07 |« Optical breakdown
SF, 17 0.028 1000 0.06 |« SRS
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PC at SBS and competing processes
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thical bre'akdo'wn

T /
I (W/icm?)
10" A Optical breakdown .
Xe + SFG /
No optical breakdown
No SRS
1010 B
0 2 4 6 8 10 12 14
Working medium Xe + SF;
Operating pressure up to 60 atm
Partial pressure 1:0.1
Purification efficiency 99.999%

Competition of SRS and SBS

Steep front of pumping pulse

1. Pthreshold SRS
2. Ethreshold SBS

Sloping front of pumping pulse

Condition for the production
SBS_a 1[2_”13 of SBS without SRS
Isrs
Tfr>GTP SBS g
SBS

1. Ethreshold SBS

Master oscillator with PC = «Iskra-4» = 1,,,=0.1ns = P =10 TW for one channel
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EPIL with phase conjugation

P T W s

System of input of radiation

angular raster
selector

focusing SBS cell

lens (50 atm Xe + 1.5 atm SF)

), ey

Amplifier

R
<
£ % J Beam structure in SBS cell
o=
= g
X -
58 : ,
S "g far-field region of Stokes beam Quasiwaveguide
C £ output pulse on the angular selector 'I-:e“s rast;ar zone zone | zone Il
Selection of conjugated component (Fragment )
y Dynamlcs of radiant intensity rise B E(H){J}
10" mmmmmdee e s o S
Compensation of optical : : & Lsr
inhomogeneities in the two-pass amplifier : :
with the SBS mirror ol T T | |
1.0 N 1 . 1 X L 10 _________________ ':' _________ -:_
B EE _ - ! !
.o Ve 1 1
08 n A 7 1 :
] ‘ ) 7 5 1012 1 el V. a-
064 / = - - -
| /. ~(2-3)-10rad 1ot S - —
0.2 - 4 i - linear methods : :
' / ' ® - application of the PC E E
4 eleﬂl‘l(*) 10 1 . . . 1 1
0.0 —— 10 —_—t
0 1 2 3 4
1970 1980 1990 2000 15




Production of superstrong electromagnetic fields by means
of the EPIL with phase conjugation

TRADITIONAL APPROACH:
reduction of pulse duration ©~ (100 + 10)fs I ~ up to 1020 W/cm?
uction of pulse durat o i L-w

(femtosecond lasers)

EPIL with PHASE CONJUGATION: 1~(0.1+1)ns
. ‘ l; ~ up to 102° W/cm?
reduction of focal spot di~A~1pm

What it gives: I

> possibility to investigate matter behaviour in quasi-stationary fields
(as compared to relaxation time of atom)
> possibility of process dynamics observation

» practically monochromatic conditions
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Production of superstrong electromagnetic fields by means
of the EPIL with phase conjugation (project «LAMBDA»)
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Experiment
(!}Aﬁster os?lllator _ L
raction limited) microscope objective
| | _~ (d~1pm) phase conjugation
y 4 = £ system
L
P < explosive
.\ —> é zé amplifier []
A = g
parabolic rr{irror target
D/F ~1

40um

Pulse energy ~100J

Pulse duration ~1ns

Intensity on a target ~10'3W/cm?
Field strength ~10"°V/cm

without PC with PC
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“Luch” facility. Wavelength conversion.

Disk
amplifier 1

from.
osci

=11 m

master
ator

Adaptive mirror

——————————

; > -

=11 m

Reverser on chamber

__________

The wavelength converter
KDP - 210x210x18mm

0,7

Radiation parameters 06
at the output of a channel 05

Beam - 20x20cm

04
E - (2+3.5kJ

0,3
T - (210)ns
Opge - (0,7 + 1) 10 rad 02

=7 m =7 m

1
Efficiency~ 60% "'%
y ° ]./T,’/’: 2

" [

s
o\

//?’*’ E,, ~ (1+1.3) kJ

] curves - calculation, at 6 =10-4rad
1-A0=0; 2-A0=1,3x10"%rad; 3 - AB=2x10"%rad;

points - experiment

0 0,5 1 1,5 2 25

3 3,5
I, GW/cm?
Disk

amplifier 2
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Petawatt laser system (together with IAP RAS)

Parametric amplification
of broadband chirped pulses

starting
system:
MO (50fs),
stretcher, preamplification output compressor
OPA-1,OPA-2 |m=) system =) system T~70%
DKDP OPA-3 OPA-4
(40x40x75mm) DKDP DKDP T
A=0.91um _
E=0.1J (100x100x55mm) (300x300x55mm) j T=60fs
t=0.5ns — E=100J
Fa-2he e ﬂ P=100TW
- Diffraction gratings ﬁ - P=1PW
/ 7 2 & 1 4 —*.,'_;5_ ineSI mm ny ABTOKOpe/LIAIHOHHAA (PyHKIIA imvImyTbea 60dc
N «Luchy» T T —— Focal
60fs spot
Channel
A=527nm ‘
E~1kJ; =T T io_prm
T~2.5ns P

| ~101%W/cm?2
| ~ 1020WW/cm?
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Possibility of power increasing

T T T

. ~ P=5PW ~
Characteristic P=1PW P=12PW
60J/50fs 250J/50fs 620J/50fs
Pumping energy OPA-4, kJ 1.1 1.2 1.8
Pumping pulse duration, ns 2.8 2.5 2.5
) . Super- Super-
Temporal profile of pumping Gaussian . .
pulse (n=2) Gaussian Gaussian
(n=6) (n=6)
Chirped pulse energy (J) at the 7 2 2
OPA-4 entrance
Chirped pulse duration , ns 0.42 1.5 2.5
. . . Super-
Temporal profile of chirped Gaussian Gaussian .
pulse (n=2) (n=2) Gaussian
(n=6)
Beam size of chirped pulse 218 218 20x20

(2=911nm), cm

4 | Eout OPA-4,kJ

08 7 P=12PW
N
06
04 - — P=5PW
02 -
— | P=IPW
1 15 2 2,5 3 Tpump NS
Crucial problem:
- low damage threshold of diffraction
gratings.

traditional: = 0.5J/cm?
dielectric: = 2.5J/cm?

- producing of large aperture DKDP
crystals of necessary quality with high
damage threshold.
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1. The investigations of phase conjugation effect at the stimulated scattering in compressed
gases, including a competition of nonlinear processes (SBS, SRS, optical breakdown)
have been done.

2. The phase conjugation application to explosive photodissociation lasers had permitted:

- to reach record value of light power B=10"* J/sr (10" W/sr), and B, ~0.7B s

- to focus radiation in a spot with practically diffraction limit size and to receive intensity of
radiation I =10'8 W/cm?.

3. The investigations of harmonics generation has allowed to transfer «Iskra-4», «Iskra-5»,
“Luch" laser facilities to the second harmonic operating mode with efficiency more than
50 % that has raised efficiency of researches.

4. Petawatt laser system based on the one channel of “Luch” facility was created. It exploits
the principle of parametric amplification and enables to carry out irradiation
experiments with intensity up to 102° W/cm?2.
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