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Photodissociation
 

iodine laser
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High-explosive pumped photodissociation
 iodine laser (technical realization)

Ø
 

500 mm
Е

 

up to

 

60 kJ

t
Scanning at time (Δt ≈

 

2 µs)

Ø
 

150 mm
Е

 

up to

 

3 kJ

Near-field zone

Ø
 

1200 mm
Е

 

up to

 

1 MJ

5

case

High
explosive



Photodissociation
 

laser –
 

short pulse regime (τ≈0.1-10ns)

Pumping 
source Electric-discharge Shock wave front 

Laser “Iskra-3” “Iskra-4” “Iskra-5” “VM-1” “VM-2” “Plamya”

∅, cm 40 40-70 70 15 50 130

Еchannel

 

, kJ 0.5 1-2 2.5 0.2 1 up to

 

6

Р

 

channel,

 

TW 0.3 2-10 5-8 0.2 1 up to

 

6

Near-field zone

“Iskra-4” “Plamya”

Electric-discharge pumping source

 

(more

 

than 200 shots)

“Iskra-5”. 12 channels. РΣ

 

=120TW
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Converting of iodine laser radiation (λ=1.315mm) 
to the second harmonic

Dependence of experimental converting 
efficiency on input radiation intensity

η2ω

curves –

 

calculations, @ θ

 

=10-4

 

rad
1 -

 

Δθ=0
2 -

 

Δθ=

 

1.5×10-4rad
3 -

 

Δθ=

 

3×10-4rad
points -

 

experiment
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3

1 32 4
GW/cm2

0 5
0
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0,4

0,6

0,8Nonlinear element –
 

DKDP (>85%)
Fast directed growth 

210×210×18mm
 produced by IAP

 
RAS
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Experimental results:

•converting efficiency ∼70%  
@ ∼(3-4)GW/cm2

•

 

simulations and experiments are in good 
agreement

beam diameter 80 mm

Presenter
Presentation Notes
Рис2,1



Converting of the «Iskra-4»
 

iodine laser radiation (λ=1.315mm) 
to the second harmonic

Full-scale experiments with mosaic converters 

mosaic converter 
2×2 crystals DKDP, 

aperture -

 

42 cm, length -

 

1,8cm

82ω
З1

З2 The maximum converting efficiency ≥
 

50 %
 (is reached at the intensity (1-2.5) GW/cm2)

Maximum energy
 

Е2ω

 

-
 

up to
 

600J

Contrast increase –
 

by 104

 

times
Dichroic

 

mirror:
R2ω

 

>0,95;   Rω

 

<0,01

On

 

camera

0

0.2

0.4

0.6

0.8

0 1 2 3 4 5
I, ГВт/см2

η2ω
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3

L=18 mm 

(beam diameter
 

41 cm)

curves-

 

calculations, @

 

θ

 

=10-4rad
1 -

 

Δθ=0;

 

2 -

 

Δθ=1,5×10-4

 

rad;

 

3 -

 

Δθ=3×10-4

 

rad;
points -

 

experiment

GW/cm2
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Crystal

 

DKDP 
(aperture

 

35cm, length

 

2cm)
produced by IAP RAS

•

 

The maximum second harmonic conversion efficiency –
 

about 60% 
(is reached at the intensity

 

(0.5-1.5)GW/cm2)
•

 

Total energy in 12-channel’s experiments is 3kJ 
(pulse duration 0.5ns)

Conversion of the «Iskra-5»
 

facility to the
second harmonic operation mode
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Research of the transverse SBS and SRS 
in

 
anisotropic crystals

 
(KDP and DKDP)

Aim–
 

experimental definition of stationary small signal gain (g).

Method
 

–
 

excitation of induced scattering in the resonator.

SBS at
 

DKDP

E(λ=0.53µm) ≈0.5J
τpuls

 

=25ns
L×d=7×0.4mm

g, cm/GW 4.4±0.4
τF

 

, ns 3±0.5
ΔνS

 

, cm-1 0.74±0.03
Vsound

 

, km/s 5.7±0.2
[1]

 
g=3.53-5.09 cm/GW

The work is fulfilled under the contract with  LLNL

 
(№В239660, 1997)

1. G.W.Faris, L.E.Jusinski

 

and A.P.Hickman. 
“High-resolution stimulated Brillouin

 

gain 
spectroscopy in glasses and crystals”. 
J.Opt.Soc.Am.B,v.10,№ 4,p.587 (1993). 

Test

 

(quartz)

τ, нс

τ, нсτ, нс

Crystal

 

DKDP

R1 R2L×d
CRYSTAL
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Research of the transverse SBS and SRS 
in

 
anisotropic crystals (KDP and DKDP)

SRS in
 

KDP and
 

DKDP

The work is fulfilled under the contract with  LLNL

 
(contract

 

№В239661, 1997)

R1 R2L×d
CRYSTAL

E(λ=0.438µm) ≈5J
τpuls

 

=(0.5-3)ns
L×d=15×2mm 

Test

 

(benzol)

KDP DKDP (80%)

g

 

(cm/GW)

 
our

measurements

0.29±0.03

λР

 

=438nm

0.18±0.05

λР

 

=438nm

g

 

(cm/GW)

 
recalculated

0.24±0.03

 
λР

 

=530nm
0.1±0.03

 
λР

 

=353nm

g

 

(cm/GW)

 
data from LLNL

0.21±0.04

 
λР

 

=530nm
0.098±0.07

 
λР

 

=353nm

Crystal

 

KDP

Кристалл

 

KDP
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EPIL divergence

probing laser

high-speed 
photochronograph

Shock wave
front

Measurement layout (Michelson interferometer)

Streak record
interference pattern

EPDL
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Efficiency ⇒
ε [J/cm2]
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→ 0.4×10-6

Вmax
 

≈
 

2⋅1012
 

J/sr

[J/sr]Е
θ 2

Р
θ 2 [W/sr]В

 

∼ or

Θmin
 

≈
 

(2÷3) ⋅10-4
 

rad

Δnmax

 

= 4.6⋅10-6
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Phase conjugation (PC)

Plane WF

Medium 
with Δn

Medium Р, 
atm

g, 
cm/MW

Ipump, 
MW/cm2

Δνs

 

,
 cm-1

Xe 53 0.06 40-170 0.07

SF6 17 0.028 1000 0.06

Key element –
 

PC-mirror ⇐

 
SBS

 
in

 
compressed gases(ΔνS

 

< Δνampl

 

)  
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point 
source

Distorted
wave front (WF)

Complex 
conjugated

 

WF

Radiation 
injection
system

PC

Optical breakdown

SRS

К0

 

>>

 

1



SRS
SBS

1.2ns
E/Ethr

P/Pthr

PC

SBS

Working medium Xe +

 

SF6

Operating pressure up to

 

60

 

atm

Partial pressure 1:0.1

Purification efficiency 99.999%

PC
 

at
 

SBS
 

and
 

competing processes

0 2 4 6 8 10 12 14

1010

1011 Optical breakdown

No optical breakdown 
No SRS 

I (W/cm2)

% SF6

Xe + SF6

Optical breakdown Competition of
 

SRS
 

and
 

SBS

Master oscillator
 

with
 

PC
 

⇒ «Iskra-4»
 

⇒ τpulse

 

= 0.1 ns
 

⇒

 

Р
 

= 10 TW for one channel
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Sloping front of pumping pulse

1. Еthreshold
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Condition for the production
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without

 

SRS

τfr

 

>GτР

 

SBS
gSRS

gSBS

SBS 1.2ns

1. Рthreshold

 

SRS
2. Еthreshold

 

SBS

Steep front of pumping pulse



EPIL with phase conjugation

far-field region of 
output pulse

angular 
selector

raster SBS cell
(50 atm

 

Xe

 

+ 1.5 atm

 

SF6

 

)
Amplifier

Stokes beam 
on the angular selector

Beam structure in SBS cell

F

focusing
lens

Lens raster
(Fragment ) 
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I zone II

зонаI зонаII

квазиволноводныезоны

Quasiwaveguide
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Compensation of optical 
inhomogeneities

 

in the two-pass amplifier

 
with the SBS mirror
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Production of superstrong
 

electromagnetic fields by means 
of the EPIL with phase conjugation

TRADITIONAL APPROACH:
reduction of pulse duration 
(femtosecond

 

lasers) 

TRADITIONAL APPROACH:
reduction of pulse duration 
(femtosecond

 

lasers) 
τ

 

~ (100 ÷
 

10)fs
df

 

>10 µm
τ

 

~ (100 ÷
 

10)fs
df

 

>10 µm If
 

~

 

up to
 

1020

 

W/cm2If
 

~

 

up to
 

1020

 

W/cm2

If
 

~

 

up to
 

1020

 

W/cm2If
 

~

 

up to
 

1020

 

W/cm2EPIL with PHASE CONJUGATION:
reduction of focal spot

EPIL with PHASE CONJUGATION:
reduction of focal spot

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

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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τ

 

~ (0.1 ÷
 

1)ns
df

 

~ λ

 

~
 

1 µm
τ

 

~ (0.1 ÷
 

1)ns
df

 

~ λ

 

~
 

1 µm

What it gives:What it gives:



Production of superstrong
 

electromagnetic fields by means 
of the

 
EPIL with phase conjugation (project

 
«LAMBDA»)

Spot on target

explosive
amplifier

phase conjugation
system

Master oscillator 
(diffraction limited)

parabolic mirror
D/F ∼1

microscope objective
(df

 

~1 µm)

target

Pulse energy
 

≈100J
Pulse duration

 
≈1ns

Intensity on a target
 

≈1018W/cm2

Field strength ≈1010V/cm
without PC with PC 

Experiment

40µm 2µm
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f=11 m f=11 m

f=7 m f=7 m

Reverser

D
is

k 
am

pl
ifi

er
1

Disk

 
amplifier 2

Adaptive mirror

from master 
oscillator

Radiation parameters 
at the output of a channel

Beam

 

-

 

20×20cm

Е

 

-

 

(2 ÷

 

3.5) kJ
τ

 

-

 

(

 

2-10) ns
θ0,8Е

 

-

 

(0,7 ÷

 

1) 10-4

 

rad

2ω

“Luch”
 

facility. Wavelength conversion. 

on chamber
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60fs

Petawatt
 

laser system
 

(together with
 

IAP
 

RAS)
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preamplification

 
system 

DKDP

 
(100×100×55mm)

Е=10J

OPA-3

output

 
system

DKDP

 
(300×300×55mm)

Е=100J

OPA-4

compressor
T≈70%

«Luch»
Channel 
λ=527nm

 Е≈1kJ; 

τ≈2.5ns

Diffraction gratings

 
240х380mm, 1200

 

lines/mm

Compressor

τ=60fs

I
 

∼
 

1019W/cm2
 I

 
∼

 
1020W/cm2

Р=100TW
 Р=1PW

Parametric amplification
of broadband chirped pulses 

starting

 
system:

 
MO (50fs), 
stretcher,

 
OPA-1, OPA-2

λ=0.91µм
Е=0.1J
τ=0.5ns
f=(1-2)Hz

DKDP

 
(40×40×75mm)

Focal
spot

20µm



Crucial problem:

 
-

 

low damage threshold of diffraction 
gratings.
traditional: ≈

 

0.5J/cm2

dielectric: ≈

 

2.5J/cm2

-

 

producing of large aperture DKDP 
crystals of necessary quality with high 
damage threshold.

Possibility of power increasing

Characteristic Р≈1PW
60J/50fs

Р≈5PW
250J/50fs

Р≈12PW
620J/50fs

Pumping energy OPA-4, kJ 1.1 1.2 1.8

Pumping pulse duration, ns 2.8 2.5 2.5

Temporal profile of pumping 
pulse

Gaussian

 
(n=2)

Super-

 
Gaussian

 
(n=6)

Super-

 
Gaussian

 
(n=6)

Chirped pulse energy (J) at the 
OPA-4 entrance 1 2 2

Chirped pulse duration , ns 0.42 1.5 2.5

Temporal profile  of chirped 
pulse

Gaussian

 
(n=2)

Gaussian

 
(n=2)

Super-

 
Gaussian

 
(n=6)

Beam size of chirped pulse

 
(λ=911nm), cm ∅18 ∅18 20x20

0

200

400

600

800

1000

1 1,5 2 2,5 3 3,5

0,4

0,2

0,6

0,8

1 Еout

 

OPA-4, kJ

P≈1PW

P≈5PW

P≈12PW

1 1,5 2 2,5 3 τpump

 

, ns
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Conclusion

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 В=1014

 

J/sr (1019

 

W/sr), and Вexp

 

≈0.7Вdiff

 

; 
-

 
to focus radiation in a spot with practically diffraction limit size and to receive intensity of 

radiation I ≈1018

 

W/cm2.

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 1020

 

W/cm2.
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