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� Russian Federal Nuclear Centre – All-Russian Scientific  Research 
Institute of experimental physics (RFNC-VNIIEF) cele brated sixtieth 
birthday in 2006. VNIIEF was established for a realizati on of the Soviet 
Union atomic project.

� In RFNC-VNIIEF a new science – physics of high energy densities - was 
founded and evolved. This science lies in the field of intersection of such 
physical areas as hydrodynamics and physics of explo sion, nuclear 
physics, plasma physics, applied mathematics, a creat ion of special 
physical facilities and diagnostic complexes, connec ted, first of all, with 
the whole system of physical sciences.

� Since middle sixties of last century works on the h igh-power laser 
creation and their application for an investigation o f physics of high 
energy densities have been developing actively in VNI IEF. Nowadays 
these works are fulfilling in the Laser Physics Researc h Institute. 
Corresponding Member of Academy of sciences S.B. Kormer was a 
founder of this Institute.
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Laser setups for ICFLaser setups for ICF
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““ IskraIskra --55”” Laser FacilityLaser Facility

Facility buildingFacility building
Interaction chamberInteraction chamber

Spherical Spherical hohlraumhohlraum

experiments were conducted on 
the fundamental harmonic: the 
energy ~ 10 kJ, laser pulse 
duration 0,3 ns.

experiments were conducted on 
the fundamental harmonic: the 
energy ~ 10 kJ, laser pulse 
duration 0,3 ns.
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High-power neodymium laser facility 
“Iskra – 6”

Laser energy 600 kJ
Wavelength 0,35 mmmmm
Pulse duration 1-3  ns
Number of channels 64

Laser energy 600 kJ
Wavelength 0,35 mmmmm
Pulse duration 1-3  ns
Number of channels 64

•• In 1996 VNIIEF suggested In 1996 VNIIEF suggested 
creation of laser facility of creation of laser facility of 
new generation new generation –– ““ IskraIskra --66””

•• As the first stage of this As the first stage of this 
program we created a program we created a 
module of this facility module of this facility ––
““ LuchLuch ””
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Main parameters and technical requirements 
for the systems of “Iskra-6” facility

Laser energy, kJ 300®®®® 600 Aperture 30x30 cm

Number of 
channels 64®®®® 128

Transverse 
distribution of laser 

intensity on the target
J(r)=J0exp[-(r/r 0)n]

Wavelength, 

mmmmm
0,351

Application of the 
beam smoothing with 

the typical time, ps
££££ 0,4

Pulse shape Profiled
Beam transverse miss 

on the target � ^̂̂̂ /Rm ££££ 0,05

Pulse duration, ns 3-5
Spread of laser 
intensity in the 

channels
� J/J ££££ 0,1



77

“Luch” facility is a prototype module of 
“Iskra-6” facility

•• ““ LuchLuch ”” facility is a fourfacility is a four --channel laser on channel laser on 
phosphate neodymium glass phosphate neodymium glass 

•• The aperture of each laser beam is The aperture of each laser beam is 2020xx2020 cmcm 22..

•• The energy of each laser beam is The energy of each laser beam is 3,53,5 kJkJ atat lll llll l =1054=1054 nmnm ..

•• Laser pulse durationLaser pulse duration tttttttt ==33--4 ns4 ns . . 

The main task of this facility is to check the 
main system of “Iskra-6” laser channel
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Principle schematics of the Principle schematics of the ““ LuchLuch””
facility channelfacility channel
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Laser bay of the “Luch” facility

December 31, 2002December 31, 2002
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Cooperation of institutions on 
“Iskra-6” creation

GOI
Development of methods and 

fabrication of Nd slabs for power 
amplifiers. Optic components 

fabrication

GOIGOI
Development of methods and 

fabrication of Nd slabs for power 
amplifiers. Optic components 

fabrication

VNIIEFVNIIEF
Creation of the facility

NIIKI OEP 
Fabrication and certification of 
active components for power 
amplifiers. Development of 

alignment system

NIIKI OEP NIIKI OEP 
Fabrication and certification of 
active components for power 
amplifiers. Development of 

alignment system

NIIT
Development of the equipment for 

plasma and laser parameters 
diagnostics

NIITNIIT
Development of the equipment for 

plasma and laser parameters 
diagnostics

TRINITI
Development of pump lamps, 

investigation of active component 
characteristics

TRINITITRINITI
Development of pump lamps, 

investigation of active component 
characteristics

NIIEFA
Development and fabrication of power 

amplifiers, components of energy 
storage and control system

NIIEFANIIEFA
Development and fabrication of power 

amplifiers, components of energy 
storage and control system

IPF RAN 
Development and fabrication of master 

oscillator, crystals for converters, 
Pockells cells, components of energy 

storage

IPF RAN IPF RAN 
Development and fabrication of master 

oscillator, crystals for converters, 
Pockells cells, components of energy 

storage

FIAN
Physics of thermonuclear target 

behavior, target plant

FIANFIAN
Physics of thermonuclear target 

behavior, target plant
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Upump , kV 20 (   ) 22 (   ) 24 (   )

� � , kJ 6,7 8,1 9,6

g0, cm-1 0,042 0,046 0,049

Parameters of radiation
on the channel output

Energy 1-3,3 kJ

Beam size 185 × 185 mm

Pulse duration

adjustable 2-4 ns

Pulse shape profiled

Divergence 1,5×10-4 rad

Distribution in B � DDDDI/I<15%

Dependence of output energy on Dependence of output energy on 
input energyinput energy

““ LuchLuch ”” facilityfacility
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Petawatt Laser Facility

The start-up of “Luch” facility opens new prospects for 

carrying out of fundamental and applied experimental  

investigations on interaction of high-intensity las er radiation 

with matter.

In RFNC-VNIIEF together with the Institute of Appli ed 

Physics of Russian Academy of Science the offer has  been put 

forward and works on creation on the basis of the “ Luch”

facility channel petawatt laser system are conducted .

The start-up of “Luch” facility opens new prospects for 

carrying out of fundamental and applied experimental  

investigations on interaction of high-intensity las er radiation 

with matter.

In RFNC-VNIIEF together with the Institute of Appli ed 

Physics of Russian Academy of Science the offer has  been put 

forward and works on creation on the basis of the “ Luch”

facility channel petawatt laser system are conducted .



1313

Short-pulse laser
ParametricParametric amplificationamplification of broadband chirped laser pulsesof broadband chirped laser pulses
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Femtosecond master oscillator
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tttt exp»»»»40 fs, � =2-3 nJ, (DnDnDnDn ´́´́ tttt )exp»»»» 0,437 ,(DnDnDnDn ´́´́ tttt )calc»»»» 0,44

Output parameters:

• pulse duration:  tttt»»»»0,45 ns
• spectral band:   DDDDlll l ���� »»»»150 nm
• pulse energy  :  1-1,5 nJ

• stretching coefficient : ~~~~104

Stretcher – based on diffraction grating 100 ´́́́ 275 mm, 
1200 lines/mm

Cr:forsterite, lll l =1250 nm, DlDlDlDl exp� 60 nm (DnDnDnDn� 1,15́́́́ 1013Hz), f= 77MHz (� =13 ns)
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Cascades of parametric preamplification:
amplifier-1 (PA-1) and amplifier-2 (PA-2)

• material: DKDP
• deuteration degree: 89%
• length: 70 mm
• aperture: 30´́́́ 36 mm (PA-1), 24́́́́ 24 mm (PA-2)
• cutting out angle: 36°
• wedge between active faces: 4 angular minutes.
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• laser energy in the fundamental harmonic
(lll l 1wwww = 1054 nm): up to»»»»110 J;

•convertor (2wwww):  DKDP,  
hhhhtech= 50 - 60%, ÆÆÆÆ= 100 mm,  L = 38 mm;

• energy, 2wwww (lll l 2wwww = 527 nm): up to 70 J;
• pulse duration: tttt 0,5 »»»» 1 ns;
• beam diameter: 100 mm;
• Fill-factor: F>0,5–0,7;
•Beam divergence: qqqq50%� »»»» 3´́́́ 10-5 rad, 

qqqq90%� »»»» 9´́́́ 10-5 rad (»»»» 4´q´q´q́q dif);
• Nd glass: ÆÆÆÆ1´́́́ 25cm, ÆÆÆÆ2´́́́ 12cm, 

ÆÆÆÆ6´́́́ 25cm, ÆÆÆÆ8,5́́́́ 25cm, ÆÆÆÆ10́́́́ 25cm.

«Luchik»
lll l =1054nm lll l =527nm

lll l =911nm

output

2wwww

To
measurements

PA-3

Pumping laser «Luchik»Pumping laser «Luchik»

Pumping laser of parametric amplifier PA-3 
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Output spectral content corresponds to the pulse duration 50 fs

Net gain (total coefficient of amplification) (input PA-1 – output PA-3):  � amp~1011
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Parametric amplifier PA-3
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Output parametric amplifier PA-4 pumping system
is fulfilled on basis of Luch facility channel

• beam size: 20́́́́20cm;
• energy , second harmonic: up to 800 J;
• pulse duration: tttt 0,5 »»»» 2 ns;
• beam divergence:  qqqq0,8� »»»» 1´́́́ 10-4 rad.

PAPA--44

• material: DKDP; 
• deuteration degree: 78%;
• beam aperture: ÆÆÆÆ300 mm;
• thickness: 51,5 mm;
• synchronizm type: first;
• cutting off angle: qqqq=37°°°°;
• finishing: diamond micro milling;
• roughness: 50 - 60 Å;
• coating: protective «Rasekor»;
• Wavefront aberration on a pass

(lll l =0,5mmmmm): 0,6 mmmmm.

Parametric
Amplifier PA-4

from the output
of Luch channel

lll l =1054nm
2wwww
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The Compressor of Wideband Chirped 
Pulses (Output Power -100 TW)

Gratings:
• Dimensions 240 ´́́́ 350 mm
• Groove density 1200 
grooves/mm
• Efficiency  ³³³³ 90%
• Damage threshold  ³³³³ 0,5J/cm 2



Petawatt compressor

To
measurements

� -3 � -2

� -4 � -1

Input
Output

Vacuum chamber: diameter 1m, length 5 m. 

Internal view of the compressorInternal view of the compressor AppearanceAppearance of the compressorof the compressor 2020



Petawatt compressor, experiments

Autocorrelation function of
compressed pulse. 

Corresponds to gaussian pulse of 45 fs duration

Near-field Far-field

Output laser parameters :

• energy 9 J
• pulse duration 45 fs
• beam diameter 7,4 � m
• divergence 7,3 ´́́́ 10-5 rad (2qqqqdiffr)

Laser power -200 TW
Now ~ 1 PW

experiment
calculation

Damage threshold 
1J/cm2 at 1,5 ns (»»»» 0,6 J/� m2 at 0,5 ns). 

Damage was performed at the first shot
(tpulse=0,5ns) in conditions: 

14J/0,5 ns ��� � eeee »»»» 0,35 J/� m2
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Off-axis parabolic mirror:
• diameter 320 mm
• focal distance 800 mm
•80% of energy in the spot ÆÆÆÆ »»»» (7-9) mmmmm

At laser power ! ~~~~1 PW the radiation intensity on the 
target surface can reach~~~~ 1020-1021 W/cm2
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Last comments

• Next step - target irradiation, x-rays and proton 
production, investigations into fast ignition

• Historical remarks: 

1.Feodoritov V.P.(VNIIEF, unpublished) in 70-s 
discussed laser hole boring
2.Scherbakov V.A.(VNIIEF) published in 1982 
(USSR Physics of plasmas) two stage 
compression-heating approach.
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