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Introduction
· Compact OPCPA 0.56 PW laser in IAP 
· Scalability to multi-petawatt power

� OPCPA 
� Hybrid

· Second harmonic generation 
Conclusion
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Introduction. OPCPA vs CPA

Advantages of OPCPA:
+ broad gain bandwidth 
+ high aperture 
+ considerable decrease in thermal loading 
+ significantly lower level of ASE 
+ very high gain
+ no self-lasing
+ no backscattering from a target

Disadvantages of OPCPA:
- high precision synchronization
- high quality of a pump beam
- short (1ns) pump pulse duration

Important for ELI
Not so important for HiPER



Institute of Applied Physics,  Russia    khazanov@appl.sci-nnov.ru

Introduction
· Compact OPCPA 0.56 PW laser in IAP 
· Scalability to multi-petawatt power

� OPCPA 
� Hybrid

· Second harmonic generation 
Conclusion



Institute of Applied Physics,  Russia    khazanov@appl.sci-nnov.ru

Physics of OPCPA.KD*P vs KDP.
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Freidman G., Andreev N., Ginzburg V., Katin E., Khazanov E., Lozhkarev V., Palashov O., 
Sergeev A., Yakovlev I. Proc. SPIE, v.4630, p.135-146, 2002.

Compact 0.56 PW laser system. Architecture
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Poteomkin, A. K., Katin, E. V., Kirsanov, A. V., Luchinin, G. A., Mal’shakov, A. N., Martyanov, M. A., Matveev, A. Z., 

Compact 0.56 PW laser system. 
Nd:YLF laser for first two OPCPAs pumping
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Quantum Electronics 33, 836-840 (2003). 
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� input beam shaping

� spatial filters

� self-focusing suppression

� laser heads

� self-excitation 
suppression

� second harmonic 
generation

Compact 0.56 PW laser system. 
Key elements of tabletop 300 J Nd:glass laser
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Martyanov M. A., Khazanov E.A. , Poteomkin A. K.,  
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Lozhkarev V.V., Freidman G.I., Ginzburg V.N., Katin E.V., Khazanov E.A., Kirsanov A.V., Luchinin G.A., 
Mal'shakov A.N., Martyanov M.A., Palashov O.V., Poteomkin A.K., Sergeev A.M., Shaykin A.A., Yakovlev I.V.  
Laser Physics Letters, 4, 421-427 (2007).
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Scalability to multi -petawatt power.
Routes to increase power.

+ Pulse duration: x3 (15fs instead of 45fs)
+ OPCPA efficiency: x2 (40% instead of 20%)
+ Pump power x1.3: (230J instead of 180J)
+ Compressor efficiency x1.2 (79% instead of 66%)

TOTAL:  x11   ( 6PW instead of 0.56PW )
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Scalability to multi -petawatt power.
Sarov – N.Novgorod.
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Scalability to multi -petawatt power.
Sarov – N.Novgorod.

I.A. Belov, O.A. et al.  Petawatt laser system of the "Luch" facility
International Conference X Khariton's Scientific Reading. p.145 (2008).

55fs  600TW
October,2008

??fs
December, 2008

2.44 lll l /D = 12.2 mmmmrad

OPCPA gain =35

Peak efficiency = 38% 
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Hybrid OPCPA-CPA Prototype for ELI. 
Architecture.
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2.5nsNd:glass amplifier

170J
2 ns

200 J
20 fs
10PW

Seed laser
20fs

Stretcher
20 fs®®®® 2ns

1nJ
20 fs

Nd:YLF
laser

lll l =1053nm

1 J
2 ns

Synchronization
system

OPCPA I
(front-end)

Compressor
2 ns®®®® 20 fs

30mJ

2 J
2.5 ns

OPCPA II
(power)

1mJ
2.5ns

Ti:Sa

Nd:YLF
amplifier

2wwww

1mJ
25ns

Nd:YLF
amplifier

Nd:glass amplifier

Nd:glass amplifier

Nd:glass amplifier

Nd:glass amplifier

2wwww

2wwww

2wwww

2wwww

2wwww

4 x 200J  20ns

300J 25ns

300J 25s

300J 25s

300J

0.2 J
25 ns

2w w w w KDP

8 PW
high contrast

x4 focus intensity



Institute of Applied Physics,  Russia    khazanov@appl.sci-nnov.ru

Hybrid OPCPA-CPA Prototype for ELI. 
Details.

IAP10fs with chirped mirror17fsPulse duration 
IAP65%Energy efficiency

IAP0.5mm KDP, 30cm diaCrystalSecond 
harmonic 
generator

LOA200J, 20fsCompressor

LOA, IAP300J, 150nmOutput pulse 

LOATwo Ti:Sa, 15-20cm diaTi:Sa, 15-20cm dia.Crystal

IAP8x100J, 20ns2wwww Nd:glass, 4x200J, 20ns Pump laserFinal Ti:Sa

IAP30J, 150nmOutput pulse 

IAPBBO, LBO, two DKDPDKDP, 100mm dia.Crystal

IAP2x80J, 2ns2wwww Nd:glass, 170J. 2ns Pump laserPower OPCPA

IAP30mJ, 150nmOutput pulse 

IAPBBO, LBODKDP 10mm dia.Crystal

IAP2wwww Nd:YLF, 1J, 2nsPump laserFront-end 
OPCPA

IAP2ns Stretcher

IAPJitter <100ps for 2ns 
Jitter <1ns for 25ns 

Synchronization

IAP, LOACr:forsterite (1.25mmmm)
Fiber 1.55mmmm-1.7mmmm-0.85mmmm

20-25fs, 1nJ, TiSaSeed laser

LabOptional parameters ParametersPart
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Second harmonic generation. Self-focusing limit.
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Proposal for ISTC Project. ELI/HiPER/IAP

Second harmonic generation in KDP crystal  

� theory (includes self-focusing) predicts high efficiency

� crystal 100mm diameter and 0.5mmthickness was grown

� shorter length and higher aperture under progress 

� experiments at 0.5PW power and 5TW/cm2 beam intensity

see talk of Alexey Babin tomorrow
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Conclusions

• Two options of 10+ PW lasers:

� OPCPA (best choice for HiPER)

� Hybrid (best choice for ELI)

• Second harmonic generation in KDP crystal 

� increases of contrast, power and focus intensity

� looks ideal for ISTC project 
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More ideas about laser ceramics…

Diode-pumped 65-fs Kerr-lens mode-
locked combined Yb-doped sesquioxide
ceramic laser
M. Tokurakawa, A. Shirakawa. K. 
Ueda, H. Yagi, T. Yanagitani, A. A. 
Kaminskii. Proc. ASSP-2008.

Nd,Yb:Re2O3 ceramics (Re=Y, Lu, Sc)

1. Wideaperture to amplify chirped 
pulses to the multikilojoule level

2. Large gain bandwidth to amplify 
chirped pulses with less than 50 fs
durations

3. High conversion efficiencydue to 
direct lamp pumping (lamps pump Nd
and excitation transfers to Yb)
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Scalability to multi -petawatt power.
Crazy ideas are welcome!
Cr:YAG ceramicscombine three key favorable properties:

� wide aperture to amplify chirped pulses to the 
multikilojoule level, 

� high conversion efficiencyof narrow band Nd:glass laser 
pulses into chirped pulses, 

� large gain bandwidth to amplify chirped pulses with less 
than 20 fs durations

These properties open up an opportunity to create a unique 
laser with a peak power of 100 PW at 10 kJ pump power.

� .� .Khazanov, � .M.Sergeev.  Laser Physics, 17, No 11,  (2007).


