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Introduction. ‘Petawatt laser. systelr

type | type I type lli
Gain medium Nd:glass | Ti:sapphire KD*P
Energy source Nd:glass Nd:glass Nd:glass
Pump no 2w Nd 2w Nd
Pump duration, ns no <30 1
Amplifier aperture, cm 40 40 8 20 40 40
Minimum duration, fs 250 25 25
Efficiency (lwNd® ), % 80 15 10
Number of PWs from 1 kJ Iw Nd \§\5 (3) \Q (3)20 4
i \

Maximum power obtained, P \

LLNL, 1997 JAEA 2004 IAP 2006

|

ﬁ%ﬂaction grating damage thresw \ Ti:sapphire damage threshold ]




Introductlon OPCPA VS CPA

_ Advantages of OPCPA
|+ broad gain bandwidth

'+ high aperture -4
|+ considerable decrease in thermal loading
|+ significantly lower level of ASE
-+ very high gain

|+ no self-lasing

- tno backscatterlng from a target

| Dlsadvantages of OPCPA

_ Important for ELI - high precision synchronization
| Not so important for HIPER

LA -

- high quality of a pump beam
- short (1ns) pump pulse duration
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_Physics.of OPCPAKD*Pvs KDP, © . - ©
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Nd:YLF laser for first two OPCPAs pumping
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Key elements of tabletop 300 J-Nd:glass-laser
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Input beam shaping
spatial filters
self-focusing suppression
laser heads

self-excitation
suppression

second harmonic
generation
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Nd glass laser output beam
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Energy charaecteristics of final OPCPA
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Compressed pulse

e ACF experiment

— ACF 0f 33fs FTL pulse

-200 -150 -100 -50 0 50 100 150 2 (
time, fs

24 J /43 fs=0.56 P\V | | Contrast: 10 8 (0.5ns window)

104 (1ps window)

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., Potemkin A.K., Sergeev A.M., Shaykin A.A., Yakovlev I.V.
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CPA vs-OPCPA laser systems

10000

CPA
1000 ﬁ

100 -

10

laser power, TW

0.1

0.01 -

0.001 —*

|
A
@)
A
1991 1996 2001 2006
year

¢ Vilnius U., Lithuania
Rutherford Lab, UK

m SIOM, China

A Rochester, USA

A LLNL , USA

® |AP, Russia

A LLNL , USA
Rutherford Lab, UK

X ILE, Japan

+ JAEA, Japan

O SIOM, China

A Texas U., USA










Hitrvuueoutuvil i

Compact OPCPA 0.56 PW laser in IAP
Scalability to multi-petawatt power
OPCPA
Hybrid
Second harmonic generation
Conclusion

Er



olLdlabllity tO-ITiult -petavwvatl power
Routes to mcrease pe)wer v

.+ Pulse duration: x3(15fs instead of 45fs)
-+ OPCPA efficiency: x2(40% instead of 20%)
|+ Pump power x1.3:(230J instead of 180J)
|+ Compressor efficiency x1.479% instead of 66%)

TOTAL: x11 (6PW instead of 0.56PW )
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Sarov —N.Novgorod.
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Architecture.

Seed laser
system 20fs

1nJ
20 fs

Nd YLF
laser Stretcher OPCPA | 130mJy OPCPA I
Il =1053nm 20 fs® 2ns | (front-end) (power)

1|25 170
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2 NS

X
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D'é.falrsv S il A i L— U
Part Parameters Optional parameters |Lab
Seed laser 20-25fs, 1nJ, TiSa Cr:forsterite (1.25mh IAP, LOA
Fiber 1.55ml.7m0.85m
Synchronization Jitter <100ps for 2ns IAP
Jitter <1ns for 25ns
Stretcher 2ns IAP
Front-end Pump laser 2w Nd:YLF, 1J, 2ns |AP
OPCPA Crystal DKDP 10mm dia. BBO, LBO IAP
Output pulse 30mJ, 150nm IAP
Power OPCPA | Pump laser 2w Nd:glass, 170J. 2ns 2x80J, 2ns IAP
Crystal DKDP, 100mm dia. BBO, LBO, two DKDP | IAP
Output pulse 30J, 150nm IAP
Final Ti:Sa Pump laser 2w Nd:glass, 4x200J, 20ns| 8x100J, 20ns |AP
Crystal Ti:Sa, 15-20cm dia. Two Ti:Sa, 15-20cm dia | LOA
Output pulse 300J, 150nm LOA, IAP
Compressor 200J, 20fs LOA
Second Crystal 0.5mm KDP, 30cm dia IAP
ggrnrgf ar,][lgr Energy efficiency | 65% IAP
Piileea diirationn 17fc 10f<c with chirned mirror | 1A o
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8 PW 17fs
high contrast

x4 focus intensity




SECOona narmonic generatonseli-rocusing 1mit.
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8 PW 17fs J

Small-scale self-focusing

il

% Our analysis shows that limit is5...8 TW/cm? for 0.5 mm KDP




SECOoNa narmonic generatonNon-linear pnase
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o€eCOona narmoniC generatone=iticiency.
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S€ECOoNa-narmoRniC generaton-urtner Compression
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oecona-narmonicC generationincrease-or contrast
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 Proposal for ISTC Project. ELI/HIPER/IAP

‘| Second harmonic generation in KDP crystal

theory (includes self-focusing) predicts high effiency

[’ crystal 100mm diameter and 0.5mmnthickness was growﬂ

L__shorter length and higher aperture under progress

experiments at 0.5PW power a

—_——

d 5TW/chp€éam intensity |

| see talk of Alexey Babintomorrowl *




Conclusions

e Two options of 10+ PW lasers:
OPCPA (best choice for HIPER)
Hybrid (best choice for ELI)

e Second harmonic generation in KDP crystal
Increases of contrast, power and focus intensity

looks ideal for ISTC project
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Physics of OPCPAWIideband phase-matching
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; - phase-matching




More i1deas about laser ceramics.

Nd,Yb:Re,O,4 ceramics (Re=Y, Lu, Sc)

1. Wide aperture to amplify chirped
pulses to the multikilojoule level

2. Large gainbandwidth to amplify
chirped pulses with less tharbO fs
durations

3. High conversionefficiency due to

direct lamp pumping (lamps pump Nd
and excitation transfers to Yb)
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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.




oCLdldDility 1O ITidit-petawatl pOWwcel.
Crazy ideas are welcome!

Cr:YAG ceramicscombine three key favorable properties:

high conversionefficiency of narrow band Nd:glass laser
pulses into ped pulses,

large gainbandwidth to amplify chirped pulses with less
than 20 fs durations

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

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



