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Hybrid high contrast multiterawatt femtosecond laserin the blue-green spectral range
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@ummarv : A low density gas medium is attractive for lasewiéfication due to its high breakdown threshotd,very low non-linear index of refraction making possible thdirect amplification of high energy fs pulsegwithout pulse stretching) and the scalability doge activa

volumes. In particular, thghotolytical XeF(C-A) laseris promising for the development of ultra-high povwsser systems up to the petawatt power level dulee XeF(C-A) broad amplification bandwidth (70 @480 nm) and a rather high saturation fluencedg-0.cnt), as well
as a very low level of Amplified Spontaneous Enaagilow small signal gain). The paper presents tfagegy of the LP3 laboratory to develop a hightast multiterawatt femtosecond laser chain baseaybnid (solid/gas) technoloqgy including a Ti:Sapphire oscillator generating
50 fs pulses at 950 nm, an Optical Parametric Chipalse Amplification stage for medium energy afrgaiion (50 mJ), a second-harmonic frequency cdevdor spectral matching and pulse cleaning, arfahal high-energy (J class) photolytical XeF(C-#&nplifier. This

innovative architecture should lead to the combinatiboubstanding output performances such as high pealepm the blue-green (> TW @ 475 nm), relativeipid pulse duration (< 100 fs), high pulse energytp 1 J), high contrast (> pand high optical beam quality. Such an
\instrument should be of considerable interest fanynaboratories involved in ultrahigh-field physic j

Our strateqy : hybrid (solid-gag TW laser

imulation : 3 BBO crystal (20mm, 20mm, 12.5m),

solid-state oscillator and pre-amplifier + gas power phfier, no high energygrating compressor
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*OPCPA gain (x 500 in first crystal)

«3 stage amplification in progress

*Achromatic phase matching controlled with a spectrogyrap
overlapping controlled with CCD imaging

Ray tracing simulation to design theOffner
0

Grating : 1480 gr/mm, 165x220 mm?2
Concave mirror focus : 100 cm, & 400 mm
Convex mirror focus : -50 cm, 200x20 mrfn2
: Spectral bandwidth : 927 — 973 nm I

T,=50fs, T,,=1.85ns

* COUSTILLIER G. et al. — Design of a stretcher-congz@ for a blue-green high contrast
multiterawatt femtosecond laser chain — CLEO/Europ®520Munich, 13-17 June 2005,

Technical digest, p. 76.

DoublepassOffner stretcher i Double-pass Treacy compressor characteristicis:
characteristics: . Gratings : 1480 gr/mm, 165x220 mm? and 110x:1

Straight distance between gratings : 63.068 c:m

________________________________________________

Incidence angle : 39.034 °
Grating — concave mirror distance : 150 dm

_________________________________________________________________

J stretcher and the matched i . 950 nm,
[reacy-type and prisny_ compressors* |

crystal

475 nm, 0,5J
50fs, @ = 30 mm

Ti :Sa

mm?
Spectral bandwidth 927 — 973 nm
Incidence angle : 39.038 °

T,=185ns,],=67fs

Double-pass Offner stretcher
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- High breakdown threshold, low, ==>Amplification in fs
regime, low phase aberrations (B £ 1), no grating
compressorafter final high-energy amplifier

- Large active volume and aperture cross section High
~ energy

-/ =475 nm ==> high brightness (ul ,2), match 2v
Ti:§a laser

-V ey » 70 Nm ==> 10 fsTF duration
-,.,= 100 ns==>low ASE , high contrast

- S, = 1017 cm? ==> low ASE , high contrast

- relatively high E,, 50 mJ/cn? ==> high energy

-no mixing of B and C states of XeF molecule =high
energy

-low narrowband absorption within the amplification
bandwidth ==>conservationof temporal characteristics
of fs pulses

-efficientatlow working pressuredtmospheri@andbelow)

950 nm, 170 mW, 76 MHz, 32 fs (sech, FT)
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P (W) 3.6 3.8 4 4.2 4.4 4.6 4.8
P ML(mMW) | 20 60 110 110 140 170 115
|, (nm) 950 950 950 950 950 950 950
DI (nm) 7 16 30 30 25 18 12
Tunability | 875-950| 875-960 | 870-965 | 870-970 | 875-975 | 875-975 | 865-960

Note : controlled humidity level (14%) (Air dryer)
General architecture of the 10 TW laser chain : w30 50 fs, 475 nm, 20contrast, single sho®( 1 Hz)}

8§ CLADY R. et al. — Architecture of a blue high contrast titetawatt ultrashort laser Applied Physics B82(3), pp. 347-358, March 2006.

High enerqy photolytical

XeF-amplifier : pumping characteristics and amplificati

on results (s mall signal gain regime)

Scheme of the electrical circuit

HV trigger pulse

radiation powerJ (points), measured at,;350 kV.

* TCHEREMISKINE VI et al. — Initiation techniques dnthe vacuum-
ultraviolet radiation efficiency of a stabilized muhiannel surface
discharge -Rev. Sci. Instrum.77, 014703, 2006.

Discharge voltage U (solid), electric current pleamnel | (dashes), and

Mixture : XeF, vapor, N and Ar: 0.7/200/800 mbar.

aperture 20x4.5 cin plasma sources

Amplifier chamber (clear Photograph of both multichannel
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*** TCHEREMISKINE V., UTEZA, O. SENTIS M., MIKHEEV L. - Potolytical . L e S B L B A I L B
XeF(C-A) laser amplifier of femtosecond optical mdsgain measurements and Conservatlon Of b 48 45 X0 4B

pump efficiency - Applied Physics B, 91, 447-454, 2008
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N7 Pumping by a double -side optical issued f ltichannel _disch - |ase < 10 Wien,
’ SRRE umping by a double -side optical source issued from a __multichannel _discharge:
dI)MS i i - simultaneous operation of 50 parallel discharge channels located on the area of 40x20 cm? 4 B Estored - 0.2 ‘?_(F?Jeak =4 TW for 50 fs pU|S€) ’
‘—6 Dcd:: i (on each side) ® large-area VUV source with plasma brightness temperature > 20 000 K i (Operatingicondifions: SN ANS 0:5/200H00Imbary A0l
i - synchronous operation of both sides ( jitter < 30 ns ) ® spatially homogeneous distribution of
: A1 the amplifier gain —— e Homogeneous gain
| i ’ | - pumping radiation pulse duration < 1 ns (FWHM); operational voltages up to U,=70 kV PD1 é 003 —a =605 || on beam section
PD2 - /P -
I — £ o 2\\\1// - /durlng 100 ns (30 m)
RD -
+Ug @ 1 ~150 fs,~ 48 ﬁ >
C, - main storage capacitor bank (C,=1.5/F); MS - multichannel nm, ~10mJ S oot
spark switch; C - distributing capacitors; RD - resistance divider. c
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1 - discharge electrodes; 2 — discharge f_g 100001

area; 3 - dichroic mirrors; 4- amplifier o '
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