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VEGA LASER SOURCE

CLPU = Centro de Laseros Pulsados / Prof. Dr. Luis Roso

PULSAR PW — 1 Hz — < 25 fs — Temporal contrast 10%?
Multiple high peak power laser outputs




Multi-100’s TW and PW lasers
applications

A

Proton acceleration (European project Saphir)
Electron acceleration (Easarey et al 2009)
lon acceleration (Borghesi et al 2006)
Laser-pumped x-ray lasers (Daido 2002)

High-order harmonic generation (attosecond science)
(Corkum and Krausz 2007)

Fast ignition in laser-driven fusion
(Tabak et al 1994, Sentoku et al 2000, Patel et al 2003).




SAPHIR PROJECT: LASER- A Amplitude
BASED PROTONTHERAPY R&D

Idea of laser-based
protontherapy installation
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LASER SYSTEMS DEDICATED A Amplitude
FOR PROTON ACCELERATION
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High pulse energy UItra-short pulse
on the target duration

W
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User-friendly control /
command interface

High quality wavefront

High temporal contrast . .
g P High repetition rate




High temporal contrast




TEMPORAL CONTRAST
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/\ Amplitude

SUPERBOOSTER FRONT-END

2nd CPA: Stretcher CEP / regenerative amplifier with MAZZLER

\\ /@\M
S
po®

XPW module

XPW seeder with BOOSTER
(first CPA)

Double CPA configuration with XPW module between both
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Piscosecond Contrast
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TEMPORAL CONTRAST
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DAZZILER

Acousto-Optic Programmable Dispersive Filter
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MAZZLER™

. Spectral filter Optical elements Laser spectral gain
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flat spectral gain

Acousto-Optic Programmable Gain Control Filter
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COHERENT CONTRAST A Amplitude
ENHANCEMENT:
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Measures realized by FASTLITE on DRACO system (HZDR):
We observe a better coherent contrast where the dispersion is compensated !




SYNCHRONIZATION

PULSAR PW — 1 Hz — < 25 fs — Temporal contrast 1012

Multiple high peak power laser outputs
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SUPERBOOSTER / PERFORMANCES ™™ ==

ASE contrast < 1012 ﬁ HELMHOLTZ
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Ultrashort pulse duration




DAZZILER

Acousto-Optic Programmable Dispersive Filter
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MAZZLER™

V. Spectral filter Optical elements Laser spectral gain '
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Transmission Transmission Transmission Global transmission

flat spectral gain

Acousto-Optic Programmable Gain Control Filter

(AOPGCF) The larger the pulse

“ non-diffracted beam spectrum, the shorter the
) compressed pulse duration

‘ A can be.

diffracted beam

acoustic wave [
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Spectrometer Measure Feedback
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Spectrum tunability

/\ Amplitude

A The MAZZLER - DAZZLER configuration allows controlling completely the spectrum
over more than 150 nm without any realignement of the system.

> Spectrum _tunability: a square 15-30 nm spectrum can be tuned over a 55 nm

spectral range

> Two-colors: 2 different parts of the spectrum can be amplified in the same time,

allowing a “two-color” pulse.
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PAUL SCHERRER INSTITUT

Results: Ultra Broadband
Amplifier TW-class (15 fs, 20 mJ,

100 Hz)

/\ Amp I|tude
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FIRST CONCLUSION

A Contrast enhancement :
> RGA leaks : Pockels cells
> ASE contrast : BOOSTER and SUPERBOOSTER

> Coherent contrast : Spectral phase and amplitude shaping

A Pulse duration:

> Dazzler/Mazzler




LASER SYSTEMS DEDICATED A Amplitude
FOR PROTON ACCELERATION
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High pulse energy UItra-short pulse
on the target duration

W
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User-friendly control /
command interface

High quality wavefront

High temporal contrast . .
g P High repetition rate




High Pulse Energy
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T1:Sa amplification chain

. (g ™ ]
Dresden laser acceleration source / DRACO g
PrOf. Dr. UIriCh SChramm ROSSENDORF

Laser Particle Acceleration Division / Institute for Radiation Physics
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TWIN amplifier
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2.5 J amplifier L =
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TITAN pump lasers




2.5 J amplifier

A This amplifier boosts the pulse energy from 800 mJ up to 2.5 J with a pulse to
pulse stability of 0.6 % RMS
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> Features

Integrated diode laser to independently align the TWIN amplifier from the front-end.
Diagnostics: beam pointing and beam profile.

Active electro-optic back scattering or reflected light protection.
n.a't‘u'.n.g. but ulthajait b




TWIN amplifier (version up to < I\ Amplitude
50 J)

A This amplifier boosts pulse energy from 2.5 J up to 38 J with a pulse to pulse
stability of 0.4 % RMS




Nd:YAG pump family

PROPULSE series : up to 2.5J at 532nm,

10Hz for TW class lasers
TITAN series : up to 10J at 532nm, 5Hz

for PW class lasers




Nd:YAG pump laser family

Control Camera

TITAN HE LAYOUT




High Quality Wavefront




JORDAN MOSER - FOR INTERNAL USE

FOCUSSING STABILITY

Front surface Thin metal foil Rear surface

e
P e S
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Laser, | > 1029 W/cm? e'ﬁ
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CRYOSTAR V2.0
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Metrology




SEQUOIA A Amplitude

Reference product in temporal contrast measurement

Developed by Amplitude Technologies under license from the French Atomic
Energy Commission, the CEA.

Ultra-high dynamic range (> 10*12) to permit characterization of high peak
power laser systems

Robust and standardized measurement tool suitable for daily use

HD version
Commercially available soon

nothing but ulthafait
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Piscosecond Contrast
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/\ Amplitude

PULSAR PW metrology bench

A Compatible for beams up to 250 mm

Demagnifying telescope

Metrology bench:
wavefront, beam profile, energy,
contrast (SEQUOIA), pulse duration &
spectral phase (WIZZLER, SPIDER),




CONTROL / COMMAND

A Real-time monitoring of the laser system

Algorithms display : options
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Surelite

Powerlite
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« Cadence 1 -15 Hz mJ
» 1 oscillateur » 1-20 Hz

» 1 oscillateur

* Cavité replier

* Modele
industriel
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options
e 1 oscillateur
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* Plusieurs
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AMPLITUDE TECHNOLOGIES

@Ampli d
Amplitude Technologies in figures... & i
Ampli ‘‘‘‘‘‘
A 25x 100 TW-class laser system installed D
A > 50 femtosecond Ti:Sa lasers installed @ Aot

A > 200 nanosecond Nd:YAG lasers installed
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Org

anization & expertise

Realization of femtosecond high
Intensity laser systems for scientific
applications

R&D

Femtosecond
Nanosecond
Metrology
Applications

Design

Manufacturing

Installation

User suppor

Training

Engineering Production
Optics Mechanics workshop
Mechanics Electronic workshop
Electronic Femtosecond department

Computer engineering
Process & Quality

(Ti:Sa)
Nanosecond department
(Nd:YAG)

Supply chain

Purchasing
Stocks management
Qualification




AMPLITUDE PRODUCTS PORTFOLIO

Product family

A Femtosecond laser systems
> TRIDENT

CENTAURUS

TT-MOBILE

PULSAR

AURORA

vV V V

A Nd:YAG high energy pulsed lasers
> PROPULSE+
> TITAN

A Metrology
> BONSAI
> SEQUOIA
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CONTROL / COMMAND : | Compressor and vacuum chamber




AMPLITUDE PRODUCTS PORTFOLIO

./{?Z [Laser in a container

TT-MOBILE version
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JETI100

7 veLwnoLrz Prof. Dr. Gerhard Paulus / ultra-compact high peak power laser system
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Ultra-short high peak power laser
16 fs as temporal duration at 250 TW (4 J)
5 Hz - Temporal contrast 1012
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PULSAR PW laser system /
DRACO

Power supplies and cooling units

ﬁ HELMHOLTZ

ZENTRUM DRESDEN
ROSSENDORF

TITAN pump lasers

PW compressor

TWIN amplifier

2.5 J amplifier - ﬁ I

800 mJ amplifier

PULSAR 200 TW

CONTROL / COMMAND \

e Metrology and diagnostics
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VEGA LASER SOURCE

CLPU = Centro de Laseros Pulsados / Prof. Dr. Luis Roso

PULSAR PW — 1 Hz — < 25 fs — Temporal contrast 10%?
Multiple high peak power laser outputs




Courtesy of

DRACO

Dresden laser acceleration source (since 2008) / DRACO
Prof. Dr. Ulrich Schramm
Laser Particle Acceleration Division / Institute for Radiation Physics
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PULSAR 200 TW — 10 Hz — 25 fs — ASE < 10° ‘
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Courtesy of
(VA= o
ﬁ HELMHOLTZ

ZENTRUM DRESDEN
ROSSENDORF

DRACO

Dresden laser acceleration source / DRACO
Prof. Dr. Ulrich Schramm
Laser Particle Acceleration Division / Institute for Radiation Physics
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Ultra-short high peak power laser
16 fs as temporal duration at 250 TW (4 J)
5 Hz - Temporal contrast 1012
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PW lasers::* unique A Amplitude

tools for high intensity
physics

Performances

Quality

Human engineering




PULSAR PW laser system

{ﬁ‘ HELMHOLTZ

ZENTRUM DRESDEN
ROSSENDORF

Power supplies and cooling units

TITAN pump lasers

PW compressor
SUPERBOOSTER front-end

TWIN amplifier

2.5 J amplifier

PULSAR 200 TW 800 mJ amplifier

CONTROL / COMMAND \

.~ Metrology and diagnostics

Confidential and Proprietary



Laser systems dedicated for high A\ Ampliude,

field physics

Demands for experimentations
A

A Ultra-short and tunable pulse duration
high electric field (high ionization of the material)




Focus on pulse duration
optimization for high intensity
physics

A Ultra-short and tunable pulse duration
high electric field (high ionization of the material)

> Sub-20 fs laser pulse
® -
- 8 > Tunable pulse duration
> CEP stabilized front-end

A Active control of the spectrum to allow the possibility to have ultra-short
pulse duration (< 25 fs) and optimum pulse duration quality for high field
physics. It also enables to vary the pulse duration from 25 fs to 50 fs FT
without any changes in the laser systems.




Broad spectrum and femtosecond I\ Amplitude

pulse duration control

A Typical optical and mechanical engineering

> Strengthened quality process for the selection of broad
bandwidth optical component

A Laser pulse spectrum management
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Results: A Amplitude
ultra—short high peak power laser
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Laser systems dedicated for high A\ Ampliude,

field physics

Demands for experimentations
A

A High temporal contrast
Best quality of the process and of the generated plasma




Focus on contrast
enhancement

A High temporal contrast
Best quality of the process and of the generated plasma

> Temporal contrast management
> Reproductible experimentations
> Full peak power inside the laser pulse

A 1 PW laser means > 1022 Wcm-2on the target [cf. references]

A Contrast = lfemtoseconde/ IASE

A Laser-matter interaction (solid target) experimentations sensitive to the ASE
contrast.

A Proton generation => laser-interaction with thin metallic target.

A The ASE pedestal could ionized the matter and destroy the solid target, if it is
above the ionization threshold (~1019).

A Contrast > 1010 js needed




Contrast cleaning approach

Unigue process thanks to combination of technigues

A

Femtosecond coherent contrast
> Active control loop of the pulse duration

Picosecond contrast
> Non linear modules

ASE contrast
> (SUPER)BOOSTER

Nanosecond contrast
> Electro-optics and pump lasers delays management

Dedicated metrology with SEQUOIA
> To monitor on a daily basis the temporal contrast

/\ Amplitude




BOOSTER module results

(u.a)

ps ASE contrast

coherent contrast

1.E+01

1.E+00

1E-01

1.E-02

ASE contrast < 10:°

1.E-03

1.E-04

1.E-05

1.E-06

1.E-07

1.E-08

1.E-09

1E-10

LE-11 |y

1E-12

=

-200

-180 -160 -140 -120 -100

-80

-60 -40

(ps)

VNiVERSIDAD
P SALAMANCA

‘oo 01
A e
] # Lty
. EERAAT
| WasanirRns

PULSAR 20 TW, 10 Hz
VEGA | laser source

* ns
e 1ps
* 5ps
e 20ps
« ASE

guaranteed < 106
guaranteed < 1073
guaranteed <10°
guaranteed <5.106
guaranteed < 10°

ns
1ps
5ps
20 ps
ASE

measured at FAT
measured at FAT
measured at FAT
measured at FAT
measured at FAT

9.108
2.10°
5.108
10°
10-10




BOOSTER module results
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DRACO laser source




High ASE temporal contrast

Intensity
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Temporal contrast comparison
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Orders of magnitude of contrast | BOOSTER | XPW- | SUPERBOOSTER DAZZLER -
seeder WIZZLER
Coherent 1ps 3 3 3 5
contrast Sps 5 5 5 7
20ps 7 7 9 7
ASE

contrast S0ps ° 9 11 °
>50ps 9 10 12 9




Laser systems dedicated for high A\ Ampliude,

field physics

Demands for experimentations
A

A User-friendly control / command interface
to ease the use of the laser system




AMPLITUDE TECHNOLOGIES A Amplitude

DEVELOPMENT

20041/\ Creation of Amplitude Technologies

20044/\ PULSAR 100 TW (3 J, 30 fs, 10 Hz, ASE < 10°)
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