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Laser-plasma accelerator (LPA) @FAST
LOA

Electrons accelerated in laser-plasma wakefield ] Laser beam
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Ti:Salaser: 1J,30fs, 1-10 Hz
Peak power: 10-100 TW

] Electron beam

Collimated (few mrad)
> 1018 W/cm? electron MeV to GeV in mm to cm (1-10% spread)

bunches Micrometer source size
(Glinec et al., Phys. Rev. Lett. 2005)

Few-fs bunch duration
(Lundh et al., Nat. Phys. 2011)

Ultra-high dose rate
(Favaudon et al. Sci. Trans. Med. 2005)
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Demonstration of long-term LPA operation (1-10 Hz) @FAST
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Scaling laws of LPA in « bubble » regime @ IFAST

LOA
Lu et al., Phys. Rev. ST Accel. Beams 10, 0613001 (2t
Electron
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Laser pulse has to be resonant with

O—NWhAOON®O

plasma wave:

R = kp/Z ~ C.T

Laser energy scalingEr, o< 7° o )\2 Electron energy gailE 7% A}%

30fs,1J (Hz) =2 0.1-1GeV
3fs,m] (kHz) = 1-10MeV

- LPA @ kHz rep. rate
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State-of-the-art kHz LPA driver @ LOA @FAST

LOA

Few-fs / few-mJ pulses by nonlinear spectral broadening and compression in gas-filled hollow-fiber:
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5-hour continous LPA operation at 1 kHz! @‘FAST

LoA L. Rovige . Huuts A. Vernier).
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A KAIO ACCELERATOR: « Kit-All-In-One » LPA value chain @FAST
LOA

2>

§>§> Electron & secondary

beams (e.g. x-rays) Applications

Commercial kHz LPA

Enabling
technologies:

KAIO
accelerator

compressor

Laser driver §>§> Pulse

O High-power (kHz) : O Efficient : O Compact

O Turn-key : O Adaptable Q Versatile

Q Reliable : O Robust : Q User-friendly

D COSt'e_ffective T . e'KAIO module

Scope of KAIO-ACCELERATOR by SourcelAB




A KAIO ACCELERATOR: Consortium @FAST
LOA

Commercial kHz LPA §>§> KAIO beams

Applications

Prototyping: Radiobiological testing:

. R kil kLR E Leo Gizzi
Rodrigo Lopez-Martens :
Pulse C(r ] CNR-INO
. compressor oML WA IONALE BELLE ficerene
QHigh-power Ytterbium lasers
d Coin zct & efficient : Market study:
Francois Sylla P Federico Canova

QSustainable LPA technology

S(')Ul'ce ...................................................... @Phomcs

Scope of KAIO-ACCELERATOR

Consulting




A Enabling technology for LPAs: laser post-compression @FAST
LOA

A

Yb-based lasers:

v' High wall-plug efficiency (10 -
1 ps gn waii-piug e y
Yitefbium (Yb) — 30%)

Pulse duration

v’ Industrial grade

Ti:Sapphire :

1fs OPCPA Post-compressed \ Post-compressed Yb lasers:
P°St'°%';?$ aressed ------------------- e v’ Efficient & simple
v Advantages of Ti:Sa & Yb
2 2
h - >
/ \ Average power Future LPA drivers?
g:sglffrlzl;z Ilsaessers: OPCPA systems: ATW peak power
/ .
X Wall-plug efficiency < 1% Versatile kW aver age power

X low efficiency

Nagy et al., High-energy few-cycle pulses: post-compression techniques, Advances in Physics X 6,
1845795 (2021).



Nonlinear laser post-compression in a MultiPass Cell (MPC) @FAST

LOA
NL interaction | Spectral/phase | High power/
length control Energy
AWaveguide ‘ . .
Free space

< | D<€ | < vv vv vV
B l\

Folded = multipass cell (MPC)

Concave
mirror

Concave
. Hanna et al., « Nonlinear temporal compression in multipass cells: theory », J. Opt.
mirror Soc. Am. 2017

Hanna et al., « Nonlinear Optics in Multipass Cells », Laser Photon. Rev. 2021




A MPC compression of Ti:Sa pulses: few-fs pulses @ mJ level @pAST
LOA

Argon-filled
multipass cell
Length ~ 3 m

lllll

Daniault et al., « Single-stage few-cycle nonlinear compression of milliJoule energy Ti:Sa femtosecond pulses in a multipass cell », Optics Letters 46 (2021)



A MPC compression: key to LPA value chain @:AST
LOA

Commercial LPA module

Commercial lasers
. e eeeeeeeeeeaeeeree e eee e reens (e-KAIO by SourcelLAB)
Ti:Sa laser: : :
ASTRELLA from Coherent : Few-fs, few-m,l
7 m), 40 fs, 1 kHz, 800 nm :
MPC compressor Few-MeV
electron
Gas-filled MPC beam
@ kHz
Radiobiology
Yb laser: testing with
MAGMA from Amplitude Laser Group : CNR-INO
20 mJ, 400 fs, 1 kHz, 1030 nm :
Prototype benchmarking
; ------------------------------------------------ E PUISe energy 2 — 500 mJ
Laser spectrum 500 -1000 nm
Laser aperture <50 mm

Pulse duration 3-30fs




A MPC compression of ASTRELLA laser @:AST
LOA

( n n w ASTRELLA
L 1 J N parameters:
Beam 7mlJ,40fs, 1 kHz /E Icj. ~
matching f ff Clency 600/0 /
) MPC compressor:

4ml,4fs, 1 kHz
Peak power ~1 TW
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To be published...




KAIO ACCELERATOR: project timeline

LOA
WP 1

Q1 2023 CNRS/LOA

Q Post-compression of ASTRELLA las| -
O Single-stage MPC: 4 mJ, 4 fs @ 1 k...
v Reproduce Ti:Sa LPA driver

SourcelAB | ¥ Reprodutt H.ou LrAa arver e
specifications
L Post-compression o
WP 2 MAGMA ’ !
CNRS/LOA
O Cascaded MPC
SourcelLAB . ‘
compression .
O First LPA tests with e- ) ‘ §
17 A LA - S ‘ " §
WP 3 O Radiobology tests (DNA single-strand breakii”E“ﬁ?éﬁgf,%ggiﬂgctgenessofumashom o S
- e requency, Telomere O:ee;}nﬂven Electrop Unches:
CNR/INO O Dosimetry of e-KAIO electron source S G 0 Gl g
CNRS/LOA L Dose escalation study with e-KAIO -
SourceLAB | = Viability compared to conventional electron source B8 —
WP 4 " '
DF Consultin ] i I
Q4 2024 g | O Managment, dissem | |

SourcelAB exploitation




A Thank you for your attention ! @FAST
LOA

Contacts:
Rodrigo LOPEZ-MARTENS
rodrigo.lopez-martens@ensta-paris.fr

Leonida GIZZI

leonidaantonio.gizzi@cnr.it




A KAIO ACCELERATOR: prospects O irast
LOA

10 TW Ti:Sa laser

KAIO-based NDT
platform with a 10 Hz
Ti:Sa laser (SHERIL
platform at LOA)

Commercial LPA devices for applications

..2 MNEJF
3 '® Average @ High Energy Q Post-compressed Yb laser: Industrial, cost-effective,
n S NDT
T KAIO leap - .
Z85 ot . sustainable
5 ; / Targeted point
€ C . .
= 2 Resecch @s:0rting point O e-KAIO: integrated, adaptable, user-friendly

m | —_—
2S5  Weak e KAIO (accelerator ) ) )

8 — head) v’ reliable LPA beams for applications

= Targetry (accelerator components) R

Low (TRL 2-3) Mid (TRL4-6) v increased TRL to address NDT market

LPA robstness v' few-10 to few-100 LPA devices/year



Non-destructive testing (NDT) by X-ray radiography: The market @FAST

LOA

1500 installed sources
~100 new each year
~100 M€ market for sources

covered by 3 technologies



IFAS
Industrial NDT by X-ray radiography: What drives the end-users and what do they get? @FA '

LOA

Energy
A

>1mm Energy

Gammagraph Resolution

Cost

The higher the energy, the
worse the resolution

~1mm

500 um

azZIs 331nos§

Defect size

200 pm

No access to high added
value micro-tomography

50 um

Not covered

Not

~1 um

covered One system per energy

v

10 cm 50 cm 100 cm

Part thickness (steel eq.)




Industrial NDT by X-ray radiography: What drives the end-users and what do they get? @FAST

LOA

Energy
200-500 keV 1 MeV 20 MeV >20 MeV

Gammagraph

0-20 MeV with constant 50

>1mm Km source size

Real micro-tromography
1um resolution ~400 keV

~1mm

[72)
o 500 pum o
5 3 One system fully tunable
t @ covering all the current
8 N range
200 pum
50 um —
[ @ AIRBUS ABERTDUVAL
A . RENAULT
~1 Hm AREVA @ SPORT
.,
10 cm 50 cm 100 cm Schlumberger S sAFrAN

Part thickness (steel eq.)




