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PRA /\GA Quick introduction: Hybrid LWFA = PWFA staging

Horizon 2020

Laser-driven plasma wakefield accelerator (LWFA) Beam-driven plasma wakefield accelerator (PWFA)
® Driven by high peak-power lasers. ® Driven by high peak-current beams
® Greatly improved in control and stability. i ® Stable witness/wakefield conditions:
® Provides high peak-current beams: .~ Immune to dephasing and diffraction.
GeV-class energy, >100 pC charge, ~10 fs duration, - Witness chirp control and emittance preserv.
>10 kA peak current, y-emittance, % energy spread. i @ Unique injection techniques for superior
® Widely accessible at high-power laser facilites i 6D brightness witness beam production.

® So far constrained to large linac facilities.
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PRA /\GA Quick introduction: Hybrid LWFA = PWFA staging

*
Horizon 2020

([ Combine both in a LWFA-driven PWFA |

Laser-driven plasma wakefield accelerator (LWFA) Beam-driven plasma wakefield accelerator (PWFA)

LWFA for the generation of ~ PWEFA for the production of
GeV-class, high-current beams superior brightness beams

Exploit individual benefits of both schemes in a truly compact setup
to generate high-brightness beams on a university laboratory-scale
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PRA /\GA Hybrid Laser-Electron-Beam Driven Acceleration

Horizon 2020

WP14: Hybrid LWFA - PWFA PRA XA

' EuPraxia Working Package 14.
Eﬂergy aﬂd brlghtﬂeSS tranSfOrmer Hybrid Laser-Electron-Beam Driven Acceleration
for the production of multi-GeV FEL-capable beams B. Hidding and A. M. de la Ossa

Conceptual designs
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B. Hidding et al., Phys. Rev. Lett. 108, 035001 (2012). A. M. de la Ossa et al., Phys. Rev. Lett. 111, 245003 (2013).
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PRA /\GA Energy chirp compensation in a single TH-PWFA stage

Proof-of-concept 3D Particle-In-Cell simulation
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Horizon 2020

. Ultrahigh 5D brightness withess beam

release

. Witness beam is accelerated to high

energy

. Second high charge escort beam release
using plasma photocathode laser

. Escort beam is trapped and the

wakefield is reversed locally

drive beam

focus 1

1st [aser pulse
witness release

G. G. Manahan, A. F. Habib, et.al., Nat. Commun. 8, 15705 (2017).
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PRA AéA Energy chirp compensation in a single TH-PWFA stage
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Unprecedented ultrahigh 6D Brightness
B¢p ~ 5.5x10'7 A/m? rad?/0.1%BW

. Manahan, A. F. Habib, et.al., Nat. Commun. 8, 15705 (2017).
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PRA 1A Hybrid LWFA - PWFA staging: Conceptual design

Horizon 2020

Gas jet (Hz/Nz) LWFA stage  Gasiet( Hz/He ) PWFA stage

Laser ' Gas cell (|—|2) k J Gas cell (Ho) electron
pulse | r-l rl beam
pre-ionization laser
O
~ 1019 cm-3
~1 PW 5 GeV

Laser blocket:
— ~10cm _I L — ~2cm —

T } -

np = 101° cm-3

np = 1018 cm-3

LWFA produces high-current e-beam PWFA produces high-brightness e-beam

A. Martinez de la Ossa, R. W. Assmann, M. Bussmann, S. Corde, A. Debus, A. D6pp, A. Ferran Pousa, M. F. Gilljiohann, B.
Hidding, A. Irman, O. Kononenko, T. Kurz, R. Pausch, and U. Schramm, Phil. Trans. R. Soc. A. 377, 20180175 (2019).
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http://www.doi.org/10.1098/rsta.2018.0175

PRA A Hybrid LWFA - PWFA staging: Brightness transformer
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PRA AéA Experimental realization of Plasma Photocathodes at FACET
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A. Deng, O. S. karger, T. Heinemann, [...] B. Hidding, Nature Physics 2019
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https://www.nature.com/articles/s41567-019-0610-9

PRA /\GA Proof-of-concept LPWFA experiment at HZDR

Horizon 2020

LWFA:

High-current beam | & ll‘ 5 e
for PWIA [
3mm

4

ﬁ HELMHOLTZ | PWFA:
‘ ZENTRUM DRESDEN 5 L3 : High-brightness beam

ROSSENDORF . .
for applications

Proof of concept experiment at HZDR —
. L . VA [ >
» Demonstration of injection and acceleration é HELMHOLTZ gtra{vhfc l e LIVI u |00
in a PWFA stage driven by a LWFA beam. Rossensonr iy

» Demonstration of energy and quality transformer.
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PRA /\GA LPWFA experiment: Beam-driven plasma waves R

Results from “double-jet” experiment in LMU (Munich)
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https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.011046

PRA /\GA Experiments: Beam-driven plasma waves

Mo
New results with few cycle laser prolbe and pre-ionization
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LPWFA proof-of-concept experiment
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PRA A Proof-of-concept LPWFA experiment
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Demonstration of a compact plasma accelerator powered by laser-accelerated electron beams
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https://arxiv.org/abs/1909.06676

PRA 1A Hybrid LWFA = PWFA: Summary

*
Horizon 2020

Conceptual designs for hybrid LWFA = PWFA for superior quality beams.
- Hybrid staging with WII injection.
- Energy chirp compensation in a single TH-PWFA stage.

Experimental realization of Plasma Photocathodes at FACET:
- Torch and Trojan injection demonstrated experimentally.

Proof-of-concept hybrid LWFA = PWFA experiment at HZDR;:
- Observation of beam-driven plasma waves in pre/self-ionized regimes.
- Experimental demonstration of a PWFA driven by LWFA beams

Steep R&D trajectory (including experiments)
International partners: The Hybrid Collaboration
"Additional Innovation Pathways” talk by Bernhard Hidding on Thursday.

s PRA XA
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PRA 1A Hybrid LWFA - PWFA staging: Acknowledgments

*
Horizon 2020

LWFA-driven PWFA (LPWFA) experiments at HZDR:
Thomas Heinemann, Thomas Kurz, Jurjen Couperus Cabadag,
Olena Kononenko, Susanne Schoebel, Vincent Yen-Yu Chang and Arie Irman

Hybrid Collaboration (representatives):
Bernhard Hidding (Strathclyde), Stefan Karsch (LMU), Sebastien Corde (LOA),
Ulrich Schramm (HZDR), Alberto de la Ossa (DESY), and many others...

EuPRAXIA:
Ralph ABmann and MPY1 team at DESY.

D EuPraxia Working Package 14:
Strathclyde Hybrid Laser-Electron-Beam Driven Acceleration
Glasgow B. Hidding and A. M. de la Ossa
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