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Towards Laser-driven PWFAs: Hybrid plasma accelerators
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Theory: Energy and quality boosters
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A laser-to-beam-driven plasma wakefield accelerator: LPWFA
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Why adding PWFA stage?

PWFA with WII injection

» Energy boost: High transtormer ratio in blowout regime.

> Quality boost: Novel injection techniques”™

iIn PWFA for the generation of low emittance beams.
» Low energy spread: Energy chirp balance by means of

beam-loading requires high-current witness.

B. Hidding et al. PRL 108, 035001 (2012).
% A.M.delaOssaetal., PRL 111, 245003 (2013).
A. M. de la Ossa et al., PRAB 20, 091301 (2017).

High-quality
electron beam

High-brightness
GeV class
electron beams

for applications demanding
high-quality (e.g. FELS).




A laser-to-beam-driven plasma wakefield accelerator
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PWEFA stage with WII injection (OSIRIS 3D)

plasma blowout

drive-beam
(10 KA)

. Wakefield cathode
. Helium ionization

N 'I\/l.f;.;-;sde:“‘l‘é Ossa et al., PRL 111, 245003 (2013)
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PWEFA stage with WII injection (OSIRIS 3D)

i Witness beam
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PWEFA with WII injection: Self-Similar Staging

PWFA with WII injection

Requirements: Self-Similar Staging

» High-current drivers (GeV class): Witness beams from WII injection
Needs a strong blowout regime for trapping. can drive WII injection

» Appropriate dopant species: IN a higher density plasma
lonisation is triggered by the wakefields only.

Features: {}

» Short and high-quality witness: —nergy doubling and
ow-emittance witness =» €n = 0.1/Kp order of magnitude reduction of

» High-energy witness: length and emittance in each stage.

Energy-per-electron can double/triple the driver

High transformer ratio: AEwit = R Eari ‘
» High-current and low energy spread witness: Can LWFA beams drive

High-current witness is needed for beam-loading PWFA with WII injection?
at high transformer ratio.

A. Martinez de la Ossa et al., Phys. Plasmas 22, 093107 (2015)



Towards Laser-driven PWFA: Proof-of-concept experiment at HZDR

P&« | \WFA with ionization injection
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Demonstration of a beam loaded nanocoulomb-class laser wakefield accelerator
J. Couperus et al., Nature Communications 8, 487 (2017)

“lonization injection enables loading of ~0.5 nC within a mono-energetic peak”

> 30 KA peak current electron beams with low energy spread




Towards Laser-driven PWFA: Proof-of-concept experiment at HZDR
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Proof of concept experiment at Dresden
» Demonstration of injection and acceleration A. Irman, J. Couperus, T. Kurz, T. Heinemann, A. Koehler,
in a PWFA stage driven by a LWFA beam. A. Debus, R. Pausch, M. Bussmann, A. M. de la Ossa,
J. Osterhoff, B. Hidding, R. ABmann, U. Schramm.
gtra&fc faen PRA {IA
Glasgow M T esoen 7

Alberto Martinez de la Ossa | EAAC 2017 (Elba) - LPWFA | September 28th, 2017 | Page 9



Towards Laser-driven PWFA: Proof-of-concept experiment at HZDR
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LWFA beams from ionization injection: A 3D simulation for HZDR
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First jet: LWFA with lonisation injection OSIRIS 3D with DRACO-laser
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LWFA beams from ionization injection: OSIRIS 3D with HZDR parameters
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Laser-to-beam-driven WFA: PWFA with HZDR-type drive-beam

Second jet: PWFA with lonisation injection
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Second jet: PWFA with lonisation injection (HZDR-type driver)
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L aser-to-beam-driven WFA: PWFA simulation with HZDR beam
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L WFA beams from ionization injection: PIConGPU simulation (HZDR)
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Laser-to-beam-driven WFA: Start-to-end simulation (PIConGPU input)

Second jet: PWFA with lonisation injection
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d jet: PWFA with lonisation injection (start-to-end)
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Second jet: PWFA with lonisation injection (start-to-end)
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| aser-to-beam-driven WFA: PWFA simulation with PIConGPU beam
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Laser-to-beam-driven WFA: Summary

Conceptual design for a laser-to-beam driven plasma accelerator:
For the production of multi-GeV, high-brightness, FEL capable beams.

Preliminary working point achieved by means of PIC simulations:
—nergy and brightness booster: 2 x energy, 10000 x brightness.

Proof-of-concept experiment at HZDR (LPWFA experiment):
Injection of electron beams in a PWFA driven by electron beams from LWFA.

Preliminary start-to-end simulations for the LPWFA experiment:
—nergy doubling of low-emittance beams in the PWFA stage.
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