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I Concept LPWFA
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LPWEFA : Utilizing high peak-current electron beam from LWFA to drive PWFA

» High peak-current LWFA drive beam — PWFA in the blowout regime

« Ultrashort LWFA drive bunch — PWFA in high plasma density regime (> 108 cm-3)
» Sizeable emittance and energy spread — suppress the driver hosing instability

* Inherent laser-to-beam synchronization
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o Experimental implementation

Observation of beam-driven plasma wakefields and the associated ion motion
M. FGlII ohann et al., PRX9011046 2019
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First demonstration of withess bunch acceleration
* Controlled drive-witness bunch pair scenario
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LWFA: Optimized shock-front PWFA: Operated at lower ~70% charge capture efficiency,
injection density 20 GV/m acc. gradient
T. Kurz, T. Heinemann, et al. arXiv:1909.06676(2019)
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* Witness energy boost @ pre-ionized PWFA

Self-ionized PWFA

£ - ~3.1% total driver-to-witness energy transfer
. . . . efficiency @ pre-ionized condition
Pre-ionized PWFA .
g - > 50 GV/m acc. gradient
£
>
50 100 1I50 2(1)0 2;0 3:)0 350 T. Kurz, T. Heinemann, et al. arXiv:1909.06676(2019)
Electron energy [MeV]

Arie Irman e a.irman@hzdr.de Member of the Helmholtz Association

Institute of Radiation Physics



o Summary
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LPWFA — Exploiting individual advantages of both plasma acceleration
schemes in a truly compact setup for :

« Complementary PWFA development platform
- Study driver-witness transfer efficiency
- Explore emittance preservation for extended acceleration distance closer
to the driver depletion length
- Explore staging concepts for high-energy physics application
- New insight into plasma wakefields and ion dynamics

« Compact sources of high brightness ultralow emittance electron beams
- Implementation of novel cold-injection scheme based on selective ionization
or plasma density downramp
- Inherent laser-to-beam for improved injection control
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