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® PWFA Injection Methods
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Susanne Schobel et al 2022 New J. Phys. 24 083034.

Kurz, T., Heinemann, T., Gilljohann, M.F. et al. Demonstration of a compact plasma
accelerator powered by laser-accelerated electron beams. Nat Commun 12, 2895 (2021). Foerster, F. M. et al. Phys. Rev. X 12, 041016.
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1%t Hybrid LWFA-PWFA Downramp: (b) Energy and brightness boost
Zhang et al. 2025

Foerster et al. 2022
® Efficiency record

Foerster et al. 2026

Couperus Cabadag et al. 2021
Hydrodynamic shock

Knetsch et al. 2021
Optical plasma torch Wood et al. 2026

Wittig et al. 2015: :_
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Two injection schemes are considered:
® Trojan Horse injection
B Density downramp injection (DDRI) 2
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Heinemann, T., PhD Thesis 2025



https://doi.org/10.1103/PhysRevResearch.3.043163

B \Working routine hhu

Heinrich Heine
Universitat Dusseldorf [ ]

Use fixed driver parameter: Optimize injection-relevant parameter via

= 500pC Bayesian optimization
C 15 ney I

= rms width 5 um

= rms length 15um F Bplcpqasydddp +P 3 pt | m a S

Particle-In-Cell algorithm, Computer Physics Communications,

n | am b d a_p — 100 “'m Volume 203, 2016, Pages 66-82, ISSN 0010-4655,

S. Jalas, et al. Accurate modeling of plasma acceleration with
arbitrary order pseudo-spectral particle-in-cell methods. Phys.
Plasmas 1 March 2017; 24 (3): 033115.

A. Ferran Pousa et al. 2023, Phys. Rev. Accel. Beams 26, 084601,

And highlight
pitfalls in this
routine

Explore stabll!ty_ of |n‘ject|c_m Take optimized simulation settings
scheme for variations in Driver L

from each injection scheme
parameter
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Parameter space for optimization:
= downramp length € [0.5 1, 6 1,] —
= density spike height € [1.5 ng, 3.5 ng]
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Parameter space for optimization: °] o
= downramp length € [0.5 4, 6 4,]

= density spike height € [2 n,, 30 ny]
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Parameter space for optimization:
= Wy € [2 um, 7um] -
= q, €[0.05,0.08]
" 79 €[20fs,50 fs]
= Laser distance behind driver z, € [0.1 ,,,0.5 1,,]
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Choose a constant wO = 4um and tau = 30fs and .Bezt tia(l) 328
use the reduced parameter space for optimization . Zs = 0_'345 p
= ay €[0.05,0.08]
= Laser distance behind driver z, € [0.1 1,,0.5 4] Resulting in:

= Q=112pC

Eny = 28.6 nm

Scan the parameter space: aw
Bgp = 13.7 1019A/m2rad2(7)
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Injected Charge
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B Energy and Peak Current
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® With variations in the driver charge, @
the trapping position of the witness
changes
® Trapping occurs at similar Ez across §
a wide range of driver charges =
Il
&

B A detailed study:

D. Campbell et al. Phys. Rev.
Research 8, 013273 (2026)

B Trojan Self-adaptive Stability
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Projected Normalized Emittance
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B Tracking electrons during injection shows (de-) coupling to the wake

L Trojan Horse Injection
Sharp Downramp Injection J J
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(E)=62.7 MeV | | 00
O¢ re1 = 18.8 %

B Simulation approach for Hybrid PWFA witness beams presented /
Pitfalls in working routine highlighted

® Sharp DDRI injected witness charge is depended on driver
charge, which in turn leads to stable mean witness energies

® Trojan injection is decoupled from the wake excitation and injects
stable withess beams if a strong wake is excited

® More optimization runs needed for different initial Driver
parameters

®m Broader Driver parameter scans needed (size, duration, shape,
etc.)

Thank you to everyone who contributes IR ptl Mas espic ﬁpen 6

to open-source software!
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