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Acceleration beyond 10 GeV of a 340 pC electron 
bunch in a 10 cm nanoparticle-assisted wakefield 

accelerator
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Multi-GeV electron bunches from an all-optical 
laser wakefield accelerator

Bo Miao (University of Maryland), Jaron Shrock 
(University of Maryland, College Park) , Ela 

Rockafellow (University of Maryland, College Park) 
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Driving the Plasma Wakefield
Driver (e.g. Laser) is the energy source.

How to choose your driver: 

● Laser technology (Ti:sapp, CO2 Lasers, Combined Fiber lasers, Thulium,…)
● Repetition rate (kHz,...)
● Energy per pulse (energy gain per stage,...)
● Wavelength (ponderomotive force)
● Shaping & Control (shape wakefields)

○ Arbitrary Structure
○ Pulse train (e.g. modulator or SRS)



Results from kHz systems





Tuning your drive pulse and 
understanding its evolution



Experimental demonstration of kHz hydrodynamic optical-field-
ionized plasma channelsJames Cowley

Univ. of Oxford

● No significant 
long-term 
evolution of 
channel 
properties

● Operation at 1 
kHz seems to be 
no issue for HOFI 
channels alone



Using mode filtering and localized dopant to improve bunch 
quality in self-waveguided LWFA

Early portion of a leaky waveguide can be used to filter 
out higher order mode content from unavoidable coupling 
mismatch in real-world self-waveguiding LWFA

Early experimental results implementing the technique show improved 
localized injection *manuscript in preparation*

Localizing dopant for ionization injection after this 
region can lead to more reliable injection and low 
energy spread bunches

B. Miao et al., PRL 125, 074801 (2020).
L. Feder et al. Phys. Rev. Research 2, 043173 (2020)
B. Miao et al.  Phys. Rev. X 12, 031038 (2022)
J. E. Shrock et al. Phys. Plasmas 29, 073101 (2022)

“Optical mode filtering and electron injection in multi-GeV laser wakefieldacceleration”, J.E. Shrock et al.

Recorded Spectra with 
dopant in entire 20 cm jet

Recorded Spectra with dopant in 
middle of 20 cm jet

Jaron Shrock (University 
of Maryland) 



Manh Le, University of Maryland



Shaping your drive pulse



Roman Walczak (University 
of Oxford) 





(Mathias Fuchs)







Arbitrarily Structured Laser Pulses -  Jacob Pierce

1. Arbitrarily Structured Laser (ASTRL) pulses are superpositions of 
laser pulses with varying properties, yielding controllable emergent 
phenomena (e.g., continuously evolving spot size or OAM)

2. Mathematical description of ASTRL pulses enables theoretical and 
computational studies, including concepts for LWFA with flying 
focus pulses 

3. New ASTRL pulses may enable novel techniques for advanced 
acceleration and radiation generation concepts

4. ASTRL pulses can be synthesized by dedicated optical assemblies 
or by a new proposed technique based on divided pulse 
amplification

For more information, see Pierce et 
al., arXiv:2207.13849, 2022

(UCLA)



Electron Injection and Trapping
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● Self-injection
○ NIR & CO2

● Colliding pulse injection 
○ Nearly collinear 
○ Nearly counter-propagating

● Density transition injection
○ Modulated down-ramp injection
○ HOFI shock injection

● Two-color ionization injection
● External injection



Nearly collinear optical injection of electrons into wakefield accelerators

Plasma grating

● Nearly collinear colliding pulse injection was demonstrated, with the injector as intense as the LWFA driver; 
● The injection was sensitive to the delay between two laser pulses and various e-beam splitting was observed. 
● Transverse interference initiated the injection process, by kicking electrons to form a relativistic plasma grating.
● Strong interference caused a strong plasma grating, which splits lasers, plasma wakefields and e-beams.

Qiang Chen et al., University of Nebraska-Lincoln



Generating pre-bunched electron beams using modulated downramp injection
Chaojie Zhang et al, UCLA



Achieved low energy spread bunches in low-density plasma channels
Alex Picksley et al, University of Oxford



Goal: 2.5 GeV high quality electron bunches from LWFA for Breit-Wheeler Experiment

Slit Nozzle with  HOFI Shock Injection: high quality beams

Gas Cell with Self Injection: over 2 GeV

Laser wakefield acceleration to GeV electron energies for the Breit-Wheeler 
experiment
Katinka von Grafenstein et al, LMU Munich



A preliminary analysis for efficient laser wakefield acceleration
Gaetano Fiore, INFN, Napoli

Hydrodynamic description of the impact of a 
very short and intense laser pulse onto a cold 
diluted plasma, study the induced PW and its 
wave-breaking (WB) at density inhomogeneities

Preliminary analysis of the input parameters 
based on a simpler model



➔ Demonstrated a good agreement between the simulations with an empirical formula for the 
self-injection threshold.

➔ Showed that there is a strong correlation between injected charge and back of the bubble velocity.
➔ Presented a parameter range that suppresses self-injection in fully blown-out bubbles which is an 

essential requirement in the experiments of controlled injection in LWFA.

Self-injection process in laser-wakefield accelerators driven by CO2 laser pulses
Arohi Jain et al, Stony Brook University



● A first attempt at a two-color experiment using an LWIR in 
transverse geometry was made at ATF

● Confirmed Ti:Sapphire’s ability to create highly ionized Krypton state
● Alignment and synchronization methods were successfully demonstrated 

with the LWIR and NIR lasers
● Impact of NIR ionization on LWIR-driven wakefield in self-modulated 

regime was investigated
● Multi-level ionization was implemented in simulations with 

preliminary results showing agreement with experiments

First results of the two-color LWFA experiments at ATF
Navid Vafaei-Najafabadi et al, BNL



External injection at CLARA
Laura Corner, University of Liverpool



Diagnostics, Stability & Control

❏ Key methods and techniques used to characterize the accelerating structures 
(i.e. wakes) and accelerated beams

❏ Improvement of the beam quality and stability: limitations, challenges and 
possible solutions

❏ Use of machine learning and neural networks for the advancement of the 
LWFA performance 



Single-Shot Reconstruction of Electron Beam Phase-Space in a Laser 
Wakefield Accelerator
Yong Ma, University of Michigan

Wakefield acceleration Transverse modulation 

● Theoretical model describes coupled motion of electrons in laser driven plasma 
wakefields and oscillations in the laser fields.

● Experimental observation of modulated electron spectra which can be fitted 
with the theoretical model.

● Reconstruction of the electron beam characteristics including: longitudinal 
momentum distribution (energy chirp), transverse momentum distribution, 
temporal profile (pulse duration), slice energy spread. (All at a single shot!).



Data-driven modelling of laser-plasma experiments enabled by large datasets

André Antoine, University of Michigan



Stable injection into a laser plasma accelerator with colliding laser pulses
Qiang Chen



Andreas Seidel (Friedrich-Schiller-University Jena)

Polarization and CEP Dependence of the Transverse Phase-Space in Laser-Driven 
Accelerators
Andreas Seidel (Friedrich-Schiller-University Jena)



Facilities & LPA Applications

❏ Current status of the facilities and recent results of commissioning 
(WG1+WG8)

❏ Applications of the LWFAs 



Accompanying the hybrid LPWFA experiment campaign with a computer simulation 
campaign: What we model, what we learn, and where we need to become better(WG1+2)
Klaus Steiniger, HZDR

➔ Laser modelling is key to improve LWFA stage predictions (correct for 
real energy, intensity profiles).

➔ Modelling of gas and laser according to experiment allow to achieve 
good agreement with the experiment.

➔ Simulation observations lead to improvements of LPWFA setup: 
prompted to increase the distance between the LWFA & PWFA, and 
to introduce shock in PWFA with a wire.



High-efficiency and high-quality laser-plasma accelerator stages for a 
plasma-based linear collider (WG1+8)

Channel-guided LPAs provide higher energy gains;
Optimal charge in self-guided LPAs (i.e., operating in the nonlinear/bubble regime) is larger than that in channel-guided
LPAs;
Scaling laws with laser energy and wavelength for energy gain and charge discussed;
Technique to reduce final energy spread based on wake overloading has been discussed;
A self-guided LPA stage operating in the bubble regime providing high-gradient, high-charge, high-efficiency, and quality-
preserving acceleration for collider applications has been presented.

Energy gain in channel-guided and self-guided LPAs driven by a laser with given (fixed) energy has been investigated:

C. Benedetti, LBNL 



The BELLA PW iP2&2BL Upgrades – Radiation and Laser Safety considerations 
and implementations for safe and efficient user experiments
Csaba Toth, LBNL



Updates and Commissioning results of the Second Beamline Upgrade to 
BELLA PW
Alex Picksley, LBNL



Concluding remarks

WG1:

● 2 plenary talks
● 8 sessions (2 joint WG1&WG2 sessions; 1 joint WG1&WG8 session)
● 25 oral presentations

○ 10 talks on driver
○ 8 talks on various injection concepts
○ 4 talks on diagnostic, stability & control
○ 3 talks on facility updates and LPA applications

● 17 posters (13 student + 4 contributed)

Thank you!


