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SHRINKS ACCELERATORS FROM ~KM TO ~CM (~M)

Compact accelerators and laser-driven XFELs

LASER WAKEFIELD ACCELERATION (LWFA)
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Community Milestone: 10 GeV from a 

single stage



GRAND CHALLENGE: 

10GeV from single laser-stage

enables room-sized XFEL and affordable TeV collider
(necessary but not sufficient!)
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Longterm stable operation of an LWFA using Bayesian 

Optimization and Machine Learning - Desy (2021) 

• <1.2% rms energy spread @ 284 
MeV, 44pC, by optimal beam 
loading through ionization injection

RF accelerator bunch injection into LWFA accelerator  -

Tsinghua Univ., Y. Wu et al. (2020)

LWFA powered PWFA - Kurz et al., HZDR (2020)

Current record LWFA energy: LBNL - Bella-

laser: 7.8 GeV (2019)
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The 4 +1 PW laser system at the Center for Relativistic 

Laser Science in South Korea
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CoReLS laser can in principle produce electron 

bunches for collision experiment with 𝟀>1

• Laser parameters : 

• 52 J on target, 25fs => 2PW

• focal spot ≈ 50 μm (FWHM), + 30 

fs (GDD +350 fs-2), 

• I ≈ 4.2 x 1019 W/cm2, a0 ≈ 4.5

• Gas medium : 

• He mixed with 1-% Ne, 

• 7-cm gas cell

• plasma density ≈ 1.5 x 1018

elec./cc 



Nanoparticle-assisted electron injection into a wakefield at a 50 TW laser

Ablatio

n

laser
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laser

❑ The hybrid gas target can 

generate supersonic gas jets 

doped with any kind of 

nanoparticles

❑ The density and size of 

nanoparticle controlled by the 

laser energy, pulse width and 

fluence

❑ Electron peak energy and 

energy spread greatly 

improved 

❑ Electron beam divergence 

decreased

no 
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with

nanoparticles
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The Texas Petawatt Laser at UT Austin
Laser Parameters:

• 150 J

• 150 fs

• 1 shot/hr

• 2 Target Areas:

• F/40: 2x1018 W/cm2

• F/3: 1021 W/cm2

• F/1: >3x1022 W/cm2

Demonstrated Performance

• 3 GeV electrons

• 100 MeV protons

• 600 MeV carbon

• 4.4 GeV Au

• >1010 neutron/shot

• >50 MeV γ-ray beam

Stretcher

oscillator

4ns OPA 
pump

ns OPA

SP OPA

SP OPA pump

rod amp

booster amp FR isolator

MA injection/U-turn

MA telescope

Main amp (MA)

F/40 focus
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Canonical TPW LWFA result: 2012 record

Xiaoming Wang, M. Downer, et al.
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Experimental Setup
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TPW

CoReLS

Bella
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A recent article in 
Nature establishes the 

ability to achieve 
single pass FEL gain 
using beam from a 

reasonably stabilized 
LWFA beam.

The next step is to 



Texas Petawatt Beams: FEL Potential?
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The Texas Petawatt Laser system can be used to generate beams with interesting possibilities, 
as the energies and charge delivered are significant.

The rough beam parameters for the shot shown in the white circle are given below. While 
certainly impressive, they are not quite suitable to drive a free-electron laser as the energy 
spread is too large. Additional beam manipulation must be done.

Quantity Value

Energy [GeV] 2.3

rms Energy Spread [%] 2

Charge [pC] 800

rms Bunch Length [fs] 40

Geometric Emittance [nm-rad] 0.3



Beam Slicing to Improve the Beam Properties
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Femtosecond and sub-femtosecond x-ray pulses from a SASE-based free-electron laser

SLAC-PUB-10002 
P. Emma, et al. 

If we add a dispersive section that has 
controllable R56 and can be made 
isochronous and dispersion free as 

necessary, and if the LWFA generated 
electron beam has small slice 

emittance, then one could slice out a 
small potion of the beam with 

reasonable energy spread. This potion 
of the bunch would have parameters 
suitable for single pass FEL operation.



FEL Operation at the the Water Window
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Quantity Value
Energy [GeV] 2.3
rms Energy Spread [%] 0.5
Charge [pC] 200
rms Bunch Length [fs] 10
Geometric Emittance [nm-rad] 0.3
Undulator Period [cm] 2.78
Undulator K value 2.6
Resonant Wavelength [nm] 3.0
Resonant Photon Energy [eV] 413
Average Beta in Undulator [m] 1.5
FEL Rho Parameter 0.005
1d FEL Gain Length [m] 0.245
Eta: 3d beam quality reduction term 2.44
3d FEL Gain Length [m] 0.84

3d FEL Saturation Length [m] 16.4
3d Saturated Peak Power [GW] 32.4

Slicing the beam in afore mentioned manner and using a 
parameterization for FEL performance* gives the following 
beam and FEL properties. Saturation in the water window 

is achieve with a 16.4-m long undulator

*

Conclude: We may already have beam properties 
within regions of the TPW laser laser wakefield

accelerated beams that could potentially drive a 
single pass FEL in the water window to saturation
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Summary

• Wakefield Accelerators hold a huge potential to make accelerators and light sources ubiquitous and 

accessible

• Impressive recent progress

• demonstration of PWFA with both electron and proton bunches (Facet, AWAKE)

• staging of LWFA - PWFA (HZDR and others)

• injection of RF accel. bunch into LWFA (Tsinghua)

• >24h stable LWFA operation with ML (Des)

• LWFA-driven FEL @ 27nm (SIOM)

• >10 GeV, ~500s pC by nanoparticle assisted LPWFA (UT Austin)

• How to optimize emittance, energy spread, reproducibility simultaneously?

• What is the most promising laser-driver?



• Scientist: LWFA, Laser-based x-ray generation, XFELs, beam lines, and 
diagnostics
Experimental: Postdoc/Staff Scientist (jun./sen)

• Laser Scientists/Engineers/Technicians: ultrahigh intensity lasers, high 
average power lasers, spatio-temporal pulse control, ML, control systems
Staff Scientist (jun./sen.)

• Control systems engineer: lasers and/or accelerators

• XFEL applications in structural biology, macromolecular chemistry: single 
particle imaging, serial femtosecond chrystallography, …

• Industry competitive salary (US), unlimited contract

Open Positions


