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EuPRAXIA concepts
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LWFA density regimes
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Energy gain in laser wakefield accelerator:

Sets density for interaction
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LWFA density regimes
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Simulations of multi-GeV stages:

J. Vay, et al. Modeling of 10 GeV-1 TeV laser-plasma accelerators using Lorentz boosted 
simulations, 18, 123103 (2011).

B. S. Paradkar et al, Numerical modeling of multi-GeV laser wakefield electron acceleration 
inside a dielectric capillary tube, 20, 083120 (2013).
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Interaction lengths
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Interaction (dephasing) length:

<latexit sha1_base64="0O9f7s5Az5vujpnv1ch5Zb6Izso="></latexit>

For a spot size w0 ≈ λp = (2πc/ωp) ≈ 30(60)μm for 1(4) GeV

<latexit sha1_base64="zqMJ46B1xruRfOTOAskLstjVgig="></latexit>

Need guiding over 10 (20) zR
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Gas cells for long stages
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Osterhoff, J, Phys. Rev. Lett. 101, 085002 (2008).

B. B. Pollock, et al, Phys. Rev. Lett. 107, 045001 
(2011).
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Self-focussing
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Self-focussing:

Long scale self-focussing:

Psf > Pcr ≈ 17(ncr /ne) GW
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Poder, K., et al.  Plas. Phys. Cont. Fusion (2017). 
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Non-linear regime
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Injection is easier in the non-linear regime:

However laser parameters must be well controlled

Monoenergetic electron beams
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Non-linear regime
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Field strengths can be very high:

But power amplification means wakefield is always evolving:

Length scans probe injection and acceleration
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M. J. V. Streeter, et al., 
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Self-focussing
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But self-focussing has a number of disadvantages:

Desirable to control laser propagation with guiding channel

dependent on beam quality:
➡ poor encircled energy requires higher powers
➡ poor beam quality affects pointing
➡ poor beam quality affects reproducibility

guiding channel can:
➡ trap and guide more laser energy
➡ directs pointing and minimises variability
➡ reduces guided spot size, reducing power requirements
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Capillaries for long stages
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Gonsalves, A J, et al. Phys. 
Rev. Lett. 98, 025002 (2007).

Ibbotson, et al. New J.  Phys. 
12, 045008 (2010).

A. J. Gonsalves, Petawatt 
Laser Guiding and Electron 
Beam Acceleration to 8 GeV 
in a Laser-Heated Capillary 
Discharge Waveguide, Phys. 
Rev. Lett. 122, 84801 (2019). 
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Guiding options
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Other guiding structures have been proposed and need 
investigating:

Advantages: ➡ longer lifetimes
➡ easy diagnostic access

Disadvantages: ➡ not clear on reproducibility
➡ easy diagnostic access

(a) (b)

J. Ju and B. Cros. J. Appl. Phys., 112:113102, 2012. 

y 
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Other long stage concepts
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2 - 4 cm

2.5 mm  f 300 mm

mm to 21 mm since we increase the spacing between dielectric apertures to 3mm based. The gas 

injection was also changed: we added two new independent gas injection lines to the end cells so a 

discharge through the gas feeding system becomes less probable as well as to make the device 

compatible with future experiments in preparation. Finally a completely new design of the device was 

performed in order to solve some vacuum sealing problems as well as reduce the cost of the 

construction of the gas cell main body by about 1/2 (now costing about 600"). 

The design of the gas cell main body was made using one of the most advanced CAD systems in 

order to provide advanced training to the students in our team. The prototypes were produced by 

high-resolution stereolithography by a Portuguese company. The resin body received precision laser 

machined ceramic plates with the dielectric apertures aligned on axis by a straight tungsten wire of 

matching diameter. The development of refractory tungsten electrodes was not carried out due to 

insufficient funding and new cooper electrodes with 150 micron diameter holes where developed 

based on the previous design (this option limits the device lifetime to about 100000 shots due to 

cooper evaporation).

In Fig. 1 we can see a picture of the new device partially installed on the test facility at Laboratório de 

Lasers Intensos.

figure 1: Gas cell device partially installed at test facility for vacuum and DC discharge initial tests

POCI/FP/81925/2007 - Final Scientific Report

! 4

R. Bendoyro, at al., IEEE Trans. Plasma Science, 36, 1729 (2008)
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R. J. Shalloo, et. al. , Phys. Rev. E, 97 053203 (2018)

Plasma Parameters
• Plasma waveguides formed in H2
• Low On-Axis densities ~ 1017 cm-3

• Matched Spot Sizes ~ 10’s microns

Laser Parameters
• Low-energy required: 10-70 mJ @ 50 fs
• Formed with Lens or Axicon

Plasma Parameters
• Plasma waveguides formed in H2
• Low On-Axis densities ~ 1017 cm-3

• Matched Spot Sizes ~ 10’s microns

Laser Parameters
• Low-energy required: 10-70 mJ @ 50 fs
• Formed with Lens or Axicon
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Plasma target characteristics 
have been compared
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Coupling of electron beams
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Magnetic structures: low overhead once aligned, but long 
distances

plasma structures: strong focussing gradients
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J. Van Tilborg, et al, Phys. Rev. Lett. 
115, 184802 (2015).

C. A. Lindstrøm, et al.  Phys. Rev. 
Lett. 121, 194801 (2018)
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Coupling of laser beams
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Most investigated option is plasma mirrors:

Most likely tape drives, could be liquid crystal mirrors

Electron transport
to accelerator stage

Injector
Accelerator stage

Electron transport
to users

Laser 1
e-

Laser 2To transmitted 
laser diagnostics

To transmitted 
laser diagnostics

{ { {Laser removal Laser removalLaser coupling

Other options include perforated mirrors
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Coupling of laser beams

 20

Reflectivity measurements:

J-N. Gruse, In preparation (2018).B. H. Shaw et al, Phys. Plasmas 23, 
4954242 (2016).
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Coupling of laser beams
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Gas cell 2

L1  =  10 - 30 mm

L2  =  20 - 100 mm
d2  =  5 - 20 mm
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Coupling of laser beams
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Reproducible 500-800 MeV 
beam from injection cell

Good quality reflection from tape 
(>20%)

Guiding of reflected beam over 2.5 cm from:
exit mode channel emission
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Summary

• Plasma Accelerator stages have been considered for 
EUPraxia 
• Laser driven plasma stages of density ~1017 cm-3 

and metre length required 
• Compact lens systems can couple electron beams 
• Lasers can be coupled with plasma mirrors 
• Options for each element has been considered
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