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Figure 1: Ignition + heating DPS schematic for a single plasma section.  

Vacuum & gas injection @ anode. Typ. parameters: G = 30 cm,           

L = 1-10 m,  Vi = 1-4 kV, (does not scale w/ length),  Ci = 1 uF,    

T(Flyback elevator transformer TR = 2-5),  Ignition voltage 15 - 50 kV 

(est.),   Ign. Current 5 - 20 A, Vh = 2-10 kV (scales w/ length),  

Ch = 2-5 uF,   Ih(peak) = 0.1 - 2 kA. 

A Discharge Plasma Source, w/ a Ignition+heating electrical circuit is being tested as a length-scalable plasma for 
the AWAKE experiment and beyond and allows flexible use in PWFA's
๏ Full technical solution developed and now implemented in CERN 
๏ A 10 m long double plasma module will be tested in AWAKE (2023 Spring) 

Plasmas densities in the range 1-10 x 1014 cm-3 demonstrated (He, Ar, Xe) for use in AWAKE
๏ Plasma density variations < 2% (based on integrated side brightness) 
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Onset of ion motion due to (average) 
transverse electric fields of the beam 

and the first plasma waves 

Ions attracted to the axis 
lead to a collisionless 
shock that creates the 

thin channel

1 × 1016𝑐𝑚−3 
Hydrogen plasma

Gaussian e+ beam

Ultimate goal of LWFA

- Produce high-quality particle beams tailored to specific applications with 

reproducibility at ≥ 10 𝐻𝑧

Relevant particle beam parameters:

State of the art targets:

- Gas Jets

- Discharge Cells

Background

A novel tunable gas target 
for an electron LWFA
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Final Goal

Gas Target Design 

To achieve the desired density profile (N. Lopes):

2 free parameters to vary density of a gas

Pressure fixed to avoid undesired flow in the sharp gradient (injection) region. 

- The gas is injected from the top using a fast valve - actuation time ~ 10 ms

- Cycle time controls the pressure of the injected gas

- This is the control on the baseline density – 𝑛0

2 chambers with controlled temperature but thermally isolated from each 

other

- The temperature difference controls the density step – Δ𝑛
- Separated by small distance – 20 µm – to ensure sharp density gradient

2 sliding cylinders

- Allow for effective length control of the chambers – 𝐿1 and 𝐿2

Future Directions

Bright, hard and tunable Betatron X-rays for low-dose applications

High intensity/rep-rate/quality GeV electron beams

Reliable and tunable injection by density 

down-ramp scheme [1].

- Density step controls beam charge

- Length of the 2nd plateau controls 

beam energy

- Baseline density matched to laser 

parameters
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Adaptive Control
via 

Machine Learning

Bayesian 

Optimization
[2][3]

Non-Linear problems

Sample-efficient optimization

Multiple-objective optimization

Incorporates uncertainty
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1) Validate gas target design through CFD simulations  

2) Simulation based optimization of the density profile using a BO approach  [4] 

3) Test target in an experimental setting 

Research Objectives

N. L idea to achieve the desired density profile:

Two free parameters to vary density of a gas

Pressure fixed to avoid undesired flow in the sharp gradient (injection) 

region. 

- The gas is injected from the top using a fast valve. 

- Opening time controls the pressure of the injected gas

- This is the control on the baseline density

2 chambers with controlled temperature but thermally isolated from each 

other

- The temperature difference controls the density step

- Separated by small distance – 20 µm – to ensure sharp density gradient

2 movable cylinders allow for effective length control of the chambers

Vary gas density

Requirements

2 parameters: pressure, 

temperature

Avoid flow in sharp gradient (injection) region
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Parameter Purpose

Gas Injection

Temperature Difference

Movable Cylinders

Baseline gas density control

Adjust density step gradient

Control effective chamber length

Parameter Purpose

Gas Injection

Temperature Difference

Movable Cylinders

Baseline gas density control

Adjust density step gradient

Control effective chamber length
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Emittance – 𝜃

Energy – 𝐸 Energy Spread – 𝛿𝐸

Charge – 𝑄

Laser Target 𝒆− Beam

See it in action!

Be aware…electrons incoming…
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