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Gabor lens

* The focal length (f) of the Gabor lens:
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where e is electric charge of the electron

N, is the plasma density
[ is the length of the plasma
€o is the permittivity of free space

U is the kinetic energy of the positively charge particle.

* Penning-Malmberg trap
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Plasma density: 4x10 m3
Radius: 3.65 cm
Length: 1 m

Focal Length, f (m)

Aymar, G., Becker, T., Boogert, S., Borghesi, M.,
Bingham, R., Brenner, C., ... & Xiao, R. (2020). LhARA:
the laser-hybrid accelerator for radiobiological
applications. Frontiers in Physics, 8, 567738.
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To generate a stable and high-density plasma, two key components
are required:

1. lonization: Oscillating electric field (Osc)
2. Dimple that traps ions
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> Ar

co,

Polyatomic molecule

Cause dissociation (breaking
apart the molecule), generating
secondary species like CO, O,, or
carbon-based ions that may
affect plasma behaviour and
diagnostics.

Monoatomic
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Seed Plasma (without CO,) Lens Plasma

1. N(t): Number of particles vs. load time Cooling gas: CO; (fixed pressure)

2. Lifetime: Number of particles vs. hold time Oscillating field: applied to E2

3. Temperature

4. Mode 1. N(t): Number of particles vs. load time
2. Stability: Number of particles vs. hold time (oscillating field on)
3. T(t): Temperature vs. time during oscillating field application
4. Lifetime: Number of particles vs. hold time (oscillating field off)
5. Mode
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Documentation of plasma
results with/without CO, gas

Seed Plasma (without CO,)
1. N(t): Number of particles vs. load time
2. Lifetime: Number of particles vs. hold time

3. Temperature
4. Mode

Swansea positron beamline
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Before: After:

% Findings: Improvements Implemented:

\ 1. 1. Wire Management

. 2. Enhanced Mechanical
Stability

Loose Wires
2. Unstable Mounting

Proton and ion capture progress (29t July 2025)



aen ) Prifysgol
%, Abertawe

—————

=2} , Swansea
\/ University

Plasma results . LhAR/
Wi t h O u t C 02 g a S | I I _ I ettt e

Seed Plasma (without CO,)

1. N(t): Number of particles vs. load time

2. Lifetime: Number of particles vs. hold time
3. Temperature
4.

Mode
500
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Seed Plasma (without CO,)

1. N(t): Number of particles vs. load time

2. Lifetime: Number of particles vs. hold time
3. Temperature
4.

Mode
500
Experimental sequence (Trap depth: -140V) o h]
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Plasma results with CO, gas . LhAR/
Lens Plasma
Cooling gas: CO, (fixed pressure)

Oscillating field: applied to E2

N(t): Number of particles vs. load time
Stability: Number of particles vs. hold time (oscillating field on)
T(t): Temperature vs. time during oscillating field application

Lifetime: Number of particles vs. hold time (oscillating field off) I
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Lens Plasma
Cooling gas: CO, (fixed pressure)
Oscillating field: applied to E2

N(t): Number of particles vs. load time

Stability: Number of particles vs. hold time (oscillating field on)
T(t): Temperature vs. time during oscillating field application
Lifetime: Number of particles vs. hold time (oscillating field off)

Mode

S
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Lens Plasma
Cooling gas: CO, (fixed pressure)
Oscillating field: applied to E2

N(t): Number of particles vs. load time

Stability: Number of particles vs. hold time (oscillating field on)
T(t): Temperature vs. time during oscillating field application
Lifetime: Number of particles vs. hold time (oscillating field off)
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Conclusion and outlook

To generate a stable and high-density plasma, two key components are required:
1. lonization: Oscillating electric field (Osc) + Background gas o I o P S B
2. Dimple that traps ions el . |- L e

/, . Laser-hybrid Accelerator for
‘ Radiobiological Applications

. e ene . V bias: -140V Vel -140vV
Notably, this plasma can be initiated using a very small number of seed electrons.

1oom
50
Next steps ... 0 Electrons

=
* |nvestigate plasma modes. h_—
* Resume experiments using the high-voltage (HV) amplifiers. -100f
e Conduct the experiments using Ar instead of CO,. ~1505 005 01 015 02z 02

e Use numerical simulation to verify our diagnostics. Z{m)
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