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Gabor lens

* The focal length (f) of the Gabor lens:

1 e?

f_4

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

lon

beam

Solenoid coils
©000006D00000000

Electrodes

Plasma Density, n. (m'3)

10"

=y

o
-
@

10"}

-

o
-
=

1013_

10"

—
/’ \ Laser-hybrid Accelerator for
‘ Radiobiological Applications

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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1. The plasma contains a high electron number.
Caused by ionization between RW field and CO, cooling gas.
Influenced by a dimple in the trap.

Laser-hybrid Accelerator for

Elo El8 el et rfw:' E3 E2 n
. . S . |ToMcP
— /X5 —
: ls *

Prifysgol
X,
RA & G
L Swansea
W
Radiobiological Applications v university

2. The plasma remains stable as long as the RW is applied.
Likely due to the dimple that confines trapped ions.
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Simplify the experiment | LhAR,

1. The plasma contains a high electron number.

* Caused by ionization between RW field and CO, i I N Y P B
cooling gas. el . ] e
* Influenced by a dimple in the trap. V bias: -140V Vo -140V ls

150

100 .
2. The plasma remains stable as long as the RW is applied. som
] ] ) . . Electrons

Likely due to the dimple that confines trapped ions. = AW
S _ ~1r 15, 10s
To simplify the experiment: =150 e
Z(m)

1. Apply an oscillating field to E2 or E18.

2. Create adimple on E3, E4-9, E10, E11-16, or E17.

Proton and ion capture progress (37 June 2025)
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2. Osc (E18) + Dimple

Dimple (E17)
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Discussions

* The oscillating field alone can generate a plasma; however,
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the resulting electron density is low, and the plasma lacks i I T R N
_ s ls ~
V bias: -140V Ve -140V
* The dimple is essential for producing a stable, high-density o0 5
100 r
< 0
. -50 Osc
Question: o} 15 10
 What is the underlying mechanism by which the dimple e
contributes to the stability and high-density of the plasma? Zm 10s =

Is it due to the dimple or the trapped ions or both the
dimple and trapped ions?

Proton and ion capture progress (37 June 2025)
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Conclusion and outlook

2 Prifysgol
L W/ %) Abertawe
\\// e —
/I\ -

Laser-hybrid Accelerator for v Swa nsea
Radiobiological Applications . B

University

To generate a stable and high-density plasma, two key components [ & 7 & Tl L T . -
are required: ¢= SRR Toyer
1. Oscillating electric field V bias: -140V Vo, 140V
2. Dimple that traps ions 160

‘Dom

50
Next steps ... s Electrons
e Further investigation on dimple and trapped ions. -50 Osc
* Investigate the plasma mode. Cps0s

0 0.05 0.1 0.15 0.2 0.25

* Use numerical simulation to verify our diagnostics.
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