
Proton and Ion Capture

Proton and ion capture progress (21st October 2025)



• The focal length (𝒇) of the Gabor lens: 
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     where 𝑒 is electric charge of the electron
  𝑛𝑒  is the plasma density
  𝑙  is the length of the plasma 
  𝜖0  is the permittivity of free space 
  𝑈  is the kinetic energy of the 
   positively charge particle.

Plasma density: 4×1015 m-3

Radius: 3.65 cm
Length: 1 m 
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• Penning-Malmberg Trap



Experimental Setup

Solenoid: B ~40 mT
 

Brillouin density limit:  
𝑛𝐵 = 7.8×1015 m-3

28.1cm

4.1cm

Phosphor screen

Electron source
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Previous Results 

1s

Osc

Electrons
IonsIons

Electrons

100us

Electrons

5ms

  
1s

Osc

Electrons

Ions

Electron
beam

Electron
Plasma

P-screen
Osc

P-screen

E19 E18 E17 E10 E3 E2 E1

E4
-

E9

E11
-

E16

2981 Me- 

140V trap: Peak density ≈ 8×1013 m-3

400V trap: Peak density ≈ 1×1015 m-3

Plasma density: 4×1015 m-3

Radius: 3.65 cm
Length: 1 m 

140V trap

400V trap

To generate a stable and high-density plasma, two key components 
are required:

1. Oscillating electric field
2. Dimple that traps ions

This plasma can be initiated using a very small number of seed 
electrons.



Previous Results 
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Osc: 5.05-20MHz (50kHz step) Osc: 7.01-10MHz (10kHz step)Osc: 0.2-20MHz (200kHz step)

Onset at around 8.5 MHz

Solenoid: B ~40 mT

Electron source

Experimental parameters:
1. Electron energy (E-gun bias voltage)
2. Magnetic field 
3. Trap potential
4. Oscillating field amplitude
5. Dimple depth



1. Vary E-gun bias voltage 
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Vbias= -30V -26V -24V-28V (typical bias voltage)
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-30V: 20250904152355
-28V: 20250904105101
-26V: 20250904161027
-24V: 20250904165510



2. Vary magnetic field
Isolenoid = 31 A 30 A (typical current) 28 A 26 A

20 A 15 A 10 A 5 A

31A: 20250827182717
30A: 20250827191251
28A: 20250827165340
26A: 20250827174148
20A: 20250828112823
15A: 20250828121900
10A: 20250828140032
5A: 20250828144624
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Electrons

3. Vary trap potential 
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Trap depth= 140 V (typical trap depth) 120 V 100 V

140V: 20250901110715
120V: 20250901110715
100V: 20250901155120



4. Vary Osc amplitude
8 Vpp 7 Vpp

6 Vpp (typical amp) 5 Vpp 4 Vpp 3 Vpp

2 Vpp

Osc amp= 10 Vpp 9 Vpp

10V: 20250901122916
9V: 20250901130341
8V: 20250901134849
7V: 20250901115552
6V: 20250829125814
5V: 20250829135109
4V: 20250829143420
3V: 20250829154659
2V: 20250829150737



5. Vary dimple depth
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0V (typical bias voltage)

20VVbias (E10)= 40V

-20V -60V

-60V: 20250904203853
-20V: 20250904195410
0V: 20250904174058
+20V: 20250904182526
+40V: 20250904190946



Discussion
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Osc: 5.05-20MHz (50kHz step) Osc: 7.01-10MHz (10kHz step)Osc: 0.2-20MHz (200kHz step)

Onset at around 8.5 MHz

Solenoid: B ~40 mT

Electron source

Experimental parameters:
1. Electron energy (E-gun bias voltage)
2. Magnetic field 
3. Trap potential
4. Oscillating field amplitude
5. Dimple depth

- Investigate the feed-through cables that connect 
the voltage supply to each electrode.



Discussion 
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140V trap: Peak density ≈ 8×1013 m-3

400V trap: Peak density ≈ 1×1015 m-3

Plasma density: 4×1015 m-3

Radius: 3.65 cm
Length: 1 m 

140V trap

400V trap

To generate a stable and high-density plasma, two key components 
are required:

1. Oscillating electric field
2. Dimple that traps ions

Notably, this plasma can be initiated using a very small number of 
seed electrons.



Plasma in HV traps
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300V
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Trap depth= 140V

250V
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Trap depth= 140V

400V: 20250912133417
350V: 20250912173018
300V: 20250912144647
250V: 20250912164233
200V: 20250912153353
140V: 20250915131036



Plasma in HV traps
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Trap depth= 140V
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Conclusions and Outlook
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To generate a stable and high-density plasma, two key components are required:
1. Oscillating electric field
2. Dimple that traps ions

This plasma can be initiated using a very small number of seed electrons.

Next steps …
• Conduct the experiments using Ar instead of CO₂.
• Use numerical simulation to verify our diagnostics.
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140V trap: Peak density ≈ 8×1013 m-3

400V trap: Peak density ≈ 1×1015 m-3

Plasma density: 4×1015 m-3

Radius: 3.65 cm
Length: 1 m 

140V trap

400V trap
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Plasma lens group
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