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Introduction

Negative ion formation via laser plasmas is found to be accompanied with collisions
involving neutral atoms and electrons, wherein a neutral atom gains a negative charge due
to the high electron density [1]. In this work, experiments are performed to increase
collision probability where a cavity is bored through the target surface via laser ablation,
with the laser plasma initiated deep within the formed hole to investigate mechanisms in
positive and negative ion formation.

Experimental Details

Results

Fresh target ablation

After hole formation

Effect of increasing pulses

Positive and negative ion extraction

Effect of bias near FC

Summary

• TOF results for cavity introduction of a laser plasma show increase in negative ion 
signal following extracted positive ion peak

• Lower laser power densities showed increase in negative signal for all detectors
• Collisions due to laser plasma initiation could contribute to negative ion formation 

and broad negative signal distribution
• Application of a positive bias near the FC plate allows for negative ion detection
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Laser ion source

Target Graphite, 𝜙10mm

Laser wavelength 1064 nm

Laser frequency 10 Hz

Laser pulse width 5 ns

Drilling laser power 
density

5 GW/cm2

Spot diameter ~1 mm

Magnetic flux density 
5 mm in front of FC

30 mT

Extraction voltage -3 kV to 3 kV

Base pressure 4x10-6 Pa

FC distance from axis 0, ±18 mm

Laser ion source parameters

Faraday cup signal distribution

• Increased ion current for increasing laser power density
• Initial burst of electrons and light ions for increasing extraction voltage
• Increase in positive ion yield and detected heavy ions for increased laser power
• Earlier peak shift for increasing LPD due to  higher ion kinetic energy

Cavity depth after repeated ablation Target condition

• Decreasing ablated mass with pulse number due to plasma shielding within the cavity
• Target forms a ~1mm opening for constricting the laser plasma

• Positive ion peak shift due to cavity wall formation before extraction
• Increase in negative broad signal detected in all FC for increasing number of 

pulses for 5 GW/cm2 laser power densities, whereas the decrease is not detected
at FCs 1 and 3 of higher laser power density at -3 kV extraction

• Decrease in ion yield due to collisions within the cavity
• Formation of broad distribution of cluster ions after 30000 pulses around 15 μs

• Distinct negative ion peaks 
detected at 30 μs

• Peaks shift to 23 μs and 28 μs 
corresponding to atomic 
masses > 840 amu

• Emergence of multiple peaks 
for increasing number of 
pulses

Cross section micrograph 
after 30000 pulses
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