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Interaction of plasmas in laser ion source with double laser system
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T. Kanesue, 8 M. Okamura, 8 and Y. Iwashita 9

A laser ion source can provide intense and low-emittance 
pulsed ion beams. For these advantages, various 
applications have been studied, such as DPIS (Direct 
Plasma Injection Scheme) to RFQ (Radio Frequency 
Quadrupole) Linac1) and a seed-ion beam provider for the 
EBIS (Electron Beam Ion Source) at BNL (Brookhaven 
National Laboratory)2), 3). The laser ion source functions on 
a simple principle. Figure 1 shows the schematic layout of a 
laser ion source. Laser irradiation with an energy density 
above t  plasma. This 
plasma drifts to an extracting electrode and an ion beam is 
formed. A change in the laser power density on the target 

expanding velocity of plasma.
In conventional laser ion sources, a nano-second laser has 

been used. With single nano-second laser irradiation, 
thermal mechanisms are the dominant processes in plasma 
production and it results in a Maxwellian ion energy 
distribution. Since the plasma expands in three dimensions 
in the drift region from the target to the extracting electrode, 
an ion beam pulse width is proportional to the drift length L, 
and the peak ion beam current is inversely proportional to 
L-3. Therefore, if we need a longer beam pulse width, the 
total peak current is steeply decreased.

A multi-pulse laser system may be used to elongate the 
ion beam pulse length or to intensify the beam current. To 
test the feasibility of these ideas, a double-pulse laser 
system was used in BNL.

Previous research showed that a multiple laser shot 
scheme is useful in extending the ion beam pulse length for 
a low-charge state mode. However, if the interval between 
the two laser is less than 10 µs, the observed current profile 
is not just sum of two laser plasmas4). In this research, we 
carried out a more detailed study for the case in which the 
interval between laser pulses was less than 10 µs, in order 
to understand this phenomenon.

In our experiment, each laser energy on the target was 
560 mJ at maximum and the laser spot was an ellipse of 
height 3 mm and width 4 mm. The estimated laser power 
density of each laser shot was between 108 and 109 W/cm2,  
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Fig. 1. Schematic layout of a laser ion source

and the induced charge states of ions were mostly single.
Ion current was measured using a Faraday cup. Two 

lasers were operated with various intervals of trigger timing
range from 0.1 µs to 10 µs. In the measured current profile, 
a prominent peak that does not correspond to any single 

ure 2 shows a 
typical result. This peak had a maximum peak current for 
the laser interval from 1 µs to 1.5 µs and the peak height 
was multiplied five times. This peak appears to have formed 
owing to the interaction between the second laser and the 
neutral vapor or particles produced by the first laser.

Fig. 2. Comparison of the measured ion current profile 
between single-laser plasma (blue and green plots) and 
double-laser (red plots).
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Control of plasma shape with pulsed solenoid on laser ion source 

M. Sekine＊1

A laser ion source (LIS) can supply high-current ion 
beams with solid target. However, the LIS typically forms a 
sifted-Maxwell-Boltzmann distribution in their current 
output. This distribution has a peaked output that does not 
provide constant current over the pulse length. The ability 
to shape the current output of LIS would increase its 
versatility as an ion source. In our experiments, we used 
pulsed magnetic fields to alter the shape of the current 
output and change the sifted-Maxwell- Boltzmann 
distribution that is typically produced. 

In our experiments, we assembled the test setup shown 
on the right in Fig. 1. We used a 1064 nm wavelength 
Nd:YAG laser of Q-switch delay 250 μs and pulse energy 
600mJ. Laser pulses were fired into the target chamber at an 
iron target. The target then ablated into a plasma consisting 
of +1 iron ions and electrons. The plasma moved past 20 
cm of empty space into a 12 cm long solenoid, the pulsed 
solenoid. The plasma then passed through drift tubes and 
into a Faraday cup 3.3 m away and of apearture 10 mm. We
could control the time for which the pulse was fired relative 
to the laser's firing time tp, and the peak of the magnetic 
field Bmax. The solenoid had turns 50, its length was 12 cm, 
and its radius was 44 mm.  

Fig. 1: Experimental setup 

The pulsed solenoid was exposed to various magnetic 
fields ranging from 26 gauss to 510 gauss, as shown in Fig. 
2. We altered the time for which the pulsed solenoid was 
fired from 1μs after the laser was fired to 20 μs after the 
laser was fired. 

Fig. 2 Supplied magnetic shape by pulsed solenoid 
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Fig. 3 current shapes for different delays 

Fig. 4 Maximum current for different delays and 
magnetic fields 

The obtained current shape for different delays is shown 
in Fig. 3. Magnetic pulses with delays ranging 15 μs and 20
μs range yielded results that appeared nearly identical to the 
results obtained without a pulsed solenoid. In all cases, the 
plasma followed the curvature of the pulsed solenoid's 
magnetic field lines into the pulsed solenoid. Fig. 4 shows 
the maximum current for different delays and magnetic 
fields in our experiments. Magnetic pulses with magnitudes 
lower than 188 gauss also had almost no effect on the shape 
of the plasma that we recorded. These results show that our 
technique can be effective in shaping the current of LIS.

We found that the solenoid field could change the beam 
shape. To control beam flexibility, we may need to control 
the pulsed field using multiple power supplies or multiple 
coils. Although the further studies are required, the pulsed 
solenoid is useful to control the beam current shape, which 
is a unique.
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