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Lithium ion production for laser ion source†
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The use of laser ion source (LIS) is an effective and 
simple method for creating a wide variety of ions. However, 
this method has not yet been extensively tested on alkali 
metal targets owing to their high reactivity. In this report, 
we investigated the Li plasma properties in laser ablation 
for the future application of alkali metal beam acceleration 
because Li ion beams can be used for neutron beam 
creation1).  

Li oxidizes rapidly when exposed to the atmosphere. To 
limit the exposure of the targets, special precautions were 
taken when producing the targets. The metals were polished, 
rolled to an appropriate thickness using a rolling mill, and 
immediately stored in a portable vacuum chamber. When 
the targets were installed, argon gas flow was employed to 
reduce the exposure to oxygen. Then, the target chamber 
was immediately pumped down to vacuum. The attempted 
target thickness was 1.0 mm, although it was not easy to 
achieve good accuracy. The targets were irradiated with a 
neodymium-doped yttrium aluminum garnet (Nd:YAG) 
laser operating at 1.4 J, with a wavelength of 1064 nm and a 
pulse length of 6 ns. The laser was focused on the target 
with a plano-convex focusing lens with a focal length of 
100 mm. The distance of the lens from the target was 
adjustable from outside of the target vacuum chamber, thus 
allowing the beam to be focused and defocused. The 
incident angle between the laser path and the beam line was 
20°. The target chamber and subsequent beam line were 
held below 1.8×10-4 Pa for the duration of the experiment. 
A Faraday cup (FC) with a  = 10 mm aperture was placed 
2.4 m away from the targets to measure the beam current. 
The suppressor voltage of the FC was set to 3.5 kV. The 
positively charged particles in the plasma were analyzed 
using an electrostatic ion analyzer (EIA). The selected ions 
were detected by a secondary electron multiplier (SEM). 
The total distance between the detector and target was 3.7 
m. The ion species and charge states were determined by 
the time of flight information in the SEM signal and the 
applied voltage to the EIA.  

In the experiment, we detected H, Li, and O ions. 
Unfortunately, the apparatus cannot distinguish ions of 
different species but which have the same mass to charge 
ratio. Therefore, some detected signals may be contributed 
by different species. The entire view of the experimental 
setup was explained in our previous publication2).  
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A focused laser beam with power density of the order of 
1012 W/cm2 was used to create high-charge-state Li beams. 
A fresh laser spot was always supplied in the motorized 
stage for every laser shot. The analysis showed oxygen 
charge states ranging from O1+ to O8+ as well as 7Li3+, 7Li2+, 
7Li1+, and 6Li3+. The beam composition data can be seen in 
Fig. 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Species and charge state distribution in the plasma 
from the Li target. The charges were counted at 1.0 m from 
the target with a 1.0 cm2 sensing area. 
 

The LIS could create high-charge-state ions from the Li 
target. There was an apparent oxygen contamination in the 
beams. We also found that the Li target was clearly oxidized 
in the vacuum chamber held below 1.8 x 10-4 Pa. To adopt a 
laser ion source with a Li target for industrial applications, 
oxidization and the time-consuming target preparation need 
to be overcome.  
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Response of an axial magnetic field to injection of laser ablation
plasma

S. Ikeda,∗1,∗2 M. Okamura,∗3 and K. Horioka∗2

An ion source using laser ablation plasma can pro-
vide various types of heavy ion pulsed beam with rela-
tively simple configuration, such as the source operated 
in the Brookhaven National Laboratory.1) In addition 
to this advantage, the plasma is expected to become a 
high current ion source because of the high density and 
high drift velocity. To achieve this, guiding of the ex-
panding plasma with axial magnetic field is necessary 
and the mechanism needs to be made clear. During 
the above interaction, the magnetic field is distorted 
by the plasma while the distortion generates magnetic 
pressure affecting the plasma dynamics. The distor-
tion is determined by a competing process between the 
convection by the plasma and the diffusion into the 
plasma. In the case of laser ablation plasma, both ef-
fects play some roles and vary within the plasma plume 
due to the distribution of the conductivity and the 
plasma velocity. Therefore, the magnetic field should 
evolve within the plume while giving rise to a structure 
within the plume. Hence, we investigated the response 
of an axial magnetic field against the plume injection 
with a magnetic probe, and then compared the result 
with plasma behavior.

Figure 1 shows the experimental setup. We pro-
duced the plasma plume using a 4 × 108 W/cm2

Nd:YAG laser from an iron target in a chamber evac-
uated to 4 × 10−4 Pa. A coil 50 mm in diameter and 5 
mm in length was placed at a distance of 260 mm from 
the target to generate the magnetic field that was 65 G 
at the center. A disk with a 14-mm-diameter aperture 
was placed between the target and the coil to define the 
plasma plume diameter. A magnetic probe was placed 
in the coil. A 20-turns pickup coil 6.4 mm in diameter 
and 2.0 mm in length was attached to the probe edge. 
By integrating the voltage signal from the probe, we 
measured the variation in the longitudinal component 
of the magnetic field. We also measured the plasma ion 
current density at a distance of 740 mm with a biased 
ion probe.

From the current density measurement, we found 
that the head of the plasma plume is preferentially 
guided and directed. In addition, the plume was esti-
mated to pass through the coil from 5 to 30 µs.

Figure 2 shows the field response ∆Bz as a function 
of the distance from the coil center z at various time 
(8, 10, 14 µs) from the laser pulse. At any given point
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Fig. 1. Schematic of the experimental setup for magnetic

field measurement.

Fig. 2. Variation of magnetic field ∆Bz as a function of the

distance from the coil center z at various time (8, 10,

14 µs) from the laser pulse.

of time, ∆Bz was negative in z < 0 and positive in
z > 0. The absolute value of ∆Bz in z < 0 was larger
than in z > 0, and additionally, ∆Bz changed from
negative to positive in z > 0. These results mean that
the magnetic field was distorted asymmetrically with
respect to the midplane of the coil. On the other hand,
∆Bz in z < 0 in earlier time was smaller than that in
later time. This means that the head of the plume
distorts the field to a greater extent. Because the head
is faster than the tail, this indicates that the different
convective effect depending on the velocity leads to the
different distortion within the plume.

The larger distortion by the head and the preferen-
tial guiding of the head as mentioned above show that
the difference of the distortion results in the difference
of the guiding effect.

From the investigation, we found that the magnetic
field evolves within the plume asymmetrically, which
leads to structure in the plume.
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