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Abstract 

By a new version of our laser-ion 
source /1/ long-term runs are now possible. 
This is achieved by using a rotatable cylin- 
drical target. Mounted in the terminal of a 
small Van-de-Graaff /2/, ion currents (C-ions) 
up to 18 rnA were accelerated. The ion currents 
just behind the source were in the range of 
one ampere. By magnetical and/or TOF analyses 
charqe states up to 14+ of Au-ions could be 
observed. For the transversal emittance an 
upper limit of 44 7~mm mrad at a voltage of 
1.6 MV was evaluated. 

1. Introduction 

In this paper an improved version of 
our laser-ion source /l/, /3/ is presented. 
The principle is as follows: by the inter- 
action of a powerful pulsed laser beam with a 
solid target, a plasma containing multiply 
charged positive ions is generated. By means 
of suitable extraction electrodes ion beam 
currents in the order of one ampere can be ex- 
tracted. A detailed description of the former 
source, the principles and the studies done 
with it are also shown in ref. /1/ and /3/. Due 
to evaporation of target material during each 
laser shot, craters with increasing depth occur 
on the target surface. For proper focussing 
conditions for the laser beam the target must 
be moved to get a flat surface again. For this 
reason a long living cylindrical target was in- 
troduced which can be moved by a vacuum stepper 
motor, controlled by fibre optics. A part of 
the measurements were performed with the old 
flat and other with the new cylindrical confi- 
guration. The ion source output is not influen- 
ced by this. As the quality and quantity of the 
ion beam depends strongly on the structure of 
the extraction we have studied this in detail; 
the results are shown in this paper. 

2. Experimental Set-up 

In comparison to our former arrangement 
/l/ we have added 3 more accelerator tubes, a 

Fig. 1: The arrangement of the laser, the Van 
de Graaff, the ion source, the beam- 
line system with the bending magnet 
and the charge collectors. 

bending magnet and a magnetical quadrupole 
dublett (see fiq. 1). The bending maanet 
allows additional charge state analysis and 
control of TOF-measurements. 

The beam from a pulsed Nd:Yag-laser 
(1064 nm, up to 300 mJ in ~9 ns) passes 
through a thick optical window (thickness 
19 ml, through the pressurized insulating gas 
(SF6 I up to 6 bar) and a second identical win- 
dow into the ion source chamber. The laser- 
produced ions are passing 4 NEC standard acce- 
lerating tubes (80 cm full length). Measure- 
ments were done with terminal voltage up to 
1.6 MV. Ion current signals were measured by 
fast charge collectors and observed with a 
storage oscilloscope. The trigger signal is 
delivered directly from the laser. Magnetical 
analysis of the ion beam was done using the 
high voltage of the Van de Graaff, while for 
TOF-measurements the NEC-tubes were shortened 
out and the velocity of ions is mostly deter- 
mined by the extraction voltage and the charge 
state. 

The new ion source is shown in fiq. 2. 

Fig. 2: The ion source with the new cylindri- 
cal target. The target can be rotated 
in small steps and is moved in axial 
direction at the same time. The spheri- 
cal extraction grid used during some 
measurements is also shown. 

After passing the window in the source chamber 
wall, the laser beam is bent by a 90°-prism 
and focussed by an aspherical lens onto the 
target. A thin glass plate protects the lense 
from evaporated target material. A mechanical 
feedthrough allows fine adjustment of the 
target cylinder for proper focussing of the 
laser beam. The target has cylindrical shape 
and can be rotated by a vacuum stepper motor, 
which is controlled from outside the Van de 
Graaff by fibre optics. During rotation a 
screw axis moves the target in axial direction 
simultaneously. By these movements, the laser 
craters produce a spiral shaped curve on the 
surface of the target cylinder. 

3. Measurements and Results 
3.1 Maximum Ion Yield 

For measuring the total ion yield (all 
charge states) a device as shown in fig. 3 was 
mounted at the aperture of the source. The 
source is on extraction potential (typ. 2 to 
6 KV) and therefore also the first metal grid. 
The second grid is on ground potential. The 
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optical transmission of each qrid is 92%. The 
charge collector is on positive potential 
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Fig. 3: The oxtraction Configuration for mea- 
surement of the ion source output. Ex- 
traction diameters were 5 mm (as shown 
here) and 40 mm. 

(300-500 V) . If the proper extraction voltage 
is s.;pplled, all ions entering the extraction 
aperture are separated from the plasma. The 
ion yield obtained in these measurements de- 
pends cn the laser flux; the result with Ta- 
ions is shown in fig. 4. 

300 

'=; 
5 

zil 
; 200 

2 

z 

5 
Z 

100 

0.1 
I I 

0.2 0.3 

IO" yle(d IA1 

I I I 
0.4 0.5 

Fig. 4: The ion peak current (Ta-target) 
versus laser flux. 

It can be clearly seen, that with further in- 
crease of the laser flux a still hir;her ion 
yield is expected. The highest ion yield (peak 
current 3 amperes) had been observed with a 
Ni-target. The typical ion pulse length is 
about 5 i-'s. 

3.2 Acceleration of Laser-produced Ions 

of the 
several 

In order to accelerate at least part 
.ons produced from the source, we made 
tests with different extraction confi- 

gurations. Due to the space charge of high ion 
currents and the limited acceptance of the 
accelerator tubes used two parameters are of 
great importance: 

i) a high electrical gradient just at 
the extraction, 

ii) proper starting conditions for the 
ions. 

Fig. 5 shows different extraction con- 
figurations tested. The best results were 
achieved with the ionical extraction (c). 

Ial Lbl ICI 

Fig. 5: The different extraction configuration 
tested. 
(a) flat grid without focussing con- 

ditions. Aperture 10 mm diam. 
(b) spherical grid. Aperture 16 mm 

diam. 
(c) conical shape. Aperture 10 mm diam 

In case of (c) with an aperture of 10 mm the 
accelerated ion currents were about 17 mA 
(C-target, all charge states, 1.6 MV) with a 
pulse to pulse stability of about 10%. Larger 
extraction apertures (used in (b)) did not 
increase the accelerated current but caused 
instabilities in the ion current and tendency 
towards sparking. Extraction (a) was stable 
like (c), but the maximum current was about a 
factor of IO less. 

3.3 Transversal Emittance of Accelerated 
Ion Ream 

In order to get information on the 
quality of the accelerated ion beam, the 
emittance was measured by means of pepper-pot 
technique. The luminescence image, produced 
from ions passing a multiple hole aperture on 
a ZnS-routed glass plate, was photographicall 
rgcorded. This arrangement was set up at the 
0 -beam line (see fig. 1). At a voltage of 
1.3 MV an ion current of 0.3 mA is contained 
in an emittance region of 10 x 4 mm mrad. The 
total measured ion current is restri.cted by 
the geometry to an emittance region of 44 7~ mr 
mrad. 

3.4 Charge States of Ions 

The measurements of charge states were 
done by TOF and/or magnetical analysis. We ha\ 
measured ctiarge state distributions of C, Al, 
Fe, Co, Ni, Cu, Ag, In, Ta, Au and Pb. In the 
case of Au the highest charge state (14+) was 
observed. The maximum charge states of other 
elements, except for C andAl, was at least 
IO+. Always all charqe states from I+ up to 
the highest were present. The results in de- 
tail are shown in ref. /3/. The limitation fo: 
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higher charge states seems to be only due to 
the maximum laser flux, which is estimated in 
our experiments to about 1012 W/cm2. 

As the relative amounts of the 
different charge states are not accurate with 
the TOF-measurements (ref. /3/), we have eva- 
luated the exact val-cs with the help of the 
analyzing magnet. The charge state distribu- 
tions with this method, obtained from C- and 
Au-targets at laser pulse energies of 40 mJ 
and 300 mJ, arc listed below. 

charge relative ion yield, normalized to the 
state lowest charge state observed 

C C Au Au 
(40 mJ) (300 mJ) (40 mJ) (300 mJ) 

1+ 1 1 
2t 0.54 0.52 1 1 
3+ 0.24 0.45 0.10 0.23 
4+ 0.015 0.19 0.036 0.18 
5+ (0.003 0.025 0.0028 0.10 
6+ 0.0022 c;0.0002 0.031 
7+ co.ooo2 0.025 
a+ 0.013 
9+ 0.006 

10+ 0.003 
11+ 0.0006 
12+ 6 0.0001 
13+ <0.0001 

Due to the limited magnetical rigidity, l+ for 
Au could not be measured. 

3.5 Long-term Run 

To evaluate the behaviour of the laser 
ion solurce and the Van de Graaff during long- 
term operation we performed a test of 12 hours. 
In this test the terminal voltage was set to 
1 MV, and extraction (c) from fig. 5 with a 
diameter 3 mm was used. The repetition rate 
was 1 H7. After such period of 10 laser pulses 
the cylindrical target was moved fcr fresh sur- 
face. The ion yield measured at Oo was 2 mA 
(C-target). Pulse to pulse fluctuations in the 
current were around 10%. During this test no 
spark was observed, and about l/3 of the tar- 
get cylinder was used. 

4. Summary and Conclusion - 

We have shown that a laser-ion source 
is a simple ion source for production of heavy 
ions and can easily be operated in the termi- 
nal of a Van de Graaif. High current output 
and also high charge states were observed. E3y 
introducing a cylindrical target with a 
stepper motor we have improved the life-time of 
the source considerably. Ion beam quality is 
good enough for acceleration in a Van de Graff. 
Potential improvements are: 

i) increase of the dimensions of the 
dylindrical target to increase the 
life-time further, 

ii) use of a more powerful laser to ob- 
tain even higher charge states and 
ion yields, 

iii) increase of the ion pulse length by 
suited time structure of laser pul- 
ses (e.g. packets of several laser 
pulses separated in time by -10 p's) 
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