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ABSTRACT 

We have recently completed the construction of a new ion beamline primarily for 
particle-induced x-ray emission (PIXE) analysis. This will supplement our 
current ion microtomography (IMT) material characterization capabilities using 
accelerator microanalysis. In this paper we describe the PIXE beamline and give 
some results that characterize the system. We also report the results of some 
initial experiments. 

1. Introduction 

The Multi-user Tandem Laboratory (MTL) at Lawrence Livermore 
National Laboratory (LLNL) is operated by the Center for Accelerator Mass 
Spectrometry (CAMS). It uses an EN tandem Van de Graaff accelerator to 
provide beams of light and heavy ions at terminal voltages up to 9.5MV. These 
are used in both basic and applied research. Materials research using the ion 
microtomography (IMT) technique has been an important part of the research 
program at MTL. This capability was developed at MTL by Sandia National 
Laboratories Livermore (SNLL) [1]. To supplement the IMT capability we have 
recently added a beamline whose primary purpose is presently for PIXE analysis. 
This broadens our capabilities at MTL where another important area of 
accelerator microanalysis is Accelerator Mass Spectrometry (AMS). AMS 
analysis of 7Be, 1"Be, 1 4 C, 2 6 A1,3*0, 4 , Ca and 1 2^I is used in a wide variety of 
applications such as biomedicine, geology, climatology and combustion research. 
Accelerator microanalysis capabilities and uses are described in detail elsewhere 
[2]. 

2. Experimental 

The EN tandem accelerator has provided beams of protons, Li and 1 2 C for 
use in PIXE analysis. Nominal beam energies used are 3MeV, 13MeV and 
22.5MeV, respectively. 



The microbeam lens is a quadrupole doublet with a maximum rated field 
strength of .41 Tesla. It has a bore diameter of 5.1 cm and pole tip length of 21.2 
cm. The location of the quadrupole can be varied over a distance of ~33cm. 
Typical object slit to lens and lens to sample distances are 682 and 72.4cm, 
respectively. 

Beam rastering electrodes for the x and y directions are located 26.7cm 
from the sample. They have .3cm separation and are 5cm in length. These allow 
a scanning distance up to 1.2cm for 3MeV protons. 

The spatial resolutions obtained have been 10 microns for proton and -15 
microns for 1 2 C. Typical beam intensities are lOOpA for protons and 50 p -irticle 
pA for 4+ 1 2 C. Beam spot sizes are measured using a sapphire scintillator and a 
TV camera-video micrometer combination calibrated with a TEM grid. Tr'T 
combination allows measurement of beam spot sizes down to 5 microns wi:h 
intensities of tens of pA. Beam spot size limitations are primarily due to the 
quadrupole lens. The primary cause is probably rotational misalignment of the 
quadrupoles. Beam intensity limitations are primarily due to ion source 
brightness and also the effect of the foil stripping process on brightness. 

X-rays have been detected using a Ge detector 13mm thick and 20mm 
diameter. It has a .25mm Be entrance window. It has a resolution of 400eV at 
5.9keV. More recently this has been replaced with a 5.4mm thick by 10mm 
diameter Si detector with a resolution 180eV and a .025mm Be entrance window. 
An additional .125mm of Be is placed in front of the detector. The detector is 
placed at 90° with respect to the beam direction. 

Data acquisition is accomplished using a combination of IBM PC and Sun 
Workstation computers interfaced to standard Camac modules. PIXE spectra are 
analyzed and 2D images generated using a Sun Workstation and the PIXE 
analysis and computer visualization package EMAP [3]. 

3. Results 

Figure 1 shows Ni x-ray spectra obtained with proton, 7Li and 1 2 C beams 
(both 3 + and 4 +). The accumulated charge was 3.1,4.6 and 3.4 nC at beam 
energies of 1.88,13.2 and 22.6MeV, respectively. As can been seen there is an 
increase in background for both the heavier ion beams particularly below the Ni 
K x-rays. The Li induced X-ray spectrum has a greater background which is 
probably due to nuclear reactions and/or increased bremstrahlung. The cross 
section ratios normalized to that for protons are in the approximate ratio of 
1:5.2:8.6. To obtain the cross sections for 1 2 C(3 + and 4+) we assumed the 1 2 C ion 
were fully stripped after passage through the Ni foil. The ratios not inconsistent 
with the relation 
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for the same value of E1/M1, where Z\, Ei and Mi are the charge, energy and 
mass of the incident ion. R is function of the incident ion charge and velocity [4]. 
For IMeV/amu Li and C ions the cross sections would be in the ratio 1:5.4:9.4 on 
a Zn target. For more accurate measurements we must improve our current 
integration methods. 

Figure 2 shows two dimensional scans taken with proton and carbon 
beams of 3 and 22.6MeV. A standard Cu TEM grid was used. The grid had bar 
spacings of 50 microns and a bar width of 10 microns. For the proton beam the 
pixel size was 2.5 microns while for carbon the pixel size was 5 microns. These 
results indicate a spatial resolution of lOxlOp. for protons and ~15xl5|i. for carbon. 
From the images which appear on the scintillator system, we believe there is 
rotational misalignment between the two quadrupoles which limits the spatial 
resolution as mentioned above.. At present there is no provision for correction of 
this misalignment. 

Figure 3 presents PIXE spectra of regional coals taken using the Ge 
detector. The objective of the PIXE measurements of coal was to look for the 
possible presence of Hg compounds for toxic metal emission monitoring in 
environments typical of the energy industry. The coals examined came from the 
eastern and western United States. No Hg was detected in these preliminary 
experiments. To better determine the possible presence of Hg the much better 
resolution of the Si detector would be helpful. As can be seen from the figure, 
other impurities are present. The indicated Ag peck in both spectra is due to the 
"silver dag" used to mount the samples. 

We have done a 2D scan of a particulate filter known to contain Mo and U. 
Data was acquired by scanning an area of approximately 1mm2 and using a step 
size of 25(i. In addition to Mo and U, the filter was found to contain particulates 
of Fe, Cu, Zn and Tl. Figure 4 shows the spatial distributions for Zn, Mo, Tl and 
U. Peak pixel counts are 30,132,668 and 1124 for Tl, Zn, Mo and U, respectively. 

Besides the measurements discussed above, we have also conducted 
preliminary PIXE studies to establish Pt detection sensitivity in biological 
materials. The sample used was a cis-Pt cancer therapeutic drug bound to DNA. 
Sensitivities of ~10"1 3 mole or 10ng/mm 2 were obtained using the Ge detector. 

We have also examined Hgl radiation detector crystals for trace impurities 
which can affect the performance of the sensors. The only impurity found was a 
small amount of Fe. In addition we have done some alloy composition studies 
for a U-Nb material and a Ni-Zn electroplated layer. This was done to compare 
the actual composition to the expected one. 



4. Summary 

We have completed construction of a new beamline primarily for PIXE 
analysis. Experiments have been done using both protons and heavy ions. 
Initial results are reported here. Providing we obtain adequate support, we 
anticipate improving our PIXE system with more intense beams and micron 
resolution. This will require a new beamline incorporating a better quadrupole 
lens. 

"This work was supported by the U.S. Department of Energy under contract W-
7405-Eng-48 (LLNL) and DE-AC04-76P00789 (Sandia). 
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FIGURE TITLES 

Figure 1. This shows the PIXE spectra from a Ni target (~2mg/cm2) for 
a) 7Li (3+) at 13.2MeV, b) '2C(4+) at 2Z6MeV 
c) 1 2C(3 +)at22.6MeV, d) protons at 1.88MeV The spectra 
shown in this figure are raw data. They have not been 
normalized to the effective charge collected. 

Figure 2. 2D scan of a Cu TEM grid. See text for grid dimensions, 
a) proton beam of 3MeV, b) lzC(4*)beamoi22.6MeV 

Figure 3. PIXE spectra from two different samples of coal 
a) coal from Eastern USA, b) coal from Western USA 

Figure 4. Spatial distributions for U, TL Mo and Zn from the particulate 
filter. The scan size was approximately lxlmm. 
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