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It is hard to predict the properties and composition of 
dust that will be returned by STARDUST from WILD-
2.  The most interesting but challenging case would be 
grains, pg to fg in weight, each carrying its own iso-
topic signature characteristic of its source zones in a 
variety of stars. How do we extract the maximum 
amount of science from such grains?  Clearly, the best 
that can be accomplished is to measure every atom in 
each grain. 
 
All current analytical techniques fall short of this goal 
but each has a special niche.  For instance, the 
CAMECA Nano-SIMS 50 instrument has very high 
resolving power plus isotope mapping capabilities.  
But it can cover only a limited mass range and can 
detect only six masses during one measurement. In 
addition, the ionization efficiency for Secondary Ion 
Mass Spectrometry (SIMS) is below 1% for most 
elements.  Even so, it may be that SIMS is well suited 
for measuring the major elements in stardust grains 
while consuming only a very small fraction of the 
sample prior to completing the analyses of the grain 
with another technique.  On the other hand, resonance 
ionization in combination with Secondary Neutral 
Mass Spectrometry (SNMS) has great selectivity and 
high sensitivity but can only measure a few elements 
at one time. Laser-ablation ICP-MS can detect all 
elements at once, but like SIMS also has low instru-
ment efficiency (less than 0.1 %). 
 
Time-of-flight mass spectrometry (TOF MS) is ap-
pealing since all masses can be detected simultane-
ously and single-photon ionization (SPI) is an effi-
cient means of ionizing a large range of elements at 
once. In SPI, as long as the photon energy is higher 
than the ionization potential of the elements to be 
ionized, ionization efficiencies near 100% can be 
achieved with a reasonable laser flux.  Since a typical 
ionization cross-section is 1 Mb, the required laser 
flux must be near 1018 photons/cm2.  In a 0.1 pg sam-
ple having a chondritic composition, there is suffi-
cient material so that about two dozen isotope ratios 
between Li and Cu could be measured without atomic 
interference at a 3 sigma detection limits of 10%, 
assuming an instrument efficiency of 30%.  At present, 
the practical limit for SPI is the vacuum ultra-violet 
(VUV) laser source. The best current option is the 
157 nm F2 laser, which produces photons having an 

energy of 7.9 eV. This photon energy is insufficient 
for SPI of many of the major elements of interest to 
astrophysics, such as C, N, O, Si, S. Another difficulty 
is molecular interference, especially hydride and hy-
drocarbon, many of which can be discriminated 
against with moderate mass resolving power (around 
2500) or are small enough to be neglected when de-
tecting large (10%) isotope effect. 
 
Academia Sinica and Argonne National Laboratory 
(ANL) have entered into a collaboration to develop a 
SPI TOF MS instrument for analysis of stardust grains. 
A new instrument will be built at Academia Sinica 
based on the new TOF mass spectrometer design de-
veloped, built and operating at ANL. The instrument is 
intended for SPI TOF MS analysis of elements from 
Ca to Cu plus Li after first using SIMS to measure H, 
C, N, O, Si, and S.  There are still technical challenges 
facing the technique. We will need to improve sub-
micrometer sample handling, avoid the effects of 
space charge, and increase the dynamic range of the 
detector.  The most difficult obstacle to ove rcome 
may be the fact that the flux density of present high 
repetition rate, VUV lasers is below the level needed 
to ensure full ionization (saturation) in the source 
region, which must be several mm in size to achieve 
the high useful yield needed for analysis of small star-
dust grains.  A potential breakthrough effort is to ex-
ploit the novel free electron laser being pioneered at 
ANL.  In principle, this FEL can reach ionization satu-
ration and is tunable up to photon energies of 25 eV, 
which is higher than the ionization potential of any 
element. If such high energies can be produced at ap-
propriate energies for SPI, this new FEL will open 
exciting possibilities such as measuring the isotope 
ratios of the organic material from comets like the 
CHONS detected around Halley.  
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