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Introduction: Cometary, asteroidal, and interstellar dust col-

lected by recent sample return missions Stardust and Hayabusa, 
by high-flying aircraft in the stratosphere, or extracted from me-
teorites all require analytical techniques with high lateral resolu-
tion and high sensitivity. In secondary ion mass spectrometry 
(SIMS), lateral resolution has reached ~50 nm and the useful 
yield – the ratio of detected to consumed atoms from a sample – 
only rarely exceeds 1 %. The final frontiers, however, to deter-
mine the isotopic nature and the location of every single atom in 
a given sample seem to be no longer beyond imagination. The 
final limiting factors are the number of atoms in an analyzed vol-
ume and how fast they can be detected. 

CHILI (Chicago Instrument for Laser Ionization), a new res-
onance ionization mass spectrometry (RIMS) instrument, which 
is about to be completed at the University of Chicago, is a major 
step toward these frontiers [1]. CHILI is designed for isotopic 
and elemental analysis at a few nanometers spatial resolution and 
a useful yield of 40–50 %. 

Major Components: CHILI is equipped with a COBRA-FIB 
high-resolution liquid metal ion gun, which can be focused to 
2.5 nm, and an e–CLIPSE Plus field emission electron gun (both 
from Orsay Physics) with a beam diameter of <4 nm. The elec-
tron gun supports the built-in diffraction-limited (~0.5 µm) opti-
cal microscope for sample imaging at high resolution. A piezo-
electric driven stage for nanometer-scale motions and a sample 
holder that accepts a wide variety of samples are operational. 

The flight tube for the time-of-flight mass spectrometer will 
be mounted vertically above the sample chamber, which resides 
in the center of an H-shaped laser table supported by active vi-
bration cancellation devices. 

For resonance ionization, six tunable Ti:sapphire solid state 
lasers pumped with three 40W Nd:YLF lasers will be used. This 
will allow at least three elements to be analyzed simultaneously. 

Counting statistics limit the dynamic range and the precision 
of isotopic ratios in existing RIMS instruments [2, 3] due to dead 
time effects [4] of the single anode microchannel plate detectors. 
CHILI will initially be equipped with such a detector, but a new 
detector that will allow much higher count rates is presently un-
der development, in collaboration with the Large-Area Picosec-
ond Photo-Detectors Project (http://psec.uchicago.edu). 

Conclusions: CHILI reflects many recent developments in 
instrument design, approaching their physical limits. CHILI will 
be applied to a multitude of cosmochemical problems where high 
lateral resolution and high sensitivity are indispensable. 
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