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Introduction: CHILI (the Chicago Instrument for Laser Ioni-

zation) is a new RIMS (resonance ionization mass spectrometry) 
instrument that is nearing completion at the University of Chica-
go. With a lateral resolution of ~10 nm, CHILI is especially de-
signed for isotopic analysis at a substantially finer resolution than 
commercially available instruments. At this lateral resolution, the 
number of atoms of a given species within a small volume ulti-
mately becomes a limiting factor in isotope analysis. This is es-
pecially crucial for isotopes of minor and trace elements. 

Useful Yield: In order to maximize the useful yield (the ratio 
of detected to consumed atoms) to ~40 %, the size of the laser 
ionization volume was increased to 6×6×3 mm3 by using multiple 
reflections of the laser beams. This required extensive 3D ion 
optics simulations using SIMION (from Scientific Instruments 
Services, Inc.) to make sure that most photoions will reach the 
microchannel plate detector, which is assumed to have a detec-
tion efficiency of ~70 %. Although the increased ionization vol-
ume renders it more difficult to focus all photoions after the 
~3.7 m flight path onto the detector, typically less than 6 % of the 
photoions are lost along the flight path in these simulations. From 
the center of the ionization volume (4×4×3 mm3) virtually no ion 
is lost on its way to the detector (>99 % transmission). 

Mass Resolution: With such large ionization volumes, 
achieving high mass resolution is much more difficult than in 
SIMS (secondary ion mass spectrometry), where every secondary 
ion ideally originates from a plane, the sample surface. CHILI’s 
redesigned time-of-flight mass spectrometer tries to maximize the 
mass resolution without significant loss in transmission. Depend-
ing on the timing conditions of primary ion gun and ionization 
lasers, and therefore on how the ionization volume is filled, mass 
resolutions m/∆m at 50 % peak height between 1300 and 3400 
were achieved in SIMION simulations of Mo ions (mass ~100 u). 

Finalizing CHILI: Based on the SIMION simulations, the 
design of CHILI’s mass spectrometer has recently been finalized, 
and last pieces will be assembled within a few weeks. For reso-
nance ionization, six tunable Ti:sapphire solid state lasers 
pumped with three 40 W Nd:YLF lasers also await final assem-
bly. This will allow isotopes from at least three elements to be 
analyzed simultaneously. 

Outlook: CHILI will be applied to a broad range of analyti-
cal problems that require high lateral resolution and useful yield. 
One of the highest priorities is the analysis of contemporary in-
terstellar grains returned by the Stardust mission [1]. With their 
roughly chondritic composition, obvious elements to look for 
deviations from solar isotopic ratios are Mg, Si, and Fe. Based on 
analyses of presolar grains, Si isotopes might be most promising. 
But with its high sensitivity, CHILI should also allow isotopic 
analysis of minor and trace elements like Ti, Cr, Ni, Sr, Zr, Mo, 
and Ba in even the tiniest interstellar dust grains from Stardust. 
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