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Introduction:  The Cosmic Dust Analyzer (CDA) 

instrument aboard the Cassini spacecraft contains a 
time-of-flight mass spectrometer (TOF-MS) which is 
studying the composition of dust particles in the vicin-
ity of Saturn [1]. Dust particles impacting on the CDA 
instrument’s Chemical Analyzer Target generate ion-
ized material which is accelerated via an electric field 
to a multiplier, with the arrival time of ion species at 
the multiplier being determined by their mass. The 
response of CDA to impacts of iron and carbon parti-
cles has been determined by experiment [2, 3]. How-
ever, no calibration data exists for particles consisting 
of planetary ices (e.g. H2O, CH4, NH3), which are ex-
pected to be encountered in the Saturnian system. Pre-
vious experiments have performed TOF-MS analysis 
of water ice through vaporization and ionization from 
particle impact on ice targets [4, 5], where it has been 
found that significant quantities of vapor are produced 
at impact velocities as low as 100 m s-1. We present 
results of experimental work in which laser ablation of 
a H2O and D2O coated copper target is used to simu-
late the impact of ice particles onto the CDA instru-
ment. Laser ablation was previously used to calibrate 
CDA for minerals [6, 7]. 

Experimental Method: The experimental setup is 
shown in Figure 1. A mock-up of the CDA mass spec-
trometer was assembled in a vacuum chamber. The 
target consists of a Cu plate mounted on a the end of a 
loop of stainless steel tubing. Cu was used to provide 
efficient target cooling. LN2 was pumped through the 
tubing to cool the target to 77K. A leak valve was then 
opened to allow vapor from a vial of liquid H2O or 
D2O into the chamber via an inlet tube 10 mm from the 
target. The valve was kept open for 5 min to allow a 
~50 nm layer of ice to be deposited on the cooled Cu 
target. With the valve closed, a 3 mJ, 20 ns pulse from 
an Nd:YAG laser operating at 532 nm was fired at the 
target. The laser pulse was focused via lenses to pro-
duce a power density of ~109 W cm-2 over a 7x108 m2 
area of the target. At this wavelength H2O and D2O 
ices have very low absorbitivity; however, the laser 
energy is instead absorbed by the Cu substrate, briefly 
raising its temperature to ~104K [8]. This causes va-
porization and ionization of the Cu substrate, which in 
turn heats and ionizes the ice layer. This two-stage 
technique for ionization of water ice using a visible 
laser has previously been used by [9, 10]. Positive ions 
from H2O and D2O, as well as Cu and surface con-

taminants, are accelerated away from the target by a -
1kV potential between the target and a grid mounted 5 
mm away. After passing through the grid the ions pass 
through a 23 cm field-free drift tube before arriving at 
a multi-channel plate (MCP) detector where the resul-
tant signal is recorded by an oscilloscope. The arrival 
time t of a singly-charged ion is proportional to its 
mass m by t∝√m. 

Results: Spectra collected from this work are 
shown in Figures 2-4. Figure 2 displays a spectrum 
which was collected with laser pulses incident on the 
Cu target only, at room temperature, to provide timing 
calibration. This spectrum displays peaks at 63 and 65 
amu, corresponding to Cu+ isotopes, with the relative 
peak heights (6.3:2.5) being comparable with the rela-
tive abundances (68:32) of the isotopes. Figure 2 also 
shows peaks at 39 and 41 amu. These are consistent 
with isotopes of K+, a common surface contaminant, 
and the relative peak heights (4.2:0.5) are also similar 
to the relative isotopic abundances (93:7) of 39K and 
41K. Figure 3 shows spectra from laser pulses on the 
Cu target cooled to 77K with H2O deposited. In 3 (a) a 
peak is visible at 19 amu, corresponding to the H3O+ 
ion, as well as a slight 23 amu peak corresponding to 
Na+. The H3O+/Na+ peak height ratio is 5:1. In 3 (b) a 
strong peak at 17 amu corresponds to OH+, while 
peaks at 39 and 40 are consistent with K+ and Ca+. The 
OH+/K+ and OH+/Ca+ ratios are both 3:1. Figure 4 
shows spectra from laser pulses on the Cu target 
cooled to 77K with D2O deposited. In 4 (a) a single 
peak is visible at 22 amu, corresponding to the D3O+ 
ion. In 4 (b) D3O+ is also observed, while a trace peak 
at 23 amu corresponds to Na+. The peak ratio 
D3O+/Na+ is 9:2, similar to the ratio for H3O+/Na+. By 
comparison, in [4] spectra were obtained for impacts 
on H2O ice which displayed H3O+ and Na+ peaks at a 
relative abundance of ~2:1, with a similar ratio for 
H3O+/K+ peaks. The observed intensities of peaks from 
ice species are ~2-5 times greater than those for min-
eral species in [7]. 

Conclusions: We performed laser ablation on H2O 
and D2O ice to calibrate the Cassini CDA instrument, 
obtaining peaks consistent with OH+, H3O+ and D3O+ 
species. It is hoped that this work can be extended to 
other ices, such as NH3. The technique used here is 
however limited to ices whose vapor pressure at the 
temperature of the coolant, is less than the pressure in 
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the vacuum chamber. CH4, for example, has a vapor 
pressure of 10 mb at 77 K, for TOF-MS, & cooling to 
below 30 K (requiring LH2 or LHe) would be neces-
sary to achieve ~10-6 mb needed to perform TOF-MS. 
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Figure 3: Mass spectra from laser ablation of H2O ice 

coated Cu target  

 
Figure 2: Mass spectra from laser ablation of D2O ice 

coated Cu target  
 

 
 

Figure 4: Mass spectra from laser ablation of D2O ice 
coated Cu target  

 
 

 

 
Figure 1: Schematic of experimental setup for laser ablation mass spectrometry of ices. H2O and D2O vapor is ad-

mitted through inlet and freezes on LN2-cooled Cu target. 
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