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Introduction:  The Cosmic Dust Analyzer (CDA) 

instrument aboard the Cassini spacecraft contains a 
time-of-flight mass spectrometer which will study the 
composition of dust particles in the vicinity of Saturn 
[1]. Dust particles impacting on the CDA instrument’s 
Chemical Analyzer Target generate ionized material 
which is accelerated via an electric field to a multi-
plier, with the arrival time of ion species at the multi-
plier being determined by their mass. The response of 
CDA to impacts of iron and carbon particles has been 
determined by experiment [2, 3]. However, no calibra-
tion data exists for particles consisting of planetary 
ices (e.g. CH4, NH3, H2O), which are expected to be 
encountered in the Saturnian system. We present re-
sults of experimental work in which laser ablation of a 
methane-coated mineral target is used to simulate the 
impact of methane ice particles onto the CDA instru-
ment. Laser ablation was previously used to calibrate 
CDA for minerals [4, 5]. 
 

 
Figure 1: Schematic of experimental setup for laser 
ablation mass spectrometry of methane ice. Methane 
gas is admitted through inlet and freezes on LN2-
cooled target. Laser pulse hits target generating ions 
which expand past target grid. After 5 µs delay, +700 
V applied to target grid, accelerating ions, which then 
drift to MCP detector, with arrival time dependent on 
mass of ion. 

 
Experimental Method: The experimental con-

figuration is shown in Figure 1. A mock-up of the 
CDA mass spectrometer was assembled in a vacuum 
chamber. The target consisted of the mineral kamacite 
(Fe-Ni), which was mounted on a loop of steel tubing. 
LN2 was pumped through the tubing to cool the target 
to 77K. A valve was then opened to allow methane gas 

(at 500 mb) to enter the chamber via an inlet tube 
10mm from the target. The valve was kept open for 5 
minutes to allow a ~50 nm layer of methane ice to be 
deposited on the cooled target (methane freezes at 
90K). With the valve closed, a 4 ns pulse from a 337 
nm UV laser was fired at the target. The pulse energy, 
300 µJ, induces ionization of target material. Ions gen-
erated are accelerated via an electric field provided by 
a pair of grids mounted 5 & 55 mm above the target, 
both of which are initially grounded. 5 µs after the 
laser pulse is fired, the grid nearest the target is pulsed 
at +700 V for 20 µs, providing a 1.4×104 V m-1 electric 
field between the grids. The positive ions are acceler-
ated by the field and then pass through a 230 mm drift 
region, until they arrive at a multi-channel plate (MCP) 
detector where the resultant signal is recorded by an 
oscilloscope. The time-of-flight, t, of singly-charged 
positive ions is proportional to their mass, m, by 
t∝√m; mass calibration is obtained from the timing of 
the Fe+ peak in the spectrum. 

Results: Spectra obtained from laser ablation of the 
methane-coated kamacite target are shown in Figure 2 
(a) to (c). For comparison, a typical spectrum obtained 
during laser ablation of the kamacite target prior to the 
methane layer being deposited is shown in Figure 3. 

All spectra in Figure 2 show a large peak at a mass 
of 56 amu, corresponding to Fe+. Figure 2 (a) also dis-
plays peaks at masses of 1 and 12 amu, which corre-
spond to H+ and C+; (b) has peaks peaks at 12 and 16 
amu, corresponding in mass to C and CH4; (c) also has 
a peak at 16 amu. Spectra (a) through (c) are taken 
from successive laser pulses at the same point on the 
target; around 20 spectra were obtained which showed 
similar behavior. The spectrum in Figure 3, by com-
parison, show a peak at 56 amu only: there are no 
peaks at lower masses. 

The data in Figure 2 and 3 imply that the peaks cor-
responding to masses 1, 12 and 16 amu are due to ions 
from the methane ice layer on the target. This suggests 
that H+, C+ and CH4

+ are generated during the laser 
ablation. The possibility that the 16 amu peak is due to 
O+ has yet to be disproven, it is difficult to explain 
how this would be produced from ablation of a meth-
ane layer and yet not produced when the layer is not 
present. Additionally, the ionization potential of oxy-
gen, at 13.6 eV, is slightly higher than that of methane 
(12.6 eV). 

The laser pulse in this experiment has energy 
equivalent to a 6-micron ice particle traveling at 60 km 
s-1. Such a particle would excavate a crater far larger 
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than the thickness of the methane deposition in this 
work. However, in the case of laser ablation, recent 
work indicates that the laser will only penetrate ~30-50 
nm into the target, and material will be redistributed 
rather than removed from the impact point [6], [7] (See 
Figure 4). This would explain why methane peaks 
were still visible in spectra even after 20 laser pulses 
on the same spot, and highlights the repeatability of 
laser ablation experiments. 

 

 
Figure 2 (a)-(c): Mass spectra obtained from laser 
ablation of methane ice coated kamacite target. Spectra 
(a), (b) & (c) result from successive laser pulses at the 
same point on the target. The peak at 56 amu corre-
sponds to Fe. Peaks at 1, 12 and 16 amu probably cor-
respond to H+, C+ and CH4

+ respectively. 
 
Conclusions: We performed laser ablation on 

methane ice to simulate ice particle impacts on the 
Cassini CDA instrument. We obtained mass spectra 
displaying peaks at 1, 12 and 16 amu, consistent with 

ion species derived from CH4. We plan to extend this 
technique to investigate impacts of other planetary ices 
including CO2 and H2O, and to employ an IR YAG 
laser to compare with the present results. 
 

 
Figure 3: Mass spectrum obtained from laser ablation 
of kamacite target only (no methane deposition). Only 
1 peak appears, corresponding in transit time with Fe+ 

 

 
Figure 4: Illustration of ablation caused at target by 
laser pulse (from [6,7]). Laser pulse penetrates ap-
proximate thickness of methane layer, but most of 
ejected material settles back around impact point, so 
little methane is cleared away and will still appear in 
successive spectra. 
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