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Understanding the formation and evolution of the Solar System relies critically on comet observations. In particular, long-
period comets are thought to originate from the Oort cloud at the outer edge of the Solar System and approach the Sun only
rarely, making them primordial bodies that have undergone minimal physical and chemical alteration. Directly investigating
the chemical composition of the gases and dust they contain provides essential insights into the properties of Solar System
progenitor materials.

Comet Interceptor is a comet exploration mission jointly developed by ESA and JAXA. After launch, it will wait near the
Sun - Earth L2 point and, upon selecting a target long-period comet, will perform a high-speed flyby to observe the comet’s
tenuous atmosphere, or coma. The onboard ion mass spectrometer CIMS measures the composition and dynamics of ions in
the cometary coma.

The mass resolution of CIMS is approximately m/A m = 45 for the LEF (Linear Electric Field) path and m/A m =
5 for the ST (Straight Through) path, as verified by ion irradiation experiments. This resolution was incorporated into the
simulated spectra as peak widths and used as a precondition for inverse analysis. In CIMS, ions pass through a carbon foil
after electrostatic energy analysis, which provides the start signal for time-of-flight measurement and induces phenomena
such as molecular ion dissociation into atomic ions and charge exchange at a certain probability. The post-foil charge state
determines detection via the LEF or ST paths, with LEF generally measuring dissociated atomic ions and ST measuring intact
molecular ions. Therefore, measurements in the high-resolution LEF path face the challenge that molecular ions are observed
only in their dissociated states.

In this study, we developed an analysis method to identify multiple ion species from CIMS mass spectra, considering this
detection mechanism and observational conditions. Simulated spectra were constructed using Gaussian functions reflecting
the CIMS resolution, with predefined abundance ratios for known ion species. Observations near a comet (maximum ion
density "100 cm~3) were simulated with Poisson statistical fluctuations. Considering an observation time of 110 s, energy
sweep (1/32), incidence angle sweep (1/8), carbon foil transmission (0.8), fraction of observable ions after passage (0.1),
charge exchange to cations (0.01), and MCP transmission (0.6), the expected counts were approximately 210 for the LEF
path and 6000 for the ST path.

Analysis was performed using both standard least squares and non-negative constrained least squares, under three data con-
figurations: (1) LEF only, (2) ST only, and (3) LEF and ST combined with counts normalized by inverse-square weighting.
Thus, each analysis generated six optimization results (2 methods X 3 data configurations). As LEF provides atomic ion
information and ST provides molecular ion information, combining both enhances estimation accuracy from both molecular
structure and atomic composition.

Optimization was conducted iteratively. For numerous random ion density patterns, the six analyses were applied, and
the combination of path and method minimizing the sum of squared differences between reconstructed and true values was
selected. Ion species with high reproducibility were then fixed in abundance for the next optimization step. However, for
molecular ions with overlapping m/q values in the ST path (e.g., HoO™ vs. NHs+, OH' vs. NH3*, CO* vs. HCNH™), ST
results were not directly used before their abundances were fixed. This procedure was repeated until the abundances of all
ion species were determined, suppressing misidentification while leveraging complementary information from LEF and ST,
thereby improving overall identification accuracy.

These results demonstrate that multiple overlapping ion species can be identified with high accuracy even under low reso-
lution and low count conditions, and that the complementary use of LEF and ST is effective. Future work will experimentally
evaluate ion-species-dependent dissociation efficiency and charge exchange probability at the carbon foil and refine the anal-
ysis method to incorporate noise characteristics, aiming for further improvements in accuracy.
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