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Analysis of high-resolution ultraviolet spectral data of comet comas for observa-
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Hydrogen Imager: HI is an ultraviolet imaging device that will be installed on the Comet Interceptor long-period
comet exploration mission. There are examples of long-period comet observations using similar wavelength bands, such
as SOHO/SWAN and HST/STIS. In this study, we analyzed high-resolution ultraviolet spectral data from HST/STIS to
understand the brightness distribution of the hydrogen coma of comets prior to HI observations.

Comets are highly active celestial bodies with high gas and dust emission rates. As they approach the Sun, volatile
substances are released from the comet nucleus, forming structures such as comas and tails. By observing their composition
and spatial distribution, it is possible to clarify the composition of the comet nucleus, spatiotemporal variations in activity
and interactions with the solar wind. Long-period comets often have periods of more than 10,000 years, so they have been
less affected by the Sun than short-period comets and are thought to retain the pristine features of solar system environment
at the time of comet formation and to be highly active.

However, in-situ observations of long-period comets have never been conducted and are limited to short-period comets.
This is because long-period comets have very long orbital periods, so when they approach Earth and are newly discovered,
they are new comets whose orbits are unknown. In addition, the period from discovery to Earth flyby is generally only a
few years, making it extremely difficult to develop instruments based on assumptions about the orbit and environment of a
specific comet using conventional methods.

Therefore, in the Comet Interceptor mission led by European Space Agency (ESA), equipment is being developed based
on the typical environment of long-period comets known from remote observations, and in-situ observations will be realized
by parking in the vicinity of Earth after launch for comets suitable for observation.

One of the two sub-probes, Probe B1, will carry “Hydrogen Imager: HI”, which will capture images of the Lyman-alpha
(121.6 nm) of the comet’s hydrogen coma to understand the spatial structure of hydrogen, derive the water release rate based
on the assumption that hydrogen atoms are generated by the photodissociation of water molecules, and measure the ratio of
hydrogen to deuterium (D/H ratio) using a glass cell filter, which has a slightly different emission wavelength.

HI primarily has two observation modes: one is to capture two-dimensional images of the Ly- @ emission from hydrogen
atoms, and the other is to measure the hydrogen-deuterium ratio based on brightness ratios. The influence of the “multiple
scattering region” is of particular interest when analyzing these data.

Multiple scattering occurs in regions near the nucleus where the hydrogen column density is high, making the optical
thickness greater, which disrupts the normal proportional relationship between column density and brightness (Suzuki et
al. 2025). As a result, in HI, this leads to an underestimation of the hydrogen atom abundance near the nucleus and an
overestimation of the D/H ratio due to differences in the optical thickness of the coma for hydrogen Ly- a and deuterium Ly-
a.
Suzuki et al. (2025) used observational data from “Hisaki” satellite for C/2013 US10 (Catalina) and others, and there
are a few other examples of long-period comets being spectroscopically observed in the far-ultraviolet region, like Hisaki.
Among these, the Space Telescope Imaging Spectrograph (STIS) on the Hubble Space Telescope (HST) is equipped with an
Echelle-type spectrograph with extremely high wavelength resolution (R 730,000 — 114,000), such as E140H, enabling the
separation of hydrogen Ly- a (121.567 nm) and deuterium Ly- a (121.534 nm). Weaver et al. (2008) analyzed observational
data of C/2001 Q4 (NEAT) obtained with STIS/E140H and presented the spectral shape, deriving a D/H ratio of 3.2 X 10~*
— 6.0 X 10~%; however, the derivation method is unclear.

Since this is one of the few examples where the D/H ratio of a long-period comet can be calculated from the atomic
abundance ratio, this study analyzed the same data. Considering the effect of multiple scattering on the apparent D/H ratio,
the D/H ratio of C/2001 Q4 was derived and compared with previous analysis results. Additionally, by examining the
effect of multiple scattering from the analysis results, this study also suggests the feasibility of observations using Comet
Interceptor/HI.

In addition, the same observation data also shows an emission line originating from oxygen atoms (130.4 nm). The
intensity of this emission line makes it possible to examine the state of water molecules not only from hydrogen atoms but
also from oxygen atoms. Furthermore, since HI is designed to exclude light other than Ly- a using a bandpass filter, it is



important to consider the influence of oxygen emission lines, and the results also contribute to the performance evaluation of
HI
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