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Abstract

On September 7, 2023, the Japan Aerospace Exploration Agency launched the X-ray spectroscopic imaging
satellite (XRISM) equipped with the microcalorimeter Resolve, achieving an energy resolution of 4.5eV at
6keV. In this study, we analyze two XRISM observations of the neutron-star X-ray binary Cir X-1, together
with simultaneous observations by other satellites, and present results based on detailed broadband X-ray
spectroscopy.

Cir X-1 is an extremely young neutron-star binary with an age of about 4,600 years and an orbital period
of 16.6 days. The orbital phase is defined such that ¢ = 0 corresponds to the companion star being in front of
the neutron star along the line of sight. It is known that strong spectral variability occurs during the dipping
phase (¢ = 0.8—1.0), while the spectrum is relatively stable during ¢ = 0.0—0.8. XRISM observed Cir X-1 at
¢ = 0.93—0.97 in February 2024 (dipping phase) and at ¢ = 1.00 — 1.11 in February 2025 (stable phase). The
first observation was simultaneous with NICER, and the second with both NICER and NinjaSat, enabling
broadband spectral analysis over 0.38-13.0 keV and 0.38-50.0 keV, respectively. To interpret the data, we
performed photoionization plasma simulations using the radiative transfer code Cloudyand constructed a
unified spectral model for both epochs.

During the first observation, the X-ray flux above 4 keV varied by about an order of magnitude over ~18
hours, and complex emission and absorption lines from ions with different ionization states were detected.
The spectrum can be explained by blackbody emission from the neutron star and accretion disk, a partial
absorber surrounding the disk, and emission and absorption from a two-layer plasma cloud driven outward by
a disk wind. The strong temporal variability is attributed to changes in the covering fraction of the partial
absorber, which likely consists of dense clumps originating from inhomogeneities at the impact point where
the accretion stream from the companion collides with the disk.

In the second observation, the source was about 100 times brighter across the entire energy band and showed
only modest variability over two days. No prominent emission lines were detected, while strong absorption
lines were present. This spectrum is well reproduced by the same model as in the first observation, but without
the partial absorber. Because the blackbody luminosity dominates over line emission from the plasma clouds,
only absorption features are apparent.

These results can be interpreted by a simple geometric scenario in which the partial absorber is localized
along a limited region of the orbit: the first observation probes a line of sight intersecting the absorber, whereas
the second does not, and the intrinsic luminosity during the second observation is about 100 times higher. In
both observations, two plasma components are required: one highly ionized with a large outflow velocity, and
another with lower ionization and a smaller velocity, with no significant changes in their parameters over one
year. This study thus provides a unified model that consistently explains the broadband X-ray spectra of Cir

X-1, including their temporal variability.



