R010-10
B&E 1 11/27 PM1 (13:15-15:15)
13:15~13:30

RS (;Vn BED “X-10,000,000 7 5 RX” BEAX7 L7 XE&AICH T3 IEFEERB
DA

#HEEJE BARE 1), 500 ¥ D) 3R EL D), EIR L), B Y, SH S Y, B Y, i —#f Y, Keith Gendreau®,
Zaven Arzoumanian®

gk, @ Tk, G 5, ¢ dk, GNASA GSFC

X-ray Investigation of non-thermal plasma in ’X10,000,000-class” flare of the RS
CVn binary star

#Miki Kurihara!®), Wataru Iwakiri®), Masahiro Tsujimoto®, Ken Ebisawa'*®), Shin Toriumi®, Shinsuke Imada®), Yohko
Tsuboi?), Kazuki Usui®), Gendreau Keith®, Arzoumanian Zaven®

(IThe University of Tokyo, (2Chiba University, *ISAS, (*Chuo University, °NASA GSFC

Flare phenomena in stars, including the Sun, are based on common physical processes, albeit on different scales. Insights
of plasma heating and evolution gained from studying giant stellar flares, which are rare on the Sun, are expected to provide
a deeper understanding of the flare mechanisms and their ripple effects on the surrounding environment. In this presentation,
we focus on the non-equilibrium ionization (NEI) processes in plasma and report on the X-ray spectroscopic observations of
a GOES X10,000,000-class flare that occurred in an RS CVn-type binary system.

In the case of sudden stellar flares, it is expected that in addition to the collisionally ionized equilibrium (CIE) plasma with
a temperature of around T ~ 107 ~ 8 K, which is the main component of X-ray emission, NEI plasma also exists. However,
observational evidence for NEI in flares is still scarce. In solar flares, the time scale to reach CIE is very short, on the order
of tens of seconds. On the other hand, in giant flares on active stars, longer time scales are expected, but capturing and
analyzing sudden flares, whose occurrence location in the celestial sphere cannot be predicted, is challenging with a single
X-ray instrument. We overcame this difficulty with the "MANGA (MAXI and NICER Ground Alert)” project, which started
in June 2017. This system detects transient objects with the wide-field, low-sensitivity all-sky X-ray monitor MAXI, and then
immediately follows up with high statistics X-ray observations using the narrow-field NICER instrument, both payloads on
the International Space Station.

In our analysis, we focused on a flare event that occurred in UX Arietis (UX Ari), one of the representative success cases
of MANGA, on August 17, 2020. Approximately 90 minutes after the detection by MAXI, NICER successfully conducted
observations before the flare peak for the first time and continued to observe until the flare had significantly decayed, for about
five days. In the 0.5-8 keV range, the peak X-ray luminosity was 2 X 1033 erg s~ !, and the total X-ray emission energy
during the flare was ~ 1038 erg. We investigated the possibility of NEI plasma by examining the intensity ratio variations of
the Fe XXV He a and Fe XXVI Ly a emission lines. While the X-ray spectrum across the entire flare was consistent with
a CIE plasma model, during the rising phase of the flare, the spectrum could also be explained by an ionizing plasma model
that deviated from CIE. Additionally, we estimated the flare loop size to be 3 X 10'! cm and the peak electron density to be
approximately 4 X 100 cm™ 3.
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