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Abstract

Chromospherically active binaries’ (CABs) are late-type evolved stars with strong chromosphere/coronae and high flare activity
levels. Starspot evolution in these CABs and binaries reveals strong stellar and chromospheric activities. In binaries, the tidal interaction
via the internal dynamo motion, during rapid rotation of the component stars generates magnetic fields. The magnetic activity heats the
tenuous coronal plasma, and the reconnection of energetic particles leads to stellar flare formation. Cyclic-variation signatures in bright-
ness and emission lines are indicators of coronal/chromospheric activities. The spatial population densities of CABs are large, and their
hard energy spectral characteristics are prominent in our galaxy. Photo-ionization/collisional excitation processes in the coronae of
CABs generate a strong thermal emission line at 6.7 keV. In the present work, we re-analyzed stellar flare data of two CABs (Algol
& GT Muscae) observed with Suzaku. We resolved the 6.7 keV emission spectrum and equivalent width (EW) in each source’s stellar
flare data. The resolved energy spectra are remarkably similar to that of the hard energy spectra at 6.7 keV of X-ray point sources
observed in different Galactic regions. The EW of the 6.7 keV emission line obtained in this work compares favorably with the EW range
(260 eV – 980 eV) of the 6.7 keV energy spectra of Galactic point sources. Hence, cumulative X-ray emission lines of coronal plasma (and
their EWs) emitted by numerous point sources in different Galactic plane positions give clues on the Galactic Ridge X-ray Emission
(GRXE) mechanism. We are of the view that CABs could account for a large number of fast-transient X-ray sources that emit thermal
emission line at 6.7 keV during their quiescent and flared phases, and these underlying population sources could contribute significantly
to the total luminosity of 6.7 keV GRXE.
� 2021 COSPAR. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Chromospherically active binaries (CABs) are magneti-
cally active stars with large convection zones/envelopes.
They are often referred to as members of binaries though
some single stars are included. CABs are spectral class F
to M in the H-R diagram and most eclipsing detached-,
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and semi-detached-binary systems belong to these spectral
classes. The component stars of the system orbit one
another around their common barycenter. CABs exhibit
strong coronal/chromospheric activity levels as well as a
transition region (Strassmeier et al., 1988, Pettersen,
1989; Dempsey et al., 1993; Demircan et al., 2006). CABs
are grouped in terms of Solar mass abundance; sub-
giants stars (2.5 – 5 Mʘ), main-sequence stars (<1.7 Mʘ),
and evolved stars (�1.4 Mʘ) respectively (Barrado et al.,
1994, 1997). CABs are further classified according to their
evolutionary stages; main-sequence stars, top red-giant
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branch stars (T-RGB stars), bottom red-giant branch stars
(B-RGB stars), evolving off main-sequence stars (E-off MS
stars), and stars on the horizontal branch. This classifica-
tion has been affirmed and the nomenclature used in the
classification excludes RR Lyrae stars on the horizontal
branch (Barrado et al., 1998). Previous studies have
revealed the stellar properties of the component stars
(e.g. Strassmeier et al., 1993; Dempsey et al., 1993; Eker
et al., 2008). One component of the system is a donor star
which should be in proximity with the companion. The
outflow of matter from the surface of the donor star
accretes onto the companion (accretor) during rapid and
synchronous rotation. Roche Lobe overflow and/or stellar
wind mechanisms explain the physical process behind the
mass accretion in these binary systems. Among all the
CABs, it is only RS CVn and BY Draconis binary systems
that do not undergo a mass accretion process (Barrado
et al., 1998). Generally, the stellar properties of numerous
CABs are vital tools for studying the stellar structure as
well as testing the stellar evolution models (Barrado
et al., 1994, 1998; Montes et al., 1999). Rapid and syn-
chronous rotation of the component stars is sustained by
the tidal interaction (Eker et al., 2008). The stellar dynamo
mechanism generates a strong magnetic field in the coronae
(Galvez et al., 2009). Magnetic coupling triggers intense
churning and re-connection of energetic particles. Sudden
and rapid eruptions of energy release and relaxation (pro-
cesses of the magnetic field) in the coronae are indications
of stellar flares, and these happen on time scales of hours to
days.

Geometric effects and rotational modulations are caused
by starspots. Starspot evolution in CABs hints more coro-
nal/chromospheric activity than in the normal single stars
of the same mass and evolutionary stage for a given effec-
tive temperature (e.g. Montes et al., 1996a; Zhao et al.,
2011, 2013). Therefore, starspots are responsible for peri-
odic variations in surface brightness. Some CABs exhibit
long-duration cyclic variations in brightness whereas others
exhibit short-duration cyclic variations. These are as a
result of changes in the activity structure of starspot on
timescales of hours to days, sometimes in months to years
depending on magnetic activities (O’Neal et al., 1998a, b;
O’Neal, 2006).

The flare emission measure depends on temperature. An
increase in temperature leads to large emission measures
and perhaps emission lines of chemical abundances, and
X-ray flux variability (White et al., 1980; Garcia et al.,
1980; Barrado et al., 1998; Drake, 2003a). These emission
lines are indicators of chromospheric activity from turbu-
lent mixing of energetic particles/plasma induced by mag-
netic field coupling in the convective zones (Covino et al.,
2001; Morel et al., 2003; Gudel, 2004). Chromospheric
activity varies with the rotation velocity, which in turn
influence the dynamo mechanism. Thus, fast rotation
velocity enhances stellar flare activities/chromospheric
emissions (Montes et al., 2000, 2001a; Audard et al.,
2003; Zhang et al., 2015). Variable Ha, Ca II H and K
500
emission features, photometric variations, X-ray emission,
and other spectral lines of chemical abundance are good
characteristics/indicators of strong coronal/chromospheric
activities (e.g. Montes et al., 1996a; O’Neal et al., 1998a;
Cao, & Gu, 2015).

Intensity of chromospheric emissions depends on the
‘‘degree” of the stellar activity level, and it originates
mostly from the magnetic activities of the donor stars in
the system (White et al., 1980; Garcia et al., 1980). This
suggests that the convective zone depth and luminosity
class of magnetically active donor stars are greater than
that of the companion (Montes et al., 1998; Biazzo et al.,
2007). These have been affirmed spectroscopically and pho-
tometrically (e.g. Strassmeier et al., 1993; Bleach et al.,
2002). However, the contribution of the companion star
might not be negligible. In some CABs, both components
of the binary system contribute significantly to the radia-
tive flux observed in multi-wavelengths (Berdyugina, 2005).

Flare activities of CABs are enormous and X-ray radia-
tion is emitted in the process (Garcia et al., 1980; Benz and
Guedel, 1994). It is widely believed that X-ray emission
from astrophysical sources traces magnetic activities
(Nordon & Behar, 2007; Clarke et al., 2018). These charac-
teristics depend on the stellar flare and coronal/chromo-
spheric activity level of the underlying populations. The
population densities of about 10-5 to 10-3 pc-3 for CABs
within 25 – 200 parsec of the Galactic plane have been
inferred (Favata et al., 1995; Warwick, 2014). Moreover,
65% – 80% of the Milky Way stellar population density
is occupied by dwarf stars and binaries. About 75% of
these dwarfs exhibit strong stellar flare activities accompa-
nied by X-ray emission (Yoldas, & Dal, 2017). These
dwarfs are in chromospherically active binaries, and
numerous CABs have been observed in our galaxy (e.g.
Strassmeier et al., 1988, 1993; Demircan et al., 2006; Eker
et al., 2008). These sources could account for a large num-
ber of X-ray fast-transients (Montes et al., 1998) that emit
thermal emission line at 6.7 keV during their quiescent and
flared phases (Warwick, 2014). To this end, Algol and GT
Muscae are chromospheric X-ray active binaries. Algol and
GT Muscae are among the transient and variable flare star
candidates with a typical cyclic-variation signature in
brightness. Photo-ionization or collisional excitation pro-
cesses in the corona of variable flare stars, active stars,
and binaries with intrinsic X-ray luminosity range; 1030-34

ergs�1 generate strong thermal emission line at 6.7 keV
(Matsuoka et al., 2011; Warwick, 2014; Xu et al., 2016;
Tsuboi et al., 2016).

1.1. Algol

Algol is a triple hierarchical extrinsic variable system
containing B-, K- and F-type stars (Baron et al., 2012). It
is located in the constellation Perseus at a distance of
about � 28 parsecs (Antunes et al., 1994). The mass of
the trio is 3.7 Mʘ, 0.81 Mʘ, and 1.6 Mʘ respectively
(Favata, & Schmitt, 1999; Zavala et al., 2010). The B-
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and K-stars are the inner eclipsing binary system and they
are orbited by the more distant F-star (outer orbit). Photo-
metric observations of the shallow eclipse revealed that the
inner orbit (orbit of B-K-stars) and outer orbit (orbit of B-
K-stars and F-star) of the system are perpendicular
(Söderhjelm, 1980). But whether the orbits (inner and
outer) exhibit prograde or retrograde rotations was not cer-
tain. Lestrade et al. (1993) were of the view that the inner
orbit of the system has a retrograde movement whereas
the outer orbit is prograde. However, Csizmadia et al.
(2009) reported that the inner orbit of the system exhibits
prograde rotation whereas the outer orbit is retrograde.
This conflict was resolved by the optical investigation of
the orbital motion of the system; thus, the inner and outer
orbit exhibit retrograde and prograde movement respec-
tively (Zavala et al., 2010). These have been supported by
the Very Long Baseline Interferometer (VLBI) astrometric
study (Peterson et al., 2011).

This anomaly in the rotational movements of the inner
and outer orbits suggests that the F-star might have a neg-
ligible role in the mass accretion processes observed in the
Algol binary system. Moreover, the F-star likely not a
rapid rotator since it takes about 680 days (�1.86 years)
to revolve around the inner pair stars whose orbital period
is 2.867 days (Zavala et al., 2010; Baron et al., 2012). This
also suggests that the F-star has no significant contribution
to the activity-cycle variations in brightness and/or X-ray
emission. Given this, the F-star is not taken into consider-
ation while studying the X-ray emission of Algol (e.g.
Schnopper et al., 1976; Stern et al., 1992; Ottmann, &
Schmitt, 1996). Therefore, our discussion follows suit.
The inner pair stars (B- and K-star) are tidally locked
semi-detached binary system with an angle of inclination,
and binary separation of about 81.4�, and 14.14 Rʘ respec-
tively (Rʘ = 6.957 � 105 m; Favata & Schmitt, 1999; Eze,
A., et al., 2017). The B-star is a main-sequence star whereas
the K-star is a late-type sub-giant. The B-star is supposed
to be a sub-giant star since it is more massive than its com-
panion in accord with the stellar evolution model. How-
ever, several observations of Algol revealed that the
reverse is the case. This inconsistency is called the ‘‘Algol
paradox” (Favata & Schmitt, 1999). Ab initio, the K-star
was initially the more massive component star of the sys-
tem and evolved more rapidly than the B-star. The tidal
interaction between the component stars during rapid rota-
tion triggered the magnetic dynamo process. This in turn
channels accretion of matter from the Roche-lobe-filling
K-star via the inner Lagrangian point onto the B-star.
The mass accretion is driven either by the expansion of
the K-star or the shrinking of binary separation due to
angular momentum loss. Therefore, mass transfer changed
the mass ratio. Hence, the B-star becomes more massive
(Favata, & Schmitt, 1999; Yang et al., 2011). For detailed
stellar properties and extensive studies on Algol (see;
Pallavicini et al., 1981; Richards, 1993), and reference
therein.
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1.2. GT Muscae

GTMuscae (GT Mus), is a bright spectroscopic quadru-
ple containing a detached binary system. It is located east-
wards in the constellation Musca at Right Ascension and
Declination (11 h 39 m 29.63 s and �65� 230 51.900), and at
a distance; � 501 light-years. GT Mus exhibits chromo-
spheric chemical abundance and Ca II, H, K and variable
Ha emission (Collier, 1987; Pallavicini et al., 1992;
Murdoch et al., 1995) as well as strong X-ray emission
maintained by intense starspot and flare activities (Garcia
et al., 1980). GT Mus consists of single-lined RS Canum
Venaticorum (RS CVn) of G5/8III and its companion pair
of eclipsing A0/2V spectral type stars (Hearnshaw et al.,
2012). Previous observations of GT Mus reveal that it
has a long orbital period of about 64.3 days shared among
the components stars; RS Cvn-star has orbital period of
61.52 days whereas that of the eclipsing binary is 2.75 days.
The component stars orbit one another, and their binary
separation is about 0.23 arc-seconds. In the Hipparcos cat-
alogue, RS CVn is an active late-type star, designated as
HD 101379, whereas the eclipsing star is HD 101380
(Hall, 1976). GT Mus exhibits starspots, chromospheric
activity with low amplitude quasi-sinusoidal light curve
variations. That is, GT Mus exhibit short-period variability
in magnitude (Murdoch et al., 1995). The activity-cycle
variations in brightness are due to starspot evolution
(Jones et al., 1995; Hearnshaw et al., 2012). The photomet-
ric variability and spectral geometry of GT Mus are attrib-
uted to the starspots activity-cycle and rotation of the RS
CVn respectively. This suggests that the chromospheric/
stellar activity and X-ray emission originates from the cor-
ona of RS CVn (Dempsey et al., 1993).

Mass accretion has not been observed in GT Mus
(Barrado et al., 1994, 1997, 1998). Also, stellar characteris-
tics such as a large convective envelope, coronal activity,
transition region, coronae, and strong chromospheric emis-
sion have been inferred. This confirmed that GT Mus is a
chromospherically active star (Demircan et al., 2006).
Details of the stellar properties and photometric analysis
of GT Mus can be found in the following work (see;
Murdoch et al., 1995; Hearnshaw et al., 2012), and refer-
ence therein.

1.3. X-ray observations of Algol and GT Mus

Magnetic reconnection on a surface of active stars and
binaries is accompanied by sudden energy release and
relaxations; thus, stellar flare formation. Energetic X-ray
stellar flares activities on the surface of Algol and GT
Mus have been observed by different X-ray missions.

Algol was first detected as a variable X-ray source with
SAS- 3 in October 1975 (Schnopper et al., 1976). Later in
December 1975, an X-ray telescope aboard Aerobee 350
rocket flight confirm that Algol is a strong X-ray emitter
with an order of magnitude in variability and mass transfer
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via the Roche Lobe overflow mechanism explain the X-ray
emission (Harnden et al., 1977). Algol exhibit strong chro-
mospheric and starspot activities and SSS (Solid State
Spectrometer) onboard Einstein Observatory (High Energy
Astronomy Observatories-2) inferred sporadic flaring epi-
sodes with the rapid rise and decay in brightness on time-
scales of 12 h, and the X-ray emission originates from the
active corona surrounding the donor star (White et al.,
1980). Evidence of flaring activities in Algol was bolstered
by EXOSAT (European X-ray Observatory SATellite)
observation which inferred sporadic large stellar flares
(White et al., 1986). This was supported by GINGA’s
(Japanese for ’galaxy’) observation that Algol’s stellar
flares are characterized as ‘‘two- ribbon” long-duration
giant flares with the presence of Fe abundance in the con-
vection zone (chromospheres/coronal) during the quiescent
and flared epochs. The two-ribbon flares manifest as a
gradual slow rise to the peak and then decay of mag-
netic/stellar activities. The signature of the variation in
brightness during the epochs depicts the X-ray light curve.

Previous spectroscopic and photometric studies on
Algol have revealed the chromospheric activities and other
physical parameters of the system (Reference therein).
Hydrogen column density (NH) variations during the qui-
escent and flaring epochs of Algol have been revealed by
ROSAT (Röntgen Satellite) observation. The spectral
result of stellar flare data modeled with a two-
temperature thermal model shows that NH in the corona
around the B-type star varies in the range; (3.2 –
12) � 1019 cm�2 at different orbital phases. The first and
second thermal temperature of the plasma and that of
the emission measure (EM) varies in the range; (1.9 –
2.4) � 106 K and (1.4 – 2.3) � 107 K and (0.6 –
1.4) � 1053 cm�3and (3.2 – 10) � 1053 cm�3 respectively.
The variations of NH suggests that the accretion around
the B-type star is optically thin. Moreover, particle recom-
bination (due to magnetic activities and/or reconnection)
heat different layers of the corona (coronal heating) which
in-turn causes variations in temperature and emission mea-
sure at different orbital phases. Therefore, changes in the
emission measures are responsible for the X-ray flux vari-
ability (Ottmann, 1994). Singh, Drake & White, (1995)
used thermal plasma emission models (single-, two- and
three-component; T vmekal, 2 T vmekal, 3 T vmekal) to
fit the X-ray stellar flare data of Algol observed with ASCA
and ROSAT in the, 2 – 3 keV, 0.6 – 0.7 keV and 0.2 –
0.3 keV energy bands respectively and reported variations
in the emission measures (EM), temperature and hydrogen
column density. The value of the obtained individual phys-
ical parameter is in the range; (1.7 – 5.8) � 1053 cm�3 , 0.18
– 2.70 keV, and (3.1 – 3.7) � 1019 cm�2 respectively. This
suggests that the two- and three-component thermal
plasma emission models better fit the data in the lower
energy bands. However, authors were of the view that
excess absorption due to circumstellar material and/or
presence of unresolved soft X-ray emission could cause a
low value of hydrogen column densities in Algol when
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compared to that of the standard value � 1022 cm�2. More-
over, the low value of NH could also be due to the presence
of cool gas surrounding the chromospheric active K-star
(Yang et al., 2011). XMM-Newton observation inferred a
variation in the value of hydrogen column density (NH) dur-
ing the quiescent and flared epochs of Algol. The value of
NH during the quiescent and flared epochs varies from
2.19 � 1020 cm�2 to 2.81 � 1020 cm�2 (Yang et al., 2011).
Yang et al. fitted Algol’s quiescent and flared data with a
two-component thermal emission model (2 T vmekal) using
XSPEC in the 0.3 keV – 8 keV energy bands. The authors
resolved 6.7 keV line in the X-ray spectrum and constrained
the temperature of (2.0 – 3.7) � 107 K and (5.8 – 6.9) � 106

K during the flared and quiescent epochs respectively. The
X-ray flux, emission measures (EM), and reduced Chi-
squared value during the flared and quiescent epochs vary
from (4.49 – 16.1) � 10-11 erg cm-2s�1, (4.59 –
12.48) � 1053 cm�3, 1.50 – 1.71 respectively. The authors
later re-fitted the X-ray spectrum with a three-component
thermal emission model (3 T vmekal) and obtained an
improved reduced Chi-squared value in the range 1.36 to
1.52 during the quiescent and flared epochs. Observations
of Algol with ROSAT, EXOSAT, Chandra, and XMM-
Newton show that the high and low temperature in the stel-
lar flares during quiescent and flared epochs are co-spatial
with the size of their scale height comparable to that of
the stellar radius (Ottmann, 1994; reference therein). This
suggests that there are different layers of the extended cor-
ona around the K-type star and/or the stellar surface of
the system have preflare heating (Favata et al., 2000). The
size and location of the flaring region around the south
polar region and/or on the ‘‘northern” hemisphere of the
K-type star have been constrained using BeppoSAX and
XMM-Newton observed stellar flare data (e.g. Ottmann,
1994; Schmitt & Favata, 1999; Schmitt, Ness, and Franco,
2003; Sanz-Forcada, Favata, & Micela, 2007).

On the other hand, the light curve of GT Mus is charac-
terized by low amplitude quasi-periodic variation in bright-
ness. Modeling the stellar flare data of GT Mus with
optically thin thermal plasma (mekal and apec) and absorp-
tion (Tbabs) models to fit the spectra in the 2 – 10 keV
energy bands revealed hydrogen column density (interstel-
lar absorption) of (4.2 – 5.9) � 1020 cm�2 respectively.
Physical parameters such as temperature, luminosity, and
emission measures in the range 4 – 11 keV, (2 – 5) � 1033

erg s�1 and (7 – 23) � 1055 cm�3 respectively have been
constrained from eight years observation of GT Mus with
Monitor of All-sky X-ray Image (MAXI) and Neutron star
Interior Composition Explorer (NICER; Schmitt &
Favata, 1999; Tsuboi et al., 2016; Sasaki et al., 2021).
Moreover, a spectral study revealed that stellar flare of
GT Mus radiates an energy of about (3 – 16) � 1037 erg
and (9 – 73) � 1037 erg during the flared and decay epochs
that lasted for 2 – 6 days and 1 – 4 days respectively
(Tsuboi et al., 2017; Sasaki et al., 2021).

MAXI observations of actives stars and binaries (e.g.
dMe stars, Algol, GTMus, Young Stellar Objects) revealed
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that the stellar flares of these systems radiates energy of
about 1034-39 ergs and their X-ray luminosity and emission
measure in the 2 – 20 keV band is 1031�34 ergs s�1, and
1054�57 cm�3 respectively (Tsuboi et al., 2016, 2017).

The activity-cycle variations in these two chromospher-
ically active binaries (Algol and GT Mus) are due to star-
spot evolution though the cause of variations in the
element abundance is not ascertained (Stern et al., 1992;
Jones et al., 1995; Hearnshaw et al., 2012). Einstein and
EXOSAT observations inferred that all late-type stars
and binaries possess strong coronal and chromospheric
activities during their rapid rotation and this process
involves the conversion of magnetic energy to coronal X-
ray emission. Moreover, ROSAT all-sky survey/observa-
tions of active binaries have revealed the stellar properties
of Algol-type and RS CVn systems (Dempsey et al., 1993;
Demircan et al., 2006). The X-ray emission of Algol and
GT Mus is characterized by significant stellar/chromo-
spheric and flaring activities in the coronae, and these have
been confirmed by different X-ray missions; Einstein,
GINGA, EXOSAT, ASCA, and ROSAT (e.g. Garcia
et al., 1980; Favata & Schmitt, 1999). Evidence of more ele-
ment abundances (N, O, Ne, Mg, Si, S, Ar, Ca, Fe, Ne,
Ni), and Fe K– line at 6.7 keV in the quiescent and flared
epochs have been reported from the stellar flare data of
Algol and GT Mus observed by Einstein, ASCA, ROSAT,
and Suzaku (Garcia et al., 1980; Antunes et al., 1994;
Singh, Drake & White, 1995; White, 1996; Xu et al.,
2016). Variation of element abundance during the evolu-
tion of stellar flares is believed to be a result of the chromo-
spheric evaporation process and this has been confirmed by
different X-ray missions (e.g. GINGA, ROSAT, Beppo-
SAX; Stern et al., 1992; Ottmann & Schmitt, 1996;
Favata & Schmitt, 1999; Tsuboi et al., 2016; Sasaki et al.,
2021). Moreover, the X-ray emission from Algol and GT
Mus is a result of intense starspots and flaring activities
in the corona of the active giant or sub-giant component
stars of the system. In other words, the bulk of the X-ray
emissions from Algol and GT Mus originates from the
coronal/magnetic activities of the Roche lobe-filling sec-
ondary K-star and RS CVn component star respectively.
Thence, an increase in coronal/flares activities results in a
corresponding increase in coronal temperature, emission
measure, and X-ray emission (Ottmann, 1994; Singh
et al., 1996). This has been confirmed by different X-ray
missions; Einstein, GINGA, EXOSAT, ROSAT, ASCA,
Chandra, and XMM-Newton (White et al., 1980; Garcia
et al., 1980; Favata et al., 2000; Schmitt, et al., 2003;
Chung et al., 2004; Nordon and Behar, 2007). Fe K com-
plex line in the X-ray spectrum resolved from Algol’s stellar
flare data observed with BeppoSAX & XMM-Newton has
been reported, but the equivalent width of the complex line
emission was not inferred (Favata & Schmitt, 1999). Also,
high Fe abundant at the 6.7 keV line emission during the
quiescent and flared epochs observed by the XMM-
Newton have been inferred, but the equivalent width of
the 6.7 keV line emission was not reported (Yang et al.,
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2011). Eze A. et al. (2017) fitted the X-ray stellar flare data
of Algol in the 4.5 – 7.5 keV energy bands and resolved 6.7
emission line in the stellar flare data of Algol and equiva-
lent width of 510 eV. Also, GTMus is an RS CVn-type sys-
tem, and observations of Algol and GT Mus by MAXI/
GSC have reported intense large stellar flares activities with
luminosity; 1031 – 1034 ergs�1 in the 2 – 20 keV, but 6.7 keV
line emission was not resolved in the sources’ spectra
(Tsuboi et al., 2016). Xu et al. (2016) fitted the stellar flare
data of GT Mus with the optically thin thermal plasma
model (apec) in the 5 – 10 keV energy bands and resolved
6.7 emission line in the stellar flare data of GT Mus with an
equivalent width of 259 eV.

All these X-ray missions/observations yielded significant
contributions on the tidally-induced coronal/chromo-
spheric activities and X-ray emission of these two chromo-
spherically active binaries. Suzaku’s spectrometers have a
high resolution when compared to other X-ray missions
operated in the 0.3 – 10 keV bands (Xu et al., 2016), and
its observations affirmed the stellar flare activities/bright-
ness of Algol is a two-ribbon flares type whereas that of
GT Mus is quasi-periodic short–cyclic. Variable active
stars and binaries with intense flare episodes and X-ray
luminosity; 1030-34 ergs�1 emit thermal emission line at
6.7 keV (reference therein). The 6.7 keV emission line is
an intense emission iron feature believed to originate from
discrete sources along the Galactic ridge, and the probable
candidate sources include RS CVn systems, white dwarf
stars, and coronally-active stars and binaries (Koyama
et al., 1986). Einstein, EXOSAT, and ROSAT observations
of X-ray emitters attributed the 6.7 keV line

emission to the thermal emission in the coronae (Singh
et al., 1996). Spectral analysis of Fe K complex line at
6.7 keV and its equivalent width in the stellar flare data
of Algol and GT Mus observed by Suzaku has been
reported (Eze R. et al., 2015b; Xu et al., 2016; Eze A.
et al., 2017; Goodwill et al., 2019). Chandra, XMM-
Newton, Suzaku, and other X-ray missions provided a
wealth of information on the underlying Galactic popula-
tion discrete/point sources. As a result, comprehensive
knowledge on surface brightness distribution and spectral
properties of the Galactic Ridge X-ray Emission (GRXE)
along the Galactic plane have been revealed. GRXE is an
integrated X-ray emission from Galactic point sources
(e.g. Ebisawa et al., 2008; Yamauchi et al., 2009;
Uchiyama et al., 2013; Warwick, 2014).

1.4. Galactic Fe Ka-line X-ray emission

Flaring activities in CABs are due to the active nature of
large stellar spots and deep convection zones. Magneto-
hydrodynamic processes generate high levels of coronal
activities and intense magnetic fields that transport ener-
getic particles. The recombination of these particles by
magnetic activities/reconnection leads to stellar flare for-
mation. The chromospheric emission observed in CABs
depends on the stellar flare activity level (Drake et al.,
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1997; Garcia-Alvarez et al., 2009; Testa et al., 2015). Active
stars of spectral class F to M are X-ray sources (Gudel,
2004; Berdyugina, 2005; Pye et al., 2015). These sources
show a wide range of X-ray coronal emission of several
orders of magnitude (Benz and Guedel, 1994; Drake
et al., 2000). Fe Ka– emission is one of the indicators of
strong coronal/chromospheric activities associated with
acceleration of electrons (Garcia et al., 1980; White et al.,
1980; Testa, 2010). Fe Ka –emission has prominent fea-
tures at 6.4 keV, 6.7 keV, and 7.0 keV. These energies are
observed as X-ray emission lines in the Galactic ridge;
Galactic Ridge X-ray Emission (GRXE; Ebisawa et al.,
2008; Revnivtsev et al., 2009).

Therefore, emission line energy and its widths give clues
about the GRXE mechanism (Ebisawa et al., 2008). The
6.7 keV and 7.0 keV are thermal emission lines while
6.4 keV is the fluorescence emission line in nature. The
6.4 keV emission line originates from the reflection of inci-
dent X-rays by cold gas (Yuasa et al., 2010; 2012). The
6.7 keV and 7.0 keV GRXE are due to photo-ionization/
collisional excitation processes in the vicinity of numerous
discrete coronally X-ray sources (Eze et al., 2015b, 2017;
Revnivtsev et al., 2009). The characteristic plasma temper-
ature that generates 6.7 keV and 7.0 keV photon-counts/
fluxes in the corona of Galactic point sources is 3 –
7 keV (Warwick, 2014). For plasma temperature of
3 < kT < 5 keV, the photon-count/fluxes of 6.7 keV
become prominent and surpass that of the 7.0 keV, but
when the temperature of the coronal plasma is enhanced
to 5 – 7 keV, the photon-count/fluxes of 7.0 keV become
prominent (Warwick, 2014). GRXE is a measure of the
cumulative emission of numerous Galactic X-ray emitters.
In other words, GRXE originates from the integrated X-
ray emissions of Galactic point sources. The spatial varia-
tions of GRXE properties in the Galactic plane are indica-
tions of variations in the stellar mass populations (e.g.
Krivonos et al., 2007; Revnivtsev et al., 2009; Yamauchi
et al., 2009). Plausible candidate sources of GRXE have
been reported with active stars and binaries are inclusive.
Algol and GT Mus are coronally active binaries
(Matsuoka et al., 2011; Warwick, 2014; Tsuboi et al.,
2016; Xu et al., 2016).

In this present work, we concentrated on the thermal
emission line at 6.7 keV. Analysis of the sources’ data is
described in § 2. The results of the analysis are presented
in § 3. Discussion of results and conclusion are presented
in § 4 and § 5 respectively.

2. Data acquisition and analysis

We retrieved the stellar flare photon count/flux of the
individual source from the Suzaku public archive. Algol
and GT Mus were observed by the X-ray Imaging Spec-
trometer (XIS) of the X-ray telescope (XRT) on-board
Suzaku satellite on March 8th, 2007 (Obs Id: 401093010),
and December 12th, 2007 (Obs Id: 402095010) for 170 ks
and 230 ks exposure respectively. Suzaku satellite has a
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low background counting rate and a high energy range of
about 0.2 – 600 keV. The XIS is a sensitive instrument in
the energy range; 0.2 keV – 12 keV. XIS contains the
back-illuminated (BI; XIS 1) and front-illuminated (FI;
XIS 0 & 3) charge-coupled devices/sensors. A detailed
description of the Suzaku satellite and its instrumentation
can be found in research work (Mitsuda et al., 2007;
Koyama et al., 2007a; Serlemitsos et al., 2007). Data reduc-
tion and analysis were done using version 2 of the standard
Suzaku pipeline products; High Energy Astrophysical Soft-
ware (HEASoft) version 6.90, XSPEC 12.8 version, and
other HEASoft software packages installed in Ubuntu
18.04 operating system. We measure the flux of each
source. The extraction of the Algol spectrum and back-
ground spectrum from a circular region of 200- and 140-
arc-seconds radius respectively were done using XSE-
LECT. During extraction, we ensured that the circular
region covers 90% of the source’s flux while the back-
ground events were extracted within the proximity of the
source’s flux. Moreover, proactive measures were also
employed to exclude photon count/flux from apparent
and/or nearby sources. This technique was repeated for
GT Mus, but this time the extraction of the events was
done from a circular region of 250- and 190- arc-second
radius respectively. We subtracted the background spec-
trum from each source spectrum and the X-ray light curve
of Algol and GT Mus were generated respectively (see
Figs. 1 & 2). All the data generated from the light curve
of each source were used. The Ancillary Response File
and Response Matrix File (ARF & RMF) for the XIS sen-
sors (XIS; 0, 1, 3) were built for each source data using
Flexible Image Transport System Tools (FTOOLS), X-
ray imaging spectrometer Ancillary response (xissamrf-
gene) and X-ray imaging spectrometer response matrix file
generator (xisrmf-gene; Ishisaki et al., 2007). XIS 0 & 3
sensors are the Suzaku-XRT front-illuminated chips and
have similar features. Therefore, we merged their spectra
and hereafter referred to them as XIS FI. However, XIS
1 is referred to as XIS BI since it is the back-illuminated
chip. The XIS FI and XIS BI spectrum analysis for each
source was done using XSPEC version 12.8.

We considered fitting the X-ray spectrum of each source
in the 0.2 – 12 keV since Suzaku spectrometers are sensitive
in these energy bands, and also to constrain the hydrogen
column density and partial absorption covering fraction.
The Algol’s data was fitted in the 0.2 – 12 keV energy
bands, and thereafter, modeled with absorption (tbabs)
and thermal Bremsstrahlung models plus a Gaussian line
with additional constant component [const*tbabs*
(bremss + gau)] and hereby referred to as ‘‘model 1”. The
model fitting parameters were allowed to be free. The
hydrogen column density (NH), and reduced Chi-squared
obtained is 2.70 � 1020 cm�2, and 12.66 respectively. The
emission line energy resolved was insignificant. The con-
stant and line energy width parameters were frozen and
the spectrum was re-fitted. The value of the reduced Chi-
squared was unchanged and the value of the resolved line



Fig. 1. Background subtracted Algol X-ray light curve.

Fig. 2. Background subtracted GT Mus X-ray light curve.
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energy is still insignificant. The line energy parameter was
‘‘steppar” in the interval of 6.6 keV to 6.8 keV, and the
spectrum was re-fitted, but the value of the reduced Chi-
squared and NH remain unchanged with zero null hypoth-
esis probability. Therefore, ‘‘model 1” did not give a good
statistical fit. We were unable to resolve the 6.7 keV emis-
sion line using ‘‘model 1”. The Algol X-ray spectrum was
re-normalized and the thermal Bremsstrahlung model was
replaced with power-law model [const*tbabs*(power-
law + gau)], and hereby referred to as ‘‘model 2”. There-
after, the fitting procedure was repeated. The NH,
resolved line energy, and reduced Chi-squared obtained is
1.520 � 1021 cm�2, 6.61 keV, and 14.36 respectively. The
value of the reduced Chi-squared is above the acceptable
limit; < 2.0, and this indicates that ‘‘model 2” also did
not give a good statistical fit. Therefore, the model did
not reproduce the data very well. Physical inspection of
the obtained Algol’s X-ray spectrum shows that in the
energy bands < 2.0 keV and > 10.0 keV, the model did
not fit the data very well. Moreover, fitting the X-ray spec-
trum down to the energy level below 2 keV and above
10 keV did not give a good statistical fit. Therefore, Algol’s
X-ray spectrum below 2.0 keV and above 10.0 keV was
ignored using XSPEC ignore command. Now, we repeated
the aforementioned fitting procedure in the energy range 2
– 10 keV using ‘‘model 1” and ‘‘model 2” respectively. In
each model, we were able to resolve line energy at
6.66 keV, though the value of the absorption column den-
sity obtained was very low. Moreover, the value of null
hypothesis probability is not zero, but the value of the
reduced Chi-squared (�2.3) is greater than the acceptable
limit. We later employed the same technique in fitting
and modeling GT Mus data in the 2.0 – 10.0 keV as we
did with Algol using ‘‘model 1” and ‘‘model 2” respectively.
In each model, we were able to resolve line energy at
6.68 keV. However, absorption column density and
reduced Chi-squared value obtained using ‘‘model 1” is
5.42 � 1013 cm�2 and 1.97 respectively whereas that of
‘‘model 2” is 9.94 � 1021 cm�2 and 1.96 respectively. Here,
the value of the reduced Chi-squared is below the accept-
able limit but it is still high. We inspected the spectrum
again and observed that the sources’ data and the models
at 9.0–10.0 keV energy bands are not well aligned. This
suggests that the signal to noise ratio is very low in these
energy bands especially that of Algol. We reconsider fitting
the Algol and GT Mus data in the 2.0 – 9.0 keV energy
bands. We used XSPEC ignore command to ignore energy
band above 9.0 keV band. We re-fitted the Algol data in
the 2.0 – 9.0 keV energy bands and thereafter modeled
the data with ‘‘model 1”. The emission line at 6.66 keV
was resolved, but the value of the hydrogen column density
(NH), and Chi-squared is 1.4 � 1015 and 2.107 respectively.
Some fitting parameters was frozen, ‘‘thawed” and ‘‘step-
par” in order to obtain a good statistical fit, but the spec-
tral fitting was not improved as much as expected. We
repeated the same technique on Algol data using ‘‘model

2” and we were able to obtain the value of NH and Chi-
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squared value of 9.48 � 1021 and 1.9 respectively. We
repeated the whole procedure by fitting the GT Mus data
in the 2.0 – 9.0 keV using ‘‘model 1” and ‘‘model 2”. We
froze, ‘‘thawed” and ‘‘steppar” some fitting parameters.
In each model, thermal emission line at 6.68 keV was
resolved, but the Chi-squared value obtained is above the
acceptable limit. Therefore, model 1” and model 2” did
not give a good-statistical fit of the Algol and GT Mus in
the 2.0 – 9.0 keV energy bands. As a result, we include
more models that can reproduce the data very well with a
good statistical fit. This time, we replaced the absorption
model (tbabs) with a partial covering fraction absorption
model (pcfabs) in ‘‘model 1” and include an additional opti-
cally thin thermal plasma model (apec). That is, const*pc-
fabs* (bremss + gau + apec) and hereby referred as
‘‘model 3”. Starting with Algol, the X-ray spectrum/data
was re-normalized. The spectral fitting was done in the
2.0 – 9.0 keV energy bands, and thereafter modeled with
‘‘model 3”. The fitting parameters were allowed to be free
except element abundance and the redshift that was frozen.
The line energy parameter was ‘‘steppar” and emission line
energy at 6.66 keV was resolved with NH, partial covering
fraction, and reduced Chi-squared of 1.4 � 1022 cm�2, 0.95
and 1.74 respectively. We later froze the constant compo-
nent, partial covering fraction, line energy width and some
other parameters to see if we can obtain an improved good
statistical fit, but the changes in the value of the reduced
Chi-squared was not significant. Thence, all the frozen
parameters were thawed, the X-ray spectrum was modeled
and re-fitted. Later, the XSPEC error command was used
to estimate the error in each parameter. An improved good
Chi-statistical fit and degree of freedom was achieved with
a reduced Chi-squared value of � 1.32 (see Table 1). Later,
the Algol’s X-ray spectrum was re-normalized, and there-
after modeled with ‘‘model 4” [const*pcfabs*(power-law +

gau + apec)]. The same fitting procedure as in ‘‘model 3”

was implemented and we were able to resolve a 6.7 keV
emission line with NH and reduced Chi-squared of
4.75 � 1022 cm�2 and 1.29 respectively. The aforemen-
tioned fitting technique using ‘‘model 3” and ‘‘model 4”

was employed in fitting the GT Mus data in the 2.0 –
9.0 keV energy bands, and a good-statistical fit were
achieved (see Table 1). Table 1 shows the best-fit spectral
parameters of Algol and GT Mus obtained using ‘‘model

3” and ‘‘model 4” only, and the results and discussion fol-
low suit.

3. Results

Table 1 shows the best-fit spectral parameters of Algol
and GT Mus in the 2.0 – 9.0 keV energy bands obtained
with ‘‘model 3” and ‘‘model 4”. The spectral parameters
errors with a 90% confidence limit (see Table 1) reported
in this work are obtained from the XSPEC error command.
Figs. 1 & 2 shows the background-subtracted X-ray light-
curve of Algol and GT Mus respectively. Figs. 3 and 4
shows the X-ray spectrum of Algol and GT Mus when



Table 1
Spectral parameters of Algol and GT Mus in the 2 – 9 keV bands.

Spectral Parameters Algol GT Mus

E(M3)
6.7 6.66 ± 0.03 6.67 ± 0.06

EW(M3)
6.7

F(M3)
count (0.533 ± 0.003) � 10-3 (0.457 ± 0.002) � 10-3

KT(M3) 4.64 ± 0.31 4.76 ± 0.14
F(M3)
6.7 (0.97 ± 0.42) � 10-4 (1.078 ± 0.22) � 10-4

v2(M3) 1394.81 2293.05
d.o.f(M3) 1053 1480
Rv2(M3) 1.32 1.54
NH

(M3) (2.53 ± 0.34) � 1022 (5.50 ± 0.75) � 1022

C(M3) 0.95 ± 0.07 0.81 ± 0.15
KT_a(M3) 2.29 ± 0.03 2.39 ± 0.05
PP(M4)

index 2.68 ± 0.026 2.73 ± 0.02
F(M4)
count (9.95 ± 0.08) � 10-2 (8.95 ± 0.03) � 10-2

E(M4)
6.7 6.66 ± 0.04 6.70 ± 0.01

F(M4)
6.7 (0.973 ± 0.05) � 10-4 (1.078 ± 0.03) � 10-4

EW(M4)
6.7

v2(M4) 1362.73 2242.68
d.o.f(M4) 1056 1524
Rv2(M4) 1.29 1.47
NH

(M4) (4.75 ± 0.65) � 1022 (6.65 ± 0.42) � 1022

C(M4) 0.55 ± 0.06 0.51 ± 0.03
KT_a(M4) 2.23 ± 0.04 2.13 ± 0.02

KT = continuum temperature (keV), Fcount = flux count (Photons-1cm�2),
E6.7 = thermal Energy at 6.7 (keV), EW6.7 = equivalent width of 6.7 keV
emission line (eV), (Rv2) = Reduced chi-squared, d.o.f. = degrees of
freedom, PP index = power law photon index, F6.7 = flux of the 6.7 keV
emission line (Photons s-1cm�2). (B) and (P) is the Bremsstrahlung model
and Power-law model spectral parameters respectively, NH = hydrogen
column density (cm�2), KT_a = plasma temperature (keV) of the apec
model, C = partial absorption covering matter, v2 = Chi-squared statis-
tics, (M3) and (M4) is the ‘‘model 3” and ‘‘model 4.”

Fig. 3. Algol X-ray Spectrum in th
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modeled with ‘‘model 3” which is identical to respective
spectrum of the Algol and GT Mus when modeled with
‘‘model 4” (not shown).

Thence, both ‘‘model 3” and ‘‘model 4” give a good sta-
tistical fit and reproduce the data of Algol and GT Mus
very well in the 2.0 – 9.0 keV energy bands with best-fit
spectral parameters shown in Table 1.

The peak of the XIS BI (red) and XIS FI (black) spec-
trum curve in Figs. 3 and 4 respectively on the energy axis
corresponds to a 6.7 keV emission line.

Fig. 3 shows the X-ray spectrum of Algol fitted in the
2.0 – 9.0 keV energy bands. The fitted data are shown by
crosses whereas the best-fit model (‘‘Model 3”) is repre-
sented by solid and broken lines in the upper panel. The
spectrum of the X-ray Imaging Spectrometer (XIS) Back-
illuminated (BI) and Front-illuminated (FI) sensor or
detector is represented by red and black color respectively.
The two curves that emerged at flux count of 10-4 counts/s/
keV and rise to the peak of respective XIS BI and XIS FI
spectrum is the Gaussian line. The peak of the curve of XIS
BI and XIS FI in the Algol X-ray spectrum corresponds to
a strong emission line at 6.7 keV. The ratio of the fitted
data to the best-fit model is shown in the lower panel.
Moreover, the X-ray spectrum of Algol when fitted with
the ‘‘Model 4” is identical to that obtained with the ‘‘Model

3”, but their spectral parameters are different (see Table 1).
Fig. 4 shows the X-ray spectrum of GT Mus fitted in the

2.0 – 9.0 keV energy bands. The fitted data are shown by
crosses whereas the best-fit model (‘‘Model 3”) is repre-
e 2.0 – 9.0 keV energy bands.



Fig. 4. GT Mus X-ray Spectrum in the 2.0 – 9.0 keV energy bands.
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sented by solid and broken lines in the upper panel. The
spectrum of the X-ray Imaging Spectrometer (XIS) Back-
illuminated (BI) and Front-illuminated (FI) sensor or
detector is represented by red and black color respectively.
The two curves that emerged at flux count of 10-4 counts/s/
keV and rise to the peak of respective XIS BI and XIS FI
spectrum is the Gaussian line. The peak of the curve of XIS
BI and XIS FI in the GT Mus X-ray spectrum corresponds
to a strong emission line at 6.7 keV. The ratio of the fitted
data to the best-fit model is shown in the lower panel.
Moreover, the X-ray spectrum of Algol when fitted with
the ‘‘Model 4” is identical to that obtained with the ‘‘Model

3”, but their spectral parameters are different (see Table 1).
4. Discussion

The X-ray light-curves (Figs. 1 and 2) show that each
source has a typical signature of stellar flare and chromo-
spheric activities on a time scale of hours to days. The X-
ray light-curves show variations in brightness and aperi-
odic process; flickering behavior. The quiescent and flared
phases of the light curves are due to starspot evolution and
coronal/chromospheric activities. Both Algol and GT Mus
exhibits long duration cyclic variations in brightness on
timescale of hours to days though the signature of their
stellar flare is different. Thus, Algol shows sporadic rapid
rise and decay episodes with high amplitude whereas GT
Mus shows a quasi-periodic episodes with low amplitude.

The sporadic flared epoch of Algol show a rapid rise and
decay with high amplitude on timescales between 50 and 90
kiloseconds whereas the flared epoch of GT Mus show low
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amplitude in quasi-periodic pattern. These are due to
changes in the activity structure of the starspot. Flare activ-
ities in Algol started with ‘‘minute” changes in the bright-
ness. By inspection, Algol’s light curve shows that there
is a gradual increase in the flaring activities between 0
and 50 kilo-seconds. These time scales indicate the quies-
cent stages and little variation in brightness. Thereafter, a
dramatic sudden increase in brightness was observed till
the flaring activities reach their peak. These indicate fast
rise in the stellar flares on time scales of 50 – 60 kilo-
seconds. Thereafter, a gradual decay ensues immediately
as the chromospheric/flaring activities decrease, and this
happens on time scales of 60 – 150 kilo-seconds. This track
of the light curve obeys the exponential decay law (Schmitt,
Ness, & Franco, 2003; Eze A., et al., 2017; Sasaki et al.,
2021). The gradual decay could be due to eclipsing of flar-
ing plasma by the B-type star on timescales, though intrin-
sic variability and/or location of the active regions on the
surface of the system in line of sight of observation could
also contribute (Ottmann, 1994; Schmitt & Favata, 1999).
During the time intervals of 50 – 90 kilo-seconds, Algol
exhibits intense sporadic and violent chromospheric activi-
ties; an indication of strong magnetic activities/ starspot
evolution; hence the flaring epochs. At time scales above
150 kilo-seconds, Algol embarked on another phase of
cyclic-variation. On the other hand, the signature of stellar
flare/chromospheric activities of GT Mus is different from
that of Algol. GT Mus exhibit quasi-sinusoidal cyclic-
variations on time scales of hours to days. The amplitude
of variations in brightness is low during time intervals of
0 – 40 kilo-seconds (0 – 11 h) and 60 – 110 kilo-seconds
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(0.69 – 1.27 days) respectively, and these phases obey the
exponential decay law (Schmitt, Ness, & Franco, 2003;
Sasaki et al., 2021). These epochs with quasi-periodic and
low amplitude variations in brightness depict the quiescent
stages of GT Mus. On time scales of 40 – 60 kilo-seconds
(0.46 – 0.69 days) and 110 – 150 kilo-seconds (1.27 –
1.73 days), GT Mus exhibits intense flaring/ chromospheric
activities; the flaring epochs. During the interval of 150 –
200 kilo-seconds (1.73 – 2.31 days), GT Mus flared again,
but the amplitude of the flaring activities is not like the pre-
vious flaring epochs. There is a short periodic rise and fall
in the variations of brightness of GT Mus.

The flickering behavior and signature of the flare activ-
ities in GT Mus during quiescent and flared epoch are not
violent and sporadic when compared to that of Algol, but
both sources exhibit intense dramatic changes; hence, star-
spot evolution in each source differs. Therefore, the individ-
ual source has different signatures of stellar flare/
chromospheric activities as well as cyclic-variation in
brightness on timescales of hours to days. This suggests
that the magnitude of chromospheric/flaring activities dur-
ing the quiescent stages of Algol and GT Mus differs. The
coronal temperature and amplitude of variations in bright-
ness during quiescent stages are low when compared to the
temperature and brightness of their respective flaring
epochs (Van den Oord, & Mewe, 1989; Singh et al., 1996;
Nordon & Behar, 2007; Tsuboi et al., 2016). Both Algol’s
and GT Mus’ light-curve shows long-duration stellar
flare/chromospheric activities, but the signature of the
Algol’s light curve is sporadic whereas that of GT Mus
light-curve is quasi-periodic. The difference in the light-
curve signature of the sources is a result of the flickering
behavior of the churning particles/plasma in the coronae
during starspot evolution. The modeled spectra show that
the plasma temperature (kT) in each source corona range
between 3 keV and 4.8 keV (see Table 1) and this suggests
that 6.7 keV photon-counts/fluxes dominate the coronae of
the sources during the observation. This affirms the results
of Warwick (2014) which inferred that the temperature of
the plasma responsible for the generation of the 6.7 keV
emission line lies in the range; 3 < kT < 5 keV. The thermal
emission line at 6.7 keV in the coronae is an indicator of
chromospheric activities. Photo-ionization/collisional exci-
tation of energetic particles during the quiescent and flared
epochs of each source is responsible for the production of a
thermal emission line at 6.7 keV. We resolved the hard
energy spectrum at 6.7 keV and equivalent width (EW) in
each source’s stellar flare data in the 2.0 – 9.0 keV bands.
In the upper panel of each source spectrum, (Figs. 3 and
4), the fitted data and best-fit model are shown by crosses
and solid and broken lines respectively. The red and black
spectrum in the upper panel in Figs. 3 and 4 represents the
XIS BI and XIS FI respectively. The peak of the curve of
XIS BI and XIS FI in each source’s spectrum corresponds
to a strong emission line at 6.7 keV (see Figs. 3 and 4). The
lower panel of each Figure portrays the ratio of the fitted
data to the best-fit model. The ‘‘model 3” and ‘‘model 4”
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gave good statistical fit with acceptable spectral fit param-
eters (see Table 1). The resolved emission line at 6.7 keV is
similar to the results of previous spectroscopic analyses
done on the stellar flares of Algol and GT Mus (Stern
et al., 1992; Antunes et al., 1994; Favata & Schmitt,
1999; Yang et al., 2011; Eze et al., 2015b; Eze, et al.,
2017, 2019; Goodwill et al., 2019).

The light curve, X-ray spectrum, and 6.7 keV emission
line resolved in this work are more robust when compared
to that of the other satellite observations (ASCA, Beppo-
SAX, ROSAT, XMM-Newton, etc.). This could be either
the proportional counter and/or charge-coupled-device
(CCD) cameras of the X-ray telescopes of these satellites
are contaminated by nearby sources/Perseus clusters or
they don’t have sufficient sensitivity. For instance, ROSAT
has limited spectral coverage and limited resolution
(Antunes et al., 1994; Ottmann & Schmitt, 1996) whereas
Suzaku have high spectral coverage in the 0.2 – 12 keV
X-ray energy bands. Moreover, the measure at which pho-
ton counts/flux extraction and data reduction are done can
also affect the X-ray spectrum. The emission line at 6.7 keV
obtained in each source also has a marked spectral similar-
ity to the hard energy spectra of 6.7 keV observed in differ-
ent Galactic ridge positions (Ebisawa et al., 2008;
Yamauchi et al., 2009; Yuasa et al., 2012). The EW of
the 6.7 keV emission line obtained in each source compared
favorably with the EW (260 – 980 eV) of the 6.7 keV emis-
sion line depending on the Galactic ridge regions (Ebisawa
et al., 2008; Yamauchi et al., 2009; Uchiyama et al., 2013;
Warwick, 2014). Given this, CABs are coronally active
stars and binaries, and they could account for numerous
fast transient sources that emit strong thermal emission line
at 6.7 keV during their quiescent and flared epochs in the
Galactic ridge.

4.1. On the contribution of the 6.7 keV emission line from the

stellar flares of CABs to the 6.7 keV X-ray emission line

from the Galactic ridge

The 6.7 keV emission line is an elongated, strong X-ray
K-shell line from He-like iron. It is seen as thin thermal hot
plasma in all the observed regions of the Galactic ridge
and/or plane (Ebisawa et al., 2008; Yamauchi et al.,
2009; Revnivtsev et al., 2009). The Fe XXV Ka
(6.7 keV), emission line has been resolved from the stellar
flare data of point sources observed by different X-ray
detectors and/or satellites (GINGA, ASCA, ROSAT,
Chandra, XMM-Newton, Suzaku, etc; Stern et al., 1992;
Ottmann & Schmitt, 1996; Ebisawa et al., 2008;
Yamauchi et al., 2009; Uchiyama et al., 2013). The spec-
trum of the 6.7 keV emission line from this work is similar
to the hard energy spectrum of point sources believed to
contribute significant fractions of the total luminosity of
the 6.7 keV X-ray emission line in the Galactic ridge
(Ebisawa et al., 2001, 2005, 2008; Yamauchi et al., 2009;
Revnivtsev et al., 2009; Morihana et al., 2013). The equiv-
alent width (EW) of the 6.7 keV emission line from the
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Algol and GT Mus compares favorably with the EW
(260 eV – 980 eV) of hard energy spectra of 6.7 keV emis-
sion line resolved from numerous Galactic point sources
observed at different positions (Yamauchi et al., 2009;
Yuasa et al., 2012; Uchiyama et al., 2013; Warwick,
2014; Eze, R. et al., 2015b). These stellar population
sources exhibit a strong hard energy spectrum at 6.7 keV.
The contribution of Galactic point sources to the total
luminosity of GRXE is yet unresolved. In the X-ray energy
band, (2 – 10 keV), several population sources account for
different fractions of the total luminosity of GRXE. The
probable candidate sources of GRXE are magnetic cata-
clysmic variables, active binaries, hard X-ray emitting Sym-
biotic Stars, X-ray active stars, coronally-active stars, and
binaries (ABs; Revnivtsev et al., 2009; Yamauchi et al.,
2009; Yausa et al., 2010, 2012; Eze, R., 2014, 2015; Xu
et al., 2016). These sources emit a 6.7 keV emission line
during their quiescent and flared phases. Integrated hard
energy spectra from these sources have accounted for the
bulk of GRXE in the 6 – 7 keV energy range (Ebisawa
et al., 2001, 2005, 2008; Revnivtsev et al., 2009;
Yamauchi et al., 2009; Yausa et al., 2010, 2012). The X-
ray active stars and binaries are thermal source populations
with broad X-ray fluxes. Their contributions to Fe Ka-
emission line at 6.7 keV during flared and quiescent epochs
in the ratio of 2:1 have been inferred (Morihana et al.,
2013). Galactic source populations [dwarf stars, coronally
active stars and binaries (ABs) and cataclysmic variables
(CVs)], with intrinsic X-ray luminosity; 1028-34 ergs�1 have
accounted for a substantial fraction of � 80 – 90 % of
GRXE (Ebisawa et al., 2005, 2008; Revnivtsev et al.,
2009; Yamauchi et al., 2009). Warwick, (2014) estimated
the contributions of the group of sources [coronally active
stars and binaries (ASBs) and Cataclysmic variables (CVs)]
in the 2 – 10 keV, and 6 – 10 keV energy bands and inferred
that each group of sources accounted for 78% & 16%, and
62% & 21% of GRXE respectively. The coronal plasma
temperature characterizing coronally active stars and bina-
ries and cataclysmic variables thermal mix spectra ranges;
3 keV to 7 keV, and estimated EW ratio of 6.7 keV to
7.0 keV emission line is 3:1 (Warwick, 2014). This suggests
that the photon counts/fluxes of the 6.7 keV emission line
in the corona outstrip that of the 7.0 keV, and this could
be the reason why the 6.7 keV emission line is seen in all
the regions of the Galactic ridge (Yamauchi et al., 2009).
Eze, R. et al. (2015b) also reported that X-ray stars and
binaries during their quiescent and flared epochs
contribute � 70% of 6.7 keV GRXE. These Galactic point
sources have large spatial population density and their
emission lines at 6.7 keV are indicators of strong intense
stellar flares and chromospheric activities (Morris &
Mutel, 1988; Gioia et al., 1990; Favata et al., 1995;
Berdyugina, 2005; Warwick, 2014; Yoldas & Dal, 2017).
The emission line at 6.7 keV resolved in this present work
is remarkably similar to the 6.7 keV emission line of differ-
ent point sources observed in the Galactic plane/ridge
(Ebisawa et al., 2005, 2008; Revnivtsev et al., 2006a, b,
510
2009; Yamauchi et al., 2009; Yuasa et al., 2010, 2012).
The EW of the 6.7 keV emission line resolved in the present
work compares favorably with the EW of the 6.7 keV emis-
sion line from Galactic point sources (Ebisawa et al., 2008;
Yamauchi et al., 2009; Warwick, 2014; Eze, R., et al.,
2015b). Previous studies revealed that these Galactic point
sources are the major contributors of GRXE (e.g. Ebisawa
et al., 2005, 2008; Yamauchi et al., 2009; Revnivtsev et al.,
2009; Yuasa et al., 2010; Matsuoka et al., 2011; Morihana
et al., 2013; Eze, R., et al., 2015b; Xu et al., 2016). These
major contributors emitting strong thermal emission line
at 6.7 keV have been classified as X-ray coronally-active
dwarf stars and binaries of spectral F to M in H-R diagram
(Vaiana et al., 1981; Strassmeier et al., 1988, 1993;
Dempsey et al.,1993; Barrado et al., 1994, 1997, 1998;
Montes et al., 1998; Gudel, 2004; Berdyugina et al., 2005;
Sazonov et al., 2006; Demircan et al., 2006; Eker et al.,
2008; Warwick, 2014; Pye et al., 2015; Xu et al., 2016;
Tsuboi et al., 2016; Yoldas & Dal, 2017). Given this, CABs
could account for a large number of fast transient sources
that emit a 6.7 keV thermal emission line in the Galactic
ridge and could be probable candidates of GRXE.

5. Conclusion

We have re-analyzed the stellar flare data of Algol and
GT Mus. Starspot evolution, coronal/chromospheric activ-
ities in these sources explain the stellar flare formation and
cyclic- variations in brightness. X-ray emission originates
from the coronae of the magnetically active late-type
evolved star of the binary system though in some CABs
both component stars contribute significantly. Intense dra-
matic variations in brightness, emission of ions, and X-ray
emission are characteristics of stellar flare/chromospheric/-
magnetic activities. Each source exhibits a typical signature
of flaring/chromospheric activities on timescales of hours
to days. We resolved the 6.7 keV emission line in each
source’s stellar flare data. The thermal emission line at
6.7 keV resolved in this work is remarkably similar to the
6.7 keV emission line of X-ray point sources observed from
different Galactic ridge regions. The EW of 6.7 keV emis-
sion line of Algol and GT Mus compared favorably with
previous studies.

CABs are coronally-active dwarf stars and binaries, with
strong chromosphere/coronae and intense stellar flare/
chromospheric activities and X-ray emission. CABs are F
to M spectral classes with large population density in 25
– 200 parsec of the Galactic plane. Algol and GT Mus
are transient/variable flare star candidates of CABs, and
they are X-ray emitters. Cumulative X-ray emission lines
from numerous point sources observed in the Galactic
ridge/plane give clues on the GRXE mechanism. We are
of the view that CABs could account for a large number
of Galactic fast-transients that emit thermal emission line
at 6.7 keV, and could be probable candidates source of
GRXE. Moreover, we suggest that the collection of similar
CABs candidates along with CVs and other flare stars
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could account for the total luminosity of the thermal emis-
sion line at 6.7 keV from the Galactic ridge.
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