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Abstract

We present analysis of a superflare detected on an active binary system CC Eridani by Swift observatory. The flare (F1) triggered
the Burst Alert Telescope (BAT) in the hard X-ray band on 2008 October 16. The rise-phase was observed only with BAT, whereas
the decay phase was observed simultaneously with X-Ray Telescope (XRT). The e-folding decay time indicates a faster decay
in the hard X-ray band than in the soft X-ray band. Spectral analysis indicates a presence of three temperature corona with
first two plasma temperatures remain constant during the flare at ~3 and ~10 MK. The flare-temperature peaked at 342 MK
which is ~4 times more than the minimum value observed at post-flaring (PF) phase. The abundances peaked at 2 times the
solar abundances, which is also ~11 times larger than the quiescent-state value. Using hydrodynamic loop modeling we derive
a loop-length of 1.2540.13x 10" cm. The peak X-ray luminosity for flares F1 in the 0.3-50 keV energy band (excluding 10-14
keV band) reached up to ~4x10%? erg s~!, which is ~3500 times more than the quiescent value and larger than any other

flares previously observed on CC Eri.

1 Introduction

Solar and stellar flares are generally interpreted as a rapid
and transient release of magnetic energy in corona by re-
connection process, associated with electromagnetic radia-
tion from radio waves to vy-rays. The typical total energy of
a normal solar flare ranges from 102732 erg (e.g., Shibata
& Yokoyama, 2002; Emslie et al., 2004), whereas the “super-
flares” on late-type stars generally have a total energy range
of 103338 erg (Schaefer et al., 2000; Shibayama et al., 2013).
Few X-ray superflares have been observed in late-type stars
such as Algol (Favata & Schmitt, 1999), AB Dor (Maggio et al.,
2000), EV Lac (Favata et al., 2000; Osten et al., 2010), UX Ari
(Franciosini et al., 2001), II Peg (Osten et al, 2007), and DG
CVn (Fender et al., 2015). These extreme flare events are very
useful to understand the extent to which the dynamic be-
havior can vary within the stellar environments. The time-
resolved spectral analysis reveals the changes in the charac-
teristics of the flaring plasma, such as the hydrodynamic de-
cay timescales in sustained heating framework, spatial scales,
and provide evidence for temporary enrichment of coronal
abundances with plasma from the lower layers of the atmo-
sphere. The flaring plasma of superflare was found to con-
sists of high-pressure and high-density coronal loops having
a large scale organized magnetic field structure (Favata et al.,
2000).

In this paper, we describe a superflare serendipitously ob-
served by Swift observatory on an active spectroscopic bi-
nary star CC Eri, consists of a K7.5Ve primary and M3.5Ve
secondary (Amado et al., 2000), and located at a distance of
~11.5 pc. With a mass ratio ~2 (Evans, 1959), the system
is tidally locked and the primary being one of the fastest
rotating K dwarfs in the solar vicinity with a rotation pe-
riod of 1.56 d. Demircan et al. (2006) estimated the age of
the CC Eri system to be 9.16 Gyr. The chromospheric emis-
sion was found to vary in antiphase with its optical con-
tinuum, suggesting the presence of active emission regions

associated with starspots (Busko et al., 1977; Amado et al.,
2000). The first X-ray detection was done with HEAO1 show-
ing X-ray luminosity (Lx) of 10296 erg s~! in the 2-20 keV
energy band (Tsikoudi, 1982). Later several X-ray observa-
tions were made with other satellites such as Einstein IPC
(Caillault et al., 1988), EXOSAT (Pallavicini et al., 1988). First
ever X-ray flare on CC Eri was detected with ROSAT satellite
(Pan & Jordan, 1995). Later X-ray flares were detected with
XMM-Newton (Pandey & Singh, 2008; Crespo-Chacén et al.,
2007), Chandra (Nordon & Behar, 2007), Swift (Evans et al,
2008; Barthelmy et al, 2012), and MAXI GCS (Suwa et al,
2011). The time-resolved analysis of CC Eri using XMM-
Newton data (Pandey & Singh, 2008) indicates that the quies-
cent corona of CC Eri is well described by two-temperature
plasma (~3 and ~10 MK), with a quiescent state luminos-
ity of ~10?% erg s~! in 0.3-10 keV energy band. Among the
previously observed flares, the largest one was observed with
Chandra, having a peak flux ~11 times larger than the quies-
cent value. Large-scale surface magnetic fields was estimated
by Bopp & Evans (1973) suggesting an existence of large scale
organized magnetic field, which can store a large amount of
magnetic energy, that can be released in the form of a super-
flare.

The paper is structured as follows: Observations and the
data reduction procedure are discussed in § 2. Analysis and
results from X-ray timing and spectral analysis along with
the time-resolved spectroscopy, and loop modeling are dis-
cussed in § 3. Finally, in § 4 we discuss our results and present
conclusions.

2 Observations and data reduction
2.1 BAT Data

The flare F1 triggered Swift’s Burst Alert Telescope (BAT;
Barthelmy et al., 2005) on 2008 October 16 UT 11:22:52(=770;)
during a preplanned spacecraft slew. We used BAT pipeline
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Figure 1: Flare F1 observed with Swift BAT (top) and XRT (bottom). Temporal binning for BAT and XRT light curves were 50 s
and 10 s, respectively. Dashed vertical lines indicate the trigger time, whereas dotted vertical lines show the time intervals for

time resolved spectroscopy.

software within FTOOLS! version 6.18 with latest CALDB
version ‘BAT (20090130) to correct the energy from the ef-
ficient but slightly non-linear on board energy assignment.
BAT light curves were extracted using the task BATBINEVT.
For the spectral data reported here, the mask-weighted spec-
tra in 14-50 keV band were produced using BATMASKWTEVT
and BATBINEVT task with energy bin of 80 channels. The
BAT ray tracing columns in spectral files were updated using
BATUPDATEPHAKW task, whereas the systematic error vector
was applied to the spectra from the calibration database us-
ing BATPHASYSERR task. The BAT detector response matrix
was computed using BATDRMGEN task. The sky images in
two broad energy bins were created using BATBINEVT and
BATFFTIMAGE, and flux at the source position was found us-
ing BATCELLDETECT, after removing a fit to the diffuse back-
ground and the contribution of bright sources in the field of
view. Spectral analysis of all the BAT spectra was done us-
ing X-ray spectral fitting package (xsPEc; version 12.9.0; Ar-
naud, 1996). All the errors associated with the fitting of the
BAT spectra were calculated for a confidence interval of 68%
(Ax?=1).

2.2 XRT Data

The X-Ray Telescope (XRT; Burrows et al., 2005) started to
observe flare F1 from 147.2 s after 70;. The XRT observes
in the energy range of 0.3-10 keV using CCD detectors, with
the energy resolution of ~ 140 eV at Fe K (6 keV) region as
measured at launch time. In order to produce the cleaned
and calibrated event files, all the data were reduced using the

IThe mission-specific data analysis procedures are
provided in FTOOLS software package; a full descrip-
tion of the procedures mentioned here can be found at

https://heasarc.gsfc.nasa.gov/docs/software/ftools/ftools_menu.html

Swift XRTPIPELINE task (version 0.13.2) and calibration files
from the latest CALDB version ‘XRT (20150721) release 2.
The cleaned event lists generated with this pipeline are free
from the effects of hot pixels and the bright Earth. Due to the
large XRT count rate of flare F1, the initial data recording was
in Windowed Timing (WT) mode; ~11.7 ks after 7°0; to the
end of the observation (~31.1 ks after 70;) data were taken
in Photon Counting (PC) mode, spread across four snapshots.
From the cleaned event list, images, light curves, and spectra
for each observation were obtained with XSELECT (version
2.4c) package. We only use grade 0-2 events in WT mode
and grade 0-12 events in PC mode to optimize the effective
area and hence the number of collected counts.

In order to correct for the pile-up effect, the source region
of WT data were extracted in a rectangular 40 x 20-pixel re-
gion (40 pixels long along the image strip and 20 pixels wide;
1 pixel = 2.36") with a region of increasing size (0% 20-20x 20
pixels) excluded from its center, whereas background region
was extracted as 40x20-pixel region in the fainter end of
image strip. We produced a sample of grade ratio distribu-
tion using background-subtracted source event lists created
in each region. The grade ratio distribution for grade 0 event
is defined as the ratio of grade 0 event over the sum of grade
0-2 events per energy bin in the 0.3-10 keV energy range.
Comparing the grade ratio distribution with that obtained
using non-piled-up WT data we find that an exclusion of the
innermost 5 pixels was necessary for the WT mode data. In
PC mode, we fit the wings of the source radial PSF profile
with the XRT PSF model (a King function; see Moretti et al.,
2005) excluding 15 pixels from the center and then extrapo-
lated to the inner region. The PSF profile of innermost 4 pix-
els was found to deviate from the King function, exclusion of

2See http://heasarc.gsfc.nasa.gov/docs/swift/analysis/
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which enables us to mitigate the effects of pile-up from PC
mode data.

Taking into account the point-spread function correction
(PSF; Moretti et al, 2005) as well as the exposure map cor-
rection, the ancillary response files for the WT and PC modes
were produced using the task XRTMKARF. In order to perform
the spectral analysis, we used the latest response matrix files
(Godet et al, 2009) ie. swxwT0TO256_20010101V015.RMF
in WT mode and swxpc0T012s6_20010101v014.RMF in PC
mode. All XRT spectra were binned to contain more than
20 counts bin~!. The spectral analysis of all the XRT spec-
tra was carried out in an energy range of 0.3 to 10 keV using
xsPEC. All the errors of XRT spectral fitting are estimated
with 68% confidence interval (Ax?= 1), equivalent to +10.
In our analysis the solar photospheric abundances (Zg) were
adopted from Anders & Grevesse (1989), whereas to model
Ny, we used the cross sections obtained by Morrison & Mc-
Cammon (1983).

3 Results and Analysis
3.1 X-ray light curves

X-ray light curves of CC Eri obtained in 0.3-10 keV and
14-150 keV energy bands are shown in Fig. 1. The BAT ob-
servation began at 7'0;-243 s shows a rise in intensity up
to 701 +100 s where it reaches a peak intensity with a count
rate of 0.024 +0.005 counts s~ !, which is ~24 times higher
than the minimum observed count rate. A sharp decrease
in intensity up to nearly 7'0;+450 s was observed followed
by a shallower decay till the end of the BAT observations
at ~T'0;+950 s. The XRT count-rate of flare F1 was already
declining as it entered the XRT field of view at 70;+142 s.
Due to the pile up correction, we lost significant amount of
photons, the peak XRT count rate for the pile-up corrected
data is found to be 43747 counts s~1, which is ~100 counts
s~! lower than the previously reported count rate (Evans
et al., 2008). Flare F1 was still survived during the ~1.8 ks
of WT mode observation, after that, the observation was
switched over in PC mode where count rates found to be con-
stant and marked as ‘PF’ in Fig. 1(a). The XRT count rates
at the peak of the flare was found to be 474 times more than
those in the post-flare state. The e-folding rise times (7,) of
the flare F1 derived from BAT data are found to be 150+12's;
whereas e-folding decay times (74) with BAT and XRT data
were found to be 283+13 and 539+4 s. This indicates a faster
decay in hard X-ray band than in soft X-ray.

3.2 BAT Spectral Analysis

In order to trace the spectral change, we have divided BAT
light curve into nine time segments, spectra of each time seg-
ments were extracted. The dotted vertical lines in the top
panel of Fig. 1(b) indicate the time intervals during which
BAT spectra were accumulated. In this section, we analyze
only those time segments where only the BAT observations
were available, i.e. first two time segments for flare F1 (P1
and P2). The hard X-ray spectra were best-fitted using sin-
gle temperature Astrophysical Plasma Emission Code (APEC;
see Smith et al., 2001) as implemented for collisionally ion-
ized plasma. The addition of another thermal or non-thermal
component does not improve the fit-statistics. Since the stan-
dard aApEc model included in the xspEc distribution only con-
siders emission up to photon energies of 50 keV; therefore,
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we restricted our analysis in 14-50 keV energy band. The
abundances in this analysis were fixed to the mean abun-
dances derived from XRT spectral fitting (see § 3.3) given in a
multiple of the solar values of Anders & Grevesse (1989). The
galactic H1 Column Density (Ny) in the direction of CC Eri
is calculated according to the survey of Dickey & Lockman
(1990) and kept fixed at the value of 2.5x10%° cm=2. The
variation in hard X-ray luminosity (Lx 14—50]), plasma tem-
perature (kT), and emission measure (EM), and abundances
(Z) derived from the BAT spectra are illustrated in Fig 3.
The inferred peak plasma temperatures during the flare was
>14.4 keV.

3.3 XRT Spectral Analysis
3.3.1 Post-Flare spectra

The coronal parameters of PF phase were derived by fit-
ting single (1T), double (2T), and triple (3T) temperature
APEC model. The global abundances (Z) and interstellar H1
column density (Ny) were left as free parameters. None of
the plasma models (17T, 2T, or 3T) were formally acceptable
with a solar photospheric abundances with a large x? value.
The 2T and 3T plasma models with sub-solar abundances
were found to be significantly better fit, although, the 2T
model was not found to be formally acceptable and inspec-
tion of residuals showed evidence of line emission near 0.6
keV. Only a 3T plasma model with sub-solar abundances was
found to be acceptable with a reduced x? value of 1.14 for 119
degrees of freedom (DOF). The F-test applied to the x? result-
ing from the fits with ApEc 2T and 3T model showed that the
3T model is more significant with a F-statistics of 25.3 and a
null hypothesis probability of 6.78x10~1°. Addition of one
more thermal component did not show any further improve-
ment in the reduced y?; therefore, we assume that the post-
flare coronae of CC Eri were well represented by three tem-
peratures plasma. The derived value of Ny from the spectral
analysis was found to be less than the total galactic Hr col-
umn density (Dickey & Lockman, 1990) towards the direction
of that star. The first two temperatures in 3T model were de-
rived to be 0.2570:0% and 0.9470 53 keV, respectively, which
is found to be within 1o level of the two temperature quies-
cent corona of CC Eri derived by Crespo-Chacon et al. (2007)
and Pandey & Singh (2008) using XMM-Newton data. This
indicates that the post-flaring region has not yet returned to
the quiescent level and have a third thermal component of
3.4f8:g keV. With the preliminary analysis of the same data
Evans et al. (2008) also suspected that the post-flare region
is not a quiescent state. Therefore, for further analysis, we
considered the first two thermal components as the quiescent
components of CC Eri. The corresponding ratio of two quies-
cent components of emission measure (EM2/EM;) was found
to be ~1.2. The X-ray luminosity in 0.3-10 keV band during
the post-flare region was derived to be 3.81f8:g? x10%9 erg

s7L.

3.3.2 Flare spectra: Time-Resolved Spectroscopy

We performed a detailed time-resolved analysis in order to
investigate the evolution of spectral parameters during the
soft X-ray flare of the WT mode data. The dotted vertical
lines in the bottom panel of Fig. 1(b) show the time inter-
vals for which the X-ray spectra were accumulated. We di-
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Figure 2: Best-fit ApECc model with BAT (P1, P2), XRT+BAT (P3-P9), and XRT (P10, P11) spectra for different time segments
mentioned in the top panel of each plot. The bottom panels show the 1o variation of data from the model.

vided the WT mode data into nine time bins, so that each
time bin contains sufficient and similar number of counts af-
ter correcting for the pile-up. The length of the time bins is
variable, ranging from 60-440 s. The first seven time seg-
ments of XRT data were common with BAT data. In order to
study the flare emission only, we have performed three tem-
perature spectral fit of the data using the APEc model, with
the quiescent emission taken into account by including first
two temperatures from PF spectral fitting as a frozen back-
ground contribution. This technique allows us to derive one
“effective” temperature and one EM of the flaring plasma. Ini-
tially, in the spectral fitting Ny; was a free parameter and ap-
peared to be constant within a 1o level to the quiescent state
value. Therefore, in next stage of spectral fitting, we fixed
Ny to its quiescent state value, along with the two quiescent
thermal components. The global abundances, temperature,
and corresponding emission measures of the third compo-
nent were free parameters in spectral fitting. The time evolu-
tion of derived spectral parameters of the flare F1 is shown in
Fig. 3. The abundance, temperature, and corresponding emis-
sion measure were found to vary during the flare. The peak
value of abundance was derived to be 2. 0+0 2 3 Zo, which was
~7 times more than the post-flaring reglon and ~11 times
more than the quiescent value of CC Eri (Pandey & Singh,
2008). The flare temperature peaked at 11.970-9 keV, which
was ~3.5 times more than the third thermal component ob-
served in PF phase. The EM followed the ﬂare light curve and
peaked at a value of 12. 8+0 2 2x10%* cm ™3, which was respec-
tively ~1424 times more than the minimum value observed
at the post-flare region. The peak X-ray luminosity in 0.3—-

10 keV band during flare F1 was derived to be 30.47) 2 x 103!

erg s~ 1, which was ~798 times more luminous than the post-
flare regions, and ~3378 times more luminous than the qui-
escent state of CC Eri derived by Pandey & Singh (2008). In
order to estimate the amount of soft X-ray luminosity dur-
ing the time segments when only BAT data were collected,
for both the flares, we extrapolated the 14-50 keV luminos-
ity derived from the best-fit APEC model of the BAT data to
the 0.3-10 keV luminosity (shown by solid triangle in the top
panel of Fig 3).

3.4 XRT+BAT Spectral Analysis

In order to investigate time-evolution in spectral param-
eters in a 0.3-50 keV range, we performed a time-resolved
spectroscopy of flare F1 with a joint spectral fit of XRT and
BAT data. We chose seven time-bins (P3-P9) with the same
duration used in the spectral fitting of only XRT data de-
scribed in the previous section (see Fig. 1). In order to de-
rive “effective” coronal parameters for flare emission only
we have fitted three temperature APEC model, with a frozen
background contribution of first two thermal components.
We also added a fourth temperature APEC component in or-
der to explore the possibility of having other temperature
plasma, which does not show any further improvements in
x2. Since galactic Hr column density was not found to be
variable during only-XRT spectral analysis; therefore, we
fixed Ny to its quiescent state value. The global abundances,
temperature and corresponding emission measures of the
third component were free parameters in spectral fitting. The
variations of the spectral parameters are shown in Fig. 3. The
peak temperature derived in this spectral fitting is found to
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Figure 3: Evolution of spectral parameters of CC Eri dur-
ing the flare F1. Parameters derived with XRT, BAT, and
XRT+BAT spectral fitting in all the panels are represented by
solid diamonds, solid stars, and solid squares, respectively.
In top panel (a) the X-ray luminosities are derived in 0.3—-
10 keV (solid diamond), and 14-50 keV (solid star and solid
squares) energy band. For first two segments, BAT lumi-
nosity derived in 14-50 keV energy band is extrapolated to
0.3-10 keV energy band (solid triangles). The dashed-dotted
and dotted horizontal lines correspond to bolometric lumi-
nosity of the primary and secondary components of CC Eri,
respectively. Panels (b), (c), and (d) display the variations of
plasma temperature, emission measure, and abundance, re-
spectively. The dashed vertical line indicates the trigger time
of the flare F1. Horizontal bars give time range over which
spectra were extracted; vertical bars shows 68% confidence
interval.

be 15.8f8:; keV, which is higher than the highest tempera-
ture derived from XRT spectral analysis, whereas the peak
emission measure and abundance were found to be ~1.6 and
~1.2 times lower than to those from XRT data.

3.5 Hydrodynamic modeling of flare decay

The stellar flares, although are not spatially resolved, it is
possible to infer the physical size and the structures of the
flares by solar analogy using the flare loop models. Using hy-
drodynamic simulations of semi-circular flaring loops with
constant cross-section, and including the effect of the heat-
ing in the decay phase of the flare Reale et al. (1997) derived
an empirical formula of loop-length:

TdV Tmax

[ =—__dvy-max
1.85 x 10-1F(()

F(¢) =21 (1)
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Figure 4: Evolution of flare F1 in log vVEM - log T plane. The
dashed line shows the best-fit during the decay phase of the
flares with a slope ¢ shown in top left corner of each plot.

where L is the loop-length in cm, 71, is the maximum tem-
perature (K) of the loop apex, and F'(¢) is a non-dimensional
factor which provides a quantitative diagnostic of the ratio
between the observed decay time (7;) and thermodynamic
cooling time (7¢5). The actual functional form of the param-
eter F'(¢) depends on the bandpass and spectral response of
the instruments. For Swift XRT observations the F({) was
calibrated by Osten et al. (2010) as

Td — F(0) 1.81

Tih (-0
which is valid for 0.4 < ¢ < 1.9. For stellar observations
no density determination is normally available; therefore, we
used the quantity vV EM as a proxy of the density under the
assumption that the geometry of the flaring loop during the

decay. Fig. 4 shows the decay-path log v EM versus log T’
for flares F1. A linear fit to the data provided a slope (¢)
0.596 £ 0.045, indicating the presence of sustained heating
during the decay phase of both flares.

The relationship between the T},,,x and the observed peak
temperature (T,ps) was also calibrated for Swift XRT by
Osten et al. (2010) as Tmax = 0.0261 X T015544, where
both temperatures are in K. The T,,x was found to be
3.424-0.55x 108 K and the flaring loop-length was derived to
be 1.254+0.13x101° cm. Assuming semi-circular geometry,
the flaring loop height (L/7) was estimated to be 0.09 and 0.14
times of the stellar radius (R.) of the primary and secondary
of CC Eri. The derived loop lengths were much smaller than
the pressure scale height® of the flaring plasma of CC Eri;
therefore, we can assume that the flaring loop to be not far
from a steady state condition. We applied the RTV scaling
laws (Rosner et al., 1978) to determine the maximum pres-
sure (p) in the loop at the flare peak and found to be ~12x10°
dyne.cm~2. The plasma density (n.), the flaring volume (V'),
and the minimum magnetic field (B) to confine the flaring

+0.67 @)

3The pressure scale height is defined as hp, = 2kTmax/(11g), where u
is the average atomic weight and g is the surface gravity of the star. Con-
sidering both the stellar components the derived values of A, are >9x 1011
cm for flare F1.



plasma were derived as:

P _3 EM 3
-7 Ly = -
2k T nz S

B=+/8tp G (3)

The estimated values of n., V and B during the flare were
1249% 1012 em™3, 8.3 x 10%8 ¢m?, and ~5.4 kG, respec-
tively. Using the scaling laws of Rosner et al. (1978), we
have also estimated the heating rate per unit volume (Fy =

% ~ 10° p7/6 L =5/6) at the peak of the flare a;st4.8 x103

erg cm ™3 s71. The total heating rate (% ~ o X V) at
the peak of the flare, was derived to be ~39.8 x 1031 erg s~
which is ~1.3 times higher than the flare maximum luminos-
ity. This result is compatible with X-ray radiation being one
of the major energy loss terms during the flare. If we assume
that the heating rate is constant throughout the decay phase
of the flare, the total energy radiated during the flare is given
by EX tot > % X (74), and derived to be >2.1x103° erg,
which is ~59 s of bolometric energy output of the primary
and ~332 s of bolometric energy output of the secondary.

Ne

4 Discussions and Conclusion

In this paper, we have presented a superflare observed on
an active binary system CC Eri with the Swift satellite, which
is remarkable in its peak luminosity enhancement in soft and
hard X-ray energy bands. A total of eight flares were de-
tected in X-ray bands on CC Eri thus far, out of which the
flare discussed in this paper, is the strongest flare in terms
of energy released. The soft X-ray luminosity reaches up
to ~3378 times more than to that of the quiescent value,
which is much larger than any of the previously reported
flares on CC Eri observed with MAXI GCS (~5-6 times more
than quiescent; Suwa et al., 2011), Chandra (~11 times more
than quiescent; Nordon & Behar, 2007), XMM-Newton (~2
times more than quiescent; Pandey & Singh, 2008; Crespo-
Chacoén et al., 2007), ROSAT (~2 times more than quiescent;
Pan & Jordan, 1995) and other flares observed with EXOSAT
(Pallavicini et al., 1988), Einstein IPC (Caillault et al.,, 1988),
and HEAO1 (Tsikoudi, 1982). However, similar magnitude
flares have been reported in the other stars such as DG CVn
(Fender et al., 2015), EV Lac (Osten et al.,, 2010; Favata et al,
2000), II Peg (Osten et al., 2007), UX Ari (Franciosini et al,
2001), AB Dor (Maggio et al., 2000), Algol (Favata & Schmitt,
1999), and EQ1839.6+8002 (Pan et al., 1997). Considering that
the flare had happened in the primary (K7.5V), the peak X-
ray luminosity of flare F1 was found to be 84% of bolometric
luminosity (Lpe1); if the flare had happened in the secondary
(M3.5V) star, the peak X-ray luminosity was 469% of Ly,
whereas, the peak luminosity was found to be 71% of com-
bined Lyo;. During the flare F1, the temperature reached a
maximum value of ~342 MK, which is quite high from pre-
viously observed maximum flare temperature derived with
Chandra (Nordon & Behar, 2007) and XMM-Newton (Pandey
& Singh, 2008; Crespo-Chacén et al., 2007), but this value is
of the similar order to those of the other superflares detected
on EV Lac (=150 MK and =142 MK; Favata et al., 2000; Os-
ten et al., 2010), Il Peg (=300 MK; Osten et al., 2007), and AB
Dor (114 MK; Maggio et al., 2000). The peak abundances
are found to enhance ~11 times more than that of the quies-
cent value. During other superflares, abundances were found
to increase between 2-3 times more than that of the quies-
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cent level (Favata et al, 2000; Favata & Schmitt, 1999; Maggio
et al., 2000). But the superflare observed with Swiftin EV Lac,
the abundances were found to remain constant throughout
the flare. With hydrodynamic modeling, we derived the loop
length of both flares to be ~1.3 x 1019 cm, which is ~2.2 times
larger than two previously observed flares by XMM-Newton
satellite (Crespo-Chacon et al., 2007) on CC Eri. The loop
lengths are also in between the loop lengths derived for other
G-K dwarfs, dMe stars and RS CVn type binaries (e.g. Favata
& Micela, 2003; Pandey & Singh, 2008, 2012). The heating rate
during the flare F1 is also found to be ~93% of the bolometric
luminosity of the CC Eri system. Under the assumptions that
the energy release is indeed of magnetic origin, the total non-
potential magnetic field By involved in a flare energy release
within an active region of the star can be obtained from the
relation:

(Bs — B?)
8w

Assuming that the loop geometry does not change during the
flare, By is estimated to be >9.7 kG. Although we have used
the loop volume in the derivation of By, this is not to imply
that the field fills up the whole volume. Rather, our estimates
can be interpreted as the flare energy stored in a magnetic
field configuration (e.g. a large group of spots) with a field
strength of several kG, covering a volume comparable to the
one of the flaring loop. Bopp & Evans (1973) has estimated
a magnetic field of 7 kG on CC Eri at photospheric level.
Most dynamo theories suggest (Durney et al., 1993) that less
magnetic flux should be generated by a turbulent dynamo as
compared to the case of the solar-type “shell” dynamo, be-
cause there is no stable overshoot layer where the fields can
be stored and amplified. This suggests that the flares might
happen most likely on the corona of the primary K7.5-type,
rather than the secondary M3.5-type. However, M-type star
EV Lac (Favata et al, 2000) and few other M-dwarfs (Shulyak
et al., 2014) shows very high surface magnetic fields, which
can not be explained with an hypothesis of the M-type stars
are fully convective. In this scenario, it is very difficult to
identify the component of the binaries on which the flares
have happened.

Thus with Swift BAT and XRT instrument we have anal-
ysed a superflare on CC Eri, which is the first superflare ever
identified on this object, and gives a useful information about
the upper extreme of magnetic activities. We also have de-
tected Fe Ko line emission during different time-segments of
the flare. Details study of the superflare will be published
elsewhere (Karmakar et al. 2016).

Ex tot = xV (4)
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