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Abstract: The photometry and flare analysis of Kepler flare candidate 2MASS J22285440- 1325178 has been presented.
The light curve shows the amplitude distributions for the 2MASS J22285440-1325178. From the light curve, the shorter
amplitude represents the short duration of the flares while the larger amplitude show the highest peak of the flares, with
amplitude range duration from 7457.70-15482.7700 (e”/sec). The magnitude of the flares varies with times (days) and the light
curve, the plot of the light curve demonstrates the frequency of the flares and the range of the magnitude. The amplitude
represents the flux peak of each flare, which indicates that flare stars have larger amplitudes and hence larger star spots than
normal stars. Our data was obtained from the Milkulski Archive for Space Telescope (MAST). The instrument used for data
analysis of 2MASS J22285440-1325178 candidate are python Jupiter notebook software package. In addition, aperture
photometric reduction of 2MASS J22285440-1325178 at EPIC 206050032 have been carried out to obtain the light curve.
Furthermore, flare amplitude was analyzed as well as the flare rise time and equivalent duration.
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1. Introduction

Flare stars are stars that brighten rapidly over a short
period of time and are found in cool stars such as K, G, and
M stars [1]. They are magnetically active [32]. A sharp
intense outburst on the star surface caused by a magnetic
reconnection from the inside to the exterior of a cool dwarf
star causes the luminosity or abrupt brightness to be noticed
in an observer's line of sight within a short amount of time
[2]. This behavior is frequently observed in red dwarfs,
which are smaller or similar in size to the Sun and have lower
surface temperatures in the range of 4000 to 6000K than
medium-sized or gigantic stars [3]. Because red dwarfs have
low surface temperatures, their brightness is dim, and their
brightness magnitudes are small, making them difficult to
observe. During an outburst, however, the brightness
magnitude or flux increases dramatically, allowing telescopes

to identify them.

Photometry, in which the telescope measures the
brightness magnitude, or spectroscopy, in which the flux is
measured, are two methods of observation. Photometry is the
science of determining the brightness of light as seen by the
human eye [4]. Aperture photometry is a basic technique for
measuring the brightness of an astronomical object, such as a
star or galaxy, in astronomical picture data analysis.

It is the summation of observed counts from a sub-image
including the source (or possibly sources) and subtraction of
the sky background contribution calculated from a nearby
imaged region that excludes the source of interest to calculate
source intensity [5].

As a result of magnetic reconnection, flares appear on
nearly all main sequence stars with outer convective
envelopes [24, 25]. They are often found on low-mass stars
with deep convection zones, such as M dwarfs, and occur
stochastically. Solar flares are like planetary flares. Both are
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thought to form through the same mechanism: a magnetic
reconnection event produces a beam of charged particles that
collides with the stellar photosphere, causing rapid heating
and the emission we see at nearly all wavelengths [6]. The
strength of the stellar surface magnetic field influences the
frequency and energy of flares. The Sun is a well-studied and
well-known flare possibility [7]. On the Sun, reconnection
occurs around a pair of sunspots or between groupings of
spots. Due to a constant loss of angular momentum, the
strength of a star's surface magnetic field weakens over time,
quieting the internal dynamo [8, 9].

In layman's terms, a flare star is a brief increase in the
brightness of a star; thus, flare stars are variable stars. A
variable star is one whose brightness (or apparent size)
changes as observed from Earth. The difference could be as
small as a few parts per million, or it could be a thousand
times larger. It could happen in a fraction of a second, or it
could take years, decades, or millennia. These are extremes,
but astronomers have devised a variety of methods for
locating, measuring, and analyzing the complete range of
variable stars.

Because the variances provide essential and often-unique
information on the nature and evolution of the stars, this is
the case. This data can be utilized to derive even more
fundamental understanding about the cosmos. A shift in
emitted light or anything partially obstructing the light, such
as an exoplanet, might produce this variation [26]. As a result,
the Kepler Mission's goal is to find Earth-size planets in the
habitable zones of solar-type stars like F and K stars [10, 11],
quantify their frequency, and characterize them. The
preferred method is transit photometry, which reveals the
planet's orbital period and size in relation to its star.

High photometric precision is required for transit
photometry, which requires continuous time series data of
many stars over a long period of time. Though Kepler was
created with the goal of detecting terrestrial planets, the
nature of Kepler data set makes it extremely useful for stellar
astrophysics. Photometric study in astronomy is a way of
observing a particular object by counting the number of
photons emitted from a target in seconds using a charge
couple devices (CCD) telescope [12, 13].

Searching archive data of 2MASS from the Kepler K,
online database for photometric data of 2MASS J22285440-
1325178 will be the next step (LP 760-3). On 2MASS

J22285440-1325178 (LP 760-3), aperture photometric
reduction will be done to produce a target pixel file and a
light curve data, followed by data reduction to obtain the
light curve and a series of analyses to estimate the flare
parameters.

2. Data Source

The research data was collected from Milkulski Archive
for Space Telescope (MAST), Kepler K, campaign 3 for
studying the properties of 2MASS J22285440-1325178. The
Milkulski Archive for Space Telescope (MAST) is a NASA
funded project to support and provide to the astronomical
community a variety of astronomical data archives, with the
primary focus on scientifically related data sets in the optical,
ultraviolet, and near-infrared parts of the spectrum. MAST is
hosted by the Space Telescope Science Institute (STScI) in
the United States. K, data for 2MASS J22285440-1325178
was sourced from the MAST online archive. The optical fits
file data was downloaded from the
(http://archive.stsci.edu/hlsps/polar/c03/206000000/49476/hl
sp_polar_k, lightcurve 206049476-c03 kepler v1 llc.fits.)
A FITS (Flexible Image Transport System) is the data format
most widely wused within astronomy for transporting
analyzing and archiving scientific data files.

2.1. Methods

The instrument used for data analysis and light curve of
2MASS J22285440-1325178 candidate are python Jupiter
notebook software package which are meant to give out
information objectively through their effective usage to
produce results. This work follows series of methods, which
are described in this section.

2.2. Target Selection Tools

K,fov Python package was used to identify the exact
campaign the target enables the community to test whether
targets fall within a campaign field the target 2MASS
J22285440-1325178 falls in. Findings shows that the target
was observed in K, campaign 3 whose sky field is shown in
Figure 1. The following header properties were obtained
from the header unit of the fits file.

Table 1. Header Properties of 2MASS J22285440-1325178 from K archive.

PROPERTIES OF 2MASS J22285440-1325178 FROM K, ARCHIVE VALUE
Observation Type Science
Mission K,

Provenance Name hlsp_polar
Instrument Name Kepler

Project hlsp_polar
Filters Kepler
Waveband (wavelength region) Optical

Target Name polar206049476

Observation ID
RA (s_ra)

polar206049476-c03_lc
337.229925 (22:28:55.182)
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PROPERTIES OF 2MASS J22285440-1325178 FROM K, ARCHIVE

VALUE

Dec (s_dec)

Proposal ID

Product Type

Calibration Level

Object Kepler ID

CCD channel

CCD module

CCD output

Observing campaign number

Data release version number
Observing mode

Target table ID

Reference frame of celestial coordinates
Right ascension (deg)

Declination (deg)

Equinox of celestial coordinate system
J band magnitude from 2MASS (mag)
H band magnitude from 2MASS (mag)
K band magnitude from 2MASS (mag)
Kepler magnitude (Kp mag)

Start Time (t_min)

End Time (t_max)

Exposure Length (t_exptime)

Min. Wavelength (em_min)

Max. Wavelength (em_max)

-13.436741 (-13:26:12.27)
GO3051_GO3081
Timeseries

2

EPIC 206050032

37

12

3

26

Long cadence

79

ICRS

337.226670

-13.421627

2000.0

10.768

10.217

9.843

13.211

56976.5977806366 (2014-11-15 14:20:48)
57045.7655296296 (2015-01-23 18:22:21)
5976093

418400000000

905000000000

POLYGON ICRS 337.22764049 -13.43451900 337.22764044 -

Son 13.43896300 337.23220956 -13.43896300 337.23220951 -13.43451900
Data Rights Public
Product Group ID 9700039452
. Each of the pixels are 4 arc seconds across. The point
2.3. Data Reduction

The fits data was reduced using Kepler photometric
reduction tools available at https://archive.stsci.edu/missions-
and-data/k2.

Aperture photometry was performed to obtain target pixel
files. Target Pixel Files (TPFs) are files common to
Kepler/K, and the TESS mission. They contain movies of the
pixel data cantered on a single target star; in this case
2MASS J22285440-1325178. A Target Pixel File of 2MASS
J22285440-1325178 is shown in Figure 2.

Target ID: 206050032, Cadence: 99599
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Figure 1. Target Pixel File of 2MASS J22285440-1325178 shown the first
frame as observed from the light curve.

spread function (PSF) of the telescope causes the light from
the star to fall onto several different pixels, which can be
seen in the image above. Because of this spreading, there is
need to sum up many pixels to collect all the light from the
source. To do this, all the pixels in an aperture were summed
up. An aperture is a pixel mask, where only the pixels related
to the target are taken. The Kepler data reduction pipeline
adds an aperture mask to each target pixel file. This aperture
determines which pixels are summed to create a 1-D light
curve of the target. Figure 3 shows the target pixel file with
its aperture mask.

Target ID: 206050032, Cadence: 99599
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Figure 2. Target Pixel File of 2MASS J22285440-1325178 with its mask.
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3. Result light curves of the flare period, amplitude, flare rise time and

) . ) . ) equivalent duration of 2MASS J22285440-1325178.
A plot of flux (e’sec) against time (days) is shown in the
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Figure 3. The Light curve of the flare period, amplitude, flare rise time and equivalent duration of 2MASS J22285440-1325178 observed at EPIC 206050032
by Kepler K, campaign 3. Min flux: 7457.7085, max flux: 15482.7700, flux range: (€ sec) 7457.7085 to 15482.7700.

T T T T T T T T T T T T T T T T T T T | T

- k2sc 206050032 Sap -

Flux
15737.54 15985.28 16233.01

15489.80

15242.07

oA

2160.0000 2176.0000 2192.0000 2208.0000
Time (BJD-2454833)

Figure 4. The Light curve of the flare period, amplitude, flare rise time and equivalent duration of 2MASS J22285440-1325178 observed at EPIC 206050032
by Kepler K, campaign 3. Min flux: 14994.3330, max flux: 16480.7480, flux range: (¢ sec) 14994.1235 to 16480.7480.
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Figure 5. The Light curve of the flare period, amplitude, flare rise time and equivalent duration of 2MASS J22285440-1325178 observed at EPIC 206050032
by Kepler K, campaign 3. Min flux: 0.9056, max flux: 1.1080, Flux range (e-/sec): 0.9567 to 1.1080.
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Figure 6. The Light curve of the flare period, amplitude, flare rise time and equivalent duration of 2MASS J22285440-1325178 observed at EPIC 206050032
by Kepler K, campaign 3. Min flux: 14164.4619, max flux: 17040.4727, Flux range (e-/sec): 14164.4619 to 17040.4727.
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Figure 7. The Light curve of the flare period, amplitude, flare rise time and equivalent duration of 2MASS J22285440-1325178 observed at EPIC 206050032
by Kepler K, campaign 3. Min flux: 17274.7285, max flux: 19743.5664, Flux range (e-/sec): 17274.7285 to 19743.5664.

Table 2. The Light curve of the flare period, amplitude, flare rise time and equivalent duration of 2MASS J22285440-1325178 observed at EPIC is presented

in the table below.

EPIC ID Rotation period (Prot) d

Min flux Duration (e’sec)

Max flux Duration (e’sec) Amplitude Flux Range (e’ sec)

206050032 >70.00 14835.62

15482.77 7457.70-15235.46

3.1. Discussion

I have analyzed flaring activity from a sample of 2MASS
J22285440-1325178 covering a range of spectral types, using
K, SC data, placed lower limits on the rotation periods of
2MASS J22285440-1325178 using the K, light curves. In
addition to this, I used the flare characteristics (energy,
duration, and phase of the rotation cycle) to compute a
statistical analysis of flares of this sample. It is known, from
previous studies, [14, 15, 17], that faster rotating stars show
greater flaring activity and the activity drops for stars with
rotation periods >10 d.

In figure 3, the light curve which shows the amplitude
distributions for the 2MASS J22285440-1325178 s
displayed, the magnitude of the flares varies with times (day)
and the light curve plot demonstrating the frequency of the
flares and the range of the magnitude. The amplitude
represents the flux peak of each flare, certainly indicates that
flare stars have larger amplitudes and hence larger star spots.
The situation for individual effective temperature ranges is
not as clear, but one can indeed conclude that there is a
tendency for flare stars to have larger spots (larger
amplitudes) than non-flare stars.

The effective data and radii in the KIC were used to obtain
the approximate light curve. Therefore, nothing can be
inferred about the occurrence of flares on the 2MASS

J22285440-1325178. Clearly, nearly all flares detected by
Kepler have amplitudes more than 500 ppm.

Figure 4 shows the Light curve of the flare. Clearly,
rotation plays an important role in generating flares, but this
role may be indirect. Rotation is a measure of the age of the
star [31, 33], and young stars are more active [34]. Although
most flares show a sharp rise and an exponential decay, a
significant proportion (about one-third) exhibit a bump on the
decaying branch or else a sharp change in decay rate. The
significance of this flare morphology is not clear since the
stars with low surface gravities tend to have flares of longer
duration. This is probably related to the differences in heat
transport that occurs in stars with different atmospheric
densities. The flare energy is strongly correlated with stellar
luminosity and with stellar radius. The flare energy correlates
with the cube of the stellar radius which can be understood if
the typical loop length of a flare is roughly proportional to
the stellar radius. In other words, the larger the star, the larger
the active area. The amplitude represents the flux peak of
each flare.

Figure 5, Flare light curves typically show a rapid rise to a
sharply peaked maximum followed by a relatively slow
decaying phase. The duration of an outburst is the period; the
period varies with flares separated by several time (days)
from the light curves. The variations of amplitude from the
light curve result from flares. The timescales for flare rise
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and decay depends on the number of days, in searching for
flares in the Kepler light curve. It is important to avoid
instrumental effects as far as possible. There are, indeed,
some features in the light curves of stars which resemble
flares, but which occur at precisely the same time in every
star. Such features are avoided since they are clearly not
intrinsic to the star.

In Figure 6, the flare light curve shows the significant
flares rise and the fluctuation of the brightness of the 2MASS
J22285440-1325178 which shows flares variation with
amplitude. The amplitude represents the flux peak of each
flare in the light curve which varies with time (days) and that
the variation of the brightness or flares is because of the
rotation of the star. From the light curve, the shorter
amplitude represents the short duration of the flares while the
larger amplitude shows the highest peak of the flares.
Rotation can produce change in brightness. The amplitude
represents the flux peak of each flare all which were obtained
from the output of flare by Eye (FBEYE).

Figure 7, shows the rotational phase of flares on 2MASS
J22285440-1325178 which identified flaring activity and we
indicated their observed rotation period; the number of flares
together with their duration, amplitude, and energy. Since the
length of each observation differs, We have included a
normalized flare number which is the number of flares
expected on each star if the observation duration was 80 d.

3.2. Flare Identification

The flare identification process was completed using Flares
by eye (FBEYE), a suite of IDL programs created by [23].
FBEYE allows users to manually classify flares present in the
light curve via an interactive display. We are therefore able
to determine for each flare the peak time, start time, end time,
flux peak, and equivalent duration. The light curves which
we used for this process were complete, meaning all
photometric points were used regardless of their quality flag
due to potential flaring events having quality flags which are
not zero. The EVEREST quality flags and FBEYE flare list
were then compared directly to assess the likelihood of the
flare being relevant. Any photometric point with quality flags
which were a result of thruster firing or known instrumental
effects were removed from further analysis. Any point which
had a flag of EVEREST bits 23 and 25 (which may have
been due to cosmic rays or a real stellar flares) were kept.
Events which consisted of only one photometric point were
removed and events which did not have profiles consistent
with being a likely stellar flare (i.e. sharp rise and exponential
decay) were also removed. The data for 2MASS J22285440-
1325178 were analyzed in a consistent manner and show the
number of flares, the range in the duration and amplitude of
the flares in addition. We have added the normalized flare
number which represents the number of flares expected on
each star if the observation duration was 78.3d. The duration
of each flare was calculated from the start and stop times and
the amplitude represents the flux peak of each flare all which
were obtained from the output of FBEYE which is in line
with other authors [18, 19].

3.3. Rotational Phase

Stars with star spots can show a periodic change in
brightness as the stars rotates due to the star spots being
cooler than the surrounding photosphere. If stellar flares
originate from the star spot, one might naively expect more
flares would be seen at rotation minimum where the star spot
is most visible [28, 29]. However, if a star has a low rotation
angle (i.e. one of its rotation poles is close to being face on),
spots near the pole would be visible at all phases, and flares
would be seen at all rotation phases [27].

3.4. Rotation Period

I first set out to determine or constrain the rotation period
from the K, data [16] shows that the method used to
determine the rotation period is initially through the Lomb—
Scargle (LS) periodogram. We define ¢ = 0.0 as the
rotational phase where the flux is at a minimum and is first
obtained by eye. For stars with a modulation period longer
than 10 d, I derive the rotation period, Prot, from the LS
periodogram and fold the light curve to obtain a phase folded
light curve. For stars where Prot< 10d, first is to refine Prot,
and the time TO, which defines the first minimum, by phasing
and folding sections of the light curve taken from the start,
middle, and end [20-22]. This procedure allows Prot and TO
to be determined more accurately than the LS periodogram
alone. This gives us a mean folded light curve. The
uncertainty on the rotation period is estimated by determining
the full width at half max (FWHM) of the corresponding
peak on the power spectrum.

4. Summary

The study of the photometry and flare analysis of Kepler
flare candidate 2MASS J22285440-1325178 was carried out
using the Kepler K, Mission campaign 3, data collected at
EPIC 206050032 using Kepler space optical telescope. The
aim was to investigate the period of the star, to analyses the
flare amplitude, to find out the flare rise time and equivalent
duration. Flare stars are stars whose brightness increases
within a short period and are observed in cool stars
particularly K, G and M stars [14]. They have strong
magnetic activity [30]. The work is based on archived data
obtained from the Kepler K, photometric observations of
campaign 3. It was observed from 2014-11-15 14:20:48 UT
to 2015-01-23 18:22:21 UT in long cadence (~30 minute)
mode. The total observation time for this campaign is 80
days. A photometric reduction of 2MASS J]22285440-
1325178 was carried out from the data obtained at EPIC
206050032 which yielded 3192 good data points. The first
100 data points were used only to plots the light curves of the
flares. All fluxes are in electron/seconds and time in
Barycentric Kepler Julian Date.

Finally, the different light curves of flare activity of
2MASS J22285440-1325178 was plotted showing the peaked
flux which is the amplitude, flare rise time and equivalent
duration and as well as the rotation period.
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5. Conclusion

Previous observations of flaring activity levels in fast,
suggest a rotation-dependent transition in the magnetic
properties of the atmosphere of 2MASS J22285440-1325178
the transition corresponds to approximately 10d, using
previous observations of 2MASS J22285440-1325178. There
is no correlation between the rotation period which is greater
than 70 days, amplitude and flare rise time and equivalent
duration. This show significant rotational period, modulation
amplitude due to a star spot, as well as sharp flares are still
witnessed throughout the observation.

Finally, the period of the star, flare amplitude and flare rise
time and equivalent duration were found.

The most important and surprising conclusion deducible
from this study of 2MASS J22285440-1325178 in the Kepler
photometry is that the relative number of flare is probably
much the same. The light curve shows significant flares
which consistently spans the light curve for 70 days. 2MASS
J22285440-1325178 is a variable star with frequent short and
large flares throughout this observation period. Despite being
observed at long cadence with approximately 30 minutes’
exposure, 2MASS J22285440-1325178, sharp flares are still
witnessed throughout the observation. Finally, the period of
the star, flare amplitude and flare rise time and equivalent
duration were found.
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