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Abstract

Here we report on the flaring variable star AO Ser which was observed with the 0.4m SBIG optical telescope from Las Cumbres
Obervatory Global Telescope Network remotely on 25/09/2022. The Spectrometric analysis was carried out with the SIMBAD
Digital Sky Survey (DSS) menu from the VizieR GUI on the Aladin Software to obtain flux density, flare energy, flare wavelength
and flare frequency. The light curve of AO Ser shows that the source has a strong presence of flares. Hence, we estimated the
flare energy, flare wavelength and flare frequency of AO Ser at peak flares so as to deduce its spectral energy distribution.

From the spectral energy distribution, the Aladin software automatically estimated the Flare Energy of AO Serat(as) 1.09e—2eV

, the Flare flux density of AO Ser F(v) at 3.27e+1.Jy and Flare Flux Energy of AO Ser F'(1) at 7.55¢—12erg —lem—2 um—1.

We conclude that AO Ser is an eclipsing binary variable flaring stars that is losing mass in form of heat.

Keywords: Spectrometry; Flares; Flare Energy; Flux Frequency

Abbreviations: DSS: Digital Sky Survey; SED: Spectral
Energy Distribution; M]D: Modified Julian Date; VLBOI: Very
Large Baseline Optical Interferometry; LCGOT: Las Cumbres
Observatory Global 0.4m Optical Telescope.

Introduction

AO Ser is a star that has an 11-year activity cycle, just
like our Sun does. During this cycle, the number of sunspots
regions where the star’s magnetic field is strong) increases
and decreases over time [1]. This is thought to be related to
the star’s “dynamo,” which is a process that generates the
star’s magnetic field. As the activity cycle progresses, the
star’s magnetic field lines can become twisted and tangled,
which eventually leads to the release of energy in the form
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of solar flares [2]. AO Ser flares had been extensively studied
by previous investigators Chisom, et al. [1], Chika, et al.
[2], Brancewiez, et al. [3], Hoffman, et al. [4]; Yang, et al.
[5], Alton, et al. [6], Koch, et al. [7], Wood, et al. [8]. These
authors all discovered visible flares on the light curve of
AO Ser. Approximately 70% of stars in our Galaxy are red
dwarfs. Majority of stars in that group exhibit flare activity.
Such a bright and intriguing form of light variations has
drawn attention of many reserchers. Consequently, there
are published many papers on that subject and thousands
of red dwarfs were investigated up to now. For few objects
the phenomena of flare light variations were observed in the
full range of wavelengths [9-11]. Our understanding of the
nature of such light variations of red dwarfs was extended
by the analogy to similar events observed on the Sun. Models
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comprehensively describing eruptions were presented by
Katsova, et al. [11], Hawley, et al. [12], Katsova, et al. [13],
Shibata, et al. [14,15], Stepanov, et al. [16] and others.
However, there exist new observational data which cannot
be explained by the existing models.

The main purpose of this study is to observe AO Ser with
V-filter and B-filter. Plot the light curves to verify the presence
of flares and estimate the spectrometric flare energy, flare
frequency and flare wavelength.

Methods

Methods of Spectroscopy using Aladin for
Spectrum and Spectral Energy Distribution

Spectroscopic stellar identification of the binary star and
that of the comparison stars was done with Aladin software
to allow us visualize the digitalized astronomical images
superimposed entries from astronomical catalogue in the
database. The AstroLab computers with window version 11.0
of the Aladin Software was launched and the option ‘File’ was
initiated to open the ‘Load directory’ URL of the Aladin GUI.
We clicked the Digital Sky Survey (DSS) menu from the Aladin
GUI on the Left hand side of the software pane view. For the
digital stellar identification analysis, the target name e.g ‘AO
Ser’ was entered for all variable stars under consideration.
The SIMBAD application for the digital sky survey on the
RHS of the software pane view of the Aladin GUI was also
launched to modify the radius as 15’ followed by clicking on
‘Display Filter’. The dialogue box ‘Star’ was activated because
the analysis is specifically on stars and not any other source
and finally the data was submitted.
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Spectral Energy Distribution Analysis

For the Spectral Energy Distribution analysis, the VizieR
GUIonthe Aladin Software was activated to obtain flux density,
energy density, Target Right Ascension RA and Declination
DE in Julian date, frequency, and wavelength of AO Ser for
further analysis. We processed the VizieR plot of AO Ser on
the Aladin GUI to obtain the Spectral energy distribution
data to obtain the spectral energy distribution (SED) data of
AO Ser from the Aladin software which is a plot of brightness
or flux density (power) against the frequency or wavelength
from a target. The light curve of the continuum flux of the
star and the spectral signatures of the target produces all
parametric information needed from the target. The astropy
api codes in python program was written to run the spectral
analysis of the source and produce the light curve and
spectral stellar parameters for AO Ser. Python version 2022
was used to generate the Spectral energy distribution plots
and for the spectral analysis of the flare energy, wavelength
and frequency for AO Ser. For AO Serpentis, from our VizieR
GUI on the Aladin Software data reduction, the flux density,
energy density, Target Right Ascension RA and Declination
DE in Julian date, frequency, and wavelength were obtained.

Results

We obtained the spectral energy distribution (SED)
data of AO Ser from the Aladin software which is a plot of
brightness or flux density (power) against the frequency or
wavelength from a target. The light curve of the continuum
flux of the star and the spectral signatures of the target
produces all parametric information needed from the target.

AO Ser - C1 for V and B Filters.

Figure 1: The Light Curve for AMagnitude vs M]D of AO Ser Revealing the Presence of Flares in the Background Separation for

Esaenwi S and Sigalo FB. Spectral Energy Distribution of Flares in the Variable Star AO Serpentis.

Open ] of Astro 2024, 2(1): 000104.

Copyright© Esaenwi S and Sigalo FB.



Open Access Journal of Astronomy

Figure 2: The Light Curve for AMagnitude vs Mjd of AO Ser Revealing the Presence of Flares in the Background Separation for
Ao Ser - C2 For V and B Filters.
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Figure 3: The Light Curve for AMagnitude vs M]D of AO Ser Revealing the Presence of Flares in the Background Separation for
AO Ser - C3 for V and B Filters.

J

Figure 4: The Light Curve for AO Ser Revealing the Presence of Flares in the Background Separation for AO Ser - (C1,2,3) for
V and B Filters.
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Spectrum for Spectral Energy Distribution in the spectrum for WW Cnc and CZ Aqgr for the estimation of
Observed Variable Stars energy, wavelength and frequency distribution in the stellar
flares.

Figures 1-4 is the spectrum of AO Ser, Figures 5-7 is

Figure 5: Spectrum of the Flux Density versus Energy of Eclipsing Variable Star AO Ser.
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Figure 6: Spectrum of the Flux Density versus Wavelength of Eclipsing Variable Star AO Ser.
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Figure 7: Spectrum of the Flux Density versus Frequency of Eclipsing Variable Star AO Ser.

Discussion

Light Curve for Flare Detection in AO Ser

Figures 1-4 represents the light curve for V and B filters
for the background separation for AO Ser showing clear
evidence of flares in the target. The Figures are visible plots
of the stellar magnitude (AMagnitude) vs Stellar Phase of AO
Ser revealing a strong presence of flares in the background
separation of comparative star C1, C2 and C3. From the
target star decompressed as AO Ser - C1 through the V and
B Filter in Figure 1, there is evidence of flare. Figure 3 is also
revealing a strong presence of flares in the light curve of
the background separation of comparative star C2 from the
target star decompressed as AO Ser — C2 through the V and B
Filters. The flare on the V and B filter is also very prominent
in Figure 3. The average combined results on Figure 4. is
an express indication that the flare on AO Ser is intrinsic.
From this results obtained, it be seen that AO Ser is a flaring
Eclipsing- Variable Star which agrees with Chisom, et al. [1].

Spectral Energy Distribution of AO Ser

Figure 5 is the plot of flux density versus Energy of the
eclipsing variable star AO Ser. The star was identified as V* EB
AO Ser which is a binary eclipsing variable star belonging to
the family of flaring stars with centre right ascension RA and
declination DE for V* AO Ser as (150 58’ 18.410” + 170 16’
10.006") respectively usinganinstrumental radius of 5 arcsec.
From the light curve, the Aladin software used automatically
estimated the Flare Energy of AO Serat1.09¢ -2 eV, the Flare
flux density of AO Ser at 3.27e+1Jy and Flare Flux Energy
of AO Ser at7.55e—12erg—lcm—2um—1. Furthermore,
Figure 6 is the plot of flux density versus wavelength of
the eclipsing variable star AO Ser. From the spectral energy
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distribution analysis, AO Ser flare wavelength was measured
at2.19e+0um . Figure 7 is the plot of flux density versus
frequency of the eclipsing variable star AO Ser. The spectral
energy distribution flare frequency of AO Ser obtained during
flare is 6.75¢+5GHz .

Conclusion

A real time observation on Flaring Variable stars AO
Serpentis, had been remotely conducted to investigate
their observed data using B and V-filters from Las Cumbres
Observatory Global 0.4m Optical Telescope (LCGOT) and
the Very Large Baseline Optical Interferometry VLBOI. The
LCOGT data were collected and analysed using Spectrometric
methods. From these analysis and data reduction, it detected
abinary star systems in all variable star light curve observed.
The results show that the observed stellar pulsation and
variability in AO Ser is intrinsic and not extrinsic.

Results oftheresearch clearly achieved a visible detection
of flares in all light curve of AO Ser. The measurement of all
flare energies, flare frequencies, flare wavelengths, and its
energy flux density had be done spectrometrically. This study
clearly demonstrate the spectrometric plot of flux density
versus wavelength, flux density versus Energy and flux
density versus frequency. The graph clearly reveals the flare
energy, flare wavelength and flare frequency of the stars.
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