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METHODS OF FLARES DETECTION
For finding flares from TESS data we prepared an automated, three
step software WARPFINDER (Wroclaw AlgoRithm Prepared For de-
tectINg anD analysing stEllar flaRes). The first step is trend method
based on consecutive de-trending of the light curves. Then we de-
termine the standard deviation and check which data points protrude
above the assumed sigma level. These detections are saved as poten-
tial stellar flares. This idea was taken from a paper by Davenport et al.
(2014). The second step is the difference method. It is based on check-
ing the flux difference between two consecutive points and examining
the standard deviation. We define all points with a value greater than
3σ as a potential flare detection. The difference method was inspired
by Shibayama et al. (2013). The events times of both methods are com-
pared and the prepared list of potential stellar flares are then verified
by the third method. We fit the assumed flare profiles to the observa-
tional data and check its quality with chi-square statistic. To distinguish
a stellar flare from data noise we use the probability density function of
F-distribution. Additional methods to reject false detections are the cal-
culation of the flare profile skewness and the sector method. Moreover,
we assume that a stellar flare should have a shorter rise time than its
decline. We also reject all events with a duration of less than 6 observa-
tional points (12 minutes).

ABSTRACT
We present a statistical study of stellar flares based on TESS observa-
tions. We used the two-minute cadence data obtained from sectors
1 – 37. Our software allows us to identify flares and determine its pa-
rameters such as: amplitude, duration, growth and decay times. Fur-
thermore, we estimate the maximum luminosity and total energy of
flares in two different methods. We investigate distributions of flare fre-
quencies and its dependence upon spectral types. In the first two years
of TESS observations, we already identified about 130 000 flares from
more than 23 000 flaring stars from F-type to M-type. From the analysis
we conclude that approximately 7.5 percent of all observed stars show
flaring activity, which is in agreement with other papers on this topic.
Based on bolometric flare energy estimations, we conclude that its en-
ergies range from 1031 to 1037 erg, with an average energy of 1034 erg.
The result of the performed analysis is also the statistical distribution
of the parameters of flaring stars.

FLARE ENERGIES

Our software estimates the maximum luminosity and total energy of
flares in two different methods. In the first one we assume black body
radiation and effective temperature of a flare (Tflare) about 10 000 K
(Shibayama et al. (2013)). The bolometric flare luminosity (Lflare) and
energy (Eflare) could then be calculated from:

Lflare = σSBT
4
flareAflare (1)

Eflare =

∫
flare

Lflare(t)dt (2)

The flare area (Aflare) is a function of flare amplitude, stellar radius,
TESS response function and Planck function.
The second one is the method proposed by Kovari et al. (2007). In the
first step we estimate the relative flare energy εTESS by integrating the
normalized flare intensity Inorm during the flare event:

εTESS =

∫ t2

t1

Inormdt (3)

Then we calculate flux of the star Fstar using the spectrum of star F (λ)
taken from ATLAS9 (Castelli & Kurucz (2003)). Stellar radius R, log(g),
Teff and TESS response function STESS(λ) are required in this method:

Fstar =

∫ λ2

λ1

4πR2F (λ)STESS(λ)dλ (4)

Finally we estimate the flare energyEflare from stars flux Fstar in selected
interval of wavelengths and relative flare energy εTESS:

Eflare = Fstar · εTESS (5)

The Figure 1 shows the histograms of flares energies from our analysis
and the comparison with Doyle et al. (2020) (sectors 01-13). The esti-
mations of flare energies from Doyle et al. (2020) are colored orange.
Energy calculated using method based on Shibayama et al. (2013) is
marked in dark blue and based on Kovari et al. (2007) with light blue.
The results of both methods differ from each other by a factor of 4. The
method using the spectrum of star usually gives lower energy estima-
tion. In every case energies of stellar flares ranges from 1031 to 1037 erg,
with an average about 1034 erg. The energy distribution generally agree
with Doyle at all. (2020), but the energy values estimated by our soft-
ware are slightly lower.

Figure 1: Left panel: distribution of flare energies estimated using methods
based on Shibayama et al.(2013) (dark blue) and based on Kovari et al. (2007)
(light blue). Right panel: distribution of flare energies from S01-S13 and the
comparison with Doyle et al. (2020) (orange).

The Table 1 presents information about the stars with the flares of the
highest energies found by our software (estimated using method based
on Shibayama et al. (2013)). The most energetic events have energy
greater than 5 × 1036 erg. We limited our analysis only to stars with ra-
dius smaller than 2 R� due to overvaluation of flares energy for stars
with too large estimated radius values. Assuming that the bolometric
energy of 1033 erg correspond to an X100 flare (Benz (2016)), detected
events are more than X100000 flares.

RESULTS
We present the results of the statistical study of about 300 000 stars from the first 37 sectors of TESS observation. We identified about 130 000 flares
from more than 23 000 flaring stars. Approximately 7.5% of all observed stars show flaring activity. The most common flare activity was shown by
stars of the spectral type M (about 40 %). Our results were compared with other papers on this topic. The star with the biggest number of detected
flares (more than 700) is TIC150359500 observed in 22 sectors.

The Figure 2 shows the distributions of the basic parameters of stellar
flares: amplitudes, durations, growth and decay times. The most of
amplitudes do not exceed the value of 0.2 of the normalized flux with
subtracted background. However, we detect dozen real flares with am-
plitudes even several times the brightness of the star. The duration of
a stellar flares ranges from a few minutes to several hours and the maxi-
mum of the flares duration distribution is approximately 30-40 minutes.
However, flares shorter than 12 minutes were rejected from further anal-
ysis. The average values of the growth times are much shorter than the
decay times and are usually below 10 minutes. The decay time distribu-
tion have maximum about 30 minutes.

Figure 2: Distributions of the basic parameters of stellar flares: amplitude, du-
ration, growth and decay times.

The Figure 3 shows some of the distributions of the basic parameters
of flaring stars: effective temperatures and spectral types. All analyzed
stars are marked in gray, and flaring stars are marked in dark blue. Our
software automatically obtain stellar parameters from MAST (Barbara
A. Mikulski Archive for Space Telescopes) or SIMBAD databases if pos-
sible. Most flaring stars are cool stars, with temperatures up to 4 000 K
(spectral type M). There is also a less significant group of flares on stars
at temperatures up to about 8000 K, which corresponds to the spectral
types F, G and K. Only stars below the F0 spectral type are analyzed.

Figure 3: Histograms of the number of flaring stars (dark blue) compared with
the total number of stars shown as a function of the stellar effective temperature
and spectral type.

We compare our results with works such as Günther et al. (2020) and
Feinstein et al. (2020). Figure 4 shows the histograms of the the to-
tal number of stars from sectors 01-02 and the number of flaring stars
from our analysis and from Günther et al. (2020) shown as a function of
the stellar effective temperature. These distributions and the number of
stellar flares are similar to each other, the differences are probably due to
different methods of flares detecting. On Figure 5 we compare the dis-
tributions of TESS magnitudes within flaring stars observed in sectors
01-13 from our work and from Feinstein et al. (2020). The distributions
are also similar to each other.

Figure 4: Histograms of the number
of flaring stars and the total number
of stars in S01-S02 shown as a func-
tion of the stellar effective tempera-
ture. Comparison of our results (dark
blue) and Günther et al. (2020) (or-
agne).

Figure 5: Histograms of TESS magni-
tudes within star observed in S01-S20.
Comparison of our results (bark blue)
and Feinstein et al. (2020) (orange).
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