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Solar and stellar flares

Source of Solar and stellar flares → magnetic energy
stored around spots, and released through magnetic
reconnection. (Shibata & Magara, 2011;
Davenport+2012)​ 
Solar flares release energy in range of 10 - 10  erg
(Aschwanden+2000). ​Flare energy in other stars could
reach 10  - 10  erg → superflares.
(Aschwanden+2008; Benz & Gudel,2010)​
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Flares and superflares are often observed through
sudden brightenings in sun/stellar light curves.
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Superflares on various type of stars
Flares are observed on a wide range of
stars, including M, K, and G-type dwarfs,
and even some giant stars.
Young stars, close binary stars, and late-
type (dMe) stars are known to produce
frequent flares.
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Role of age in flare activity

Previous studies have confirmed that flaring
rates generally decline with age.
Young stars exhibit particularly vigorous
magnetic activity.
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Aim: Stellar activity evolution
Deriving a relation between flare energy and flare frequency,
star’s rotation, spectral type, and star’s age → stellar activity
evolution
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 This stellar activity evolution impacts
various stellar phenomena, including

rotation, and the properties of
surrounding environments.

Young open cluster is a
good target for this

purpose.
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Previous studies (Kepler/K2)

They reported that younger and later-type stars cause
large flares, but the power law index of flare frequency
distributions is almost same among different age and
different types stars. (Ilin et. al. 2021)
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Kepler provided 1-minute cadence data and
30-minute long cadence data. K2 also
provided observations of flares in open
clusters.



Previous studies (TESS)
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TESS has short-
cadence (20
seconds, and 2
minute) data for
many stars and 30-
minute cadence for
millions.



Previous studies (TESS)
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Stellar age is not the
sole parameter
governing flare
behaviour based on
young moving group
members.
(Mamonova et. al.
2025)
Although Feinstein et
al. (2024) found that
flare rates are higher
when stars are young
(less than 50 Myr) and
decrease with age,
this does not apply to
all M dwarfs.
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Our target: Pleiades
and Praesepe

Angular width ~110 arcminutes
RA, Dec: 3° 47m 24", +24° 7′ 0″
Distance: ~135 pc
Age: ~123 Myr

Angular width ~95 arcminutes
RA, Dec: 8° 40m 24", +19° 59′ 0″
Distance: ~187 pc
Age: ~741 Myr



Flare Activity in Pleiades
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Pleiades places it in the young
regime where stellar magnetic
activity is particularly vigorous
and undergoes significant
evolution.
The Pleiades contains a
significant number of late-type (K
and M) stars suitable for this
study.
This is result study of Ilin et al.
(2021)



Flare Activity in Praesepe
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The Praesepe age (~0.75 Gyr)
provides a critical age contrast
compared to the younger
Pleiades (~0.125 Gyr).
a significant number of late-type
(K and M) stars suitable for this
study.
This is result study of Ilin et al.
(2021)
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Energies of flares found in Kepler
30 min cadence light curves are
underestimated by about 25%
compared to 1 min cadence (Yang
et al. 2018). 
It is also insufficient to resolve the
rapid, impulsive phase of flares.

Limitation: Low Time Resolution
(Kepler/K2 Long Cadence)
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TriCCS camera

Page 13 of 34

CMOS Camera and Spectrograph,
hereafter TriCCS, is a tricolor
imager mounted on Kyoto
University 3.8 m telescope (the
Seimei telescope).
TriCCS uses CMOS sensors as the
detectors so that it can take high-
speed images.
Seimei+TriCCS have 12.5x7.5
arcminutes of FoV.
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The observation
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Awarded three observation runs on Seimei
telescope (25A-K-0031).

a. January 6-10, 2025
b.March 17-20, 2025
c. June 4-8, 2025
d.27 June, and July 3,4, 6 (DDT KyotoU)

Determining the FoV
Look for flare variable stars like BYDra, UV,
eruptive*.
Typical magnitude of M-type stars is about 15 or
brighter.
FoV aladin: 11.73’ x 7.385’
Check the X-ray catalogue to see if the stars has
already observed by the X-ray satellite because
stellar flare emit strong x-ray emission.
Check the TESS data for approximate flaring rate.

TriCCS FoV for Pleiades in Aladin.
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The observation
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Awarded three observation runs on Seimei
telescope (25A-K-0031).

a. January 6-10, 2025
b.March 17-20, 2025
c. June 4-8, 2025
d.27 June, and July 3,4, 6 (DDT KyotoU)

Determining the FoV
Look for flare variable stars like BYDra, UV,
eruptive*.
Typical magnitude of M-type stars is about 15 or
brighter.
FoV aladin: 11.73’ x 7.385’
Check the X-ray catalogue to see if the stars has
already observed by the X-ray satellite because
stellar flare emit strong x-ray emission.
Check the TESS data for approximate flaring rate.

TriCCS FoV for Praesep in Aladin.
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Observation summary
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Observation summary

Page 17 of 34



SEMINAR DAN WORKSHOP GMC |  ITERA 2019
SEMINAR DAN WORKSHOP GMC |  ITERA 2019

Observation summary (analysis only)
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The result (Pleiades)
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The result (Pleiades)
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The result (Praesepe)
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New objective

Due to unsatisfactory results of the 1  and 2  observation runs and

considering the amount of data and time that we need to obtain, we

changed the objective and object for the 3rd observation run.

st nd

The primary focus of the third observation run will be on detecting and
analyzing superflares originating from nearby M-dwarf stars. 
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Crucially, low time
resolution data cannot
resolve short-duration
phenomena within flares.
One key example is Quasi-
Periodic Pulsations (QPPs).
QPPs are thought to
provide insights into flare
energy release
mechanisms. Detecting
and analyzing QPPs
requires high-cadence
observations.

Low Time Resolution:
Missing Short-Duration
Phenomena
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Limitation: Single-Band Photometry

Most large flare surveys are single-
band.
Single-band data limits the ability to
diagnose flare plasma properties,
such as temperature.
This is because different
wavelengths probe different
physical conditions and
temperatures within the flare
plasma.
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Multi-band photometry allows for the
construction of flare spectra at different times.
These spectra can be compared to theoretical
models (e.g., radiative-hydrodynamic models)
to infer physical conditions like temperature,
density, and energy transport.
Studies of M dwarf flares have shown the
importance of optical depths and radiative
transfer effects in interpreting broadband
photometry.

Page 28 of 34

The Need for Multi-Band Analysis

simultaneous observations in two different broadband
filters can be used to estimate the temperature of a
flare, assuming it emits like a blackbody (Howard et al.
2020)
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New target: Ev Lac & GJ1243
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The result 
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The result 
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The result 
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Summary
Awarded total 7 nights observation time on Seimei
telescope divided into three observation runs from Kyoto
University time.
We couldn’t detect any flares for our initial target (Pleiades
and Praesepe). This led to the object changing to a nearby
active M-dwarf.
We have detected 14 flare candidates (12 flares from EV Lac
and 2 flares from GJ1243).
The longest flare e-folding time is ~580 seconds.
We also detected the symmetry shape of flares from two
short-period events.

Relation between e-folding time and
flare energy. 
Estimate the temperature of a flare.
Analysis of short-duration flares.

Future
works

Maehara et al. (2021)

Howard et al. (2020)



ありがとうございます
Terima  Kasih
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