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Nature (201285H17H)

doi:10.10:

Superflares on solar-type stars

Hiroyuki Maehara', Takuya Shibayama', Shota Notsu', Yuta Notsu', Takashi Nagao', Satoshi Kusaba', Satoshi Hond

Daisaku Nogami' & Kazunari Shibata'

Solar flares are caused by the sudden release of magnetic energy
stored near sunspots. They release 10> to 10”* ergs of energy on a
timescale of hours'. Similar flares have been observed on many
stars, with larger ‘superflares’ seen on a variety of stars™’, some
of which are rapidly rotating™ and some of which are of ordinary
solar type®®. The small number of superflares observed on solar-
type stars has hitherto precluded a detailed study of them. Here we
report observations of 365 superflares, including some from slowly
rotating solar-type stars, from about 83,000 stars observed over
120 days. Quasi-periodic brightness modulations observed in the
solar-type stars suggest that they have much larger starspots than
does the Sun. The maximum energy of the flare is not correlated
with the stellar rotation period, but the data suggest that super-
flares occur more frequently on rapidly rotating stars. It has been
proposed that hot Jupiters may be important in the generation of
superflares on solar-type stars’, but none have been discovered
around the stars that we have studied, indicating that hot
Jupiters associated with superflares are rare.

We searched for stellar flares on solar-type stars
sequence stars) using data collected by NASA’s Kepler®
the period from April 2009 to December 2009 (a brief s
flare search method is described in the legend of Fig. 1 ¢
is provided in Supplementary Information). We use
temperature (T.¢) and the surface gravity (log(g)) ava
Kepler Input Catalog’ to select solar-type stars. The se
are as follows: 5,100 K = T, < 6,000 K,log(g) = 4.0. Th
of solar-type stars are 9,751 for quarter 0 of the Kepl
length of observation period is about 10 d), 75,728 for g
83,094 for quarter 2 (90 d) and 3,691 for quarter 3 (90«

We found 365 superflares (flares with energy =>1(
solar-type stars (light curves of each flare are s
Supplementary Fig. 8 and properties of each flare st:
Supplementary Table 1). The durations of the detec
are typically a few hours, and their amplitudes are ger
0.1-1% of the stellar luminosity. The bolometric lumir
bolometric energy of each flare were estimated from th
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Kepler telescope studies star superflare

By Jonathan Amos

Nasa's Kepler space telescope has
provided fresh insight on the colossal
explosions that can afflict some stars.
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TABLE 1 Schaefer et al. (2000) ApJ 529, 1026

SUPERFLARES

Energy

Star Detector V. oemal Amplitude Duration (ergs)
Gmb 1830 ........... Photography 6.45 AB = 0.62 mag 18 minutes Ep~1x 10%
KCetovovviviiinnnn... Spectroscopy 483 EW(He)=0.13 A ~ 40 minutes E~2x 10%
MT Tau ............. Photography 16.8 AU = 0.7 mag ~ 10 minutes Ep~1x 10%
' UMa ............. X-ray 5.64 Ly=10* ergs s~ ! > ~ 35 minutes Ey=2x 10%
SFor ...coovvvvnnnnn. Visual 8.64 AV ~ 3 mag 17-367 minutes Ey~ 2 x 103
BD + 10°2783...... X-ray 10.0 Ly=2x 10" ergss™! ~ 49 minutes Ex>» 3 x 103
0Agl.....ccenennn.. Photometry 5.11 AV = 0.09 mag ~5-15 days Egy =~ 9 x 10%7
5Ser cooiiiiiiinnnn.. Photometry 5.06 AV = 0.09 mag ~3-25 days Egy ~ 7 x 10%7
UUGCB............. Photometry 8.63 Al = 0.30 mag > ~ 57 minutes E, =7 x 1033
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Superflares on solar-type stars

Hiroyuki Maehara', Takuya Shibayama', Shota Notsu', Yuta Notsu', Takashi Nagao', Satoshi Kusaba', Satoshi Hond

Daisaku Nogami' & Kazunari Shibata'

Solar flares are caused by the sudden release of magnetic energy
stored near sunspots. They release 10> to 10”* ergs of energy on a
timescale of hours'. Similar flares have been observed on many
stars, with larger ‘superflares’ seen on a variety of stars™’, some
of which are rapidly rotating™ and some of which are of ordinary
solar type®®. The small number of superflares observed on solar-
type stars has hitherto precluded a detailed study of them. Here we
report observations of 365 superflares, including some from slowly
rotating solar-type stars, from about 83,000 stars observed over
120 days. Quasi-periodic brightness modulations observed in the
solar-type stars suggest that they have much larger starspots than
does the Sun. The maximum energy of the flare is not correlated
with the stellar rotation period, but the data suggest that super-
flares occur more frequently on rapidly rotating stars. It has been
proposed that hot Jupiters may be important in the generation of
superflares on solar-type stars’, but none have been discovered
around the stars that we have studied, indicating that hot
Jupiters associated with superflares are rare.

We searched for stellar flares on solar-type stars
sequence stars) using data collected by NASA’s Kepler®
the period from April 2009 to December 2009 (a brief s
flare search method is described in the legend of Fig. 1 ¢
is provided in Supplementary Information). We use
temperature (T.¢) and the surface gravity (log(g)) ava
Kepler Input Catalog’ to select solar-type stars. The se
are as follows: 5,100 K = T, < 6,000 K,log(g) = 4.0. Th
of solar-type stars are 9,751 for quarter 0 of the Kepl
length of observation period is about 10 d), 75,728 for g
83,094 for quarter 2 (90 d) and 3,691 for quarter 3 (90«

We found 365 superflares (flares with energy =>1(
solar-type stars (light curves of each flare are s
Supplementary Fig. 8 and properties of each flare st:
Supplementary Table 1). The durations of the detec
are typically a few hours, and their amplitudes are ger
0.1-1% of the stellar luminosity. The bolometric lumir
bolometric energy of each flare were estimated from th
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Aurinko pydri nuorena jopa kymmenen kertaa nopeammin kuin nykyaan. Silla oli todennékaisesti paljon nykyista voimakkaampi
magneettikentti ja vastaavasti enemman ja suurempia auringonpilkkuja. Tahden ldhettéman rontgen- ja
UV-siteilyn tasot olivat satoja kertoja nykyista voimakkaampia. Taiteilijan nakemys.
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Valtavat aurin- minkilaista elimda sen ympa-

rille saattoi kehittya”, Cuntz
pohtii.

Kun elimia alkoi kehit-

tyd maapallolle noin 3,5

miljardia vuotta sitten,

suojaa yaa otsonikerrosta

ei vield ollut. Se kehittyi

vasta, kun yhteyttavit

eliot olivat ilmaantuneet.

Kaikkien eliiden peri-

d onkin jonkinlai-

olla lipeensd konvektiivisia, joten niiden oli luultavasti hurj
magneettinen aktiivisuus on vastaavasti ra- gonpilkut taplittivit kotitahtem-
jua. me pintaa. Maata pommittava

Tahdenpilkkujen koko kuvaa magneetti- rontgen- ja ultraviolettisitei-
kentin voimakkuutta. Rajusti purkautuvilla  ly saattoi olla satoja kerto-
tihdilld on havaittu valtavia tahdenpilkkuj: istd voimakkaampaa
jotka peittdvit jopa kymmenid prosentteja  myds roihupurkausten vilil-
tihden pinnasta. la.

Nopea pyoriminen pitaa tihden magneet- Elimin kehittyminen kol-
tikentin dynaamisena ja alttiina muutoksil- mannelle kivelle Auringosta
vinhasti, mutta  ei ndyttinyt tuolloin kovin-
- kaan todenndkoiseltd. "Kos-

le. Nuorina tahdet pyori
vanhemmiten ne menettdvit pydrimism
ridnsd. Esimerkiksi Auringon ekvaattori
pyorii nykyisin ymp kerran 28 vuoro-
kaudessa, mutta nelja miljardia vuotta sitten
pyorahd
nesosa tasta. todella samanlaisia kuin oma
Auringon fysiikkaa tutkiva Manfred Aurinkomme”, Hiroyuki
Cuntz Teksasin yliopistosta uskoo, ettd voi- Maeharasanoo.

makkaat purkaukset, joita auringonkaltai-
silla tahdilld kutsutaan my6s superpurkauk- v
siksi, olivat tuolloin arkipdivada myds aurin- .
kokunnassa. "Niitd todennikoisesti tapahtui

usein Auringon nuoruudessa”, Cuntz arvelee.

mass

"Tarvitaan yksityiskohtaisia
havaintoja voimakkaasti

N 5 purkautuvista tahdistd, jotta
<seen saattoi kulua vain kymme-  tiedimme, ovatko nimi tihdet

j ’ tavat roihupurkauksen syntymistd. Pieni- Alle kolmessa vuorokaudessa ympiri mista ja ultraviolettisiteilyd tulviva ympa-
assaiset ja hyvin nuoret tihdet tapaavat pydrahtivin Auringon magneettikenttd ristd saattoi hyvinkin ’valikoida’,

KuvaMirovuki Mashaca
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