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Superflares on solar-type

stars

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

Daisalku 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
slars, with larger ‘superflares’ seen on a variely 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 preclnded 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 ohserved 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 a
is provided in Supplementary Information). We use
temperature (T.q) 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, loglg) = 4.0. T
of solar-type stars are 9,751 for quarter 0 of the Keple
length of cbservation period is about 10d), 75,728 for q
83,094 for quarter 2 (90 d) and 3,691 for quarter 3 (90«

We found 365 superflares (flares with energy =10
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
(.1-1% of the stellar luminosity. The bolometric lunic
bolometric energy of each flare were estimated from th
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