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SORCE TIM Clearly Detects X17 Flare in TSI Time Series
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LETTER 365 superflares on 148 G-type dwarfs

do1:10.10:

Maehara et al. 2012 Nature, 485, 478
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.
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Sun-like StarTORXA—/\—2JL 7
5600 < Teff <6000 K, log g >4.0, Prot > 10 days
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Relative Flux
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7: Parameters of superflare Sun-like stars

KeplerID T 7 (K) logg! R/R. " KPmag P..(day)* # of flares
5522535 o732 4.3 1.3 13.8 20_3 1
6750902 0654 4.4 1.1 14.7 - 1
6865484 o688 4.4 1.1 13.8 11.2 12
7133671 o657 4.4 1.1 15.5 15.8

7354508 o714 4.4 1.1 13.4 17.0 1
7597685 0834 4.6 0.9 15.9 & 1
8212826 o811 4.2 1.4 14.0 ﬂ 2
8880526 2936 4.3 1.2 12.8 - 1
9574994 2925 4.4 1.1 15.1 12.3 1
9766237 o674 4.6 0.9 13.9 218 1
9944137 9725 4.6 0.8 13.8 ﬂ 1
10471412 o771 4.1 1.6 13.4 15.1 4
10524994 o747 4.5 1.0 15.3 12.0 )
11390058 o785 4.3 1.3 12.6 12.1 3
11401109 o732 4.5 0.9 14.5 & 1
11455711 0664 4.7 0.8 14.0 13.9 3
11494048 5929 4.4 1.1 13.4 14.9 1
11612371 0826 4.4 1.1 13.4 - 2
11961324 9750 4.4 1.1 14.2 - 2
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Normalized flux
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A signature of cosmic-ray increase in AD 774-775
from tree rings in Japan

d0i:10.1038/naturel1123

a 5 . . .
A Tree A
Fusa Miyake', Kentaro Nagaya', Kimiaki Masuda' & Toshio Naka ol O Tree B
Increases in ''C concentrations in tree rings could be attributed to —or %
cosmic-ray events' 7, as have increases in '“Be and nitrate in ice }
cores®®, The record of the past 3,000 years in the IntCal09 data 10}

set'®, which is a time series at 5-year intervals describing the '*C
content of trees over a period of approximately 10,000 years, shows

AMC (%)
|
G
T | <L

three periods during which '*C increased at a rate greater than 3% H }
over 10 years. Two of these periods have been measured at high }
time resolution, but neither showed increases on a timescale of =20 }
about 1 year (refs 11 and 12). Here we report '*C measurements
in annual rings of Japanese cedar trees from AD 750 to AD 820 (the o5
-30

760 780 800 820

A—I/IN—JL 7751510735 erg[ZFH 25? Year a0

Figure 1 | Measured radiocarbon content and comparison with IntCal98.
The concentration of "*Cis expressed as A™C, which is the deviation (in %o) of
) the "*C/"*C ratio of a sample with respect to modern carbon (standard sample),
(M lya ke et al. Nature ’ after correcting for the age and isotopic fractionation®. a, A'*C data for tree A
(filled triangles with error bars) and tree B (open circles with error bars) for the
20 12' Jun €, 486' 240) period AD 750-820 with 1- or 2-year resolution. The typical precision of a single
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Flare energy (erg)

Number of flares per year per star
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Magnetic flux (Mx)
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POWER SYSTEM EVENTS DUE TO SMD MARCH 13, 1989 £

1]

PJM Public Service
Step Up Translormer

© - Blackout Severe internal damage caused by
= Equipment damage the space storm of 13 March, 1989

) = Tripping of equipment
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Phase of Flare (Preliminary)
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* No clear dependence on phase of brightness
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e Existence of more than one spot?



Phase of Flare (>10"34 erg)
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Phase of Flare (>10735 erg)
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Detection of Phase of Flare
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