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“Normal” Flares
solar flares Tmax ~20-30 MK

NT HXR emission lasts 
~minutes, accompanied by 
impulsive nonthermal 
gyrosynchrotron emission

flare rate function of energy: 
alpha~-1.8

“typical” flare energy release 
~1029 erg, largest X-ray 
flares flux of 10-3 W/m2

stellar flares: Tmax “usually” 
50-80 MK

SXR flares can be 
accompanied by radio 
gyrosynchrotron 

flare rate f’n of energy; alpha 
≈-1.7 for RS CVns, >-2 for 
dMe stars?

flare energies range from 
~1033-1035 erg

scaling of solar, stellar X-ray flares:EM∝T5 (Feldman & Doschek) so 

stellar flares are just scaled-up solar flares?
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Superflares in the News
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Gallery of X-ray superflares

key characteristics:
Lx increases by ~100 over pre-flare values
hot plasma ~108K
EM >102-103 typical values
large energy releases (Erad >1036) 

Superflares on AB Dor observed with 
BeppoSAX; Maggio et al. 2000

superflare on young star in Orion 
observed with Chandra; Favata et al. 

2005

4



How to make a flare

1. magnetic 
reconnection/
energy release
2. particle 
acceleration
3. plasma 
heating
4. mass motions
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How to make a flare

1. magnetic 
reconnection/
energy release
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Flares involve particle acceleration

3:00 4:00 5:00
time (UT) on January 7, 1995
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No. 2, 1996 NEUPERT EFFECT IN ACTIVE STELLAR CORONAE 1007

TABLE 2

CANDIDATES FOR THE NEUPERT EFFECT

Radio Flare Peak Coincident X-Ray Flare
(UT hr) (UT hr) Neupert E†ect? Comments

Day 1 (January 5/6)

1 :15 (a) . . . . . . . . . . . 1 :30 Possible candidate
3 :50 (b) . . . . . . . . . . . D3 :30 (gap) Gyrosynchrotron unlikely ; X-ray gap

Day 2 (January 6/7)

21 :40 . . . . . . . . . . . . . . 21 :50 X-ray increase unobserved ; more signiÐcant in RCP
23 :05 . . . . . . . . . . . . . . (Earth block) X-ray decrease at [ 23 :20
00 :30È01 :20 . . . . . . (Earth block) X-ray decrease at 1 :05
2 :40 (A) . . . . . . . . . . . D3 :20 Candidate
3 :15 (B) . . . . . . . . . . . 3 :20 Candidate ; hardness increase
4 :20 (C) . . . . . . . . . . . Absent? No
5 :30 (D) . . . . . . . . . . . 6 :50 Candidate

(kT \ 0.23, 0.68, and 2.32 keV during quiescence with
s2 \ 7 for 17 spectral bins, and kT \ 0.35, 0.88, and 3.2 keV
during Ñares with s2 \ 43 for 36 spectral bins during the
Ñaring section ; the hot plasma dominates during the Ñares).
Our multitemperature results for single Ñares are under-
standable, since we integrated our spectrum over the com-

FIG. 3.ÈRadio and X-ray light curves of UV Cet Ñares A, B, and C on
day 2. Upper panel : Radio light curve, binned to 90 s. Middle panel : X-ray
light curves from the HRI detector ( Ðlled circles), and from the SIS detec-
tors between 0.5 and 2 keV (crosses) and between 2 and 10 keV (diamonds),
binned to 256 s. The HRI count rate has been adjusted to the SIS level.
L ower panel : SIS hardness (2È10 keV count rate to 0.5È2 keV count rate).

plete Ñare light curve for sufficient photon statistics.
We derived X-ray luminosities for the standard SIS

bandpass (0.5È10 keV), and, after extrapolation of the
model, for the ROSAT bandpass (0.1È2.4 keV). From con-
Ðdence range simulations, we Ðnd statistical errors for the
total emission measure, and consequently for the X-ray
luminosity, of 12%È17%. The unknown actual run of the
Ñare temperature(s) introduces some systematic error for
the 0.1È2.4 keV X-ray luminosity, estimated to be less than

FIG. 4.ÈSimilar to for Ñare D on day 2. Radio data are binned toFig. 3,
150 s.

Neupert effect = observational 
relationship between signatures of 
particle acceleration and plasma 
heating

-White light solar flares 
correlated with nonthermal 
HXR emission (Neidig & Kane 
1978)
-modelling of white light solar 
& stellar flares involves energy 
input from acc. ptcls (Allred et 
al. 2005,6)
-gyrosynchrotron radio flares 
detail transient particle accel. 
episodes (Gudel 2002)

Lx(t) ∝∫Lnt(t’)dt’

Gudel et al. 1996 Osten et al. 2004
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Previous Superflares & 
Nonthermal Emission

previous HXR 
detections inconclusive 
as to presence of NT 
emission

HXR spectra could be 
explained by thermal 
tail of superthermal 
plasma

detections out to <100 
keV

Franciosini et al. (2001); large long-duration 
flare on UX Ari (G5V+K0IV; Porb=6.44d) seen 

by BeppoSAX
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Swift & II Peg 
(K2IV+dM, 
Porb=6.7d);
12/16/05 

•HXR emission out to 200 keV
•Fe Ka emission 6.4 keV
•thermal plasma > 120 MK
•Lx/Lbol (0.8-200 keV) at peak 
38%
•Lx ~1033 erg/s (0.8-10 keV)
•Erad ~1037 erg

Osten et al. 2007
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XRT+BAT

during Orbits 1 and 2, XRT+BAT spectral analysis 
requires more than 2 thermal components: excess 
continuum emission E>30 keV

can be fit by high T bremsstrahlung (300 MK) or NT 
thick-target bremsstrahlung

reject thermal explanation for hard X-ray emission:

τrelax/τcond = 200 T8
4/(n10

2 L9
2) requires high 

densities and/or large length scales

Neupert effect behavior relating hardest X-rays/soft 
X-rays

ENT ~Ethermal rough equipartition around 1040 erg

would indicate lack of cooling plasma in flare decay 
(T3 in orbit 2 ~T3 in orbit 1) 
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XRT spectra 
&Fe K emission

reality of 120 MK plasma in 
orbit 1 (2nd temperature 
component) confirmed by 
He-, H-like Fe (changing 
ratio in 2nd orbit shows 
temperature decay)

also see emission at 6.4 keV 
in orbits 1 and 2; no 
detection in orbit 3 when 
HXR emission is 
undetectable
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Interpreting the Kα 
emission

in solar flares, produced by fluorescence off cold iron in 
photosphere; probe of both photospheric abundance and 
height of irradiating structure (e.g. Bai 1979)

possibly also collisional ionization (Emslie et al. 1986)

Osten et al. (2007) favored collisional interpretation due to 
reaching Compton scattering depths in II Peg’s atmosphere, 
non-negligible optical depth effects for fluorescence

recent work by Drake et al. (2007) suggests that fluorescence 
efficiencies of ~1% can explain the equivalent widths observed 
here
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Sub-threshold Swift events on HR 
1099

HR 1099 (V711 Tau), K1IV+G5IV, Porb=2.8d event 
11/29/06

3 detections in ~4 min 10-50 keV, SNR~7

intensity ~400 mCrab, 1/2 peak flux of II Peg event, Lx 
1032 erg/s

XRT TOO took place 40 hours later

also detected in March ’06 at ~8 times lower intensity

superhot thermal plasma only? NT emission? Kα 
emission? radio response?
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Radio Superflares

Primarily at cm and shorter 
wavelengths; recurrence time 
once every several months-

year

GBI observations VLA observations from a 
serendipitously detected 

superflare

Peak ν>20 GHz
1018 erg/s/Hz ~1033-1034 erg/s using GB Lx-Lr 
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Planning for the next “big 
one”

catalog of ~60 sources: “usual suspects” mix of active binaries, 
dMe flare stars, other active stars

VLA TOO program

triggers off GCN notice, on source within 0.5 hr, multi-
frequency (1.4-40 GHz) observations

importance of XRT+BAT+other wavelengths

incidence of XR superflares with superhot plasma +NT 
emission

Fe Kα emission

radio/NT HXR correlation
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Superflares in Other Stars

young stars are known to produce large impulsive transient X-
ray flares

Favata et al. (2005) studied these in the COUP, found 
hydrodynamically modelled loop lengths consistent with 
star-disk interaction in some cases

Kashyap et al. (2006) superflaring in old active binary systems 
in globular clusters, super-bolometric X-ray luminosities

superflaring in normal stars -- Schaefer et al. (2000) normal 
solar-like stars undergoing flaring events with energy releases 
1033-1038 ergs, occurring roughly once every 100 years or so
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Gehrels et al. (2003) and others have 
investigated the putative effects of a 
SNe; gamma rays and cosmic rays can 
cause significant disruption of 
terrestrial ozone for d<8 pc.  Based on 
SN rate, this is an unlikely mass 
extinction mechanism

Thomas et al. (2005) estimated that a 
galactic GRB with fluence 100kJ m-2 
could deplete the ozone layer on Earth 
globally to 38%: Late Ordovician mass 
extinction caused by GRB?

•what about stellar flares? II Peg flare 
scaled to 1 AU would produce a X4400000 
flare
•planets might be unlikely to form around 
1 star in an active binary, but Quintana & 
Lissauer (2006) demonstrate that 
planetary systems can form around close 
binary stars

Killer flares?

Smith et al. (2004) show that while incident ionizing radiation from stellar 
flares won’t penetrate terrestrial atmosphere, redistribution of radiation to UV 
is orders of magnitude larger and can be a significant effect
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• pointed observations of stellar 
superflares will be able to determine 
more complete information about 
superflare process (esp. precursor 
activity)

• due to their rare nature, ptd obsn’s 
also have small probability of 
actually catching one; autonomous 
fast triggers of spacecraft with large 
E range (and accompanying multi-
wavelength coverage) are therefore 
ideal

• superflares have the potential to 
reveal answers to several important 
questions about dynamics of stellar 
flares not available with normal 
flares

Unanswered QuestionsConclusions

• Further examples of nonthermal hard X-
ray emission: was this a singular event?

• Evolution of particle acceleration/
injection during flares

• Further evidence for Kα emission

• How do these things compare to 
relatively well-studied solar flares?
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Occurrence rates

radio surveys: HR 1099 2.4/yr, UX Ari 12/yr

flare frequency distributions from EUVE (Osten & Brown 1999): 

0.08 flares/yr/star above 100x min. flare EUV luminosity or 1031 
erg/s HXR

II-Peg level flares 0.003/yr/star

X-ray surveys: 

Ariel-V (Schwartz et al. 1981) 11/yr >6e-10 erg/cm2/s II Peg 
(1032 erg/s)

Pye & McHardy (1983) all-sky 23/yr above 4e-10, 2.3/yr above 
4e-9
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