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Solar-Like M-Class X-ray Flares on Proxima
Centauri Observed by the ASCA Satellite

Bernhard Haisch, A. Antunes, J. H. M. M. Schmitt

Because of instrumental sensitivity limits and stellar distances, the types of x-ray flares
observable on stars have been intrinsically much more energetic than those on the sun.
Such enormous events are a useful extrapolation of the solar phenomenon if the under-
lying assumption is correct that they form a continuous sequence involving similar phys-
ical processes as on the sun. The Advanced Satellite for Cosmology and Astrophysics
(ASCA), with its greater sensitivity and high-energy response, is now able to test this
hypothesis. Direct comparison with solar flares measured by the x-ray-monitoring
Geostationary Operational Environmental Satellites (GOES) is possible. The detection of
flares on Proxima Centauri that correspond to GOES M-class events on the sun are

reported.

Geomagnetic storms associated with the
largest solar flares can cause communica-
tions disruptions and even power outages.
For example, the event associated with the
X-class flare of 10 March 1989 blacked out
the Hydro-Quebec power system (I).
Non-negligible radiation exposure of pas-
sengers on long commercial flights can
result during major events, especially in
the auroral latitude zones. Understanding
solar flares is therefore of some impor-
tance, and the monitoring of solar activity
and the development of flare forecasting
ability have been long-standing programs
in both the U.S. Department of Com-
merce and Department of Defense (2).
Since 1969, the key observational compo-
nent in this system has been the GOES
series of the National Oceanic and Atmo-
spheric Agency (NOAA), which contin-
uously monitor the solar x-ray flux.
Stellar flares have been observed for 20
years to emit x-rays, but the events must be
much larger—by as much as a factor of
10*—than even the most energetic on the
sun in order to be detected across the enor-
mous distances. While stellar “superflares”
are of considerable interest, it is equally im-
portant to ascertain whether and with what
frequency commonplace solar-like events
occur on stars. Being able to observe such
events is an important test of the working
hypothesis that we are dealing with scaled-
up versions of the same physical phenome-
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non. The Japanese ASCA satellite (3) has
now succeeded in such a detection, observ-
ing very typical M-class solar-like flares on
the next nearest star, Proxima Centauri.
The GOES classification for solar x-ray
flares is a linear function of the flux in the
~1 to 8 A band by which criterion flares
are assigned a class of C, M, or X. The
satellite also measures, a harder spectral
component (~0.5 to 4 A) in which the flux
is typically 10 to 100 times weaker. This
weakness is a result of the steeply falling
thermal emissivity of plasma at flaring tem-
peratures T > 107 K for wavelengths X < 2
A (Fig. 1). The plotted spectrum is a sim-
ulation based on the plasma emissivity
model of Mewe et al. (4) applied to a flare
differential emission measure, which repre-
sents the amount of radiating material at
the distribution of temperatures typical for
flares (5, 6). For this spectral distribution,
the GOES band measures 63% of the actual
flux in an ideal 1 to 8 A band because the

Energy flux (relative units)

0 10 20 30
Wavelength (A)

Fig. 1. Spectrum synthesized with the use of a

solar flare differential emission measure and a

plasma emission code accounting for both lines

and continuum radiation in the 1 to 30 A region.
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GOES response is not flat in this interval
and tails off above and below the nominal
limits (7, 8). To differentiate the GOES
band from an ideal flat-response one, we
hereafter refer to the measured (soft) band
as the “GOES-S” band.

A flare of class M1 has a peak power of L,
= 2.8 X 10%° ergs s~ in the GOES-S band,
where L_is the x-ray analog of the astronom-
ical quantity of luminosity. An M2 flare is
twice as energetic, and so on. The X class
similarly covers the next higher decade; for
example, L (X2) = 5.6 X 10*® ergs s~ !. The
degree of solar flaring follows the solar cycle
(Table 1) (9). The only cycle for which
complete coverage is available is cycle 21,
which lasted from June 1976 through August
1986, during which there were 2632 M flares
and 172 X flares. Figure 2 shows, as an
example, the monthly GOES plot from Oc-
tober 1991, a period of intense solar activity;
M and X flares were numerous.

The first detections of stellar x-ray and
extreme ultraviolet flares took place in the
mid-1970s, although with very poor sensi-
tivity (10, 11). Shortly thereafter, the
High-Energy Astronomy Observatory 1
(HEAO-1) satellite succeeded in detecting
several flares (12). It was the Einstein Ob-
servatory that opened the window on x-ray
flares, and one of the most detailed light
curves of such an event was observed on 20
August 1980 on Proxima Centauri as part of
a coordinated program with the Interna-
tional Ultraviolet Explorer (13). The most

x

GOES scale
<

Q

570 15 20 2536
Day of October 1991
Fig. 2. The monthly GOES plot from October
1991, a period of intense solar activity showing
numerous M and X flares.

detailed view of a nonsolar flare can be had
from the nearest nonsolar site of such ac-
tivity, which turns out to be Proxima Cen-
tauri, at a distance of 1.3 pc. This star is an
extremely faint dM5.5e companion to the
first-magnitude o Cen binary. Proxima is at
such an extreme distance from its compan-
ions a Cen A and B that it is not certain
whether it is actually bound to the system;
its separation in the sky is >2° (14).

Further flare observations of Proxima
Centauri were made by the Exosat Obser-
vatory (15). Then in 1990, with the launch
of ROSAT, a new opportunity arose for
such measurements (16). However, the
passbands of all these observatories differ
significantly from that of GOES-S: ~3 to
60 A for the Einstein Observatory Imaging
Proportional Counter; ~6 to 300 A for the
Exosat Low Energy Telescope; and ~6 to
120 A for the ROSAT Position Sensitive
Proportional Counter. The ASCA observa-
tory, launched 20 February 1993, is sensi-
tive to more energetic x-rays (~1 to 24 A)
and, even at overlapping wavelengths, has
significantly more effective area than the
previous telescopes [see figure 2 in (3)]. The
lower detection threshold and the fact that
the ASCA band overlaps entirely with the
GOES-S band thus afford a direct compar-
ison between commonplace flares on Prox-
ima Centauri and on the sun.

Proxima Centauri was the target of a
National Aeronautics and Space Adminis-
tration (NASA) Guest Observation with
ASCA on 18 to 20 March 1994 that lasted
for 23 satellite orbits and yielded about
50,000 s of good data. Observations were
carried out with four identical grazing-inci-
dence x-ray telescopes and two different
pairs of detectors: two charge-coupled de-
vice (CCD)-camera solid-state imaging
spectrometers (SIS) and two gas scintilla-
tion imaging proportional counters (GIS)
(3). The data (Fig. 3) were divided into
quiescent and flare intervals, and spectral
analysis was carried out according to stan-
dard plasma emission models tailored to the
ASCA instruments. It is customary to at-

Fig. 3. ASCA x-ray light curve for '
Proxima Centauri summed over all
four detectors. The lower line
shows the average quiescent
summed count rate; the top line in-
dicates the M1 flare level above the
quiescent emission.
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tempt a two-temperature (2T) fit: General-
ly, a low-T component is interpreted as the
average (that is, the most common) temper-
ature, and a high-T component indicates
the approximate peak temperature. The sta-
tistically best 2T fit for the aggregate of the
flare emission was T, ~ 7.3 MK and T, ~
44 MK. A formal 2T fit for the quiescent
interval was attempted as well, but only the
cooler component appears credible. We take
the obtained T, ~ 6.1 MK as representative
of the nonflaring coronal emission (17).

We have calibrated the flares relative to
the GOES-S band using the solar flare dif-
ferential emission measure (5, 6) that yields
the spectrum in Fig. 1 (18). Calibrated to
the SIS response, an M1 flare having solar
differential emission measure at the distance
of Proxima Centauri would yield 0.1 count
s ! in each SIS telescope-detector system.
From spectral simulation, it is expected that
the GIS would be about half as sensitive to
flare radiation. This is indeed the case: Dur-
ing this observation, the average count rates
during flare-enhanced intervals showed an
SIS to GIS ratio of 1.94 (19). Thus, for the
total summed flare signal in all four instru-
ments, an enhancement of 0.3 count s'
would correspond to an M1 flare.

The summed quiescent background was
0.23 count s~ ! (Fig. 3, lower line). The top
line in Fig. 3 indicates an M1 event level
above quiescence. It is possible that the

Table 1. Yearly rate of solar M and X flares. The
peaks in 13-month averaged, smoothed sunspot
number were in November 1968, December
1979, and July 1989 (solar cycles 20, 21, and 22,
respectively). These correlate well but not precise-
ly with the flare rate maxima.

Year M flares X flares
1969 352 41
1970 534 53
1971 120 6
1972 146 15
1973 80 8
1974 77 15
1975 18 1
1976 14 3
1977 48 4
1978 264 21
1979 452 29
1980 496 21
1981 506 38
1982 606 42
1983 105 6
1984 114 7
1985 17 2
1086 23 2
1987 29 0
1088 193 21
1989 618 59
1990 273 17
1991 590 54
1992 206 10
1993 75 0
1994 25 0
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quiescent emission was the cumulative re-
sult of many ongoing events of class C or
even lesser energy, but this issue of whether
coronal heating is entirely the result of
flare-like activity or has any steady compo-
nent is an open issue even for the sun (20)

During solar maximum, the number of
M flares per month is ~50, that is, ~1.7 per
day. During this observation, Proxima Cen-
tauri was at least as active as the sun at
maximum. It is important to put this in
perspective for such a faint dwarf M star:
The bolometric luminosity (mainly in the
optical and infrared) of Proxima Centauri is
only 6.7 X 10%° ergs s7! (21), less than
1/500 that of the sun. The total x-ray lumi-
nosity at all wavelengths for the most ener-
getic events on Proxima Centauri observed
by ASCA and ROSAT is L, ~ 3 X 10?7 to
6 X 10?7 ergs s~!. This amounts to an
instantaneous perturbation on the order of
0.1% of the total thermonuclear power of
the star.

Observation of ordinary M-class flare
events on Proxima Centauri indicates that
the assumption that flares on the sun and
on other stars are scaled versions of the
same process is fundamentally sound. It re-
mains a challenge to understand both how
flares can, in an absolute sense, exceed
those on the sun by up to four orders of
magnitude on such extremely active stars as
T Tauris (22) and RS CVn systems (23),
and in a relative sense on such faint dwarf
M stars as Proxima Centauri.
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Beryllium-10 Dating of the Duration and Retreat
of the Last Pinedale Glacial Sequence

J. C. Gosse,* J. Klein, E. B. Evenson, B. Lawn, R. Middleton

Accurate terrestrial glacial chronologies are needed for comparison with the marine record
to establish the dynamics of global climate change during transitions from glacial to
interglacial regimes. Cosmogenic beryllium-10 measurements in the Wind River Range
indicate that the last glacial maximum (marine oxygen isotope stage 2) was achieved there
by 21,700 + 700 beryllium-10 years and lasted 5900 years. Ages of a sequence of
recessional moraines and striated bedrock surfaces show that the initial deglaciation was
rapid and that the entire glacial system retreated 33 kilometers to the cirque basin by

12,100 *+ 500 beryllium-10 years.

Alpine glacial systems are more responsive
than large continental ice sheets to changes
in temperature and precipitation. Chronol-
ogies of alpine morainal sequences therefore
offer the possibility of providing records of
Pleistocene climate variations that have
higher resolution than do global ice volume
records (for example, marine isotopic data).
Establishing tight time constraints on the
age of morainal deposition has been diffi-
cult. Determining how long a glacier has
occupied its terminal position (that is, the
duration of the glacial maximum) has been
even harder. Here, we use measurements of
cosmogenic °Be in quartz exposed in boul-
ders on alpine moraines to reconstruct the
complete Pinedale glacial history of the Fre-
mont Lake basin in Wyoming.

During the last major glaciation, a large
ice cap on the Wind River Range fed outlet
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glaciers in the Fremont Lake basin located
on the western piedmont of the Wind River
Mountains in west-central Wyoming (Fig.
1). The Fremont Lake basin is the type
locality for the Pinedale glaciation (I, 2),
corresponding to the late Wisconsinan—age
(marine oxygen isotope stage 2) glaciation
in the Rocky Mountains. The type-Pinedale
glacial deposits have been extensively stud-
ied, and other deposits throughout North
America and South America have been
correlated to the type-Pinedale moraines. A
precise chronology for the advance and re-
treat of Pinedale glaciers would provide the
basis for addressing the synchronicity of
glacial onset and termination in the North-
ern and Southern hemispheres.

There are only a few dates that tightly
constrain the timing or duration of the last
Pinedale glacial maximum (LPGM). A
minimum age of the LPGM at the type
locality is limited by two radiocarbon dates
of 6100 = 100 and 9300 = 80 'C years
before present (B.P.) [6800 = 100 and
10,000 = 50 years, calibrated radiocarbon
ages (3)] from the bottom of a bog (4).
Approximately 33.8 km north-northwest of
Fremont Lake, a vegetational change asso-

1329





