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Introduction

The nature of flare activity on dMe stars (red dwarfs with strong chromospheric Ila emission lines)
has been the subject of many studics. Some ycars ago Lacy et al. (1976) demonstrated a relationship
(sce also Doyle et al., 1986) between mean flare power and quiescent luminosity, in the photomnetric U-
band. This study was extended, independently, by Skuinanich (1985, 1986) and Doyle and Butler (1985) to
show that tlie time averaged U-bend power-loss due to flaring is lincarly related to a star’s quiescent X-ray
luminosity. Skumanich also showed an inverse relationship between a star’s flaring-rate and its quiescent
X -ray luminosity.

These relationships have important implications, not just for dMe stars but for flaring activity and
coronal heating on all stars, including, of course, our sun.

Tle inverse correlation of flare-rate with quiescent X-ray luminosity suggests that there may be a
common magitetic driver for both. Magnetic energy may be converted via an nuspecified process into macro-
bursts (scen as flares) and micro-bursts (accumulated to become the X-ray luminosity). As the occurrence
of macro-bursts decreases, so the occurrence of micro-bursts increases, the total outward flux of energy
“remai 1ing fairly constant. So, if the background is high we may be witnessing an efficient conversion of
may . ctic energy to heat by way of the micro-bursts. If the release of this energy is suppresses in sorie wo
i.c. the X-ray luminosity is low, we may expect some “build-up” resulting in larger bursts.

A “build-up” hypotlesis is further supported by the inverse flare-rate versus mean flare-power rela-
tionship found for dMe stars. The suggestion is that some quantity (e.g. energy or mass) is built uj at a
constant rate until an instability is reached. The duration of the build-up is proportional to the ammount of
energy released in the subsequent flare. The ¢¢-tity being accumulated is most likely energy contained in
the complex mwagnetic field structures of acti-e centres. This lias long been considered to be the mechanism
for enrgy storage vrior to sola. “lares (Van Zoven et al. 1980).

M aim in this stud:r 1s to extend tae dMe analysis to the sun, to explore relationships between
the flasing-rate, flare j.ower-loss and quiescent X-ray luminosity for different solar active regions. These
relationships will allow us to ask questions such as: Docs an active region with a bright X-ray lumincsity
have more powerful but infrequent flares? Does an active region with a low X-ray luminosity have many
weak flares? If clear relationships can be established, for the sun and stars alike, we can surely better focus
our thoughts with regard to understanding the flare process, the outstanding problem of coronal heating and
the relationship between solar and stellar activities.

For this analysis we use data from the 180 solar maximum period from the Hard X-ray Imaging
Spectrometer (IIXIS; on board SMM) and Her flare data from Solar Geophysical Data (US Dept. Commerse).
The method of data reduction, and details of the active region activity are given in Harrison, Pearce and
Skumanich (1988).
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FIGURE 1: A plot of the time averaged flare power-loss, Y, versus the numnber of Ha flares during the
disc crossing, for cach of the solar active regious. The vertical error bars fall within the 2% level.
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FIGURE 2: A plot of t* » average flare-yiceld, Y, versus the number of Ila flares during the disc crossing,
for cach of the solar active regions. Reglons not shown are 2416 and 2438, since we have no estimate for
Y, and region 2779 whic lies beyond the right hand edge of the plot. The curve, Log Y = - n/35 + 6.2 is
drawn.
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FIGURE 3: A plot of the average flare-yield, Y, versus the quicscent soft X-ray background for some of

the solar active regions. The curve, log Y = =10 L, + 5.2 is drawn.
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Summary and Discussion

e Overall, there is evidence for some correlation between the parameters investigated for the solar case,
but the correlation is certainly not as pronounced as for the dMe case.

Presumably we are sceing similar processes on dMe stars and the sun, e.g. energy build-up, microbursts,
flares ctc..., but these processes are occurring in different envircnments, on stars at difterent stages of
evolution, and this is probably reflected in the degree of correlation of the various parameters. For example,
in the dMe case we may be sceing a near saturated magnetic environment, compared to the sun, where
the rate of energy storage, the occurrence of breakdown cte... becomes essentially fixed because the star
lias a magnetically “static”, near saturated environment. The individual magnetic structures may vary
considerably with time but the overall picture may remain pretty constant. In a solar active region, where
the overall magnetic morphology and strength may viry drainatically, since there is no near limit due to
saturation, the rate of increase of energy storage or release at a particular site may be merely dependent on
the magnetic activity at that site and have no relationship to such processes even within the same active
region. However, the basic relationships between rate of encrgy storage and flare power, microburst activity
and flares could still be evident, just less obvious due to the larger spectruin of activities allowed by a more
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flexible magncetic morphology, as the data shown is indicating.

o A marginally significant inverse correlation is found between flare-rate and the time-averaged flare-
power loss.

e A siilar, though perhiaps more convineing, inverse relationship is found between the average flare-
yield and the flare-rate.

Both of these relationships have considerable doubt associated with them. If we believe them, they
support the dMe results where clear tuverse relationships were found. The suggestign would be that a build-
up process is at work in the sun and that the mechanising of energy release dur'ng a flare are such that the
rate of release of the energy is dependent ou the amount of energy stored.

e For the sun, an inverse relationship is indicated hetween the average flare-yield and the quiescent
X ray luninosity.

In othier words, brighter active regions are the sources of weaker flares. This is an important result since
it indicates (a) that there is a coupling between flare activity and microburst activity and (b) a coupling
Letween flare activity and coronal hieating, in the case that the quiescent X-ray luminosity is a medsure of
coronal heating. The inverse relatiouship implies that the quiescent X-ray luminosity represents a “leaky”
sitnation where energy cannot build up efliciently for flaring. This relationship is based on data with large
associated crrors. However, given the relevance of the proposed relationship to coronal licating - a major
outstanding problem to the solar phiysicist it is important to improve Figure 3, by reducing the error bars
and by including more regions. We must confirn and fininly establish the relationship before the theoretical
aspeets can be fully explored.

The relationship bhetween fare-yield and quiescent luminosity was positive in the dMe case; as the
background becones stronger, so does the individual flare-yield. This is opposite to the proposed solar
relationship. The positive dMe relationship was the basis of the suggestion that microbursts and flares are
fundivnentally the same, differiug only in spatial scale, and that if the efficient release of energy by way
of microbursts is subdued it is stored and released in larger bursts — the flares. Have we, then, identified
a fundamental difference between solar and dMe activity? If so, this hias important implications for our
understanding of stellar evolution.
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