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Prefuce

For almost threc decades following the first flare detection on a dMe star in 1948, solar and
stellar flare research continued to be carried out in remarkable isolation from each other.
Solar flares were observed in Ha, and their radio, X-ray and energetic particle outputs
were studied, but until the recent mitiation of a white light flare patrol program, only a few
dozen solar while light flares were logged in over a hundred years of observation; while on
the stellar side an almost exactly opposite situation prevailed: optical flaring was virtually
the only observable phenomenon.

Things changed dramatically in ihe mid-1970’s wiih the first X-ray detections of flares
on UV Ceti, YZ CMi and Proxima Centauri. By the time of the 1982 Catania 1AU
Colloquium No. 71, Activity in Red Dwarf Stars, space obscrvations of flare stars was
an exciling topic. Nonetheless, participation at that meeting was mainly limited to the
stellar community. The Palo Alto [AU Colloquium No. 104, Solar and Stellar Flu.ces,
is the successor to the Catania meeting, and is the first major IAU conference to bring
together solar and stellar topics and investigators on an even footing. More and more, solar
and stellar researchers are speaking the same language, and there has been an increase in
the number of investigators who actually do research on both sides; the Solar Maximum
Mission, especially, seems to have spurred quite a bit of research activity on the stellar
side, such as in the application of solar flare magnetohyd; udynamic loop models to stellar
observations.

This conference was four years in the planning, and thus it was with a considerable measure
of relief that we finally welcomed 200 scientists from 29 countries to Stanford Uuiversity
on 15-19 August 1988. To bring this about required support of muuy sorts from muny
sources. The conference was co-hosted by three institutes: thie Lockheed Pulo Alto Re-
scarch Laboratory, the University of Catania and Stanford University. We were fortunate
in obtaining generous funding from the NASA Solar Maximum Mission project to organize
the meeting, and for this we owe special gratitude to SMM XRP Principal Investigator,
Dr. Keith Strong, and SMM Project Scientist, Dr. Joseph B. Gurman. As a resalt we were
able to hire the outstanding Jogistical support of the SLW Associates, local meeting orga-
nization specialists. Extensjve additional funding for travel was also provided by NASA,
and by the IAU, ESA and COSPAR,; this alluwcd us to support approximately half of the
participants! The all important meeting bags were generously provide.l by Lockheed, and
well supplied coffee breaks were paid for by the Stanford Solar Observatory, Lockheed and
Kluwer Academic Publishers. The Scientific Orgunizing Committee was chaired by us with
much invaluable support from SOC member Peter Sturrock. Other members of the SOC
were R. Bonnet, J. Butler, L. Cram, R. Gershberg, M. Giampapa, D. Gibson, D. d Jager,
C. Jordan, M. Machado, M. Oda, E. Priest, and H. Zirin.

As promised, t 4 skies were clear and the temperatures balmy every single day. Social
events included a Sunday viight reception, a Tuesday night wine and cheese in the Stan-
ford Rodin Garden and a Thkursday night banqi ¢ at the Stanford Faculty Club. Most



memorable perhaps was the Monday night concert at Dinkelspiel Auditorium “An Evening
of Songs and Arias” hosted by Dr. Kip Cranna of San Francisco Operw, produced and
directed by E. Tucker, and featuring soprano Ellic Holt Murray, mezzo-soprano Marsha
Sims, tenor Richard Walker, ard baritone Duvid Taft Kekuewa, with plano uccompaniment

by Mark Haflner, stafl couch for San Trancisco Opera.

Two scientific themes clearly emerged from this conference: (1) the key to progress iu flare
research lies in a multispectral approach with as much temporal resolution as the photon
fluxes allow; and (2) the key to understanding the physics lies in a dynamic interaction
between solar and stellar investigations and investigators. During the eight scusions solar
and stellar topics were halanced and intermixed in 33 invited and oral presentations. The
proceedings of theue presentutions will be pullished as a special edition of Solur Physics
and will be the springhoard to publication of solar-stellar articles in that journal. However
115 very exciting posters were also displayed. This companion voliaie contains many of
these and will be of considerable interest in a different way; {for here we have a wide ranging
sampler of current research topics and this presents an excellent overview picture of who
is doing what and where i this exciting interdisciplinary [icld.

Bernliard M. Haisch
Marcello Rodono
30 January 1989
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The solar-stellar connection: the relationship between flaring

rates, flare power and quiescent X-ray background

Ricliard A. Harrison', Gillian Pearce? and Andrew Skumanich?
1: Astrophysics and Geophysics Division, Rutherford Appleton Laboratory

2: Department of Astrophysics, Oxford University; Jesus College, Oxford; and
Rutherford Appleton Laboratory

3: High Altitude Observatory, National Centre for 2 mospheric Research
(NCAR is sponsored by the National Science Foundation)

Introduction

The uature of flare activity on dMe stars (red dwarfs with strong chromospheric Ho emission lines)
has been the subject of inany studies. Some years ago Lacy et al. (1976) demonstrated a relationship
(see also Doyle et al., 1986) between mean flare power and quiescent luminosity, in the photometric U-
band. This study was extended, independently, by Skumanich (1985, 1986) and Doyle and Butler (1985) to
show that the time averaged U-brnd power-loss due to flaring is linearly 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 nmportant implications, not just for dMe stars but for flaring activity and
coronal heating on all stars, including, of course, our sun.

The inverse correlation of flare-rate with quiescent X-ray luminosity suggests that there may be a
common nagiictic driver for hoth. Magnetic energy may be converted via an unspecified process into macro-
bursts (seen 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 iing fairly constaut. So, if the background is high we may be witnessing an efficient conversion of
ma3 ctic energy to heat by way of the micro-hursts. If the release of this energy is suppressed in sorie wo
Le. the X-ray luminosity is low, we may expect some “build-up” resulting in larger bursts.

A “build-up” hypotliesis 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 u; at a
constant rite until an instability is reaclied. The duration of the build-up is proportional to the amount of
energy released in the subsequent flare. The ¢ ¢ tity being accumulated is most likely energy contained in
the complex wagnetic field structures of active centres. This has long been considered to be the mechanism
for erergy storage vrior to sola. “lares (Van Toven ct al. 1980).

Qe aimin this study is to extend tae dMe analysis to the sun, to explore relationships between
the flasing-rate, flare power-loss and quicscent X-ray Turninosity for different solar active regions. These
relationships will allow us to ask questions such as: Doces 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 niany
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 1680 solar maximum period from the Hard X-ray Imaging
Spectrometer (IXIS; on board SMM) and Her flare data from Solar Geophysical Data (US Dept. Comumerse).
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 number of Ha flares during the

disc crossing, for cach of the solar active regions. The vertical error bars fall within the 2% level.
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FIGURE 2: A plot of t' » average flare-yield, Y, versus the number of Ha flares during the disc crossing,
for cach of the solar active regions. Regions not shown are 2416 and 2438, since we have no estimate for
Y, and region 2779 whic 1 lies beyond the right hand cdge of the plot. The curve, Log Y = - n/35 + 6.2 is
drawn.

14




FIGURE 3: A plot of the average Have-yield, Y, versus the quicscent soft X-ray background for some of
the solar active regions. The curve, log Y = - 10 L, 4 5.2 1s drawn,
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Summary and Discussion

o Overall, there is evidence tor gome correlation between the paraimeters investigated for the solar casc,
but the correlation is certainly not as pronounced as for the dMe case.

Preswnably we are sceing similar processes on dMe stars and the sun, e.g. energy build-up, microbursts,
flares ete..., but these processes arc occurriug in different environnents, on stars at different 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 seeing a near saturated magnetic environment, compared to the sun, where
the rate of energy storage, the occurrence of breakdown ete... becomes essentially fixed because the star
Las a magnetically “static®, near saturated enviroument. The individual magnetic structures way vary
considerably with tie but the overall picture may remain pretty constant. In a solar active region, where
the overall magnetic morphology and strength may vary drarnatically, since there is no near limit due to
saturation, the rate of increase of energy storage or release at a particular site may be werely dependent on
thie magnetic activity at that site and have no relatiouship to such processes even within the same active
region. However, the basic relationships hetween rate of energy storage and flare power, microburst activity
and flares could still be evident, just less obvious due to the larger spectrum of activities allowed by a more
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flexible magnetic morphiology, as the data shown is indicating.

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

o A similar, thougl perhaps more convincing, inverse relationship is found hetween 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 inverse relationships were found. The suggestign would be that a build-
up process is at work in the sun and that the mechanisms of energy release dur'ng a flare are such that the
rate of release of the energy is dependent on the amount of energy stored.

o For the sun, an inverse relationship is indicated between the average flare-yield and the quiescent
X-ray luminosity.

In other 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
between flare activity and coronal heating, in the case that the quiescent X-ray luminosity is a medsure of
coronal heating. The inverse rclationship implies that the quiescent X-ray luminosity represents a “leaky”
situation where energy cannot build up efficiently for flaring. This relationship is based on data with large
associated errors. However, given the relevance of the proposed relationship to coronal heating - a major
outstanding problem to the solar physicist - it is important to improve Figure 3, by reducing the error bars
and by including more regions. We must confinm and firmly establish the relationship before the theoretical
aspects can be fully explored.

The relationship between flare-yield and quicscent luminosity was positive in the dMe case; as the
background becomes stronger, so does the individual flare-yield. This is opposite to the proposed solar
relationship. The positive dMe relationship was tlie basis of the suggestion that microbursts and flares are
fundamentally the same, differing 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 has important implications for our
understanding of stellar evolution.
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