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Abstract: A theoretical interpretation is offered for the power-law dependence of the
flare occurrence rate in red flare dwarfs. Flares on red dwarfs are regarded as being
physically akin to solar flares, with the energy source being the magnetic field. A power
law flare energy relation then emerges naturally. Model estimates of the corresponding
spectral index (8 fit the observed values in most flare stars. Within the bounds of the in-
terpretation offered the energy dependence of a flare event is determined by the character
of the turbulence in the convection zone. The observed parameters of the dependence can
be used to diagnose the character of the turbulence in the convection zones of flare stars.-

1. The physical nature of the flare rate spectrum

Early investigations of flare activity in stars addressed the problem of how the flare
rate depends on the emitted flare energy (Gershberg, 1972; Lacy et al., 1976). The
flare rate spectrum was defined as the number of flares with energy greater than
a threshold energy Eo, such that v(E > Ep) o« EZ.

A theoretical analysis (Pustil’'nik, 1988) has shown that the observed univer-
sality can be explained as a manifestation of the dissipation of magnetic fields in
stellar atmospheres (Gershberg and Pikel’ner, 1972). The initial magnetic fields
are considered to be the result of dynamo processes. The magnetic structures are
expelled from the convection zone by turbulent motions and magnetic buoyancy.
Physically the approach is rather transparent since the flare energy and the rate
depend much on the same parameter, namely a dimension L of the magnetic struc-
ture. The flare energy is given by

H2I? — for a field weakly decreasing in
En(L) = / A(H?) dV altitude, i.e. L < zg.
H 8 H2L? — for a field rapidly decreasing in
ZH altitude, i.e. L > 2.
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On the other hand the rate of occurrence of flares is determined both by the
number of such structures on the star disk N, o< R2/L? and by their lifetime
(L) = L/V(L). Here R, is the dimension of of the star and V(L) is a turbulent
velocity in the corresponding turbulent cell of dimension L. zy is the length-
scale of magnetic field. V(L) is determined by a specified turbulence spectrum
for the convection zone of the star. Existing theories (see Dibay and Kaplan,
1976; Vainstein, 1983) give unambiguously a power spectrum of turbulent velocity
V(L) o L**, with the spectral index s depending on the physical conditions in
the convection zone (from s = 1/; for Vajan convection with a strong magnetic
field, to s = 1/ for acoustic turbulence). The resulting dependence is

v(L > Ly) /N(L)Y%dL o« L%,

Using E(L) we obtain
142 p(088-0.T5)

E
v(E > Eg)ox {0
( 2 { E; 0-68+2/3 o E, (©:38-0-5)  for slowly decreasing magnetic field.

for rapidly decreasing magnetic field

This theoretical consideration gives us not only the power-law character of
the flare rate spectrum, but also indices that are similar to the observed ones.
Observations of all nearby flaring red dwarfs, as well as solar flares in Ho and
in microwaves, and of relatively older flare stars in Praesepe and Pleiades (see
Gershberg and Shakhovskaya, 1984; Gershberg, 1988, 1989) comply with this the-
oretical result. However, the younger flare stars in the Orion cluster have spectra
with steeper slopes than theoretically predicted.

2. Possible astrophysical consequences

The approach allows us to investigate turbulence in convection zones from the
properties of the flare rate spectrum.

a) The dependence of flare rate spectrum upon activity phase. The long-term
variations of the magnetic field during an activity cycle must influence the turbu-
lence and thus also the flare rate spectrum. The ratio of the magnetic energy to
the energy of the turbulent motions on different scales must be a basic parameter.

In this connection Kasinskij and Sotnikova (1990) and Gershberg (1990) have
pointed out that the solar flare rate spectral index in the radiowave range changes
during the 11-year solar activity cycle. for some of them. There are indications of
changes in the flare rate spectrum index during several years for the classical flare
star UV Ceti (Lacy et al., 1976).

b) Evolutionary changes in convection zones. There are possible systematic
changes in the flare rate spectrum index with the age of flare stars, as detected
by Korotin and Krasnobabtsev (1985); see also Gershberg (1989). If a flare rate
spectrum reflects a turbulence velocity spectrum, then the deviating Orion re-
sults indicate possible momentary realizations of anomalous turbulence spectra,
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suggesting that the maximum occurs in small scales during early stages of stel-
lar evolution. This phase is extremely transient (< 107 years) and the spectrum
changes quickly to that of Kolmogorov or Kraynovsky turbulence. In principle, the
possibility of such exotic spectra is pointed out in a number of papers (Vainstein,
1983), though their realization is unlikely.

I sincerely thank Dr. R.E. Gershberg for his continuing support.
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