LEGIBILITY NOTICE.

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it Is
being made available to expedite
" the availability of information on the
research discussed herein.

1



* LA-UR -89-3788 ﬂ (\/\l/ X?ﬁ 702 7 (//).. -/
050040;9'

Los A'amos National Laboralory s operaled by Ihe Unwersity of Cakforna for the United Stales Department of Energy under coniract W-7405-ENG.J8

LA-UR--89-3788
DE90 003215

TiTLe A SIMPLE MODEL FOR THE STELLAR ANALOGY OF COMPACT SOLAR FLARES

AUTHOR(S) R. A. Kopp, X-1
Giannina Poletto, Florence, Italy

SUBMITTED To 6th Cambridge Workshop on Cool Stars, Stellar Systems and the Sun,
Seattle, WA, September 11-14, 1989

DISCLAIMER

This report was prepa.ed as an account of work sponsored by an agency of the United States
" vernment Neilher the Uniled States Government nor any agency thereol, nor any of ther

aployees. malies any warrantly. eapress or implied. or assumes any legal habilnty or respons-
bty for the accuracy, completeneas, or usefulness of any information, spparstus, product, of
process disclsed, of represents that iy use would not niringe privately owned nghla Refer-
ence herein 1o any specific commercial product, provess, or service by 1 e nume, trademarh,
manufacture  or olherwise does not nccemsanly constitute ur imply 1ts endorsement. recom-
mendation, or favoring by the Vinited States Ciovernment or any agency thereof The views
and opinions of authors e+ ewed herein do not necessanily siate or reflect those of the
Unied States Government i1 any agency thereof

By ar.copiance nf huy article the pubhisher recogrizes 1hat the U S Governmenl relains a nonaxclusive ruyaity free hcense to publish or reproduce
Ine publiahed 'arm ot thiy (ontribybor. of 1o gllow othery ta do %0 'or U S Governmant pusposes

The Loy Alamos Natonal L aborainty requests that the [ abhaher identily (hiy 8rtn ie 48 wirk pertormed undar (Fe auvapices of the U S Deparimant o! t nergy

Los Alamo Mc%ﬁn

Triala o) N8 M



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


A SIMPLE MODEL FOR THE STELLAR ANALOGY
OF COMPACT SOLAR FLARES

R. A. KOPP
Los Alamos National Laboratory, Los Alamos, NM £7545

G. POLETTO
QOsservatorio Astrofisico di Arcetri
Largo Enrico Fermi, 5, 50125 Firenze, ltaly

ADSTRACT We have developed a simple “point” model to describe the aver-
age thermodynamical properties of a compact flare loop as a function of time
during the flare decay ohase. The model includes thermal conduction, chro-
mospheric evaporation, and radiative losses; moreover, it assumes lateral (gas +
magnetic) pressurc balance with the background corona at all times. For the case
of a low-5 plasma (rigid flux tube), detailed 1-D hydrodynamical simulations are
available in the literature for comparison; we show that the temporal variation
of average loop propertics predicted by the puint model are in good agreecment
with these numerical simulations for a loop with the same energy input.

INTRODUCTIOQN

Solar flares are usually regarded as falling into cne or the other of two gencric classes:
“ribbon flares” (RF), which represent the largest events and are characterized by a
major rearrangemnnt of the coronal magnetic field geometry; and “compact flares”
(CF), which are much smaller (often spatially unresolved) and less encrgetic events
that apparently involve the excitatior of plasma on only a single coronal magnetic flux
tube, with no obvious diaruption of the large-scale magnetic geometry.

Iu this paper we prescnt an abbreviated description of a simple physical model
for the dynamical responne of the plasma on a closed magnetic flux tube to the abrupt
releane of energy that takes place at the onset of a compact flare. ‘I'he model concernn
itscll only with the time dependence of average propertien of the loop plasma; i.e., it
comprises a eero-dimensional, or “point”, model. Containing only a few adjustable
paranwters, the model has potential application to the interpretation of stellar flare
obscrvations, for which spatial resolution is entirely lacking. A new feature of the
model, yot to be incorporated in more detailed hydrodynamical simulations of flaring
loopa, is the inclusion of fluxtube dilatation during the heating process. This effect i
expected to be important for CF's if the energy release occurn on & time seale as short
as a few secondn, minee without it the preasure of the rapidly heated flare plasma may
exceed that of the confining magnetic field



THE COMPACT FLARE MODEL

Our model of a compact flare loop is based on the idea that the loop, of fixed semi-
length L, may be adequately described at ary time t by the average properties of its
plasma and magnetic field. In so doing we of course sacrifice detailed knowledge of the
loops’ spatial structure, but we gain simplicity in the overall mathematical description.
We make the following assumptions:
1) Uniform plasma pressure, P(t), along the loof;
2) Pressure equilibrium (gas 4- magnetic) with the ambient active-region corona;
3) Conductive heat loss, F., from loop footpoint to chromosphere = a K (T)T/L
(where a > & is a conrtant and K(T) = 6 10~77%/2 is the classical thermal
conductivity), but not to exceed 0.1 x free-streaming electron thermal flux;
4) Upward enthalpy flux (evaporation) = conductive heat loss to chromosphere;
5) Optically thin radiative losses: ¥ - Fraa= aT"N2, wherc a = 6.12 16 !'® and
n = —0.6 over the temperature range 210 < T < 10° K.
Spatially integrating the partial differential eauations expressing conservation of mass
and energy along a dilatable loop (subject to the symmetry conditions that the conduc-
tive flux and velocity vanish at the loop apcex), and invoking the conditions of lateral
pressure equilibrium (P + B?/8x = llg = const.) and conservation of magnetic flux
(A = const.), we obtain the following coupled ordinary differential equations for the
loop temperature and pressure:
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where 7 is the specific heat ratio, k is Boltzmann's constant, and v = [(y~1)/y)F./P in
the evaporation velocity. Numerical integration of these equations, starting from initial
values of temperature and pressure of the loop plasma at the end of the {lare healing
phase, yiclds the plasma history during Lhe decay (cooling) phase. The magnetic field
and fluxtube arca then follow from the algebraic relations B(t) = [Bx(1lg — P(1)))'/?
and A(t) = BoAo/B(t), where subacript ‘0’ denotes ambient coronal valuesa.

One way to check the adequacy of the various physical assumptions underlying our CF
model, is to compare its predictions againat those of full hydro-code ealzulations for
similar conditions of loop geometry, encrgy input, ete. Scveral such calculations exist
in the literature. Without exception, however, these refer to a rigid flux tube (0 = 0).
We can recover thin apecial case by setting the field strength, Hy, of the flaring region
equal to a large value. For our comparinon, we have chosen the simcdation published by
Pallavicini et al. (1983) and referred to as their “Standard Model™ {ef. their Figure 9
and accompanying text). For this simulation the flux tube was chosen to have a semi-
length 1 :: 20,000 ke, a pre-llare temperature at the loop apex of 3.2 10% K (which
we identify with the temperature, 7o, of the surrounding activ~ region corona, aince
prior to the flare our model CF fux tule i indistinguishable from adjacent coronal
flux tuber), and a “base pressure™ of 6 fyne =7 (which, likewine, we equate Lo
the ambient coronal peesaure, %), The flare energy inpul adopted by these authors



corresponds, if it were all added to the loop at t = 0%, to an initial temperature and
pressure of 1.114 10® K and 209 dyne em™7?, respectively.

Figure 1 compares the temperature and pressure historics predicted by the CF
flare modcl with the temporal profiles of average loop temperature and pressure from
the full numerical simulation. One sees that, throughout most of the decay phase, these
separate calculations agree quite closely. Obvious exceptions to this statement occur,
however, at both early (¢ < 100 ¢) and late (¢ > 600 s) times. The early-time difference
may be attributed directly to the fact that, in our “point™ model, it was assumed that
all of the flare energy is deposited instantaneously on the loop at t = 0%, wlereas in
the simulation of Pallavicini et al. (1983) this energy was deposited at & constant rate
over the first 100 s of the calculation. Late in the fiare event, on the other hand, the
difTerences are almost certainly due to the fact that the numerical simulation contained
a “steady state” heating function, to ensure that the loop plasma returned directly to
its pre-ilare state (this, however, is only one of many possible scenarios). The CF loop
model, lacking such steady heat input, simply <ontinues to cuol until one or the other
of its physical assumptions becomes invalidated (e.g., the rad:ative loss expression at
low temperatures).
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Fig. 1  Temporal evolution of T and P for a compact flare loop, as predicted
by the CF model of this paper and compared with a numerical simulation.
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