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R5 CVn BINARY SYSTEMS
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Joint Institute for Laboratory Astrophysics, Natfonal Burezu of Standavds and
Untversity of Colorado, Boulder, Colorado B010Y

ABSTRACT

In this review i will atteapt to place in context the vast amount of data ob-
tsined in the last few years as & vesult of X-ray, ultraviolet, optical, and micro-
vave observations of RS CVn and similar npectroscopic binary systems. Since this
topic is now very broad, I will concentrate on the RS CVn systeas and their long-
pericd analoge, and vestrict the ecope by attempting to answer on the basis of the
recent data and theory the following questions: (1) Ave the original defining char-
scteristice ot{ll valid and still adrquate? (2) What is the evidence for discrite
sctive reglona? (3) Have we derived any meaningful physical properties for the at-
mospheres of RS CVn systema? (4) What ste the flare ohservations telling ua about i
magnetic fields in RS CVn ayatema? (5) Is there evidence for wyitematic trends in
RS CVn systems with spectral type? '

I. INTRODUCTION

While the study of close binary syctems that we now consfder memhers of the RS
Canum Venaticorum clads goes back msny decadas in Uime, the recognition that these
systemp constitute & well defined claws of objects with common characteristica began
vith Hall's {1976) review paper published only seven years sgo. GSubsequently, ul-
traviolet and X-ray cbservations with the Copernfcus, IUE, HEAO-1, and HEAO-2 space-
craft, together with microwave and optical otservations from the ground have revealed
a vast range of fascinating phenomena that were not gnticipated aven seven years sgo.
Later reviews by c:talinn. Yrisina, and Rodono (19B80), Dupree (1981), Hall (1981),
Rodono (1983), Bopp (1983), and Catalano (1983} have suzmarieed much of this complex
phenomenology and have presented the generally sccepted starapot model in which
magnezic fields and their interactions with the sabient plasma are preaumed to be
reaponsible for the dark starspots in the photosphere and the greatly exaggeratad
but solarlike activity occurring in the chromosphere and corona.

In this review I propose to take a somevhat &ffferent approach. Instead of ;
reviewing phenomena per se, I will ask a number of basic questions corcernfng the °
RS CVn systems and then attempt to snswer these questions by deserihing the relevant
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data and theorstical work on the topic. The purpose is to attempr to place {n con~
text the vast smount of data obtafned {n the past few years from the X-ray to the
microvave regiona of the npectrum. Of particular concern are the atmaspheric strue-
tuz#s of these stellar aystems and the roles played by magretic fields. I will also
enphasize very recent observations, wmany of which are not yet published.

1I. ARE THE ORIGINAL DEFINING CHARACTERISTICS STILL VALID AND STILL ADPEQUATE?
8) Definfng Charactoristics

Close binary ntats display a vast array of phenomena depending on the spectral
types, mase vation, and evolut{onary status of the component stara, whether one or
Jboth stars £111 thelr Roche lobes, and the proximity of the tws stats. In ovdar to
‘bring scme order out of this chaos and to define a relatively homogenzous class of
systems vith sfmilar charscteristics and phenosena observed {n the visible, Hall

_ (1976) propomed a working definttion of RS CVn systems consleting of the three prop-
" erties listad below., Are these three defining characteristice stil) valid?

1, Binerfes with orbital periods of 1~14 days. Hall chose these upper snd
‘louer limite rather arbitrarily on the basis that for the 24 stars, which he felt
have similar charscteristice apnd thus should be wembers of the RS CVn class, the
distribution of perioda was such that trhere were no suspected candidates with pe~
riods of 0,9~1.9 days and 11-17 days. Since the list of known RS CVn binarfes keeps
groving (Hall [1381) ldete €9 wembers), we should guestion this original Zefinition
and sexrch for a definition that rests on a physical basis. Probahly the main char-
acteristic separsting the wore evolved {and in genaral more active) components in
_these systems from eingle stars of the same spectral type is rapid rotation, a di-
rect consequence of tidally-induced synchroniem of rotation and orbital perfods.

Zahn (1977) has shown that for stars with convective envelopes, the synchron~
fration time {#

10 (53’-“1] Py y

tlynch

where q is the mass ratio, vhich is gcner.lly close to unity for these systems, and
P fs the orbital periods in days. Thus t tyynch ™ 108 yr for P = 10 days and 1.6 x
109 yr for P = 20 days vhen g~ 1. Evolutionary considerations then suggeat that
subgiants with orbital periods less than 20 days should be tidally synchronous, and
thus rapid rotators and sctive .stars as (s indeed the case. A vell-known nonsyn-
chronous system, A And (G8 III-IV + 7), with P, = 20.3 days and P, =~ 54 days
confirms this argument. Thum & natural divieion between RS CVn syetems and the
so-called long pericd RS CVn systems is sbout 20 daye, not 14 days as originally
suggested. The proper short period cutoff to the RS CVn class is unclear at this
time, but it seema raaponable to exclude contact binaries such as the ¥ Da syatems
(Dupree 1983) cn the basis tﬁat they exhibit somewhat different properties, such as
a common coronal envelope.
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2. Strong Ca IT R and K line emfsnion outnide of eclipse. Bright H and K
emission historically has been ased to {dentify nev members of the RS CVn clasms he-
caufe these emission features stand out againet the relatively wwak photospheric

continuum and photnspheric Ca II absorption line wings even at relatively low dis-
persion. Bopp (1983) has tabulatud Ca IT surface fluxes for 19 RS CVn systems,
vhich are typically 2-20 times that of the quiet Sun. The Ha line is & purec emis~
sion feature in only the moat active systems (e.g. HR 1099, UX Ari, TI Peg, and
™ UMa), and appears as a filled-in absorption feature in the other systems. While
one cen subtract the Hx profile of a standard wingle star to obtain a net Fa emis-
sion profile (e.g. Fraquelli 1982), this {s not a simple.technique; thus fflled-in
Hx absorption should not be a defining characteristic for these systenms. Enhanced
ultraviolet emfesion lines (e.g. Dupree 1981) and X-ray luminosity (Charles 1983)
are comson properties of thesme systems and could be used as defining spectral char-
acteristices, but it is not yet feasible to search large numbers of stars for these
features. On this basis, it seems reasopable to continye to use bright H and K line
emiunion as a defining characteristic, but we should recognize that the strong Ca II
line emission is only one indicator of the enhanced nonradistive heating rate, which
ia the physical basis responsible for this defining characterfariec.

3, The hotter star s of spoctral type ¥ or G and luminosi{iy class V or IV.
It we adopt P,y = 20 deys as defining the long period cutoff of the RS CVn group,
the only systems that are incensistent with this definitfon (Hall 1981) are single
line specrroscopic binaries for which the other component is unknown. Three are
luminous systems with periods of 17-20 days (o Gem, £ And, and V350 Lac) &nd the
other iy II Peg (Porb = 6.7 days). What are the secondary components in these sys-

temn? Are they less evolved stars close to the main sequence as 1s generally the
case for RS CVn systems, or could they be white dwarfs as in V471 Tay, but cooler?

b) Nondefining Characteristics

Hall €1976) also lists 15 additfonal characteristice that appeared to be valid
for most but not all of the systess for which he had data at that time, and thus
were not suitable as defining characteristicas. I would like to comment on several
of thirse.

1. The Ca II H and K emission ia from the cooler star (or both). This fs gen-
erally true for the RS CVn aystems, but {t is important to recognize that the hotter.
atar {s often also quite active, and when the orbital velocity separation of & spec-:
trum iz large the contribution of the hottor star is often apparent in high resolu- -
tion spectra. For example, Simon and Linsky (1980) detected Mg II h and k emiwsion
from the G5 V star in UX Ari about 1/5 as strong as that of the KO IV star. But
oince the radius of the KO IV star is about twice that of the G5 V star, the Mg II
surface fluxcs of the two starst, indicative of the general activity level, are pimi=
lar. The long period Capella wystem (G6 III + F9 IXI, P,pp ™ 104 days) 1s a clear
exception in that the earlier type star is the predomsinant emitter {Ayres and Linsky
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1980; Ayres, Schiffer, and Linsky 1983}, presumably because the F9 III atar is &
rapid votator vharaas the G6 III atar fs not. In wome wense this excaption provés
the rule aince for synchronous systems the move cvolved (l.e. cooler) star has a
larger radius and fe thus ths more rapid rotator.

2. A wsve-like distortion in the opticsl 1ight curve is detected cutefde of
aclipse. This characteristic is nov deemed fundasental as it indicates the presence
of dark starspots (e.g. Eaton and Hall 1979) that migrate {n phase (Catalano and
lndono 1974), are cool (Vogt 1979. lnuley and Natfona 1980), and are presused to he
nq‘detlc in character by anslogy vith sunspots. This last point {e criticsl because
strong magnetic fields presuasbly underlie all of the {ntereating sctivity aeen in
RS CVn systess, yet rapid votation makes it difficult to messure the magnetic fields
directly by the Zaeman affect. To my knowledge the only direct measurement of a
megnetic fleld is the measurement of a field of 1290 £ 320 Causs covering half the
visible surface of A And (Giampaps, Golub, and Worden 1983). It is important that
this work be extanded.

3. RS CVn systems are detached binariee with mass_ratios close to unity. To
my knowledge the only exceptions to this statement are RT Lac and 52 Pac, which are
semidetached systems, and the single line spectroscopic systems for which the mass
ratfos are unknown. Popper and Ulrich (1977) have called asttenticn to the interest-
ing evolutionary status of the RS CVn systems. They point out that binaries develop
RS CVn churacteristics when one or both stars enter the Hertzsprung gap and develop
convective envelopes. The tidal synchronism mechanism will halt the rapid loss of
rotstional velacity when Peot ™ Porb' 90 that the X0 IV and ¥0 TII cool stars in
thede systems have eguatorifal rotational velocities of 40-60 km s~' fnastead of 2-5
kn a~} {Gray 1982). This combination of rapid rotation and conveetion presumably is
reapongtble for the efficient generation of strong magnetic ffelds by dynkimo proces=-
ses that rasults in the RS CVn phenomena. For mist systems there f{s no evidence
for etreams, tidal distortions, or reflection effects, consistent with the detached
gecmetry.

IIX1. WHAT IS THE EVIDENCE FOR DISCRETE ACTIVE REGIONS?

a) Chromospheres and Transfition Regfons

RS CVn systess have been lonltored extensively in the e line (see Bopp 1983
for & detafled ravisw), but these data exhibit no evidence for active regions cor-
related with starspote. For exasple, Ramsey and Rationa (1980) cbserved stronger

epissfon fn HR 1099 at a phase near spot maximum (photometric minimum) than at spot

uinimum, but they did not wmonitor ,for flares at that time. In an extensive study of
HR 1099 during 1977-79, Dorven et al. (1981) monftored the Ha line with narvow band

photometry. They detected strong net emission in Ha with large nightly variatfons,

but no correlation with photometric phase even though the photometric wave showed

4 large smplitude at that time. They concluded that the variable la net flux indi-
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cated flaring rather than the presence of sctive regions. Sinilarly, Fraquelld
{1982) slsp detected variable th net flux from 1R 1099 that correlated with the
microvave radic flux, a8 good indicator of flaring, When ehe removed from the data
set thoae observatlons taken during flares, ahe ales frund no correlation of i
eniasfon with photometric phase.

There are fewer observations of R3 CVn systems in the Ca I H and X lipnes, but
these data do provide some evidence for active reglons correlated with the stsr
spots. Yor exsuple, Weiler (1978) obaerved six systems in the Ca 11 linzs and i,
The data are sparse, but the Cs IT emisaion equivalent widths appear to strengthen
at photometric minimum for RS CVn itself, consiatent vith the hypotheais that ehro-
moapheric active regions cluster above starspots. Weller's obmervations of UX Ari
snd Z Her are also marginally consistent with the sbove hypothesis.

The connection between sctive regfons and stavepota became clear only with ob-
servations by IUE. The first such evidence by Rodono, Romeo, and Strazzula {1980)
is based on low dimpersfon Mg II fluxes of II Peg (K2-3 V-IV + 7). Subsequently,
Baliunas wnd Duprea (1982) observed X And at photemetric maximum and minimum with
IUE. They detected transition region line (e.g. € II, C IV, 51 IV) emission 30-507%
brightar, and the Ca II lines brighter, at photometric minimum than at manimum, but
for some unexplajned reascon the Mg IT line fluxes were nearly unchanged. Also the
Ca II lines have different asymmetries, suggesting that the flows are different on
the tw healspheres. Walter, Gibson, and Basrt (1983) observed Ar lac (G2 IV +
KO IV) with IUE at egress (phase 0,053) from primary eclipse (KO I¢ star in front)
snd st quadrature (phase 0.256). These data (sce Figa. 1 and 2) show the Mg II flux

0.2

Fig. 1. A scale drauing of the
AR Lacertae system. The line
of aight at a given phase is
found by lining up the phase
indicated on the outer circle
vith the center of mass, The
solid line {s the Roche gur-~
fece; the daghed lines gur-
vounding the K ster indicate
the fnner and outer radif{ (L.5
and 2.0 Byg) of the extended
component of the K star corons,
Crudely fndiceated sre the loca-
tion and extent of the chserved
chromospheres and coronae.

Hote that the extended compo-
nent of the ¥ stat corona ex~
ceede the Roche radius (from
Walter, Gibson and Basri 1983),

AR LACERTAE
13~1% JUNE 1980

-

-————
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Pig. 2. High~rascluticn observations of the Mg II resonance lines for AR lac during
agress from primary minimus (thin lines) and at quadrature (thick lines).
Approximately half of the G etar fs visible at thia stage of egress. Note
that although the G star is the one eclipsed, it produces the approximately
constant blueward component while the K star showvs a dramatic change (hav~
ing remained unocculted). The flux ratio of K to G star is 2:1 at quadra-
ture, indicating the G ster actually has stronger surface flux here (from
Walter, Gibson and Basri 1981).

attributabla to the GZ IV stsr unchanged, but the ¥g II flux nttriﬂutnble to the

KO 1V star a factor of two larger st quadrature. They argued that the dats are
coneistent with an active reglon (vieible in both observations) above the spot group
on the G2 1V star producing the photosetric minimum at phase 0.235, and an sctive
region on the KO IV star in view only during the quadrature observation.

Two sets of IUE high resolution spectra with the short wavelength camers indi-
cate the presence of compact active regions by changes in the line {ntegrated fluxes
and centroid velocities. 1In tha first datc set, Ay}cl and Linsky (1982) observed
HR 1099 (G5 IV + K1 IV) at opposite quadratures {phages 0.2t and 0.76). They found
that at phase 0.76 the transition region lines (e.g. C IX 1336 R and C IV 1548 &)
are brighter and displaced +0 = 1'1 relative to the K1 IV star veloctty, indicat-
ing an active region near the receding limb of the X0 IV star at this phase but on
the back side of the star at phase 0,21. This would put the central meridian pas-
soge of the active relloﬁ st phase 0.6 in June 1980, but photemetric minimumm in 1979
occurred near phase 0.95. Thus the connectfon between spot and sctive vegion is not
clear for this observation.
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A better example is the high recolutfon spectra of o Gem (K1 III + ?7) obtaiped
at phases 0.5 and 0.58 by Ayrem, Sison, and Linsky (1984). They found that the
transition region lines were both stronger and blue-shifted at phase 0.53 compared
to phnic 0.58, consistent with an active region on the receding limb at phase 0.53
but over the limb at phase 0.58. Since starspot group B (see Pried et al, 198)) was
algo on the receding limb at phase 0.53, the spatial connection of the active region
and s spot group is indicated by these data.
The clearest example yet of the spot—active region connection is the Octoher
1-7, 1981 IUE monitoring of II Peg. In this program, Marstsd et al, (1982) found
that the ultraviolet emission line flux {s well correlated with photometric minimum
(ses Fig. 3}, In particular, all the emission lines rise sharply at phase 0.45 and

o
i

=~
F

VISUAL
MAGNITUDE
™Mo N
~_ B

Fig. 3. lower Panel: integrated emissfon line fluxes for IX Peg obtained in Qectober
1981 by Marstad et al. {1982). Note the rapid rise in flux near phase 0.45
snd rapfd fall nesr phase 0.95 indicsting the rotational wodulation of a
compact active region mcross the disk. Upper Fanel: photometric variation
obteined with the FES simultanecusly with the IUE spectra. '
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fall sharply at phase (.95, indicating a rather compact active region. The much
larger rise of the transition region lines {(a factor of five)} compared to the chro-
mospheric lines (less than a factor of two) is consistent with the difference be-
tveen the spectra of solar active and quiescent regions. Marstad (1983) used these
dats to locate the active region on the stellar surface and conparcd this active
region with the location of th: two spot groups he derived from the IUE optical
1ight curve, which 1a similar to the 1976 light curve and apot group positions de-
rived by Bopp and Noah {1980}, Marstad placed the active reglon near the leading
edgé of the larger spot group (see Yig. 4), and concluded that its area {s no larger
than 6X of the visible hamisphers, compared to the apot area of 25-30% of the visi~
ble hemisphere.

This result is remarkable to say the least. Whereas solar active regions are
much larger than the photospheric aspota they overlie, the situation is reversed for
I1 Peg. BSecond, the small active region sige implies that the active region surface
fluxes for the transition region lines must be very large as f{ndicated by Table 1.
For an sssumed surface covering factor of 0.06, the maximum value indicated by
Marstad, the C IV surface flux is 4200 times the quiet Sun value and the C IV 1550 A
lines cavry 0.1% of the total stellar luminosity per unit area. These extreme

0 A 140 Tl
SRS TS
' o i§3'>> TS
vy 7 b
.
¥ ool ] b n
s 4
. | ~ ! .
—:—""'J -
PHASE 0.50 PHASE 0,75

Fig. 4. The locstion of the two spot groups {emall circlea} and the active regfon
{s011d black) derived by Harstad {1983) from the optical photometry and
enlosfon line flux versus phase observations of 11 Peg in October 1981.
Note that the sctive region overlies a small portion of the larger spot
group.
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Tahle )}, Active Region Surface Fluxes

Sy

Avsuned Surface Fo yy(active vegton) Fg y(active regton) Feo py{active region)

Covering Pactor (ergs cw 2 o~1) Fg py(quiet Sun) fpol
1.00 1.7 x 108 2.6 % 10° 7.3 % 1073
0.06 2.8 x 107 4,2 x 10° 1.2 x 1073
0.02 2.3 x 107 1.3« 104 2.6 x 1073

values point out the necessity for deriving active region aress and the folly of
dencribing RS CVn chromospheres and transition regions by one-component theoretfesl
modelw,

b} Coronae

1 now consider the avidence for discrete active regfons in the coronae of
RS CVn systems baned on observations with ‘he Einstein X~ray observatory, The most
imporiant sat of observations has been obtained by Walter, Cibson, and Haeri (1983)
of AR lac during s total primary eclipse (KO IV star in front at phase 0.0):aild &
annular secondary eclipse (G2 IV star in front). The geometry for these eclipses in
shown in Figore 1. Eclipses are powerful probes of coronal X-ray brightness digtri-
butions snd thus the location of active reglons since each position in the corona i ‘
covered and uncovered dering each aclipee. *

From these data Walter et al, found that the G2 IV star contributes 40X of the
total X-ray flux, Its corons hoe & small scale height (~0.02 R,) and is located
primarily over the spot group, which is near phase 0.25 (see Fig, 1). The X0 IV
star exhibits & more complicated coronal structure with a geometrically thin com—
ponent (scale height ~0.02 R,) located primarily at two longitudes and with an ex-
tended component (scale height ~R,) located over ocne hemisphere. In additlen, the
IPC spectral height distribution indicates s two temperature coronal plasma, as does
the 555 data {Swank et al, 1981), and Walter et al. argue that the hotter plasma ia
in the extended component, This data set thus points to a correlation of spots and
coronal active regions at least for the G2 IV star, but the extended (hot?) compo-
nent is not connected to any known spot region. Furthermore, the location of hot
plasma far from the X0 IV star f{mplies the existence of large loops extending beyond
the Roche lobe of this star and parhaps interconnecting the two stars in the aystem.

1IV. HAVE WE DERIVED ANY MEANINGFUL FHYSICAL PROPERTIES FOR THE ATHOSPHERES OF
RS CVn BYSTEMS?

a) Chromospheres and Transition Regions
In the past fev years there have baen at least four major studies of RS CVn

ayatems that purport te derive the run of temperature, pressures, and density with
height ueing different spectroscopic diagnostics. 1In each case the authors salved
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the radiative transfer and statistical equii!briua equations for an sssumed homoge~
neous, ons component atmoaphers in hydrostaiic e¢quilibriue wo ae to satch cowputed
and obaerved line fluxea and in some cesea line profiles. For exmmple, Baliunas et
al. (1979) derived chromospheric models representative of L And and Capells to match
the cobeerved Ca II, Mg II, and tu profiles. Thefr best fit wmodels are characterized
by top pressurss, appropriate for the base of the transition region, of 1=1.7 dynes
c-'z- Subsequently, Simon and Linsky (1980) derived models for HR 1099 and UX Ard
to match the obssrved Mg II 1ine profiles, fluxes of C II, 5{ If, and S IIT ltnes,
nﬁ&.thta. denaity sensitive line ratios. Their best fit models have a top pressure
of icushly 0.5 dynes c-'z and are inconsistert with a transition reglon that s
conductively heated. On tile basis of models conetructed to match the Mh profila
q!:) And, Mullan and Cram (1982) derived transition region prassures of 0.06 or

0.4 dynes e ? depending on the assuvmed macroturbulence. Finally, Baliunae and
Dupres (1982) propased transition region pressures of 1.3 dynes cm~® for the
unspotted hemsisphere and 1.9 dynes c-'z for the spotted hemiaphere transition
region of A And, baned out cbeerved C I and C II Iina fluxes.

These models, based on a Yange of spectroscopic diagnostics, different RS CVn
nylienn. and computed by dif!crant‘;roupn. are in reasonable agreement with sach
other, but sre they reslistic representations of the mean atmospheric properties
of RS CVn systems? I¢ sesme to me that they are not, because they fgnore vhat is
likely a fundamental property of the atmospheres of these systems =« extreme inhomo-
genefty. If the results for II Peg described above are representative, then moat of
the observed chromospheric and transitfon region emission originates In one or a faw
active regions covering a emall portion of the observed hemisphere of the star.

Thus the active region line surface flures could be 10~100 times that of the spatial
average, and the transitfon region pressures and densities for the metive region
correspondingly larger. 1 suspect, but cennot prove, that the same {8 true for
those syatams that show little rotatfonal modulation of tha UV emission line fluxes,
except that {n these systems thers are several active reglions widely distributed in
longitude observed at all phases. It seems vitally fmportant, therefore, that fu-
ture studies concentrate on detormining the active region £1lling factor and then on
computing models of the active and quiescent regicns separately. One way of deriv-
ing activa region filling factors is by rotstional moduletion studies of systems
with simple photometric waves of large smplituds, as was the case for II Peg in
October 1981. The second way involves deriving the densities of active rapions from
density-sensitive lina rstios when the active regicne dominate tha observed flux.

b) Coronae

Numerous B3 CVn systems were detected as X-ray sources by HEAO~1 becsuse they
nrpiﬁntrlnlleally bright (29.4 < log Ly £ 31.5) and are quite numerous., Walter
et sl. (1980) listed 15 sources, and Charles (1981) listed 45 sources detected
by HEAO=1 and Einstein and reviewad their properties. The HEAO-1 data suggeated
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corcnal temperatures of 107 X. Assuning this temparature and the Romner, Tucker and
Vaiana (1978) scaling law for static loops smaller than a prassure scale height,

T = 1400 (pL)'Y (2)

Walter ot a1, (1980) estimated vnlues of lcop haights (L), fractional filling factors
{f), and number of loops (N) for different sters, Clearly Liiese quantities depend on
the pressure (P) in the loops, but assuming that for Capella P = 1,3 dynes cl"z, the
mean transition vegion pressure, then f « 0,2, N = 100, and L = 2 & 10"' ca™ 0,3 Ry
These loops are large but still only about 0.05 of the coronal pressure scala height.

Since the RS CVn systems are bright X-ray sovrcee, Swank et al. (1931) were ahble
to obsarve sevan syatems and Algol with the Einstein Solid State Spectrometer, These
lov resolution spactra Indicate that all of the eystems have coronas characterired
by at least two temporatures: s low temperature component with T = 4=8 x 10® & and
log L, = 30-31, and & Liigh temperature component with T » 20-200 x 106 K and log L, =
29.1-31.1. PFurthermore, the high temperature components appear to be more variable
than the low temperature components, snd the most widely separated system {Capclla)
hce the smalleat ratlo of hilihi Yo low temperature cowponent luminosity. I will
raturn to this important point later. They also applied the Rosner-Tucker=Valana
scaling 1av [Eq. (2)] with the conclusion that {f P ¢ 10 dynes cm™2, then L/R, for
the hot coronsl comporent fa similar to the binary separatfon and L/R, for the cool
coronal component is S1 Ry. However, £f P 2> 100 dynes en? then both components are
relatively compact geometricslly, Thay could not decide between these two scensrios.

The Einatein IFC observations of AR lac during eclipses provided Walter et =i,
(1983) with the critical data on the coronal emicting reglon volumas and locations
naeded to derive the loop pressures directly from Eg. (2). Thetr only assumption
was that the sxtended component of the KO IV star corona {see Fig. 1) conaists pri-
tarily of the hut gas detected in esrlier 5SS observations. Their redults, svnma-
rized in Table 2, !ndicate that the coronal Ioop pressures sre large (25-140 dynes
cu"zj. two otderc of magnitude larger than the average transition region pressures
pravicusly discussed. This result provides further evidence for the inadequacier of
one component modela. It ia interesting that the II Peg data imply that the active
region sutface fluxes are 10-100 times larger than quiescent, which may be consis-
tent with the AR lac coronsl loop pressures if pressures scale proportionslly to the
surface flux. This point needs further consideration.

Table 2. Corondl Loop Parameters for AR Lac

Parameter G2 IV Star X0 1V Star KO IV Star Plaring
{extended component) (inner component) Sun
? 106 23 10 140
L/Ra 0.02 2 0.01 0.01
N 108 10 108 4 106
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Vs WHAT ARE THE FLARE OBSERVATIONS TELLING U3 AROUT MAGNETIC FIELDS IN

RS CVn ¢ \3TEMS?

Flarss are highly energetic avants in RS CVn aystems with time scales of hours
to weaks, much longar than for flares on M dwarf etars like UV Ceti, Reviews of
flare phenomena includa discussions of the Ha data (Bopp 1983), X~ray dats (Charles
196)), and radio observations (Gibson 1980, Feldman 1983), Also thers are a number
of isportant papers on ths very long-lived flare on HR 1039 in February-March 1978
" that are included fn the Decesber 1978 fesus of the Acéronomical Journal. From this
“ waslth of dats, I would ke to call sttentfon to thoss data that provide {nforma-

" tion on the gecmetry, flows, and magnetic field topology of the flaring plasma,

Firet, Bopp (1981) pointed out that while the ta line brightens significantly
during flarer, this emission s not modulated at the orbital or rotational perfod.
In other words, tha emitting volume is either large compared to a stellar radius or
the enissicn occurs in the binary system well away from either star and parhaps be-
tveen the two stars. The VLBI microwave observatfons (cf. Feidman 1783) slso point
to exission from a large volume, several tiwes the binary separation for the spe-
cific case of the April 1931 flere on HR 5110.

Second, there is evidence for mass flows durfng flares. Bopp (1983) pointed out
that during flares the Ha 1line becomes very hrosd (~400 km ! during the Pebrusry-
March 1978 flara on HR 1099) with cccasional redvard asymmetries, A very important
observation in this regard fs & high resclucion spactrum of the Mg II lines ohtatned
by Bimon, Linsky and Schiffer (1980) during the New Year's Day 1979 flare on UX Ari.
They found the Mg II lines to be vary asymmetric with wings extending out to +475 kn
l-l. roughly the ascopa velocity from either star, and f{nterpreted these profiles as
indicating a mass flow from the KO IV to the G3 V star that could occur $f the large
flux tubes of tha two stars interact. This hypothesis suggests that RS CVn flares
are powersd by magnetic field annihilation of interactiug flux tubes as fn solar
flares, except that the scale {5 vastly laiger becausa {t {s the flux tubes of two
separate stars that are responsible. The long tima scales of RS CVn flates could
be a consequence of the large gecmetrical scales. Purthermoire, the large ¢irculay
' polarization of flare microwave emissfon (e.g., 'Brown and Crane 1978) indfcates that
the emission process is magnetic in character.

Third, Uchids and Sakuraf (1983}, in their theoratical calculations, have shown
that the msgnetic flux tubes of active regions on both stars in RS CVn systemc vill
interact and often intercomnect the two stars. In particular, the strong coronal
heating and flaree could raault from magnetic reconnection ss individusl starapote
drift across the active longitudes of both stars. They Interpreted the low tempera~
ture covonal component as plasss corfined in small loops and the high temperature
component ss plasma confined to loops interconnecting the two stara. This plcture
is consistent with that proposed by Walter et al, (1983) for AR Lac on purely ohser-
vational grounds.
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VI, IS THENE EVIDENCE FOR BYSTEMATIC TRENDS IH RS CVn SYSTEMS WITH SPECTRAL TYPR!

I would liks to conclude this tathar selective review by calling attention to
what appears to be & significant diffearence betwaen the P9 IIT sctive stat’ in
tapella and the KO IV active eters in typical R CVn systems like RR 1004, UX aef,
and 1% Peg. Ayres, Schiffer and Linsky (1983) osbrained high dtspersion IV short
wavelapngth spactra of Capella st thres quadraturesr and one conjunction. These data
confirm earliar work {Ayres and Linsky 1380) that the 79 IIL component has transi-
tion reglon surface fluxes about 23 tiwes brighter than the G6 LIT primary, prajum
ably because the ¥9 III star fe 8 vapid rotator (Pp,, » ® days) vhereaas the G III
atar 19 & slow rotator. Ayrew st al. (1983) alse foumd that Capslla fs s remarksbly
steady ultravioler emission line sovrce {to the few percent accuracy of the 1UE pho-
tometry) on time scales of hours to 9 months, In a further study tnvolving 22 ob-
sarvations ovar half an orbitsl perfod, Ayres (1983} also fouod no ultravioles flux
changes at & sanaitivity lavel of <5%.

‘This remarkably stesdy flux from the P9 III acar {n Capella {wpliee either uvni-~
form emission azross the stellar aurface or, wore ltkely, a large number of active
regions well distributed in longitude, By contramt, the KO IV stare in typical
RS CVn systems exhibit highly varisble esiesfon line flux fndicative of only a few
sctiva regions or only one active regfon in the previcusly discusaed case of IY Peg
fn Octnber 1981. T eummarize thesa differences {n Teble 3,

I believe that thewe very different properties are not due (o dffferent
rotational velociticz mince the rotstional period of the P9 IIY atar in Capells
is compatrable to the periods of the KO IV eynchronously rotating stars. Insteasd,

1 balfave that these differences can be explained by two sffectst '

-

Tabla 3. Comparison of Active Gtars {n Cspella and Shorter Perfad RS CVn Systems

Proparty Capella HR 1099, UX Ary, IT Peg
Active statr r9 111 Ko 1V - K2 1V
Orbital period o r0ad 2,8-6,74
Rotationsl pertod ad 2.8-5.7%
t¥ flux variations <5% large f?
¥uaber of active regions ) large few
Radic wnianion (6 cm) <0.2 niy up te 1000 mly
Lg(hot) /L (cool) 0.1 1-3
o/ tve 23 4-7
Flaring never detected common
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(1) The Capella ¥9 IIY star has u shallower convective zone and thus s much
larger nusber of convective cells. Also the dyname ~nd convective zone velocity
fia1d together sppaar to genarate many vather than few magnatic active reglons.

(2) The ssparation of the aters in the Capella oyatem is much larger than in
the shorter pariod systems. Thus it is d1fFicult for the magnetic fields of the two
Capella stcrx to Interact. According to the previous discussion there should be few

. fiaves, wesk radio esission, and little hot plasma in the corons, as is obsevved.

" The differsnce betwean Capella and the short pariod aystems thus strengthens our

?‘.;.?::oncluunn that interacting uiieiglc fields are fundamental to explaining much of
the fascinating phenomenology of the RS (Vn systema.
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of Coloredy. It f{s a plessure to thank wy collesgues Drs. T. Ayres, A. Brown, K.
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