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ABSTRACT

Doppler imaging analysis allows use of the information con-
tained 1o a time sequence of spectral line profiles to deduce
the size, location. and surface flux of regrons of contrasting
brightness on rotating stars  We have used IUE observa-
tions to study the structure of the lower chromosphere of
AR Lacertae e the hght of Mg Tk We have obtamed
sequences of LWR/P-HIE mnages distributed around the bi-
nary peniod at thiee epochs We have 1dentificd discrete
plage-like regions of enhanced Mg 1T surface flux m thns
system There are temporal variations m the Mg 1T Hux on
tinescales of hours as well as substantial chianges i chro-
wosphetie morphology on timescales of years Even with
the lnnited S/N attamable with the [UE, one canmap the
stoss structures of active stellar atmospheres. With such
wmformation, one can begin to study the tine 3-D struetre
of the atmospheres of late-type stars

Kevwords. Doppler Imaging: Stellar Chromosphores

1 INTRODUCTION

The onls star that presents a readily 1esolvable disk to us
15 the Sun Consequently, we liave abundant information
concerning the surface morphologies of one inactive, unas-
sunnng, G2 dwarf  Stars, of course, vary widely i therr
propetties Among the cool. solar-like stars, a number ex-
Libit the "RS CVn phenomenon”, ie, extremely strong
solar-like activity, as mamfested by strong line cmission
from the stellar chiomosphere and transition region, strong
cotonal Xeray ctmssion. prounnent photometric vanabality
due to the rotational modulation of a spotted hemisphere,
aud 1adio emission in some cases. If one takes the observed
solar active reglons. and creases therr filling factors to fill
the obscived solar disk. one cannot reproduce the levels
of activity observed i the most active solar-hke stars. In
order to undertake modelling of these most active atimo-
spheres, it 1s imperative that one have some grasp on the
nature of the swface structures and ther filling facrors

Does solar analogy apply as is nsually assimed”

The techmgue of Doppler. or spectial; mmagimg nses the
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veloaty mformation contamed 1 the spectral profile of
lme together with knowledge of the stellar rotational ve-
locity and mchuation wd an assiunption abont the surface
difterential roration, to map features of contrasting hiight-
ness atoa particular wavelength onto the stellar surface
In prmeple, the velocity of o feature relative to the 1est
wavelengtly of the hne (1u the frame of the star), i the ab-
seice of systematic Hows, places the featuae on a locus of
constant radial veloeity on the stellar s face The aceel-
cration of the featire across the line profile constrams the
latitnde and altitnde of the featuwre  FParther constramts
are supphed by the maxinum velocity observed wnd the
fraction of the stellar 1otational penod the feature s vis-
ible. This teclgne was proncered by Vogt and Penrod
(Ref 1) who used gl S/N photosphenic absorption line
profiles to imfer the shapes and locations of the ik pho-

tosplierie spots on HR 1099

We have used a conceptually smular technique, desenibed
i detal i Ref 20 mvolving deconvolution of an emission
hine mito 1ts vanous compounents  Our techuque s well
suited Lo the lower S/N obtainable for the chromosphiene
ctssion hnes observable with the TUE Owr target hias
been AR Lacertae (HD210334, G2IV4EROIV, P=19337).
at V=01 the bughtest known echipsiig RS Canum Ve-
naticorum systemn We have now obtaned high dispersion
LWR/D spectra of the Mg 11 k hue of AR Lac at thice
cpochs. pernntting mapping of diserete stiuctures m the
lower cliiomosphiere at these epochs. and giving some -
dication of the sutface morphology of a very active pair of
stars.,

2 OBSERVATIONS AND ANALYSIS

Tlie number of obscrvations and the phase coverage at cach
epoch are sunumnarized m Table 1

The analysis techmique s detailed in Refs. 2 and 3 Buefly.
we fit the observed Mg I k line profile with up to five
gisstan components  Thiee of the components are well
constramed i wavelength, those bemg the global ennssion

from the two stars 1 the system and the imterstellar al-
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Table 1
Observation Log
\ Dates phase munber 1111111])('1—\
| range LW-HI SWDP-LO
3-5 October 1983 0 85-1.64 8 9
‘ 18-19 September 1985 | 0.60-1 43 2(0) 18
| 13-17 September 1987 | 0.23-2.20 34 33

sorption component (which we use as a velocity fiducial
to check the TUE wavelength scale). Residuals to the fits
containing these 3 components are then fit iteratively until
the velocities of the global emission lines agree with thosc
predicted from the orbital clements. The residual features
traverse the global line profile as a function of binary phase,
wmdicating that they are due to regions of contrasting sur-
face flux on the stellar surface. Typical line profiles and
fits are shown m Figure 1.

3. SUMMARY OF RESULTS

The 1983 1esults were reported in Ref. 2 Two “plages”,
regions of hugh Mg II suiface flux, were identified on the
sutface of the K star A flare was observed at Mg II and
in the radio (2 and 6 cm) and pethaps in N V and C IV.
No discrete structures were observed on the G star. and
the global fluxes fioin the G and K stars, exclusive of the
plages and flare, did not vary significantly. The plages have
fillmg factors of <.005 and =.015 of the visible hemisphere
of the X star, and Mg II k surface flux enhancements of a
factor of 3 or more over that of the global emission com-

AR LACERTAE

ponent. Plhiase coverage was concentrated near the edipses

atd 5o was not optunal for o Doppler nnaging, study

The 1985 tesults are reportedin Rels 3 and 4 With hetter
phase coverage. we were able to identify 3 discrete plage
components on the Kostar One plage is at high fatitude
(007). The relative sizes, flnxes, and Jocations of the two
equatorial plages ate sinlan to the two observed i 1983,
if the same, the plages nngrated about 120 towatds lower
longitudes relative to a purely synchiomzed star. Fillig
factors range between 2 and 9% of the visible hemisphere.
The equatonial plages appear to he about half the stellar
1adius above the photosphere. The G star was observed to
flare in Mg I, doubling 1ts emssion flux, and the leading
hemusplicie of the G star was observed to be vay datk in

Mg 11

The obscrvations mn September 1987 were scheduled over
two orbital periods m order to reduce ambiguity in inter-
preting slow changes i the emission fluxes as either slow
sccular variations o1 due to rotational modulation. De-
tailed 1esults are not yet available. However, no flares were
observed during these two orbits. The Mg II k line profile
of the K star is very similar in appecarance to that observed
in 1985 The G star appeared to be about 50% brighter on
one side, but the dark hemisphere was much brighter than

observed 1n 1985
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Figure 1: Typical Mg II k line profiles of AR Lac, with
multicomponent fits overplotted. These spectra were cover
a 19 hour period, and represent half the data obtained in
1985. Note the orbital motions of the G and K stars, plus
the persistence of the smaller emission features. From Ref.

3.



DOPPLER IMAGING OF AR LACERTAE AT THREE EPOCHS 297

4. CONCLUSIONS

It 15 clear that Doppler or spectral mmmaging obscrvations
Liave the potential of opening up aun entirely new perspec-
tive on stars. These monochromatic nages show the fal-
lacy of modelling such stars usmg ouly one component at-
mosphetes. Stellar sutfaces are complex, as we should have
anticipated from solar iimages, and it 1s likely that the solar
analogy cannot be streched far enough to include the most

active late type stars without major caveats.

The lower chiromosphere, of course, 15 hut one small part of
the stellar atinosphere. In order to builld up a tiue 3 dimen-
sional preture of a stellar atmosphiere, one must coordimate
observations at many fiequencies at the same tnne. How
do the structures in the lower chromosphere cotrespond
to the coronal structures inferred from X-ray observations
{Refs. 5 and 6)7 What spatial relations are there between
the plages and the photospheric spots?

We feel 1t is important to continue thiese observations, to
follow the evolution of the sutface stiuctures on AR Lac
over a period comparable to the bkely stellar cyele pe-
riod.  With the IUE we can obtain excellent phase cov-
crage. which 15 necessary to discern long-lived spatial fea-
tures from flares and slower sceular variability  We plan
to obtain a series of HST/GHRS obscrvations with greatly
mproved S/N of the Mg I and C IV hines, m otder to
scarch for structures m the transition region and to study
then relationship to those of the lower chromosphere. Ide-
ally these observations can be undertaken simultancously
with the IUE, providing continuty i phase coverage. and
with N-ray and radio observations, 1 order to vield a tfrue
thice-dimensional picture of the outer atmosphere of a very

active stal
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