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Abstract. We present here the results of spectroscopic stuggions are resolvable on the K star surface (Walter et al. 1983,
ies in the Hv region of the active eclipsing binary AR LacNeffetal. 1989). Recentanalyses of M& & k lines, from IUE
(G2IV+KO0IV) obtained at Catania Astrophysical Observatorgbservations, partially summarized in Neff (1992) andin Pagano
in 1989, 1990, 1994, 1996 and 1997. Accurate measuremegttal. (1994), show that the discrete plages on the K star migrate
of radial velocities by using the cross-correlation method hairelongitude and latitude. The Mg emission flux of the G2 IV
been made and a new orbital solution has been derived. Teenponent was found almost constant from 1981 to 1991 while
equivalent width of the H emission core has been measurethat of the KO IV star showed a maximum around 1986-1987.
by subtraction of spectra synthesised from standard non-act@ smooth rotational modulation of the line integrated flux has
stars of spectral types similar to those of the two components. Wé&en found, but both stars generally appear brighter in their
find chromospheric emission from both components in mosttéiling hemispheres than in their leading ones.
the spectra. No rotational modulation of the Emission is ap- Spatial correlation between photospheric and chromo-
parent. The absorption excess observed near and during prinsgiyeric active regions has been clearly seen only in 1989 and itis
minima in 1997 is interpreted as the effect of a prominence-liklubtful in other occasions (Pagano, 1993). Moreover, the spec-
structure anchored between the leading and the trailing hetn&l imaging analysis performed by Pagano (1993) suggested a
sphere of the cool component. This interpretation is fully comelatively steady chromospheric active region close to the sub-
patible with the radial velocities of theddemission peaks in stellar point of the K star. Such conclusion is in general agree-
the subtracted spectra. ment with X-ray observations (Ottmann et al. 1993, Siarkowski
The observation of atflare in 1989 on the cool star is alscet al. 1996) as well as with the photospheric maps of Lanza et
reported and an estimate of the size of the magnetic structate(1998).
involved in the event is proposed. AR Lac (P, ~ 1.983) shows an out-of-eclipse photomet-
ric wave inthe optical bands interpreted as starspots modulation.
Key words: stars: activity — stars: binaries: eclipsing — star¢nformation on geometric and physical parameters of the spots
binaries: spectroscopic — stars: individual: AR Lac can be safely derived in the case of eclipsing binaries, because
of the good knowledge of the system inclination. Thanks also to
the scanning of the stellar disks during the eclipses, additional
information on the latitude and size of the spots can be derived.
1. Introduction The light curve solution made by Lanza et al. (1998) supports

The totally eclipsing binary AR Lacertae (HD 210334, BD £F45the existence of compact starspo.ts on thg G2 IV primary star
3813) is a wellknown RS CVn double-lined system whose cofind a sector structure of the active longitudes on the KO IV
ponents, a G2 IV and a KO IV star, show signatures of an iﬁtj—.\cond.’:lry star. In the same work evidence for preferential ac-

tense solar-like activity (see eg. Lanza etal. 1998 and referentés Io,ngltques_, long term_ spots’ m|gr§1t|on and vanaU(_)pS ofthe
therein). spots’ distribution were given. The existence of an activity cycle

Emissions in the Car H & K lines were first observed V&S also confjrmed. i C
by Sanford (1951) and more recent spectra, obtained by Bo 8Out-of-ecllpse vgrlatlon of emission is well observed at ra-
(1983) and Ferandez-Figueroa et al. (1994), gave evidence f&f wz_iveleng.ths (Lea‘vre_ etal. 1994), and X-ray (Ottmann &
emission cores in the lines of both components. The doutﬁgh.m'tt 1994; strassmeleret al. .1993).Ahuge X—rayflare, con-
emission in the Mg h & K lines clearly confirms that both sisting of multiple events and with a total duration of about 4

stars are chromospherically active and show that discrete pl%@)‘g{i) was detected by ROSAT observations (Ottman & Schmitt

Send offprint requests té. Frasca (afr@sunct.ct.astro.it) Extensive H observations of AR Lac in 1976 and 1977 by

* Based on observations collected at the Catania Astrophysical ®2PP & Talcott (1978) show large changes in the absorption
servatory, Italy EW up to a factor of three, and some filling in thexlgrofile
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of the cooler component during the giant radio flare observedrvatoryM. G. Fracastorostation in 1989, 1990, 1994, 1996

by Feldman (1978), during which the received flux raised froand 1997. We used the instrumental apparatus in two different

undetectable levels up to 500 mJy. Large changes in the ldonfigurations and with two different detectors:

line depth were also observed by Nations & Ramsey (1980).

They displayed spectra showing, at second quadrature, a strong" the years 1989, 1990 we used the spectrograph in low-

deepening of the H line of the G2 component, which became  dispersion mode with the 1200 lines/n&uhellette grating

deeper than that of the secondary one, whose depth appeared t¥hich gives a linear dispersion of 4¥mm. The spectra

be unchanged. were recorded on a front-illuminat8d5 x 576 E. E. V. CCD
From difference H profiles, derived by subtracting syn- ~ 0f 22 x 22 yum pixel-size. In this configuration the one-pixel

thetic spectra, Huenemoerder & Ramsey (1984) found no def- resolution was 0.88. The slit width of 150 um we used,

inite emission from either component, with the exception of Yields a projected half-width spectral element of @.6n

only few cases. Liu & Tan (1986) reported on variability ofH  the focal plane. The size of CCD allowed a wavelength cov-

line. They measured equivalent widths smaller than those of €rage of about 45. In these seasons the spectrograph was

normal inactive standard stars, thus indicating spectra filled in directly attached to the telescope Cassegrain focus.

by emission. — Inthe years 1994, 1996 and 1997 we useckitteelle cross-
Frasca & Catalano (1994), comparing spectra atorés- dlsperS|on configuration obtaining a resolution of about

olution with synthetic ones, were able to separate the emission 0-46A, as deduced from the FWHM of the Th-Ar cali-

filling the Ha photospheric profile of both stars in all observa- bration lamp. The spectrograph was fed by the telescope

tions obtained very close to the quadratures. Also Montes et al. through an optical fiber (UV - NIR200 nm core diameter)

(1995) found excessdﬂemission from both Components_ and was placed in a stable pOSition in the room below the
Recently, Hall and Wolowitz (1998), analysing a consistent dome level. In 1994 the camera was equipped with the same

data set of T4 ! Spectra’ Showed avariab'e excegseﬂnission of CCD deteCtOI‘ Of the |OW'reSOIUti0n mode. Since 1996 a new

both components of AR Lac with a more prominent variation of front-illuminated CCD with800 x 1152 pixels (pixel size

the KO IV component on rotational, fixed-phase and long-term ©0f 22.5 um) has being used. With the last larger CCD we

time scales. were able to recoro(l)four orders in each frame, spanning from
Although AR Lac is a very well-studied RS CVn star, there about 6050 to 6658, and nearly completely covering each

are very few determinations of orbital and physical parameters €chelle order.

from radial velocity measurements. This because, the orbital pe-

riod of this system is almost exactly 2 days and itis very difficult

to achieve a good phase coverage during an observational

The only published solutions are those by Harper (1933) a

Sanford (1951). The latter have been revised by Popper (19

1990). Recently Gunn et al. (1998) determined new radial T : dial velocity det i d ral
locities but values are clustered around two specific phases. 0 per (l)rm radia (;’;toc' % (:hermlna lons e:n Spec rg syn-d
Here we analyse and discuss our spectroscopic observatﬁg\%'s analysis, in addition to the program stars we observe
many “normal” stars, considered inactive, or much less active

of AR Lac, in a spectral region including thenHine and sev-
eral photospheric lines of interest, performed in recent yeaw?r_:_ﬁf di\t/anrte)zlgjgtfjn w:srzg'r?(l):’nifg'gsszrndga&;gr;
t Cat t t t ith th f
at Catania Observatory. Spectra were obtained wi e am sk of IRAH package following the standard steps: background

getting new radial velocity measurements well distributed
phase, investigating in more detail the:ldmission excess and® subtraction, division by a flat field spectrum given by a halo-
! n lamp, wavelength calibration using the emission lines of

its nature, studying the chromospheric level variation both . for | luti | d Thorium-A |
short and long time-scales, searching for rotational modulati ﬁS'“T (?r otw-trheso u |tc_>n on yt)han h 0r|u|m- rg_o?f_f\mps,
indicative of chromospheric inhomogeneities, and determlnlrrllarma_'Sa lon o the continuum through a pofynomial fit

new spectroscopic elements. Major telluric lines are clearly identified in the spectra as

We also re-analyse and discuss the low resolution Speétﬂtgtru%enéal W(;dth fgfttures f:éhf contmuhum andglorllg t?ﬁ ro-
which were partially used in Frasca & Catalano (1994) fora H ationally broadened lines o ac (as shown in Elg. 4). They

statistical study of RS CVn systems and other unpublished lojere interactively eliminated by a simple linear interpolation

resolution spectra acquired in 1990. We furthermore analyse WII%IIG tpe(;fq[rmmg tthe Cross- corretlatlotn analysis for the radial
Ha flare detected in 1989. velocity determinations (see next section).

Some issues regarding the analysis techniques are crltlcallyﬁ;rhe r‘golst distttj\rte)glgélliggéorlaur analtyslis](-)g(tsréezldltmiszion |
discussed in connection with the obtained results. e RO line a (Moore et a ). Itis barely

visible in our spectra (see FI[g. 4) and its expected contribution

The signal-to-noise ratio (S/N) attained in the low disper-
an configuration was about 100-150 at the continuum near
Hx line. In the high resolution spectra the S/N ratio varied
gm about 40 to about 150 due to the highly variable weather
ohditions during the observation seasons.

2. Observations and data reduction ! IRAF is distributed by the National Optical Astronomy Observa-

tory, which is operated by the Association of University for Research
The observations have been performed withttigelle spectro- in Astronomy, inc. (AURA) under cooperative agreement with the Na-
graph at the 91-cm telescope of the Catania Astrophysical Gbnal Science Foundation.
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to the Hy emission evaluation, as we will discuss in Sect. 6, isO o
negligible. ‘

¢ = 0.237 o

A
0.30
0.20

0.10
3. Radial velocities and orbital solution
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The large number of high-resolution spectra, acquired in difs
ferent years, has allowed us to determine a new more accurate
orbital solution. Radial-velocity determinations have been made
by means of the cross-correlation method using the IRAF task®
FXCOR (see eg. Tonry & Davis 1979, Fitzpatrick 1993). This??°
cross-correlation technique has been widely used to determine
stellar radial velocities (e.g. Simkin 1974, Gunn et al. 1996), o,
The high-resolution AR Lac spectra have been compared with |
spectra of the bright slow-rotating star€yg anda Ari, whose 050
radial velocities are-10.6 kms™" and—14.3kms ™' respec- o.o
tively (Evans, 1967). Template spectra of these reference starg,
were obtained systematically during all the observing runs. To,.
test the reliability ok Cyg andw Ari as standard radial-velocity
stars, and the performances of our spectrograph, we made cros5-
correlations of their spectra with those of other primary RW
standard stars observed from time to time. From these measusec
ments we obtain an average accuracyt®4 km s™! rm.s. o040
which is well within the limits given by the spectral resolution so
and indicates a good stability of the experimental apparatus.

The wavelength region of the theaHine, which is contami-

nated by chromospheric emissioninits core, and the spectral re- o
gions heavily affected by telluric lines (e.g. th6é276 — A 6315 %%
band of Q), were excluded from the spectral band selected fdt*° “oo0 . o5
the cross-correlation process of AR Lac spectra. Moreover the Lag (Km/s)

isolqted teIIur!c lines Wgre interactively taken out by simple Iir]fig. 1. Sample of Cross Correlation Functions (CCFs) between AR Lac
ear interpolation, both in the AR Lac and template spectra. and template spectra at different phases (dots). The Gaussian fits to the

Fig.[1 show examples of CCFs at various orbital phases. T{g peaks are displayed with a dashed line for the KO IV component
two peaks, more or less blended, correspond to each compongatwith a dotted line for the G2 IV one. The full line represents the
of AR Lac. To better evaluate the centroids of the peaks (it@wo-Gaussian fit for the blended cases.

the radial velocity difference between target and template) we

adopted two separate Gaussian fits for the cases of significant

peak separation (i.e. near the quadratures), and a two-Gauskieity measurements. This error estimate is consistent with the
fit algorithm to resolve cross-correlation peaks in blended sitdispersion of data points around the mean curve.

ations. Since AR Lacis well knownto display period variations (e.g.

An a-priori evaluation of the errors in the radial velocities ofanza et al. 1998), orbital phases have been reckoned from the
AR Lac is a difficult task due to the rotational broadening arfdllowing ephemeris: HIR;.1 = 2447495.6369 + 1.983164 x
flattening of the line profiles of both component. In additionZ (Pagano 1990) for 1994 and earlier data, and HJD=
the profiles often display asymmetries and distortions arisigg50692.5174 + 1.983188 x E (Marino et al. 1998) for 1996
from photospheric activity. This effect probably produces thend 1997 data.
double-peaked shape of the cool star CCF (se€Fig. 1) implying The observational points and the associated errors are dis-
a precision of the Gaussian fits lower than obtained from tptayed in Figl2 as a function of orbital phase. The sinusoidal
narrower symmetrical CCF peaks of inactive stars. Presumabbjution (full and dashed lines for the KO and the G2 component
for these reasons AR Lac RV’s display a scatter significantlgspectively in Fig.12), determined for a circular orbit, fits very
larger than the 0.4 kms limit deduced for standard stars. ~ well all the observations.

Radial velocity values, listed in Tallé 1, are averages of the In Tabld2 we report the orbital and physical parameters and
values obtained by the cross-correlation of each order of teglated errors of AR Lac together with the last published orbital
get spectra with the corresponding order of the standard stpectroscopic elements given by Sanford (1951), and revised by
spectrum taken at the closest time. The standard deviatiorP@ipper (1980, 1990). The most evident difference with respect
the cross-correlation peak values of the differectielle orders to Popper's (1990) solution and to the older ones by Harper
has been adopted as an estimate of the errors on the radial(¥833) and Sanford (1951) is given by the mass-ratio which is

QL I U R T
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Table 1. Radial velocities and equivalent widths of high resolution spectra.

o

HJD — 2440000 Phase RV  orv RV orv  Wia(A) ow  Waa(A) ow Wi (A) ow

KO IV G22IV KO IV G2V KO IV+G2 IV
(kms™) blended
0618.5469 0.4663 1.1 +5.4 - - 0.31 40.05
9618.5615 0.4737  -48 2.0 - - 038  0.04
9620.5764 0.4895 - —  204+48 036  0.04
9620.5913 0.4971 - - 333 65 034  0.04
9621.5928 0.0022 -343 3.2 - - 0.16+0.06 - -
9621.6074 0.0096 -30.1 3.7 - - 015  0.06 - -
9624.5566  0.4965 - - 279 07 031 003
9624.5715  0.5040 - - 324 21 029  0.03
9628.3662 0.4176 189 0.6 -983 2.1 022  0.04
9628.3809  0.4250 82 09 -972 51 021  0.04
9628.4199  0.4447 92 25 729 161 019  0.03
9628.5529 0.5117 034  0.04
9628.6016 0.5362 034  0.05
9628.6168 0.5438 032 005
9630.4668 0.4768 -19.8 2.7 -425 83 030  0.05
0630.4824 0.4847 225 13 -391 94 036  0.04
9643.4414 0.0192 -208 0.3 010  0.04 - _
10380.3389 05874 -88.0 116 295 43 030 0.12
10382.4902 0.6723 -129.3 42 740 21 034 0.8 0.080.04
10386.4189 0.6531 -1254 2.7  63.2 3.9 025  0.02 0.08 0.2
10388.4951 0.6999 -139.2 28 764 3.4 018 0.3 0.06  0.02
10389.4580 0.1858  66.1 7.9 -143.4 45 035  0.04 014  0.03
10390.4287 0.6750 -131.7 0.7 708 35 027  0.02 0.08 001
10391.3789 0.1540 545 25 -132.7 3.1 014 0.2 006  0.01
10392.3926 0.6652 -130.5 58  69.2 2.9 026 0.3 009 0.2
10393.4834 02155 72.6 6.1 -1542 4.1 011  0.03 012  0.02
10394.3672 0.6611 -1264 12 661 3.4 033 0.3 008  0.02
10395.4971 0.2308 735 7.7 -1546 15 026 0.3 012 0.2
10406.3828 0.7196 -141.3 21 844 29 005  0.01 0.06 001
10407.4131 02392 742 50 -1540 28 032  0.02 009 001
10638.5957 0.8105 -1356 4.6 77.6 3.3 023 0.5 013  0.04
10678.5527 0.9585 -56.9 3.0 - - 031 0.09
10680.4949 0.9378 -740 3.7 30 93 048  0.06
10680.5996 0.9903 -40.2 0.4 - . 032 008 - -

significantly different from unity. The more evolved KO IVstar “°F ~ =~ "~~~ "7 7T 777

turns out to be a little more massive than the companion, con-
sistent with a normal evolution of the two stars. It is interesting

to note that the solution by Popper (1990) for the RV's ofiCa o
emission lines is closer to our solution than that he obtained
from the photospheric absorption lines. This may be due to ﬂg\e
severe blending of lines from the two components in the blug-
violet region covered by the Sanford’s (1951) spectrograms.?

— — — — Present solution — G2 star
_— " " — KO star

O G2 star — 1994 A G2 star — 1996 & G2 star — 1997
® KO star — 1994 A KO star — 1996 & KO star — 1997

o]

Radial veloci

4. Extraction of Ha emission

—100

“\‘“‘““‘\“““é@‘“\““““‘
ke 4

It is well known that the K line does not provide “direct” in-
formation on chromospheric main parameters (temperature and
density of the line forming layer) like optically thin CD lines
lines do, but it contains valuable information on the chromo--2000 1 v b o b e 1 1 L

LW b L

spheric structure (Cram & Mullan 1985). However, it has been - o * " prose °e e

shown, on empirical grounds (correlations with other chromg;gl 2. Radial velocity curve and best-fit solution of AR Lac
spheric diagnostics and X-ray flux) that one can derive reason-
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Table 1. (continued)

HJD — 2440000 Phase RV  ory RV ory  Wua(A) ow  Waua(A) ow  Waa(A) ow

KO IV G211V KO IV G211V KO IV+G2 IV
(kms™1) blended
10681.5708 0.4803 - - -23.4 1.7 0.414+0.07
10752.4785 0.2345 75.2 3.1 -151.2 4.3 0.140.07 0.05 +0.07
10754.3808 0.1939 0.14 0.05 0.11 0.04
10754.4668 0.2372 69.1 25 -151.0 4.6 0.15 0.04 0.07 0.02
10755.3418 0.6784 -132.9 0.6 73.5 5.2 0.40 0.10 0.07 0.04
10756.3634 0.1936 0.15 0.08 0.12 0.06
10758.4824 0.2618 75.1 6.5 -153.9 4.9 0.19 0.06 0.09 0.04
10758.5098 0.2758 70.9 0.7 -153.0 2.2 0.23 0.06 0.09 0.03
10759.2861 0.6674 0.08 0.06 0.04 0.03
10759.3379 0.6935 -135.9 2.3 76.6 3.6 0.14 0.07 0.06 0.03
10759.3877 0.7186 -138.4 4.2 80.7 2.7 0.13 0.03 0.07 0.03
10759.4307 0.7401 -143.8 2.8 83.3 2.1 0.13 0.04 0.07 0.04
10759.4658 0.7580 -142.7 3.8 84.1 0.9 0.13 0.03 0.07 0.02
10763.4268 0.7551 -142.8 1.9 86.7 3.7 0.20 0.04 0.07 0.02
10763.4922 0.7881 -139.2 2.3 81.8 4.2 0.26 0.07 0.10 0.03
10763.5146 0.7993 -137.3 1.1 81.4 4.0 0.18 0.05 0.06 0.04
10764.4053 0.2484 74.8 4.8 -157.0 1.2 0.25 0.06 0.14 0.03
10764.4287 0.2604 74.6 6.2 -156.2 2.4 0.24 0.06 0.13 0.04
10765.2695 0.6845 -134.5 4.1 72.6 6.7 0.12 0.06 0.05 0.03
10765.3135 0.7066 -134.6 6.6 81.1 4.3 0.20 0.09 0.10 0.05
10768.4316 0.2788 74.5 25 -155.4 6.4 0.26 0.03 0.11 0.03
10769.2793 0.7063 -139.4 2.2 81.6 5.7 0.25 0.06 0.06 0.03
10797.3057 0.8383 -126.6 3.9 67.4 54 0.23 0.03 0.02 0.02
10801.2207 0.8124 -133.9 4.4 76.6 9.0 0.37 0.07 0.06 0.03
10803.3076 0.8645 -115.8 4.0 56.1 3.7 0.20 0.03 0.00 0.00
10804.2725 0.3511 54.3 3.1 -1315 3.7 0.39 0.03 0.11 0.02
10805.3174 0.8781 -108.9 1.7 494 4.3 0.18 0.03 -0.01 0.01
10811.3242 0.9070 -92.3 3.4 31.6 2.7 0.08 0.03 -0.08 0.03
10812.2959 0.3967 194 0.6 -96.3 6.4 0.15 0.03 0.07 0.02
Table 2. Orbital elements of AR Lacertae tem. In fact, disentanglement of the composite profile is nearly
impossible in their complex spectra, where lines are generally
Present solution Popper (1990) rotationally broadened and show variable blending due to the
absorption _emission radial velocity shifts.
Ky (kms™) 119.43+0.49 116.5 117.4 To simulate the inactive spectrum of AR Lac we observed,
K. (kms™') 106.73£0.29 1131 106.7 as reference stars, two slow-rotating inactive stars of the same
7 (km S71)1 -34.5440.5 spectral type as the AR Lac components, namely 51 Peg (G2
7 (kms™ ) -34.6  -385 V-IV) and ¢ Eri (KO IV). We have taken several exposures of
ZC (kms™) 0 -Sl.g (')37'6 our standard stars and have chosen for each season the highest

S/N spectra as template. In order to reproduce the exact shape

Zh;f; ((11866:;1)) g:giﬁg:gég 2i gé of the photospheric H profile, the spectrum of each reference
masin® i (Mo) 1.122-0.008 1.22 1.06 star normalised to the continuum was convolved with the rota-
mesin®i M) 1.25540.011 126 1.12 tional profiles ofv sini =38 kms* for the G2 component and
mn/me 0.89440.006 0.97 0.94 vsini =68 kms ! forthe KO one. A linear limb-darkening co-

efficienty = 0.65 andyp = 0.70 (Al-Naimiy 1978) has been
adopted for the hotter and cooler component respectively. The
vsin{ values have been directly derived from the orbital so-
able estimates of the chromospheric emission atly sub- |ution assuming co-rotation for both components through the
tracting out the underlying photospheric absorption spectrygation

(Herbig 1985, Barden 1985, Strassmeier et al. 1990, Pasquini

& Pallavicini 1991, Frasca & Catalano 1994). The comparison

of the observed spectrum with a synthetic one is of fundamental o

importance for the analysis of the emission, in double-lined syssin th c = FRh,C sin ¢ 1)

Note: h: hotter,c: cooler
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where the inclination = 87° and the relative radiiy, . are '~
derived from the photometric solution by Lanza et al. (1998),
and the absolute radiR;, ., are computed from the binary sep-°
aration ¢ = 6.176 x 10° km) resulting from our RV solution.

The synthesised spectra, broadened with thesei values, ©8
reproduce very well the AR Lac spectra. Telluric lines were not
taken out, in the reference spectra and they are washed out &
the rotational broadening procedure. Since they were not take
out also in the AR Lac spectra they appear as small absoyp
tion features, of instrumental width in the difference spectra
(Fig.[4). From the Moore et al s catalogue (Moore et al. 1966
we can see that th&564.206 A is the only important telluric
featuge blended with the ddline. Its listed equivalent width is oo
14 mA which is much smaller than the equivalent width of thess
measured H excess emission, i.e. its contribution is well within ,

the estimated error of the emission evaluation. The position off
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—60-40—-20 0 20 40 60
AVg (Km s7h)

8 Eri (KO 1V)

51 Peg (G2 V-IV)

that and other relevant telluric lines is indicated in Ejg. 4. |

The treatment of the rotationally broadened line-profile is
very complex when the system is in a partial-eclipse config]g
uration (phase near to 0 or 0.5). In these cases the referenc
spectra cannot be simply convolved with a normal rotational
profile because the portion of the occulted stellar disk does 16
contribute to the observed line profile. Therefore we have com-
puted the “eclipse-rotational” profiles by considering the visibfe
area, velocity shift, and limb-darkening for each strip of the oc-
culted stellar disk parallel to its rotational axis. Two configura-
tions of eclipse-rotational profiles are displayed in the insets of
Fig.[3, which shows the & spectra of the reference stars broad-
ened with these distorted profiles and compared with the non-"

distorted ones (dotted lines). The consequences of the eclip|_ses

are a variable broadening. deformation and also shifts of Iin?' 3.Simulation through standard star spectra of the effect of eclipses
profiles 9 at'transit (upper panel) and occultation (lower panel) on the photo-

. . . . . spheric lines of the occulted stars. The distortion (upper panel) and
After convolution with the appropriate rotational profileyayelength shift (lower panel) that results from the convolution of the

we added the two reference spectra, properly weighted afighdard star spectrum with the eclipse-rotational profile (solid line) is

Doppler-shifted according to RV solution derived in Sect. 3aade evident by the comparison with the observed one (dotted line).

The contributions of the two stars to the combined spectrumTate eclipse-rotational profiles (insets) and the system configuration at

the Ha wavelength have been evaluated from radii and effegach phase are also shown.

tive temperatures as 0.34 and 0.66 for the hot and cool compo-

nent, respectively. During the eclipses these weights have bee ) . . .

properly corrected taking into account the light contribution of nThe f'FSt outstandmg rgsult of this analysis is the presence

each star at each phase. The wavelength alignment of the fgptqppremable net & emission from both components in most

S_

thetic and AR Lac observed spectra has been improved by cr :]fTO bselr\égtéons - This (;e(s:uI: IIS S|m|llzr9t‘(13 whgt'\z bs;arve(: bly
correlation. To define the netddemission of the two compo- U & Tan ( ). Frasca atalano ( ) and Montes et al.

nents we have subtracted the synthetic spectrum from each ﬂlg%)' . . .

Lac spectrum. In the difference spectrum the absorption lines NEt_ EW measurements are listed in Table 1 together with

cancel out and the excess emission of the two componenté fi estimated errors.

the Ho core appears as a positive residual well above the noise

(Fig.[4). The net equivalent width (EW) of theaHemission 5. Results

has been evaluated on the difference spectra integrating alon

the residual emission profile (separately for each Componeﬁt

whenever these were easily isolated, elsewhere a cumulativgjijthe f0||owing we ana|yse the excess emission of both compo-

tegration has been performed). The errors on the measured F¥Mts separately, at the phases in which the reptoéfiles are

were estimated determining the S/N in two windows on the righsily isolated, and the total integrated emission for the blended

and left-hand side of Hl in the difference spectrum. In FIg. 4aconfigurations.

sample of spectra analysed with such procedure is shown. | et us first discuss the data obtained at low resolution, e.g.
those of 1989 and 1990 (Talile 3).

. Ho equivalent width
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Raw () and synthetic ( ) spectra Difference
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02l ]
0.0 A-\\/«/W\WI\N/\W\W/AM
¢ =0237 | oL 1 t t ot ]
0.4r 1997 Dic 29 |
a [ ]
E 0.2r e
gy L 4
b it Ny
) 0.0
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a L |
B ¢ = 0.755 | I ]
a 1 To2r ]
e} r 1
© 04r 1997 Dic 22 |
L ] Fig. 4. Left Sample of observed spec-
021 ] tra of AR Lac ¢hick lineg at differ-
I ] entorbital phases with superimposed the
0.0 MV\M‘N\//\WMM synthesised inactive spectthif lineg.
I ] Right The difference spectra which
¢ =0878 | _gal ] show Hx emission from both the sys-
d ‘ ‘ 1 N ‘ ‘ 1 tem’s components. Vertical arrows mark
6550 6560 6570 6580 6550 6560 6570 6580 the telluric lines present in this spectral
wavelength (A) wavelength (A) region.
Fig[8 shows the time variations ofdHemission for each In Fig.[8 the EW's obtained from high resolution spectra in

component in 1989. The most striking feature is the presert®4, 1996 and 1997 are plotted separately for the two com-
of high values of the H EW's at JD=2447798 and 244779%o0nents. An important result of the comparison is the larger
for the cool component only. They indicate the occurrence okaatter of the excess emission of the KO IV componrer%,
flare on the KO IV component as it is discussed in Sect. 6.3. The. more than twice the estimated average errors in the mea-
emission arising from the G2 V component seems to remauarements, with respect to that of the G2 IV one. The spread in
more or less constant. the measurements of the latter star is consistent with the aver-
The 1990 data of the cool star show a nearly constant treade measurement errors, thus indicating a greater instability of
with EW values between 0.15 and &3i.e. the same quies- the cooler star chromosphere. This result is in agreement with
cent level observed in 1989. A small difference between the Hall & Wolowitz (1998) analysis who found a total variability
guadrature points, slightly higher than those neaf te 0.75, for the Hx excess emission of 58.9% and 27.1% for the KO IV
is found in 1989 and 1990 EW's of the G2 component. and G2 IV, respectively. We wonder how much of the spread we
The spectra obtained since 1994 were acquired in the crofserved in k& emission of the cool star could be the result of
dispersion mode, which, due to the higher resolution, has alany unresolved small flares as clearly detected at X-ray wave-
lowed us to separate the emission of the two components el@mgth from Beppo-SAX observations (Rodoet al. 1999).
close to the eclipses and therefore to better define possibleThe average EW emission values of the KO component
changes with the orbital phase. (0.15—0.303\) are slightly larger than those of the G2 (0.05—
0.15), and are similar to that observed in 1989 and 1990, for each



1014 A. Frasca et al.: tdspectroscopy of AR Lacertae

Table 3. Ha equivalent widths from low resolution spectra. 0.60 AR Lac - ‘1989‘ — —
~ o . KO 1V

HJD Phase W, (A) Wi, (A) Wi (A) 0-80 }

— 2440000 Ko IV G2 IV KO IV+G2 IV

0.40

7794.471  0.692 0.190.04 0.16+0.05 0.35
7794.617 0.766 0.180.04 0.15-0.05 0.32
7795.406  0.164 0.240.03 0.18+0.04 0.39
7795560 0.241 0.240.04 0.18:0.05 0.42
7795579  0.251 0.270.04 0.20+0.05 0.48
7796.516 0.723 0.160.04 0.07+:0.04 0.23 0-10
7796.616 0.774 0.180.04 0.12+0.04 0.30

7797.396  0.167 0.120.03 0.18+0.04 0.30

0.30

Ha EW (A)

0.20

0.00

7798.446  0.696 0.4+0.05 0.16+0.04 0.57 o0B o
7798.621 0.785 0.580.05 0.03+0.04 0.53 7794 T b (ezasooon) 7800
7799.444  0.200 0.330.04 0.19+0.04 0.50
7799.599  0.278 0.250.04 0.2140.05 0.46 AR Lac — 1989
7800.502  0.733 0.1£0.03 0.14+0.04 0.24 *90F ‘
8107.595 0.576 - - 0.19 0505 Ge IV 3
8107.598 0.578 - - 0.21
8109.597  0.586 - - 0.26 0.40 E
8109.601  0.588 - - 0.28
8111.590 0.591 0.140.03 0.04-0.02 0.18 T os0F 3
8111.594 0.593 0.140.03 0.05-0.02 0.19 &
8132.615 0.193 0.120.06 0.08:0.03 0.27 #0205 % %% % % % E
8133.622 0.701 0.230.03 0.12+0.04 0.35 oiob % % % E
8135592  0.694 0.240.04 0.14+0.04 0.38 E {3
8136.590 0.197 0.180.04 0.0140.05 0.19 000F % E
—-0.10k& | . . . | . . L L . . . | . 3
component, respectively. This suggests that the excess emission e ey (+244§o709$ 70

extraction through the spectrum synthesis method works COIET]-. 5. Equivalent width of Hx emission from the individual compo-

parably well at low and high dispersion, and, that no Slgnlflcaﬂfnts of AR Lac vs time for low resolution data (1989). The flare

changes have oc;curred in the chromospheres of both Comgr?lbtion on the KO component (filled symbols in the upper panel) is
nents along the time span of our observations. obvious.

Montes et al. (1997) in 1995 measured a net emission EW
outside eclipses of 0.169 and 0.24&r the G2 and KO compo-
nents, in very good agreement with our average values. Huezaches about 50%. The effect in thex it seen only in the
emoerder & Ramsey (1984) did not separate the excess emis§@1V component with a brightening of the leading hemisphere
of the two components and gave a plot of the cumulative net Hhat leads to an EW variation of about 30%. The spread of the
emission which have an average value of abouf)i2. about data does not allow us to define any significant difference in
half of our and Montes et al. (1997) values when the emissitie Hx emission between the two hemispheres of the KO IV
of both components are summed up. component; the average EW emission being.22 A for both

To compare our results with Bopp & Talcott (1980) obsehemispheres.
vations, we estimated the absorption equivalent width at various Asymmetries in the Ca emission were already noticed by
orbital phases. As done by Bopp & Talcott the measured E®anford (1951), who found an emission EW of the H and K
is the sum of the two resolved stellar lines. By consideringliae larger at the first quadrature (phases 0.15-0.35) than at the
sample of spectra acquired outside eclipse, we obtain an awgeond one (phases 0.6—0.9). However, the emission ratio seems
age total EW of Kk absorption line of -1.69% 0.09A, which toincrease progressively in the first half-period and decrease in
within 10% agrees with the average value of -1stbund by the second half-period. Sanford called also attention to changes
Bopp & Talcott (1980). in the depth of photospheric absorption lines of the G2 star

No clear rotational modulationis evidentin the EW emissioffre1 A\ 4045, 4063, and 4071). The lines of this star have the
curve of both components, apart from a slight asymmetry in thelatively strongest absorption at the second quadrature when
maxima of the G2 component which is a little brighter at firghe G2 star is receding faster, i.e. when the trailing hemisphere is
quadrature, i.e. the leading hemisphere appears brighter tfeing the observer. The phenomenon can be easily interpreted
the trailing one as we found in 1989-1990, and as very ofterterms of absorption material in front of the trailing hemisphere
found in the Mgt observations, but in the opposite sense (Nedff the G2 component, as clearly shown by the extra absorption
et al. 1989, Neff 1992, Pagano et al. 1994). The brighteningwre observed in the & profile in 1997, which will be discussed
the Mg1r1 is seen in both stars on the trailing hemisphere amiSect. 6.1.
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: 1 However, the excess absorption during the primary eclipse,
2L T clearly evident in 1997, is not observed in 1994, when the emis-
R SO sion level was comparable with that outside eclipse [Fig. 7).

Fig. 6a and b.Ha equivalent width of the individual components o
AR Lac plotted against orbital phase for high resolution data.vEne
tical dotted linesmark the phase of eclipse’s contacts. Fogizontal
dashed linesepresent the mean levels outside eclipse. Different sy
bols refer to different season of observations.

Such a steep decrease il EW near the primary eclipse

discuss in the next chapter.

A clear decrease of emission in both components is séeg. Radial velocity of the & emission

before the primary eclipse in 1997 and the net ptofile goes
to absorption in the spectra near the totality (Eig. 6). :
To better analyse this issue, we have considered the “tot
Ha EW in the difference spectra, i.e. the emission integrated
over the profile thus producing a coherent picture also at phag%
in which the strong blending prevents us from distinguishing t
contribution from each component. In Hig. 7, where the
EW’s are separately plotted for the three high resolution obsefy;
ing runs, we see that the 1997 data present a striking decrea
net Hn EW, which goes from emission to absorption approac
ing the primary eclipse. Data acquired between the first and
second contact of primary eclipse, when both components
visible and are too blended for decoupling their contribution
indicate that both stars are affected by absorption (Eigs. 6

\ rﬁ?}mogeneities.
total

[7). We would like also to emphasise that the three data poi

inside the primary eclipse were obtained two days apart, but the
point just before the first contact (phase 0.907), that substg\ﬂ

tially confirms the extra-absorption, refers to a spectrum taken
about 130 days later, thus indicating a feature lasting at least 65 We recall that the photospheric radial velocities (Sect. 3) were de-

orbital cycles.

termined excluding the Hline

fcould be explained by the occultation of an emitting region
located between the two components, but the inspection of ob-
r§]t_erved and synthesized spectra allows us to envisage an extra-
absorption rather than a simple decrease of emission, as we will

The Hx absorption profile is often asymmetrically filled-in, thus

ving rise to a radial velocity of the net emission, which is
Al‘ferent from that of the photospheric absorption lines. The
dial velocities of the H emission cores can therefore give

itional constraints to the location of the chromospheric in-

The determination of radial velocities ofoHemission was

erformed, for high-resolution data only, by measuring the cen-
?a'ﬂ/vavelength ofthe residual emission in the difference spectra

nd by correcting for the Earth motion. The position of emission

Svelength centroid was determined, for each component of AR

¢, from Gaussian fits to the data obtained near guadratures or
Su ing total eclipse. Spectra acquired in orbital configurations

responding to blendeddHemission lines were not consid-

Fig[8a shows the radial velocities of the net ldmission
th the superimposed sinusoidal photospheric soldtidm
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200 — 77—
- - — - Photospheric solution — G2 star x 1997
_ " — KO star & 1996

0 1994

distributed, with some enhancement in the hemisphere of the
cool star far from the companion, or simply consider the grav-
ity darkening effect, on the distorted cool star. The average dif-
ference of radial velocity can then be converted into a distance
of emission photocenter from the star center. From an aver-
ageAVr ~10 Kms! at the quadratures, a distance of about
0.15 R, Of the emission photocenter from the KO IV rotation
axis can be estimated.

100 «
o KR

6. Discussion

Radial Velocity (km/s)

—100
6.1. Primary eclipses

The most outstanding feature in Hig). 7c is the presence of excess
2000 o o absorption at primary eclipses in 1997, preceded by a decrease
in the emission just before thé*lcontact.

The behaviour of the phenomenon is better described by the
analysis of the difference spectra shown in Eig. 9 together with
the configuration of the system.

The spectra at phase8.864 and §.878 show clear indi-
cation of excess absorption at the wavelength of the G2 star
whose Hv line becomes as deep as that of the KO star (see the
lowest panel in Fid.}4). Normally the depth ratio is about 0.8.
Furthermore, at these phases the effect is revealed by: a) a de-
crease in the netddEW, b) the disappearance of emissionin the
Ha core of the G2 star, ¢) a flattening of the residual emission
coming from the cool component. However, the most important

b) absorption effect on theddemission begins between 0.878 and
S S S B 0.907 phases, when we observe a clear absorption feature at the
0.0 0.2 0.4 0.6 0.8 1.0 spectral position of the G2 (Fid. 9). As the eclipse proceeds the
Fhose emission of the cool star disappeats & 0.938) and the ab-
Fig. 8. aRadial velocities of the net & emission. Continuous curve sorption shifts to the red at about 40 km'sfrom the hot star
and dashed curve represent our photospheric solution for the cooler @gdtre which corresponds to the velocity of its receding visible
hotter component, respectively.Difference between chromosphericedge_
and photospheric radial velocities for the cool component of AR Lac  The extra absorption is also seen during totality, when only
the spectrum of the cool KO component is visible. During the
totality (¢ =0.990), the absorption extends in the blue side
spite of the scatter of the values, the chromospheric radial yeeducing an asymmetrical emission of the cool star and has a
locities of the KO star appear to have a larger amplitude thaenter position shifted to the red by 68 kmigi.e. equal to the
the photospheric curve, especially close to the quadratures. Vkia i of the KO star), consistent with an absorption affecting
G2's chromospheric radial velocities very closely follow théhe receding edge of the visible star.
photospheric solution, thus indicating a uniform distribution of The lowest panel of Fi§]9 shows the spectrum taken at to-
emission on the stellar surface. tality in 1994, where a weak emission from the KO star but no

The difference between chromospheric radial velocities absorption is visible indicating that the phenomenon was not
the KO star and the photospheric solution is plotted in[Big. §lvesent at that time. Although we did not find evidence of extra
where a velocity excesAV, ~10 kms! is clearly visible. absorption in 1994, the phenomenon was observed in the past.
This velocity excess of the KO IV starddemission is in the It is clearly visible in the spectra of Nations & Ramsey (1980)
opposite sense of the average velocity difference observedtiten on September 1979 when the Hepth of the G2 star
the Mg emission (Neff et al. 1989). The large discrepancy aficreased by about the 60% at phases 0.771, 0.806 and 0.822
about 25 km s! they initially found at¢p = 0.75 was partly becoming deeper than that of the KO star. A marginal evidence
accounted for, by adding to the fit another discrete emissiohextra-absorption can be found also in the difference spectra
component on the red wing of the K star emission profile. Tled Huenemoerder & Ramsey (1984) taken at phase 0.91 and
Mg 11 radial velocity of the KO star, after allowing for all dis-0.96 in 1982, September 29 and October 5. Finally, Montes et
crete emission components due to isolated plages, is completdly(1997) detected an excess lbsorption at orbital phase
consistent with our new orbital solution. 0".939, at the wavelength position of the hot component.

To explain this Hr emission velocity excess we may either The lack of observations at the egress of primary eclipse
suppose the presence of chromospheric active regions evemlvents us from establishing whether the distribution of the
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Raw () and synthetic (___) spectra Difference

1997 | ¢ = 0907 | _ool ]
C 1 L 1

continuum normalized flux

6550 6560 6570 6580 6550 6560 6570 6580

: . Fig. 9.Sequence of spectratakenin 1997

0.4 8 near the primary eclipse showing ab-

1ok 1 ] sorption excess. The observed spectra
1 02k | ] (thick lines) and the synthesized one
o8k [ ] (thin lines) are shown on the left side.
[ ool WM[W\/J\W The difference spectra are displayed on
06l [ 1 the right side together with the pictures
[ 1994 | $=0002 | ool ] of the configuration of the system. In the

d ‘ ‘ 1 d ‘ ‘ 1 lower panel a 1994 spectrum at totality is
6550 6560 6570 6580 6550 6560 6570 6580  alsoshown. Vertical arrows mark the tel-
wavelength (A) wavelength (A) luric lines present in this spectral range.

absorbing material around the cool star is spherically symmetnimspheric and coronal diagnostics in various occasions: e.g. the
or not. Therefore, the hypothesis already proposed by MonfeSOSAT LE light curve (White et al. 1990), the ASCA light
etal. (1997), to explain their spectrum of AR Lac at phase 0.98@rve (White et al. 1994), and the integrated Mdjght curve
of a prominence-like absorbing structure extended off the linfNeff et al. 1989). A similar asymmetric light curve was found
of the cool component seems to apply also to the interpretatiduring the second of the two orbits of continuous monitoring
of our data. On the other hand, the presence of absorptionvwaith EUVE performed by Walter (1996). Among others, he sug-
the KO star during the totality seems to rule out the case gésted the geometrical occultation by optically thick material as
mass transfer from the KO toward the G2 star that normallytise most likely explanation. He estimated that the cool, dense
expected to take place af Ipoint which is not visible during material should be confined within 16f the equator of the KO
the eclipse. star and extend outward by Rx; the inferred density,, was
Excess absorption or deficiency of emission from the G2 siarthe range 18-10'2 ¢m =3, i.e. similar to solar-prominence
at the egress from primary eclipse was seen in different chaensity.
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To estimate the main properties of the material causing the
extra Hy absorption, we propose a simple model to fit the H
line during the totality, when only the KO IV star is visible, i.e.
the easiest configuration to analyse.

In the framework of the solar-prominence analogy, we make
the hypothesis that the absorbing material (a slab of uniform
density and thicknesk) has negligible intrinsic emissivity and ;50
is located above the receding edge of the KO star surface. g E

Furthermore, we assume that the occulted part of the stel-oz - 3
lar disk is simply delimited by an inclined chord. Under these  :
assumptions, each strip of the star disk will undergo a different®"°F
absorption depending on the fraction of its light that is integ- -
cepted by the slab. The observed: lgrofile will be at each ; B
wavelength the sum of the absorbed and non-absorbed coritri-

—-0.10F

butions of each strip. Therefore, we can write the surface flux

0.00E

(normalized to the local continuui.) as ,mé ,
0% — AL . | |
% — Z IA(/\IiCA)\Z) (ai + bie*T/\—A/\i) (2) 0550550 6560 wovetengtn () 6570 6580

=1
) Fig. 10.Fitting of the extra absorption spectrum seen during the totality
whereA ), is the wavelength shift of th&" strip, % isthe nor- phasein1997. The observed residual spectrum is displayed with a thick
malized intensity-spectrum that we assume in&ependent of iR&, while the Gaussian in dotted line simulates the core emission. The
position over the stellar disk, andb; are the light contributions fitof the extra-absorptionis displayed with athin line. Inthe upper panel
of the non-absorbed and absorbed part ofifhestrip respec- a schematic drawing of the star disk is shown with the occulted part
. . ! : hatched.

tively, andr, = fOL axNodl ~ «a)N>L is the slab’s optical
depth. We have denoted withy, the atomic absorption coeffi-

cient and withlV, the number of absorbers per €in the lower o N . .
level (n = 2) of the Ho transition. The profile fit is shown in Fig 10 together with a schematic

The density numbeN, has been evaluated in typical Sc)lt,iplrawing of the star disk with the obscured part indicated by the

prominences conditions (temperatdfe~ 6000-8000 K and hatcheld region_. h ical thick ¢ "
electron density,, ~ 10! —10'2 em =3, on the average) using Solar prominences have typical thickness of 318" km

it 11 12 -3 i
the diluted Boltzmann equation (dilution factor 1/2 near the stﬁpd electrondensities 9" —10"" cm™*. The value of density

surface) and Saha ionization equation. In such physical confif found for AR Lac is consistent with the solar one, while the

tions, the thermal broadening of thexHine dominates over thlck?]essbresult_s to bﬁe about Oﬂe order oftr)nagnmkl)de Iargerr].
all other broadening effects, like collisional damping and linear | "€ absorption effects on the G2 star begin about at phase

Stark effect (see eg. Griem 1962, Gray 1992). So, the atorQ'r@S' therefore this prominence-like structure should be an-
absorption coefficient is ’ Y chored on the leading hemisphere of the cool star and extends up

to 3 Ry (projected separation of the two star limbs). Since the
velocity of the absorption feature is consistent with the velocity
of the absorbed star, or star limb, the absorbing material could be
) . assimilated to a static or quasi-static loop, with plasma overall
wheref,_s = 0.6407 is the oscillator strength of thedrtran-  ye|ocities no more than 20-30 km's Similar structures have
sition, A\p = 2o (2L 4 52)1/2 is the Doppler-width of the been first proposed for the eclipsing binary V471 Tau (K2 V +
line and¢ is the micro-turbulence velocity. DA2) by Guinan et al. (1986) and more recently for the RS CVn
The residual profile of Fi§]9 at phase 0.99 has been fitted bystem SS Boo by Hall et al. (1990). In a dedicated survey of
means of a trial-and-error procedure in which we let the slalttee phenomenon Hall & Ramsey (1992) found extended mate-
thicknessL, the electron densityt, and the obscured portionrial in eight of the ten monitored RS CVn systems. Although
of the stellar disk to vary. The slab temperature was fixed tioey found cases where two loops could be present, the most
7000 K. We assumed a uniform chromospheric emission of thiequent situation is that of a loop on the leading hemisphere of
KO star, yielding a Gaussian emission profile, reproduced the cool star as we found in the case of AR Lac.
fitting the difference spectra at second quadrature, when they Although the comparison of our 1994 and 1997 data does in-
are not affected by extra absorption. We found a good fit dicate a transient phenomenon, the past observations do suggest
the observed extra-absorption with = 6 x 10! cm™3, L = a more permanent configuration, probably connected with the
3 x 10° km and an obscured fraction of 40% of the star diskector structure of active longitudes around the sub-stellar point
The fit improved if a red-shift of about 25 ks and a micro- of the cool component detected from the analysis of long-term
turbulence velocity = 14 km s~! for the slab were considered.photometry (Lanza et al. 1998).

7T1/2€2f 1 ( AX
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6.2. Secondary eclipses the time scales of the phenomenon, whose temporal evolution
is shown in Figlb.
However, we can say that the flare had already begun at
? 2447798.4 (September2Bwhile it was not yet started on
tember 28, when the star was showing the same hemi-
srphfere to the observer as at the flare peak. On Septemtyer 29
flare was still visible although the star was showing the op-

As seen in Fid.J7a the netd-EW emission in 1994 shows anin-
crease from the beginning of the transit of the hotter compon
over the cool star disk up to the centre of the secondary (annu%
eclipse with a wide plateau centred at phase 0.5. The two 1
data just outside the secondary eclipse and near the cent
the transit seem to show the same behaviour. The observed te hemisphere of the day before. In Septemb@r b star

increase at secondary eclipse phases could be simply explai 58{ already come back to its quiescent level. Therefore, the end

by Fhe de(_:r_ease Of_ the continuum I'ght due to t_he eclipse if ta d the beginning of the phenomenon are determined with an
active emitting region on the KO star is not eclipsed. In fact a : .
.accuracy of half a day, leading to a duration of 3.0.5 days.

phase equal to 0.5 ( _annglarlty ) thellummosny n v bandi 'S Since the flare was observed at opposite phases near quadra-
about 73% of the luminosity just outside the secondary echp&Je

. . o fes (0.2 and 0.7), its location on the KO IV can be either at
(Lanzaetal. 1998). Extrapolating this factor to 6263y means . . L
of the black-body approximation, we obtain about 72%, Let high latitudes or close to the line joining the two components.

. ; . : X : e spectra observed near phase 0.75 show thénd of the
define the combined netdequivalent width outside eclipse o Iv strongly filled-in by blue-shifted emission, while during

the flare decay, at the other quadrature, the filling seems less
(4) asymmetrical, but a bit red-shifted. This suggests that the flar-
ing area is located on the hemisphere far from the companion.
The change of asymmetry in the emission-line component rules
out the possibility of the flare location “above” the star, i.e. near
m—: polar regions.

Wi, — Do Tl _ Lifa
T UL IR I

wherelg,, is the Hx emission integrated intensity aifg is the
continuum intensity at 656A.

Since our spectra are normalised to the observed continud 'S ' h b b don AR Lac |
if no active region of the cool star is eclipseffy does not everal flare events have been observed on acin var-

change), at the center of the secondary eclips€ Eq. (4) becoub‘ﬂﬁ spectral regions from radio (Rodat al. 1984) to X-ray
Ottmann & Schmitt 1994, Rodaret al. 1999) including UV

, Itot and EUV chromospheric and transition region lines (e.g. Neff
Wia = g 7zt = 1-39 - Whia (5) etal. 1989, Walter 1996). The flare time-scales generally range
© from a few hours to a few tens of hours. The long-lasting X-ray

Vice-versa, if some emitting region is occulted we shoufdgre observed by Ottmann & Schmitt (1994) had a total dura-
observe a decrease of thevequivalent width, while in the tion of about 20, including two small events during the decay
case of a homogeneous chromospherdthg, should remain phase. Moreover, the typical flare light curve was followed by a
unchanged. Our 1994 data lead to a value of about @@t long-duration enhanced emission, lasting more than one orbital
outside the secondary eclipse and®.34 A near the eclipse Period.
center for the k& emission EW, with a variation of a factor ~ We have not enough time resolution to distinguish between
~ 1.54, that is close to the factor 1.39 of EG] (5). Thus, taking Single event or a multiple event, however the light curve be-
also into account the estimated errors, the increase we obsefi@gour and the changes of the emission line asymmetry sug-
in 1994 suggests that no significant part of the active regions (st @ single event or more events from a unique flaring area.
been occulted. The explanation of this behaviour could be ttdthough the rotation could have produced the occultation of
the emitting region is located at high latitudes or, otherwise, tH¥@me part of the emitting region, modifying the observed tem-
it is extended over the receding limb of the KO star disk. THoral trend, we have estimated the energy released, integrating
lack of observations at the eclipse egress, a situation in whif¥¢ temporal profile of the & luminosity above the solid line
such an extended region would be partially occulted, preveffowed in Figl. b, which has been assumed as the quiescentlevel.
us from discriminating between these two possibilities. First, we computed theddflux at the Earthf ;o = W x

However it appears that in 1994 there was not a particisses, Where the flux of the whole system at thex ldontin-

larly bright emitting region in the inner hemisphere of the codlum, feses is scaled from the observed V magnitude through
component occulted during the transit. the spectrophotometric atlas of Gunn & Stryker (1983) account-

ing for the contribution of the two components to the total flux,
and then we converted it into luminosity adopting the Hippar-
cos (1997) distance of 42 pc. We have obtained a total energy of

In spite of the lower spectral resolution used in 1989 and 19goutl.0 x 10°® erg released in thedd that must be considered
the Hx lines of the two components are well separated on tRdower limit not too far from the true value.

spectra taken close to the quadratures. This circumstance has alln order to make an estimate of the energy budget and to
lowed us to ascertain that the flare event, detected on Septenfide @ guess of the size of the magnetic structure involved,
28:and 291989, occurred on the KO IV component. The short 8¢ have used the model proposed by Van den Oord (1988) in
bital period of AR Lac combined with the daytime interruptiotivhich magnetic configurations, significantly influenced by the
of the observations prevented us from accurately determinipggsence of a close companion are considered. The model is

6.3. The hk flare on the cool component of AR Lac
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based on the equilibrium configuration of a straight filamed897. The EW of the average net emission the G2 component
under the Lorentz forces due to the background and/or actiseearly constant through all the observing period and shows a
region magnetic field, the field produced by the “mirror” surfacgpread compatible with the observational error. The emission of
currents, and the gravitational field. the KO component shows a spread significantly larger than the
In a binary system, the current-carrying filament, whose iefror with no particular trend in the different years, indicating a
stability may produce the flare, can be placed between the tmore active chromosphere. The absence of emission noted by
components. In this case, according to Van den Oord (198Bppp & Talcott (1978) and Huenemoerder & Ramsey (1984)
the maximum energy stored in the filament before it becomieslicates that the system goes through phases of low chromo-

unstable is given by spheric activity as found also from the spots filling factor (Lanza
I a B et al. 1998). However it is not clear if the enhanced emission

W = 81057 (—=)(——)2(—2L )2 opg. (6) is in phase with the spot coverage. Actually the low emission
Ro’ 'Ry’ “1000G

states found by Bopp & Talcott (1978) and by Huenemoerder &
where2L is the filament lengthy is the separation of the binaryRamsey (1984) occur just at the beginning and ending of spot
components and,,..¢ is the surface field strength. Kopp & Po-maximum, while our observations span from 1989 to 1997, i.e.
letto (1984) showed that, in a strong two-ribbon solar flare, onyound the spot minimum to the maximum.

a fraction of about 0.003 of the magnetic energy stored in the Rotational modulation of Hemissionis generally observed
active region heats the plasma. Considering also that roughiyRS CVn systems (Bopp & Talcott 1978, Ramsey & Nations
one third of the thermal energy of the plasma is lost in the H1984, Frascaetal. 1996). Moreover, Catalano etal. (1996, 2000)
from the radiative losses observed imvhve can estimate a have shown that the ddemission modulation is usually in anti-
total energy budget of the filament ef 10%® erg. Assuming phase with the photometric wave. However, no clear rotational
Byt = 1000 G as a typical value and a filament length equanodulation is detectable in the present lémission data of

to the stellar radius, R = 2.66 R, from Eq. [8) we obtain AR Lac.

a total stored energl’ ~ 2.2 x 10%° erg, i.e. 2 orders of The most outstanding result of the presentiHvestigation
magnitude larger than the stored energy estimated from our ébthe presence of absorbing material seen just before and dur-
servations. Therefore, it seems unlikely to suppose that a laige the primary eclipse. The extra absorption in the pfofile
inter-system filament could be responsible for the flare erug-observed through all the 1997 observations but is absent in
tion. The observed amount of released energy points toward294 spectra. The absorbing structure seems more likely to be
smaller structure linked to the cooler star and presumably rfoguasi-static loop anchored on the leading side of the KO VI
influenced by the G2 star, in agreement with a flare located @@mponent with moderate mass motion inferred from the ve-
the far hemisphere of the cool component, as suggested bylgity span of the extra absorption profile. We would like to

changes of the H line asymmetry. remark that such prominence-like structures, persisting for sev-
In this case we can apply the equation derived for the eneigfigl orbital periods in many RS CVn systems (Hall & Ramsey
budget of a flare in a single star (see Doyle et al. 1989) 1992), seem to be always located on the leading hemisphere of

the cooler component, or, possibly on the far side with respect
( 2 erg @) to the companion. Whether the formation of such big loops is
Re 771000G simply the result of the magnetic activity or the magnetic field
is the radius of the just confines in such structures out-flowing matter in the early
Stage of mass transfer, is at the present not clear.
In 1989 we detected one strong flare implying a total energy

L R.*> Beur
Wsingle =16- 1037(7)( !

Ro
where2L is again the filament lengttR.
star, andBy,,, s is the surface field strength. Starting with th

observed flare energy arf,,,.; = 1000G we obtain2L ~ - - .
1.3R, equal to aboub.4R.., a value that, if taken in units of release of 1& ergs in the K and a storing filament structure

the star radius, is comparable to the typical relative dimensidhPout 0.4 R located in the external hemisphere of the K star.
of solar filaments whose disruption gives rise to the strongest From our new radial velocity measurements, the solution of
(two-ribbon) flares. the orbital elements givesa slight difference bet_vveen t_he masses
As already found by Catalano & Frasca (1994) for HK La@,f the two co_mpo_nents in petter agr_eement with their spectral
the large energy release, during strong flares in RS Cvn sp42€ and luminosity class, i.e. evolutionary path.
tem, does not seem to depend on the binary interaction, but jt W& have discussed here thexkemission behaviour of
appears to be only related to the size of the magnetic structuf Lac on a long time scale, but the data obtained in 1997
involved in such lower gravity stars. It is interesting to note th4fill b€ further discussed in a subsequent paper dedicated to a

the geometrical lengths of these filaments, if scaled to the steﬂ%'r"ti'wavelength stgdy including the coordinated observat?ons
radii, are similar to those of the major solar flares, suggestiW hthe X-ray satellite Beppo-SAX, the VLA and VLBA radio

that a common scaling law is at work. observations, and optical photometry.
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