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Abstract. Spectroscopic observations around thelide and BVR photometry of the eclipsing, short-period, RS CVn-type

star ER Vul are presented. The solutions of new radial velocity and light curves yielded the following masses and radii of the
componentsM; = 116 Mgy, M, = 1.05 M, Ry = 1.25R,, R, = 1.12 R,. The equatorial velocities corresponding to the
measured rotational broadenings of the spectral lines\dge= 90 kms™* andvgq = 80 kms. Their ratio is just equal to

the ratio of the stellar radii. We detected excess emission in thand Cal 6494 lines that changes during the orbital cycle.

Our spectral data show the presence of absorbing matter around the mass center of the system.

Key words. stars: activity — binaries: eclipsing — binaries: spectroscopic — stars: chromospheres — stars: individual: ER Vul —
stars: starspots

1. Introduction On the basis of the emission cores of the Call H and K lines
and a variable light curve, Hall (1976) classified ER Vul as a
The close, eclipsing binary system ER Vufers special op- member of the short-period group of RS CVn systems. The
portunities to investigate the activity in sun-like stars. A|th0u%riabi|ities of ER Vul, at diferent Spectra| ranges, have been
the components of ER Vul are very similar to the Sun in globaktensively reviewed (e.g., Olah et al. 1994) and need not be
parameters, their rotation is faster by a factor of 40 and, corfepeated here. The light variations were attributed to the pres-
spondingly, a high level of activity may be expected. It can k& ce of spots, however, some investigators (McLean 1982; Hill
also an appropriate target to check the validity of an extrapola-al. 1990; Arevalo et al. 1988; Zeinali et al. 1995) argued
tion of the solar paradigm to the rapidly rotating active stars.that the existence of circumstellar material (cloud at the inner
Different indicators of stellar activity are introduced byagrangian point or a gas stream between the components) is a
analogy to the Sun. The great number of the stars allowsn®re likely explanation for the observed photometric and spec-
search for relationships between the spatial, time and erfé@scopic peculiarities of ER Vul.
getic scales of their activity appearances and global parametery_azaro & Arevalo (1997) found excess emission from both
(for instance the Wilson-Bappufect). On the other hand, thecomponents of ER Vul in the Balmer,kand H; lines as well as
study of the stellar activity is a basis for improvement of thi@ the Call IRT lines (8498 and 8542 A), which total emission
magnetic-dynamo theory and for establishment of the critefiaxes change during the orbital cycle almost as the brightness
for solar forecast. Enhanced emission cores in the Call H andkthe system does. Lazaro & Arevalo (1997) attributed both the
lines are the primary optical indicators of chromospheric actigightly stronger emission excesses around the second quadra-
ity. The activity levels can be also determined by the presengge and the weaker emission excesses at the secondary eclipse
of pure emission or filled-in cores of the, line, Mgl lines, etc. to a larger emission from the secondary star. Excess emission
because there are good correlations among therent activity in the lines H,, Call IRT and Mglb (5167.3,5172.7,5183.6 A)

indicators. was detected also by Gunn & Doyle (1997) with indications
that the secondary star is the more active component.
Send @print requests toS. Zola, Vilhu & Rucinski (1983) measured fluxes of various chro-
e-mail:zola@astrol.as.wsp.krakow.pl mospheric and transition region lines in the IUE spectra of ER
* Based on spectral observations collected at the Nationdlll and concluded that they were on the borderline between
Astronomical Observatory, Bulgaria. those expected for detached and contact systems. The EUVE
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Fig. 1. lllustration of the constancy of the comparison star.
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observations also revealed emission lines typical of chromo-

spheric, transition and low corona regions (Rucinski 1998).
The aim of our photometric and spectral observations of

ER Wul is to search for appearances of its activity and to -

re-determine its global parameters. I e L
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Phase

2. Observations Fig.2. The light curve of ER Wul in the instrumental system.

During 6 nights at the end of July and beginning of Auqubservations gathered inffirent nights are denoted byfldirent

1999, theBV Rphotometry of ER Vul was obtained with a two-Symbols.

channel photometer mounted on the 60-cm telescope (Kreiner

et al. 1993) at the Mt. Suhora Observatory. The telescopeAstronomical Observatory at Rozhen. The seeing during the

equipped with an autoguider (Krzesinski & Wojcik 1993). Thebservations did not exceed 2 arcsEtMHM). The exposure

cross-calibration of the channels was made every night. Diiide was 20 min and th§/N ratio was in the range 100-180.

to the limited area of the two-channel photometer we us&the bias frames and flat-field integrations were obtained at the

HD 335487 (Sp KOV = 9"'51) as a comparison star. Its conbeginning and end of each night. All star’s integrations were

stancy was checked against the star HD 199375 (Sp K2).difernated with the Th-Ar comparison source exposures. The

Fig. 1 we present the behavior of our comparison star. THata were processed in a standard way (bias substraction, flat-

left panel shows raw measurements and no short scale vafigld division and wave-length calibration) using the PCIPS

tions can be seen, just thifect of atmospheric extinction. The(Smirnov et al. 1992) and Rewia (Borkowski 1988) software

right panel shows dierential magnitudes between the compapackages.

ison and check stars. We found the comparison star constanttoln the observed range 6465-6665 A, besides of the H

within 0.01 mag during our observations. The integration tim@iae, there are several weaker lines showing orbital variabil-

were 10 s in all colors. The errors of the individual points digy (Fig. 3). The profiles of the Hare shown in Fig. 4, while

not exceedDO1 inV andRc filters and 0015 in theBfilter.  Fel 6593 and Cal 6494 lines are displayed in Figs. 8 and 9 to-
The data were phased according to the ephemeris (Kreigether with the corresponding orbital phases calculated accord-

et al. 2001) ing to the ephemeris (1). An appropriate Fourier noise filter was
. applied in order to remove the high-frequency noise. This pro-
HJID(Minl) = 24401822593+ 0.69809479% E (1) cedure causes some smoothing of the profiles without loss of

. . . their important features (Gray 1992).
and left in the instrumental system. Figure 2 presents the com- P (Gray )

plete light curve, where observations done durinffedént

nights are marked by fierent symbols. 3. Analysis of the spectral data
ER Wul was observed also spectroscopically (resollé-

tion 0.19 Apixel) during two consecutive nights in August

2001 around the Hline, which is a spectroscopic indica-In order to get information about the spatial location of the ac-

tor of stellar chromospheric activity (Zarro & Rogers 1983jve regions in ER Vul we analyzed the behavior of the spectral

Frasca & Catalano 1994; Strassmeier et al. 1990). We udiees at diferent orbital phases.

the Photometrics AT200 CCD Camera with SITe SIO03AB The observed K lines of the two stellar components are

1024x1024 pixel chip mounted on the Coude spectrographways in absorption. Third absorption feature T (Fig. 4) su-

(grating B& L632/14.7°) of the 2-m telescope of the Nationalperposes the Hlines of both stars out of the eclipses. It causes

1. Orbital variability of the spectral lines
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feature T while the distortion of the profile at phase 0.68 is due
to the filled-in core (more apparent at phase 0.65 as seen in
05 Fig. 4).

More information about the spatial distribution of the re-
gions of the H emission excess could be obtained from the
variability of the equivalent widthEW) of the line. The results
of our measurements of tHew of the total (absorption) H
profile (in A units) at diferent phases are shown in Fig. 7. It
is seen that th&€W's are bigger at the eclipses (about 2.25 A)
than around the quadratures (near 1.8 A). This phase variability
of the totalEW of the H, absorption in ER Vul (Fig. 7) could
be explained by bigger total Hemission excess out-of-eclipses
than during the eclipses. The same phase trend of the tgtal H
Phase emission excess was established by Lazaro & Arevalo (1997).

The mean value of thEW of the total absorption during
the orbital cycle is around 2 A. It is considerably smaller than
EW of the H, absorption lines of the inactive stars 16 CncC
Fig. 3. The spectra of ER Vul at the secondary eclipse and at the fi(§5, EW = 3.6 A) andg Vir (F9, EW = 3.5 A), which we ob-
quadrature. served with the same equipment 8 months later, and therdi

ence could be attributed to the ldmission excess of the stellar
distortions of the profiles and probably could be a reason wbgmponents in ER Vul (comparison of the observed spectrum
the line of the secondary star seems deeper than that of the gfrthe active star with a spectrum of an inactive star is the ba-
mary at the phase range 0.08-0.12. Such a feature was notsifeef the spectral substraction technique, Gunn & Hill 1997;
tected in the spectra of CG Cyg which we observed during thazaro & Arevalo 1977; Frasca et al. 2000).
same nights (Kjurkchieva et al. 2003). Because this absorption In order to determine the contribution of each stellar com-
feature almost does not shift during the orbital cycle and it jgonent to the total H emission excess one needs ¥/ of
invisible just in the middle of the eclipses it could be attributegheir line profiles. The procedure of such a measurement is not
to some absorbing matter around the mass center of the binaeji-defined mainly due to the wide wings of the, line and
system. their superposing in the case of binary system. That is why dif-

An emission feature E (Fig. 5) on the blue wing of théerent H, activity indices (tightly correlated) have been used
H. line appears during both eclipses (phases 0.41-0.57 &@yddifferent authorsEWHM, residual intensityR;, equivalent
0.92-0.10). It may be well distinguished (see Fig. 3) by comdth of the excess emissidBW(H,), H, core fluxF (1.7 A)
parison of the K profiles at the secondary eclipse and th@ontes et al. 1995). Taking into account that the chromo-
first quadrature. Similar (but weaker) feature is visible also #pheric emission is concentrated in the core of thdike, we
the spectra of Lazaro & Arevalo (1997) during the secondaagsumed that the measurement offEW of the stellar profiles
eclipse. below a certain level beneath the widg Wings could provide

The H, profiles in the middle of the primary and secondargdequate information about the relative contribution of the two
eclipses agree well both in shape and in depth (Fig. 5). The tellar components to the total excess emission, as well as about
profile observed by Lazaro & Arevalo (1997) at the secondattyeir variability during the cycle. In this case, we measured the
eclipse is deeper (by around 10%) than that at the primary o&&V of the H, lines of both components below the level 0.91
The depth of the Hline we observed at both eclipses is almositt phases 0.32 and 0.68 (symmetric to the secondary eclipse).
equal to that detected by Lazaro & Arevalo (1997) and Guriine contribution of the third absorption T was removed in these
& Doyle (1997) at the primary eclipse. The equality of thg HEW measurements. The obtained resulf§\f(0.32) = 0.27;
profiles that we observed at both eclipses means that there wev(0.32) = 0.16; EW;(0.68) = 0.28; EW,(0.68) = 0.10 A)
no difference between the,Hibsorptiofemission properties of mean that the main contributor to the, ldmission excess at
the stellar surfaces visible at these phases. phase 0.68 is the secondary star.

In contrast, the H profiles around the quadraturedfdr The Fel 6593 line has no wide wings and the profiles orig-
(Fig. 6). The line of the primary star is deeper around the seénating from both stars are well separated out of the eclipses
ond quadrature than at the first one. This fact could be attribuidg. 8). The shape of these profiles is similar to that gfat
to an enhanced Hemission excess from its hemisphere visihe same phases. Third absorption feature T (Fig. 8) is visible at
ble around the first quadrature. It may be considered as anotsene phases out of eclipses. It is probably the reason why the
confirmation of the common trend of the spectral lines in thgrofiles of the secondary seem deeper than those of the primary
RS CVn-type stars: they tend to be stronger around the saosund the first quadrature (phase range 0.32-0.41).
ond quadrature than around the first one (“second quadratureThe second (in strength) spectral feature with orbital vari-
effect”, Kjurkchieva et al. 2001). ability in the observed spectral range is that around 6494 A,

The H, profiles of the secondary star seem almost the sawisplayed in Fig. 9. This feature has not been discussed in pre-
around both quadratures (Fig. 6) but we should point out thabus spectral investigations although its doubling is visible in
the asymmetry at phase 0.22 is caused by the third absorptioa spectra of Lazaro & Arevalo (1997). We suppose that this

0.28
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Fig. 4. H, profiles of ER Vul from August 14 (a — left panel) and August 15 (b — right panel). The position of the third absorption feature “T
is marked with a grey bar.

spectral feature represents the Cal 6493.7 A line blended by The cores of the Cal 6494 line are filled-in by emission
Fel 6494.5 A. The 6494 A line has wide wings similarly to botlat all phases (Fig. 9). It is flicult to get the precise quanti-
the H, line (Fig. 3) and to most Ca lines (likely due to the chraative estimation of this excess emission and to study its or-
mospheric stratification). Figure 10 shows the wide profiles bital variability due to the presence of telluric features. Figure
the H, and Cal 6494 lines of ER Vul at the same phases. Thé& shows the Cal 6494 line in the spectra of the short-period,
similarity in the shape of both lines is apparent. RS CVn-stars: CG Cyg (Kjurkchieva et al. 2003), ER Vul (this
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Fig. 6. The H, profiles of ER Vul around the quadratures.

Relative intensity

SR

0.30

0.28

0.24

eo® .00 0.22
1.8 - 1.00

Phas

W

Phase
0.95-

S

T
1 1 1

)
6591 6597 [Al 6591 6597 [Al

1 T 1 T 1
0.0 0.5 1.0 Fig. 8. Fel 6593 profiles of ER Vul from August 14 (a — left panel)
Phase and August 15 (b — right panel). The position of the third feature “T”,

Fig. 7. EW variation of the total | absorption in the orbital phase. when visible, is marked with a grey bar.

and originating mainly from the opposite to the cooler compan-
paper) and WY Cnc (in preparation) at the same phases: jusidins hemispheres.
the middle of the primary eclipse (phase 0) and slightly before Because the emission (or filled-in) cores of the spectral
the secondary minimum (phase 0.43). Emission excess visilies originate from the star's chromospheres, we argue that the
in the central parts of all profiles appears as filled-in or emi€al 6494 line could be considered as an optical indicator of ac-
sion core that is more apparent at the secondary eclipses. titey of late-type stars, similarly to the Call H and K lines, the
noted that the Cal 6494 lines of all three stars are deepeffiegt Balmer lines and Call IRT lines (Linsky et al. 1979). Gunn
the primary eclipse than at the secondary one. If this fact8sDoyle (1997) detected that the Call IRT lines of ER Vul are
not accidental it could mean the higher emission excess in filled-in but their excess variations seem to be uncorrelated to
Cal 6494 line from the hotter primaries in these binary systertt®e Balmer lines. Our spectral data also show excess emission
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Table 1. Radial velocity data in knv$. tor o r e T
A =6493.8 (®)
HJD phase Vi(H,) Va(H.) Vi(Fe) Vy(Fe) '

2452136 kms! kms?! kms! kms? 057
6.308458 0.820 49.7 -192.8 65.4 -211.2
6.325125 0.844 46.1 -181.6 49.3 -199.7
6.339012 0.864 39.2 -165.1 31.1 -188.0 0.50
6.362625 0.898 347 -147.7 8.3 -174.0
6.376512 0.918 24.0 -133.7
6.433458 0.999 -68.0
6.448042 0.020 -56.3 -74.8 0.46
6.504292 0.101 -162.4 57.4 =
6.518180 0.120 -181.4 69.2 -174.6 47.4 g
6.576514 0.204 74.2 =
6.590402 0.224 -188.8 84.7 -197.5 63.6 g 041
6.605680 0.246 -192.8 -208.9 71.3 =
7.287632 0.223 -196.9 70.2 -178.0 85.0 ~
7.302215 0.244 -192.8 77.3 -177.0 87.8
7.316798 0.265 -187.8 87.0
7.329965 0.283 -185.5 76.0 -172.0 87.0 037
7.344573 0.304 -174.6 75.5 -168.2 86.0
7.358465 0.324 -162.8 76.2 -162.7 78.3
7.373048 0.342 -158.3 70.2 -158.1 74.4 0.32
7.386923 0.365 —149.5 64.1 -149.9 69.6
7.400798 0.385 -140.5 60.3 -131.6 64.0
7.414715 0.405 -130.3 53.3
7.546632 0.594 53.5 0.22
7.560548 0.614 64.9
7.575132 0.635 65.0 -169.6 76.8 -140.8 . : ;
7.589007 0.654 75.8 -185.5 83.2 -170.9 ' Phase ' Phase
7.603590 0.675 87.3 -196.6 90.1 -181.9 . . . . . . . .

6492 6500 [Al 6492 6500 [Al

Fig.9. Cal 6494 profiles of ER Vul from August 14 (a — left panel)

in the cores of the Cal 6494 line without clear correlation witfatnnd August 15 (b - right panel).

the H, excess emission.

3.2. Radial velocity solution

) ) ~and it is due to the lack of observations of the radial velocity
The measurements of the radial velocity of the spectral lines®fndards in our runs.

the short-period, RS CVn-stars ardifdiult due to their rota-
tional broadening and variable blending with the surroundin
metal lines (Frasca et al. 2000). Additionally, the profiles a
distorted by emission or absorption features. Nevertheless,

Our radial velocity data were fitted by sinusoids and the re-
Its of the least squares fit al¢j = 136+ 2.4 kms?! and
A= 1499 + 2.4 kmst. OurK; value is slightly smaller than

, : t of Hill et al. (1990) (139.5 knT8) and Northcott & Bakos
.1 h hat f h h
et al. (1989) showed that for detached systems wit rotat|0|§ 67) (138.5 km$) but the same as that of Mclean (1982).

velocity <100 kms? (like ER Vul), the Gaussian fit is a good o . .
approximation. Moreover, the lines of both stellar componergéur Kz value is slightly bigger than that of Hill et al. (1990)

in ER Vul are well separated in our spectra due to their relati 45.8 kms’) but the same as that of Northcott & Bakos
highS/N ratios and high resolutions. Therefore, we determin 967).

the radial velocities of the Hand Fel 6593 lines by fittingthem  We determined the rotational broadenings of the dd
with sums of two gaussians at each phase (Fig. 12). The @l 6594 lines for ER Vul with the same method as that used
ror of the individual measurement do not exceed 25 khier for SV Cam (Kjurkchieva et al. 2002), i.e. fitting the central
the lines of the primary star and 32 kntdor the lines of the parts of their profiles by 6th-order polynomial and measuring
secondary star. The obtained values of the radial velocities t8e half width of these fits at the continuum level. The averaged
both lines are given in Table 1. Figure 13 shows our data téalues for both lines are almost the sama!™ = 1.8 A and
gether with those by Hill et al. (1990) that are phased using tha?" = 1.6 A. The equatorial velocities corresponding to these
ephemeris (1) and applied correction of 28 ko the sys- rotational broadenings and to the determined orbital inclination
temic velocity. A good agreement between the two samplesaeV;* = 90+ 5 kms™ andV;* = 80+ 5 kms™. Our values
data is visible. The dierence of 28 km3 between ouly ve- of the equatorial velocities are bigger than those determined by
locity and that of Hill et al. (1990) has an instrumental origitiill et al. (1990):V;" = 81 kms* andV;?= 71 kms?.
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Fig. 10. The similarity of the profiles of the Hand Cal 6494 lines at phases 0.0 and 0.32.
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Fig. 11. The Cal 6494 line in the spectra of the short-period RS CVn stars: CG Cyg, ER Vul and WY Cnc, shown in the middle of the primary
eclipse (left panel) and before the secondary minimum (right panel).

3.3. Analysis of the photometric data 0.00

Our new light curve of ER Wul shows the following
peculiarities:

(a) The decreasing branch of the secondary minimum is
steeper than the increasing one; -0

(b) The brightness around the second quadrature is smaller
than that at the first one. Thisfect is more apparent M and
R colors than inB;

(c) There are standstills before and after the secondary-0.04 —
eclipse.

Color indices of ER Vul change very slightly during the 4
orbital cycle. The color indeB — V = 0.59 is precisely the
same as that determined by Hill et al. (1990) and correspondsio 06
to the spectral types of the components. : ' ' ' ! ' '

. . ) 6585 6590 6595 6600

Usually the distortions of the light curves of the short-
period, RS CVn stars are reproduced successfully with coblg. 12.The Fel 6593 A line shown both with a Gaussian fit (G-fit) for
photospheric spots. Most researchers place spot(s) on the t‘lgﬁ_radifal veloci_ty measurements and a polynomial fit (P-fit) for the
mary star which, in many systems, is the dominant luminosigfuatorial velocity measurements.
source. In case of ER Vul, however, the contributions to the
total system luminosity of both components are close. That is
why Hill et al. (1990) and Olah et al. (1994) noted that the liglgither on the primary or on the secondary component. However,
curves of ER Vul can be reproduced equally well by spoRiskunov (1996) analyzing the Doppler images showed that
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both stars in ER Vul are covered with spots. Modelling of light  [os [
curves distorted by spots may fail to get reliable spots’ param-
eters due to the similarity of the components (Olah et al. 1996).
Another dfficulty is the small amplitudes of the light variabil- -8
ity due to the low orbital inclination. o

In order to re-determine the physical parameters of compoé 0.94
nents we performed the light curve modeling with the Wilson-
Devinney code ver. 1996 (Wilson 1979; Wilson 1993) but we .
applied the Monte Carlo algorithm as the search method (Zola **° |

e

et al. 1997). In our light curve solution we fixed only the mass R — filter
ratiog = 0.91 (determined by our radial velocity solutionyand g L.+ v v o v v oo
the primary Star’s temperaturbl - 6000 K, Corresponding 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20

. . phase
to its spectral type. The theoretical values of both albedo and

gravity darkening coficients were used. The limb darkeningdrig. 14. Theoretical light curves (solid lines) versus observations of
codficients were adopted as functions of the temperature #BVU' (dots) The Synthetic ||ght curve Corresponds to our best solu-
wavelength from Daz-Cordoes et al. (1995) and Claret et alltion with two cool spots on the primary component.

(1995) tables.

Since our light curve is heavily distorted, with the goal to
determine reliably the system parameters, we included two cdolGlobal parameters and signs of activity
spots placed on the primary star’'s surface to remove the ob- ) ) S
served distortion during the search. A reasonably good fit I}_/(gakmg use of photometrically determined orbital mclmatmn
the observations was obtained with two spots located on tfe= 66.1°) and our values oK; and Kz, we re-determined
opposite hemispheres and covering about 6% of the primdg masses of componentd; = 1.16 + 0.04 My andM; =
component surface. There is, however, some discrepancy 585+ 0.04 Mo.
tween observations and the synthetic light curves (see Fig. 14). On the basis of our radial velocity solution and the relative
We can propose two reasons for such a poor fit: first, the diar’s radiiry = 0.299 andr, = 0.269, we obtained the absolute
crepancy can be due to a simplified spot model in the W-D cotidii: Ry = 1.25+ 0.05R; andR; = 1.12+ 0.16 R.. Their ratio
and, second, the intrinsic, night-to-night variability of the light = Rz/R: = 0.896 is equal to the ratio of the stellar equatorial
curve due to changes of spots properties (sizes, temperatureedcitiesp = V,4/ Vi = 0.89.
location). The parameters resulting from our solution are pre- The radii of the MS stars, inferred from the mass-radius
sented in Table 2 along with these derived by other authors. Tieéations and corresponding to the above masses, would be:
errors quoted for our solution are the standard errors calcula®d= 1.14 R, andR, = 1.04 R,, indicating that both com-
for free parameters from all elements in the search arrays at plements of ER Vul are oversized for their masses. The relative
end of search for 6 independent search runs. These runs wathi of the Roche volumes corresponding to the mass ratio ob-
done for three sets of normal points and using two weightinggined in this paper ar® ; = 0.36 andR ;> = 0.347, therefore,
proportional to Iflux and proportional to /fux?. both stars fill about half of their Roche lobes.
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Table 2. Global parameters of ER Vul.

i q r r T: T, 11(V) Ref.
68.5 + 0.6 0.259+ 0.009 0252+ 0.019 6100 K 5800 K ®59+ 0031  1*
67 0.281 0.274 6050 K 6000 K 0.57 2%
69 0.299 0.281 6000 K 5520 K 0.54 3
71.6 0.93 0.254 0.204 6100 K 5800 K 0.65 4
69.0 +0.3 0.258+ 0.006 0239+ 0.01 6100 K 5800 K ®61+0013 5
69.F +06 0886+ 0.025 0.278 0.220 600858 K 5696+ 70 K 0.668 6
66.7 +0.3 0.95 025+ 0.01 025+ 0.01 5900+ 100 K 5750+ 200 K 0.647 7
66.7 +0.22 0.96 02858+ 0.0051 02626+ 0.0152 6000 K 580& 36 K 0.53 8
67.7 + 0.4 0.957 0260+ 0.008 0259+ 0.023 6100 5800 0.56 9
66.° +1.1 0906+0030 Q299+ 0.003 0269+ 0.015 6000 K 5514: 32K 0654+0.043 10

References: 1 - Abrami & Cester (1963); 2 - Hrivnak (1980); 3 - Al-Naimly (1981); 4 - Budding & Zelik (1987); 5 - Olah & Budding (1993);
6 - Mennella (1990); 7 - Hill et al. (1990); 8 - Ibanoglu et al.(1993); 9 - Olah et al. (1994); 10 - this paper.
Note: * - light curve solution by Olah & Budding (1993); ** - light curve solution by Hill et al. (1990).

Table 2 presents the global parameters of ER Vul detér- Conclusions
mined by diferent authors. It shows a good agreement of o

results with those from previous studies. %e main results of our spectroscopic and photometric obser-

. T vgtions and their analysis can be summarized as follows:
Our results confirm some appearances of activity inferre

. . L . X . (1) By simultaneous solution of the radial velocity curves
by previous investigations in the optical range and provide new . . .
ST : o and multicolor light curve we re-determined the global param-
spectral indications of this activity.

L i 7. : . eters of the binary system ER Vul (masses, radii, temperatures,
we dlvm_led the signs of activity obst_arved in ER Vul Int(laquatorial velocities and orbital inclination). The obtained val-
two types: first, due to the presence of circumstellar matter s are in a good agreement with those determined by other
ing a result of some active processes, and, second, photospr}ﬁﬂﬁor&
and chromospheric activity of the stars themselves. _ (2) Our spectral data evidencedrdrent appearances of the
As an appearance of the first type of activity, we considgjyity of the star which confirm previous results as well as
the presence of the absorption feature between the two steYialjictions of the magnetic-dynamo theory.
profiles that is visible in the HHand Fel 6593 lines out of the X-ray and UV studies of RS CVn stars suggest that there
eclipses. Itmay be attributed to cool matter around the cente{ot, |eye| at which the emission becomes saturated (Vilhu &
mass of the binary system or near the Lagrangian paitor  g,,cinski 1983). The suspicion that ER Vul is close to the sat-
mass ratiay = 0.9 they are very close). Such circumstellar 9% ation limit for chromospheric activity is based on the very
could be a result of dierent mechanisms of mass loss from thl%rge filing factor obtained by Gunn & Doyle (1997), the very
stellar components. Northcott & Bakos (1967), McLean (198agh level of X-ray, UV and radio emission as well as the ex-
and Hill et al. (1990) also suggested the presence of a gasegliss emission in the 5 Call IRT and Mgl b lines (indicative
cloud at the inner Lagrangian pointin order to explain the phagg 1,5 _radiative energy dissipation in thick chromospheres).

behavior of the spectral lines of ER Vul. Arevalo et al. (1988&,; ghservations provide new spectral indications of the high
suggested the existence of such a structure to explain the Rbs| of activity of ER Vul.

served IR and UV excess of ER Vul.
The apearances of the second type of activity could be s@@mnowledgementsThis research was supported in part by the NATO
in the following observational data: Linkage grant No. PST.CLG.978810 and grant Nf2002 of the
(a) The emission feature E (Fig. 5) on the blue wing ¢thoumen University. The Monte Carlo computations were performed
the H, line appearing around the eclipse minima may be d@gACK "Cyfronet” in Cracow under grant No. KBN.J01595,
to structures extended above the stellar limbs (prominence-I¥ch we gratefully acknowledge. The authors are grateful to an
material co-rotating with one of the components). On the oth%%?}?%'g‘;‘:?é;:g;‘z;fec’r:ttgftﬁzg;;sg"'Ces and suggestions that let to
hand, the observed systematic blue shifts in theskhission of '
the Sun are interpreted as a result of spicules;
(b) The profiles of the H line of both stellar componentsReferences
are filled-in by "_:m emission of ChmmOSphe”C origin; . ~Abrami, A., & Cester, B. 1963, Contr. Oss. Astron. Trieste No. 320
(c) The _prqflles of the Cal 6494_ I|r_1e (broad absorpt|o_n W'tﬂl-Naimly, H.1981, A&AS, 43, 85
central emission feature) seem similar to those of collisionglevalo, M., Lazaro, C., & Fuensalida, J. 1988, AJ, 96, 1061
dominated resonance Call H and K lines seen in active st@sikowski, J. 1988, Internal Report of the Astronomical Institute in
and we suppose that the central emission of the Cal 6494 linesTorun (in Polish)
can be a sign of the chromospheric activity of ER Vul. Budding, E., & Zeilik, M. 1987, ApJ, 319, 827
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