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Abstract. New photoelectridJBV and BVRI observations, secured during Augsuliovember of 2002 at two observato-

ries distant in local time are analyzed together with two earlier photometric data sets and all available radial velocities
to derive the most accurate ephemeris of the binary and to set limits on its basic physical elements. These observations
were obtained as a support for a high-dispersion spectroscopic study, results of which will be published separately. It was
found that radial velocities and photometric observations spanning 53 years can be reconciled with the linear ephemeris
Torimmin. = HID 2440 1825628(46) 09698095113(29k E, where the rms errors of the last digits are given in brackets.
Masses of the stars are 1.82, and 0.97M, and the binary separation is 4.1R). There is still a large uncertainty in the

stellar radii. We also report the discovery of rapid light variations on a time scale of hours seeritbéimel light curve and

offer a few thoughts on the future investigation of this binary.

Key words. stars: binaries: close — stars: binaries: eclipsing — stars: binaries: spectroscopic — stars: fundamental parameters —
stars: individual: ER Vul

1. Introduction system, is the subject of this study. The results of spectroscopic
. ] observations will be published elsewhere.

ER Vul (HD 200391) is a well-known and astrophysically very - gjnce the light curve of ER Vul exhibits secular variations,

important binary consisting of two early-G stars with massgggst notably uneven maxima between two consecutive eclipses

similar to the mass of our Sun but rotating much more rapidyt the pinary, it is important to check the ephemeris derived

than the Sun due to a tendency to spin-orbit synchronizatigg,y, photometry also via analysis of radial velocitidVE

in the 0.698-day binary orbit. Both components of ER WVul alifereafter). To this end, we collected and analyzed all pub-

chromospherically very active and the light curve of the syfshedRVs of ER Vul and also two important photometric data
tem exhibits remarkable secular variations in addition to binagis optained earlier.

eclipses.

In 2002, high-dispersion highAS spectroscopic observa-
tions of the binary were obtained in affat to study line-
profile variations related to active regions on the star's surfages  photometry
It was deemed important to know the most accurate orbital
phases of these observations. For that reason, new photom&tfl¢/ photometric observations were secured in 2002 at two ob-
observations were secured at two observatories and their aggfvatories: Hvar in Croatia and Victoria in Canada. Addition-
ysis, along with several already published data sets, and #. We extracted Hipparcad, photometry (Perryman et al.

determination of a new, very accurate linear ephemeris of th97) and earlyBV observations published by Northcott &
Bakos (1967). Basic information about these data sets is sum-

marized in Table 1 and details of observations and data reduc-
tion are described below.

2. Observations and reductions

Send g@print requests toP. Harmanec,
e-mail:hec@sunstel.asu.cas.cz
* This research is based on photoelectric observations from Hvar
and University of Victoria Observatories. 2.1.1. Hvar UBV photometry
** Table 4 is only available in electronic form at the CDS via
anonymous ftp tedsarc.u-strasbg.fr (130.79.128.5) orvia Altogether, 167 new UBV observations of ER Vuk

http://cdsweb.u-strashg. fr/cgi-bin/qcat?]/A+A/415/289 HD 200391 were secured on 11 nights at Hvar Observatory,
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Table 1. Journal of photoelectric observations.

Observatory Epoch No.of No.of Passband(s) Comparison Check Source

(JD-2400 000) obs. nights
David Dunlap  35356.6—-36119.7 275 10 BV HD 200270 HD 200425 Northcott & Bakos (1967)
Hipparcos 47857.8-48974.1 129 26 BV all-sky - Perryman et al. (1997)
Victoria 52498.7-52533.0 * 15 BVR.I. see the text see the text  this paper
Hvar 52500.4-52550.4 167 11 uBv HD 200270 HD 200468 this paper

* Different numbers of observations were obtained ffedént passbands as follows: 85680838 inV, 764 inRand 815 inl.

Table 2. UBV data for the comparison and check star used: the values denofEtifdiolumn “Remarks” are derived fierentially relative
to calibrated HvalJBV values for HD 200270.

HD 200270 (comparison)

\Y, B U B-V U-B Station Remark
7m772+0M011 8"232+07M011 8M"173+0M013 0"460 -0M059 Hvar all-sky
77769+ 0M011 8229+ 07011 - ar460 — Hipparcos all-sky

771 8716 - or45 — David Dunlap  all-sky
HD 200468 (check)
7M869+ 0M009 8043+ 07021 8M"166+0M023 (0"174 0"123 Hvar all-sky
7M869+ 0M008 8042+ 07M017 81'166+0M019 (O"174 0123 Hvar dif.
7M871+0M010 8045+ 07010 - ar174 — Hipparcos all-sky
HD 200425 (check)
7775 8730 - ors5 — David Dunlap  all-sky
7781 8"37 - ors6 — David Dunlap dt.

Croatia, using a 0.65 m reflector and a computer-controllddtailed documentation of the reduction program, respectively.
photometer with an uncooled EMI 6256 tube. All these ol&ince a number of stars with accurdBV magnitudes from
servations were obtainedftérentially, relative to HD 200270 the list of Harmanec et al. (1994) were observed on the same
(HIP 103770). A check star HD 200468 (HIP 103874) wasights as ER Vul and its comparisons, we were able to derive
observed as frequently as the variable. These two compariseasy accurate all-skyBV values of the comparison and check
have already been used in the majority of earlier photometsiar which were used in subsequent analyses. These all-sky val-
studies of ER Vul. Our observations of ER Vul were securades are compared with several other determinations in Table 2.
during the course of another observing program, aimed Mean differential UBV values of the check star HD 200468
observations of very bright stars. This forced us to use a ratlaee also listed in Table 2 to illustrate the accuracy of our
low voltage which resulted in a somewhat low8fN for homogenization.

ER Vul observations. An observation through each filter con-

sisted of a mean of ten 1-s integrations followed by respective o

sky measurement. EadiBV observation of the variable and2-1-2- Victoria BVRcIc photometry

check was bracketed by observations of the comparison Sﬁ’\% University of Victoria observations were made with

HD 200270. an automated 0.5m telescope, Star | CCD and reduced in
Observations were reduced with the help of a new releasgOfashion similar to that described in Robb & Greimel
the reduction program HEC22 which very conveniently also glt999). Observations were made using filters closely match-
lows modelling of a time-variable extinction during the cours@g the JohnsorBV and CousinsRcl; systems. The Julian
of the night. Depending on the quality of each night of olpates of observations are 2452498-505, 813, ..527,
servations, judged via rms errors of individual observatioRsq . 536-532. Table 3 lists the stars’ identification numbers,
from the fit to the extinction model for the nlght, we aSSign%agnitudes and positions from the Hubble Space Te|esc0pe
weights 1.5, 1.0 or 0.5 to individual observations from excetyide Star Catalogue (GSC) (Jenkner et al. 1990). Besides
lent, normal and poor nights, respectively. ER Vul = GSC 611, none of these stars showed any significant
Program HEC22 uses non-linear formulae for the trangariationsin plots of the individual nights’ data or from night to
formation from the natural to the standddoV system; see night. Because ER Vul is so much brighter than any of the other
Harmanec et al. (1994) and Harmanec & Horn (1998) for thstars in our field of view, our élierential magnitudes are calcu-
description of observing and reduction procedures and fottaged in the sense of ER Vul minus the mean of the three next
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Table 3. Stars observed with the CCD camera in the field of ER Vul2.1.4. David Dunlap BV photometry

These early, but obviously quite accuratéelientialBV pho-

Star RA Dec GSC . . . .
GSC No. 32000 32000 Mag. toelectric obst_arvatlons were obtained W|th_ the 0.48 m reflec-
tor of the David Dunlap Observatory, relative to HD 200270,
611 2102"26° +27°4825" 7.1 and published in detail by Northcott & Bakos (1967). The ob-
422 2102"32  +27°5107" 112 servations were corrected forfigirential extinction but were

356 2102m02 +27°4944" 113

clearly left in the instrumental system. To bring them at least
247 2102m245  +27°4925" 12.0

approximately into a comparable system of standi#B¥ mag-
nitudes, we simply added the all-sly and V magnitudes

of HD 200270, based on numerous Hvar observations and
listed in the first row of Table 2, to the magnitudéfdiences

ER Vul-HD 200270 tabulated by Northcott & Bakos (1967).
Northcott & Bakos used HD 200425 as their check star, a
brightest stars (GSC 2180-422356,-247) and are, therefore, giferent one from that used at Hvar. They only tabulate its
in the form of magnitude dierences with an unknown zeromean all-skyBV values, based on their observations. For com-
point. pleteness, we also give their original all-sky values, and values

To check for brightness variations of the comparison sta¢@rrected dierentially to the adopted Hvar all-sky values of
during a night, we calculated the standard deviation of t#D 200270, in Table 2. It is not clear from the Northcott &
differential magnitudes of GSC 2180-422 minus the averagakos (1967) paper how they arrived at their all-sky values for
of GSC 2180-356 and GSC 2180-247 for each night. TH&th comparisons.
smallest standard deviations for any night afé0R3 for B, For the convenience of future investigators, we publish
0™M008 for V, 0M007 for R. and 0"005 for I.. The stan- all the homogenized individual photoelectric observations in
dard deviation of €'005 sets an approximate upper limit forTable 4. To illustrate the quality of individual data sets, we
variations on an hourly timescale for any comparison st&ot the individualvV-band light curves in Fig. 1. All four light
The standard deviation of the nightly means is a meas@éves are on th¥e scale of well calibrated Hvar data.
of the night-to-night variations. The mean of the 15 nightly
means are 0368+ 07009 for B, —0M069+ 07006 for V,
—-0M346+ 0M006 forR., —0M583+ 01004 forl.. The smallest
of the standard deviations i€"004 in thel. band and this ex- We were able to compil&®Vs from five published sources.
cellent photometry shows that night-to-night variations in anjhese data span a similar interval of time as the photometric
of these stars must be less than a few millimagnitudes. data which we analyze here. In all cases, we omiR¥&d for

which the primary and secondary lines could not be resolved.
Basic information about the data sets is summarized in Table 5.
2.1.3. Hipparcos H,, photometry To take into account dlierent dispersions of the spectrograms
and the diference irS/N ratio between photographic and elec-
We extracted Hipparcds, photometry of ER Vul and its com- tronic spectra, individual data sets were assigned weights ac-
parisons from the data archive published by Perryman et @brding to the following formula
(1997). We used only observations with error flags 0 or 1 and
assigned them weights 1.0 or 0.5 depending on the rms errgrs 10- Q, 1)
guoted in the Hipparcos archive. Weight 1.0 was given to an ob-
servation with error flag 0 and arms error notlarger th8010 | hereD is the linear dispersion i mm-! andQ = 4 for

while weight 0.5 was assigned to observations with error ﬂa@bi‘ectronic, and) = 1 for photographic spectra. These weights
andor rms error of more than™10. ER Vul is rather faint were applied in alRV solutions (see below).

for the sensitivity of the Hipparcos detector. There is no obser- A taw comments on individual data sets are appropriate.

vation with an rms error smaller tharf'006 and the majority
Source 1: Northcott- Bakos (1967)TheseRVs are based

of observations qualifies for weight 0.5. Hippardds obser- h hi i th i
vations are, therefore, less accurate than the usual photom&@f@notographic spectrograms secured in the Cassegrain focus

observations of ER Vul. Yet, they represent a very useful ddtathe 1.88 mreflector of David Dunlap Observatory.

set to be combined with other observations because that theySource 2: McLean (1982)RVs were obtained via the
are free of 1-day aliases. cross-correlation technique from digitized photographic spec-
ra, secured in the coedfocus of the 1.52 m reflector of
aute Provence Observatory. Times of observations, tabulated
modified heliocentric Julian Days, were converted to helio-
entric Julian Days (HJDs hereafter), used in all other sources.

2.1.5. Radial velocities

We transformed Hipparcos observations of ER Vul and i
comparisons into JohnsahandB standard magnitudes, usinqn
their all-sky B — V) and U — B) colours derived at Hvar and
applying Harmanec's (1998) transformation formulee. In anal
yses, we use only magnitudes since the reconstrucBhag- 1 Table 4 is only available in electronic form at the CDS via
nitudes do not represent an independent data set but the sam@ymous ftpcdsarc.u-strasbg.fr (130.79.128.5) or via
set, only increased for the assumed, constant valuB ef\(). http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]/A+A/415/289
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Fig. 1. Individual V-band light curves for the four data sets used he
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Table 5. Journal of availablé&rVs; all observations whergVs of the
primary and secondary could not be resolved were omitted.

RN Source Epoch
Yo, | (JD-2400 000)

No. of
obs.

Dispersion

Amm)

Weight

32098.6-35006.7
44473.6-44476.5
46 305.0-47 068.8
49 643.7-49 657.7
51767.4-51812.5
49141.6-49560.5

-0.2

0.0

0.2

0.4

49 166.5-50 299.6
52136.3-52 137.6

oOo~NO U WN PR

37
15
29
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12
7
130
27

33
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20
8?
6

6
2:
8

0.303
0.500
2.000
5.000
6.667
6.667
20.0

Hipparcos

0.0

0.2 0.4

| Victoria i
Il Il Il Il Il Il Il Il
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
L P P 1

Il. .':’ l-.
L ,- : ,- i
;.‘_f ;,'_f
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plotted vs. phase of ephemeris (5).

Sourcesl. Northcott & Bakos (1967); 2. McLean (1982); 3. Hill et al.
(1990); 4. Gunn et al. (1996); 5. Cakirli et al. (2003); 6. Duemmler
et al. (2003): Rozhen ISTA CCD spectra; 7. Duemmler et al. (2003):
La Palma spectra; 8. Kjurkchieva et al. (2003).

Source 3: Hill et al. (1990)RVs were obtained via the
cross-correlation technique from electronic spectra secured in
the coud” focus of the 1.22 m reflector of the Dominion
Astrophysical Observatory with a Reticon 1872RF detector.

Source 4: Gunn et al. (1996heseRVs were also ob-
tained via the cross-correlation technique from electronic spec-
tra secured with the John Hall 1.1 m Lowell telescope and
Solar-Stellar echelle Spectrograph, equipped with a TEKS12
512 CCD detector with a spectral resolution of 12 000. The re-
construction of times of mid-exposures of these spectra was
difficult. The authors published only epochs and phases of
individual observations in their Table 3, without saying ex-
plicitely which ephemeris was actually used. In the text, they
say that the ephemeris is usually taken from Hill et al. (1990)
and that it agrees extremely well with their new observations.
However, from the number of cycles tabulated for their data
(13553-13573) itis immediately clear that they have not used
the Hill et al. (1990) ephemeris in Table 3 but the ephemeris de
rived by lbandjlu et al. (1987), although that paper is missing
from their list of references. The ephemeris givengnailu
etal. (1987)is

Torimmin. = HID 2440 182621+ (769809409« E. )

However, their ephemeris is quoted incorrectly in Table 5 of
Hill's et al. (1990) paper as

Torimmin. = HID 2 440 182945+ (76980907 E. 3)

In Table 1 of Gunn’s et al. (1996) paper, only roundeti-o
ephemerides from the Strassmeier et al. (1993) catalogue are
given for their program stars. In particular, for ER Vul they give

4

We tentatively reconstructed HIDs of Gunn'’s efRWs for all

three ephemerides quoted above and found that one obtains
smallest rms errors when combining Gunn’'s etRNs with
other availableRV data sets for the reconstruction of HIDs
ased on the original ephemerisib&naglu et al. (1987). This
was, then, what we adopted for analyses presented here.

Torimmin. = HID 2 440 18259+ (76981x E.
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Source 5: Cakirli et al. (2003)'hese are alsBVs derived Table 6. Times of mid-eclipses, derived by the Kwee-van Woerden
via the cross-correlation technique from electronic spectra ghethod from Victoria observations for each photometric passband and
tained with a thinned, back-illuminated 1024 1024 CCD given in HID-2452000. The errors of individual minima are all be-
(pixel size 24um) and echelle spectrograph attached to tween 0.001 and 0.0015.

0.91 m reflector of the Catania Astrophysical Observatory.
There is an obvious misprint in their Table 2 with individual le Re v B
RVs: HID 2451776 and ...775 need to be interchanged to cor- primary

respond to corredRVs.

Sources 6 and 7: Duemmler et al. (2003hese are the ggg:ggg; 502.9396 5;82'?;35;1 55082'?;3%8
bestRVs of ER Vul available so far. They come from two in- 505.7328 505.7315 505.7306 505.7295
struments. File 6 are Rozhen 2.0 m reflector eospéctra ob- 530.8635 530.8628 530.8649 530.8666
tained with a Soviet-made ISTA camera with a CCD detector 532.9578 532.9557 532.9567 -

having 400 pixels in dispersion, each 24 wide. They cover

about 60 A centred on 6430 A. The majority of the spectra secondary

come from the SOFIN echelle spectrograph mounted on the 501.8950 501.8927 501.8916 501.8921
Nordic Optical Telescope with a 2.56 m reflector, located at 503.9881 503.9873 503.9855 -

La Palma. The EEV CCD used has a pixel size of 226 All 513.7603  513.7612 513.7609 -
RVs were derived via a crosscorrelation technique. 531.9109  531.9110 531.9107 531.9124

Source 8: Kjurkchieva et al. (2003yheseRVs come also
from the Rozhen 2.0 m reflector camidpectra. However, theyTable 7. Time of one primary mid-eclipse, derived by Kwee-van
were obtained with Photometrics AT200 CCD camera andvaerden method from one long series of HUBYV observations, and
SITe SIO03AB chip having 1024 1024 24um wide pixels. given in HJD-2452000.

They cover 200 A centred on theeHline. An inspection of
theseRVs, based on the Fe 6593 A line, reveals that théesu \Y B u

from a rather large scatter and a systematic zero-pofferdi  ~coe") 70 6 0016 5364462 0.0011  536.4488 0.0012
ence between both nights of observations and also between the

primary and secondaf®Vs. The authors themselves only men-

tion that there is a problem with the zero point of tHeWf mea- Table 8. Various estimates of theffective temperatures of the compo-
surements. We, thereforgid not usetheseRVs in any period nents of ER Vul.

analyses but only to check that they do not contradict the new

ephemeris derived here — see below. Ter1  Ter2 Source
K (K
3. New times of minima 6100 5800 Budding & Zeilik (1987)
5900 5750 Hill et al. (1990)
Times of mid-eclipses were found using the method of Kwee 6000 5700 Qdh et al. (1994)

& van Woerden (1956) for points within 0.04 days of the mini-
mum for Victoria, and 0.031 days for Hvar data. They are Iisteld

in Table 6 for the Victoria observations, and in Table 7 for th&a(l)a(l)e(z))sf)c.)rl_lgnear_ lﬂb;%q(en;?%ogcéﬁ;'Z::jssiggpéed from Claret
Hvar data. gg == ot '

Star U B \Y R |

4. Determination of an improved ephemeris :
primary 0.82 0.77 0.66 059 0.51

To obtain an improved ephemeris of the binary, we used the secondary 0.85 0.79 0.68 0.61 0.53
program FOTEL (Hadrava 1980designed to find either in-
dependent or simultaneous solutions of light & curves.

Other convenient features of FOTEL are that it allows calculgye light curves of ER Vul may not be realistic. Yet, we have

tion of individual zero points for individual data sets and alsgngsen appropriate linear limb-darkening fiméents from a

a simultaneous solution for observations in severietBnt o.ont study by Claret (2000) and set all albedofiocients
bandpasses. FOTEL models the shape of the stars as triaig|a| to 0.5. In Table 8 we summarize several determinations
ellipsoids and this gives good results even for binaries clogferective temperatures of both binary components based on
to filling their respective Roche lobes. FOTEL is not designegetajled modelling. Guided by these estimates, we fixed the
however, to model light curves of stars with spots. Thus, thig,h_garkening cosiicients at values given in Table 9. Slight
relative photometric radii; andr; resulting from modelling changes in the values of these fiméents have a negligible ef-

2 The program is made freely available to interested users by gect on the results. All solutions with FOTEL were converged

author. Its more detailed description, Fortran source code and ust@gnachine accuracy.
guide can be obtained viattp://www.asu.cas.cz/"had/had. Numerous studies of ER Vul show that while a period close
html web page to 0969808 was preferred earlier (Northcott & Bakos 1967,
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-0.10

Table 10. A comparison of epochs of primary minimum, given as
HJD-2 400 000, derived by FOTEL for historical (Northcott & Bakos
1967) and new data, separately for photometry and=fgs. The or- -0.05
bital period was kept fixed at a value dB980951 in all solutions.

o
[=}
o

photometry RVs

35199.95758 0.00044 35199.95760.0017
52537.14735%0.00016 52537.14740.0027

AMAG (mag.)
o
o
o

0.15

Al-Naymiy 1978, 1981), more recent studies usually use values

close to 9698095 (969409409:Ibanajlu 1987, §6980950:

Hill et al. 1990; 0698951: Ekmekci et al. 2002). In princi- 49
ple, this fact could indicate the presence of a very mild sec-
ular increase of the orbital period. Since FOTEL allows deter-
mination of a period change as one of the elements, we did
some exploratory calculations, both fB\Vs and photometry, _
and found that any period change is several orders of a maggi- —°-02
tude smaller than its rms error. We, therefore, adopted the &s- 0.00
sumption of a constant period, satisfactory for the data at hanZd. 0.02
A critical compilation and analysis of the wealth of existing ob- 0.04
servational data on ER Vul would allow a much more stringent
test on possible mild variations of the orbital period. This task
is beyond the scope of this study. | | | | | |

. . 0.10 + :
As the first test of what one can expect from modern period -02 00 02 04 06 08 1.0 1.2

analyses of the eX'St'_n@V a“‘?' phommet”c data, we d(':‘”V(':‘q:ig. 2. The compositdJBVR:| orbital light curve and O—C residuals
local epochs of the primary minimum separately flB¥s and  rom the final solution plotted vs. phase of ephemeris (5). The mag-
photometry for the early data by Northcott & Bakos (196 %jitude levels of maximum light derived in the solution and given in
and for the most recefVs published by Cakirli et al. (2003) Table 11 were subtracted from data in each passband and data set tc
and our new Victoria and Hvar photometry. The results, giveset all light curves on a comparable level.

in Table 10, are more than encouraging. In both instances, the

epochs derived from photometry, and frd®vs, agree within
the rms errors. On the assumption of a constant period,
finds that the two local epochs are separated for 24 835 orb
periods and considering the associated errors, one easily fi{)
that the epochs can be reconciled by values of the orbital peri;g
between 86980950 and #980951. Assuming instead that they
two epqchs are separated for either 24 836 or 24 834_ pen ghtness on the stellar surfaces over longer periods oftime
one arrives at values of@980669and‘1698123_1,respectlvely. The diference is small and the epoch of primary minimum
B(_)th_these vaI_ues are safely exc_Iuded by eX|st|r_19_ (_jata SO €Y each of these solutions is quite close to the epoch already
this first experiment leaves us with a very good initial value %ferived byibanqjlu et al. (1987).

the period.

We then used FOTEL to derive separate solutions for
all photometric data listed in Table 1, for @Vs listed in  Tprimmin =
Table 5 and also combined solution in whidBVRI photome- HJD 2 440 1825628(46) (7698095113(3x E. (5)
try andRVs were treated simultaneously. Note that if one would o )
simply combineRVs and photometry, the result would be all N& composite light curves in all passbands andRWeurve,
most entirely dominated biRVS which numerically contribute based on all data used here, are plotted in Figs. 2 and 3, respec:

much more to the total sum of squares of O—C errors (typiddf€!¥, together with the O-C deviations from the curves.
O-C of RVs are at least several kmlswhile it is a few hun-

The epoch of primary mid-eclipse we derive from
dred for the magnitudes). To prevent this, we first run a tdsiurchieva et al. (2003)RVs, allowing for diferent sys-
solution and then we empirically increase the relative weighgmic velocities for each component and for each night

of photometric data in such a way that photometry &\ 3 The agreement of photometric aRY epochs shown for two data
contribute about one half each to the total sum of squaressgbsets in Table 10 may appear fortuitous from this point of view but
O-C deviations. The basic results of these solutions are listeghiite that both light curves used to arrive at these determinations are
Table 11. similar in shape and were obtained within limited time intervals.

—-0.04

0.06+ - - .

The separate solutions for photometry dids resulted in
ermination of identical periods within the limits of their er-
s. It is not so for the epoch of the primary minimum. Its

e, derived separately from photometry and fie\'s, dif-

by more than the quoted errors. Possibly, this fact may re-
ct the d€fects of an uneven and time-variable distribution of

Our new linear ephemeris therefore reads as follows
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Table 11. Simultaneous solutions of tHeBVRI light curves,RVs and combined solution d§BVRI photometry andRVs. All epochs are in

HJD-2 400 000.

Element UBWRI R\ UBVRI+ RVs

P (d) 09698095040: 09000000021  #9809505+ 0900000015  ©98095113+ 09000000029
Tprimect 40182.2612% 0.00036 40182.25640.0019 40182.256280.00046
e 0.0 fixed 0.0 fixed 0.0 fixed

Ki (km st) - 135.49+ 0.50 135.330.51
K1/Ks - 0.9517+0.0048 0.9518 0.0049
i(°) 67.42+0.33 - 66.630.33

r 0.3393+0.0032 - 0.3388 0.0038
rs 0.2040+ 0.0055 - 0.21750.0058
Vounlap 7.3510+ 0.0007 - 7.351#0.0008
rms 0.0116 - 0.0128
Vhipparcos 7.3178+0.0020 - 7.3188 0.0020
rms 0.0215 - 0.0214

VHhvar 7.3564+ 0.0007 - 7.35740.0008
rms 0.0086 - 0.0095

AWictoria —4.1626+ 0.0004 - —4.162% 0.0004
rms 0.0086 - 0.0094

Bouniap 7.9610+0.0008 - 7.961#0.0009
rms 0.0125 — 0.0143

Bhvar 7.9829+0.0008 - 7.983% 0.0009
rms 0.0102 — 0.0110

ABvictoria —4.6468+ 0.0007 - —4.6462 0.0007
rms 0.0187 — 0.0194

Utvar 8.0637+0.0011 - 8.0648 0.0011
rms 0.0131 — 0.0137

ARVictoria -3.9306+ 0.0004 - -3.9302 0.0004
rms 0.0084 - 0.0092

Alvictoria —3.7096+ 0.0003 - —-3.709% 0.0004
rms 0.0078 - 0.0087

Liu 0.829 - 0.816

Lig 0.778 - 0.756

Liv 0.767 - 0.744

Ligr 0.770 - 0.741

Ly, 0.761 - 0.733

YDDO - —24.3+1.5 —24.3:1.6

YOHP - -21.6+£2.2 -21.6£2.2

Ybao - —24.30+0.62 —24.3:0.63
YLowell - -31.0:2.8 -31.0:2.9
YCatania - —24.7+2.8 —24. 2.7
YRozhen —-25.4+1.2 -25.4+1.4

YLa Palma —25.73+0.26 —-25.72:0.27
meanUBVRIrms 0.0121 - 0.0129
meanRV rms - 5.010 5.087

No. of obs. 4453 477 4458 477

The “mean rms" and “rms” following each zero level of respective magnitude are the rms errors of one observation of unit weight for the
solution; all errors quoted with individual elements are rms errors of these elements calculated from the covariance matrix.

of observation (see our comments on this data set data, would lead to a perfect agreement with Keskin’s epoch.
Sect. 2.1.5) is HID 2452 136.426).004 while ephemeris (5) This may strengthen the suspicion that the smdiledénce be-
predicts HID 2451 136.437. From photometry over 6 yeatgjeen epochs based &V and photometric solutions is a real
Keskin (1990) derived HID 2446235.4399.0004 while one, yet the dference remains marginal. In any case it seems
ephemeris (5) predicts HID 2446 235.4390. Note that usitigit the new ephemeris is performing very well and can safely
the epoch from Table 11, which is based solely on photomethie used to reconcile all existing data.
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100 T 71 Fig.4.TheU light curve of ER Vul (filled circles) and the check star
80 | 4 HD 200468 (open circles) for one observing night at Hvar. One can
60 L ] clearly see rapid variations of ER Vul, in addition to the regress from
I ° 1 alight minimum.
40 b .
T af 1
E ot 4 maximum light follow from the calibrated Hvar data as follows
S _ool * ] (B-V)=07"627and{U-B)=07081. These values correspond
S _ul ° 1 toastar slightly earlier than G2.
ool 1 As we have already mentioned, the FOTEL program does
ol 1 not allow modelling of star spots and it is, therefore, con-
— {1 ceivable that the solutions presented here do not give correct
R w w w w w 1 relative radii. We verified, however, that similar radii are ob-

-0z 00 02 04 06 08 10 12 tained even if one solves the light curves individually, both for

Fig. 3. All RVs (individual systemic velocities subtracted from the rethe recent and historical data. Note also that FOTEL solutions
spective data sets) and O-C residuals from the final solution plotigave the inclination of the orbit in agreement with other recent
vs. phase of ephemeris (3}Vs of the primary are shown by filled stydies.
symbols. It is important to realize that the levels of maximum light
are derived correctly, no matter whether the model describes
the radii correctly or not. This means that the above colours of
the whole binary can be trusted. If one reconstructs the colours
To the best of our knowledge, investigators of photometric vadgf individual components on the basis of the combiR&tand
ations of ER Vul were usually only concerned with orbital variBVRI solution of Table 11, it leads to
ations and long-term changes in the level of maximum light.
Olah et al. (1994) reported “short-term” changes but they medft— V)1 = 07610 and (U - B); = -07003
variations in the light curve which occurred within one montgnd
of observations.

We noted that th&) and partly alsd curves exhibit scatter (B — V), = 0"675 and U — B), = 0"391,
which is definitely larger than that of the check star. Figure 4
is a time plot of theJ magnitude of ER Vul and the check statvhich roughly corresponds to G1 and G5 stars. However, these
for one night of observations at Hvar. One can see the incre%alues arenuch less certaisince the decomposition depends
ing magnitude due to regress from a minimum and overlap? the relative radii derived by FOTEL.
ping systematic rapid variations which substantially exceed the The accurate Hipparcos parallax which gives the distance
scatter of the fainter check star. We believe that this represe?ft49-85 pc for ER Vul does not contradict the radii of the stars
a discovery of truly rapid light variations of ER Vul, possiblyderived via star-spot modelling (cf., e.g., Hill et al. 1990 or
related to rapid line-profile changes. This finding deserves déjah et al. 1994) andfkective temperatures of about 6000 K
icated future study. and 5700 K.

5. Discovery of rapid variations

6. Discussion 6.2. Character of the light curve

Our limited set of light curves can fiar from selection #ects

and may not represent the behaviour of ER Vul accurately.
The Hipparcos parallax of ER Vul corresponds to a distancebwadays, an almost canonical picture of similar systems is
50 pc. One can assume, therefore, that the interstellar reddeieginterpretation in terms of chromospheric activity and solar-
can be neglected. Then, thB € V) colours of the binary at like cycles. We note, however, that various attempts to find a

6.1. Colours of stars
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periodic, or at least clearly cyclical behaviour in the light madxnclination of 67, and the assumption of spin-orbit synchro-
ima of ER Vul have not been fully convincing. Keskin (1990pization would call forR; = 146 R, andR, = 145 R,,
reportedBV observations obtained between 1981 and 1986 ainel relative radii close to 0.35 for both stars. Note, however,
constructed residual light curves. He concluded that the watbat Duemmler et al., who also discussed this problem, warn
minimum had migrated towards decreasing phases with a cyttlat theirv sin i value for the secondary might be biased be-
of 1.5 years while the mean brightness varied over a cycleasuse of the blending of the lines. Is it then only fortituous
2.5-3 years. However, he also found clear changes within otieat the relative radius derived with FOTEL agrees with the as-
month and it is not clear whether his interpretation is the ondgumption of spin-orbit synchronization quite well (predicting
possible (observations are not publishedpiQét al. (1994) re- vsini = 94 km s1)? Can the mild deviations from the spin-
ported variations within one month, too. A plotaindB mag- orbit synchronization — if real — be responsible for some of the
nitude of ER Vul at both elongations vs. time in their Fig. 4emarkable variations observed for this binary?
shows a possible cycle of 6 years over the interval 19886
covered by Keskin's d"flta _bl,Jt ashorter C,yde_' later on. There iﬁ\amowledgementSNe thank to Drs. A. Frasca, |. llyin and L. lliev
large scatter between individual determinations and the charggg kindly informed us about some details conceming instrumental
ter of time variations at both elongationsiér from each other. set-ups of the Catania Observatory, La Palma and Rozhen spectro-
We note that the O-C deviations from the final solutiomyaphs. We also gratefully acknowledge the use of the latest version
shown in Fig. 2, exhibit a peculidut phase-lockedtructure of FOTEL program written by P. Hadrava. Comments and critical re-
for data from five diferent passbands which span — thougharks of the referee, Dr. I. Tuominen, helped to improve the content
not densely — an interval of 53 years. The old David Dun|;§pj1d presentation of this paper. P.H. acknowledges support via research
Observatory light curve is quite similar to the recent light curyians J128: 113200004 of Ministry of Education, Youth and Sports
from Hvar — cf. Fig. 1. The depression following the sec@nd AV 0Z1 OQ3909_of Academy of Sciences of the Czech Republic
ondary minimum is seen also in the light curves publishééV CR) and via project K2043105 of ACR.
by Olah et al. (1994) or Keskin (1990). It is reminiscent of
the dfects of gas streams projected against the disk of tReferences
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