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Abstract. Multi-site and multi-year dierential photometry of the triple star DG Leo reveals a caxfilequency spectrum that
can be modelled as the combination of at least thr8euti type frequencies in the range 11.5-1@8 (@vith semi-amplitudes of
2-7 mmag) and a superimposed slow variability of larger &onbe. The period of the slow variation fits very well with hidde
orbital period of the inner spectroscopic binary indicgtihe presence of ellipsoidal variations caused by thelyidaformed
components in a close configuration. These findings, togetttle the results of a recent spectroscopic analysis (shgwhat
the system consists of a pair of mild Am stars and one A-typepoment of normal solar composition), infer that DG Leo is
an extremely interesting asteroseismic target. Identifinaf which component(s) of this multiple system is (or)grelsating
and determination of the excited pulsation modes will bathtgbute to a much better understanding of the non-triligd
between multiplicity, chemical composition, rotationdgsulsation in the lower part of the classical Cepheid infitgistrip.
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1. Introduction good accuracy, these can be directly confronted with thegpul
o tion masses. By comparing the frequency and modal content of
1.1. Objectives the components that originate from the same protostelldr en

ronment, one may realistically hope to improve understagdi
of pulsation physics, since aftrence in pulsational behaviour
Between each can only be attributed to a limited number &f (di

A ‘bonus’ of studying stellar pulsations in binary and multi
ple systems is that one can exploit the dynamical infornmati

to obtain independent constraints on the pulsational nsodal . . R
S . . fering) stellar parameters. Binarityultiplicity may thus lead
the determination of the physical properties of the comptse X ;
to, an explanation of the so-far unknown amplitude and mode

Multi-year photometry with a good phase coverage of the bes"’letlection mechanism operatingdiscuti stars, and to a refined

periods of the oscillations, on the one hand, allows aceural o . . .
: : Characterization of the pulsations of variable stars iregain
frequency analyses of the combined light. A careful spectro . : . .
In a review of pulsatings Scuti stars in known double

scopic analysis will, on the other hand, provide informaiom . o
the mass and the luminosity ratios, theetive temperature or multiple stars, Lampens & Boin (Z001) discussed several
’ ' potentially interesting objects, one of which was DG Leonis

the chemical composition, and the surface gravity of eaaf-co hich 0 b triol ; h i
ponent given that the spectrum is composite. If dynamiaihy \r,wvez:lily %Z%et;: 0 be a tple system whose components are

termined masses of the system can be obtained wilit&untly

Send gprint requests toP. Lampens (Patricia.Lampens@oma.be) 1.2. The target

* Based on photoelectric observations obtained at San PegirirM
Sierra Nevada observatories, and CCD observations at@esittls DG Leo (HR 3889, HIP 48218, Kui 44 AB) is an hierarchical
Observatory, as well as on photoelectric observations thifBelgian triple system which consists of a close double-lined spectr
MERCATOR telescope scopic binary (components Aa and Ab) and one distant com-
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panion (component B) forming the wider visual binary. It Was C1 showed no detectable variability throughout the mission
= 6.085 mag and (B-V¥ 0.25 mag (Mermilliod & Mermilliod while the comparison stars C2 and C3 carry the flag 'Duplicity
1998). The orbital period of the Aa,b system is 4.147 dayisduced variability’. The standard deviations of the uviatad
while the orbital period of the visual pair AB is roughly 20f the OSN 2002 and OAN 2003 campaigns show that C1
years (Fekel & Bopp_1977). The visual component B, oland C2 remained constant at the level of a few mmag, ex-
served bymiprarcos With an angular separation of 0/1anhd a cept in filter u for which the noise level is larger (cf. values
magnitude dierence of 0.69 mag with respect to Aa,b (ESAetween brackets in Table 2 introduced later in this S€on).
1997), was monitored by means of micrometric observatiotige other hand, C3 might be variable on a long-term scale eve
and speckle interferometry from 1935 till 1997 (Hartkopf éhough it was used for a short time as a comparison star by
al.[2000). The existing astrometric data indicate a highly iJerzykiewicz[(1993). We found aftérence of more than &
clined and possibly eccentric orbit. Both Barnes et al (397@n index m1 and more than & on index c1 when compar-
and Rosvick & Scarfe {1991) presented evidence for possiloég our mean indices with the standard indices published by
shallow eclipses with an inclination ef 75° for the Aa,b sys- Maitzen et al.[(1998; based on 6 measurements, see below).

tem. The observations at OAN were performed according to the
Both close components have spectral type A8 IVifté®t sequence ‘'variable sky C1 variable C2 ( variable C3 ). Five
& Jaschek 1982), while the composite spectrum was classifi@gbcessive 10-second integrations per filter were usecdhéor t
as type FO Ilin (Cowlel.1976) and type A7 Ill with enhanced Stars, while only one 10-second integration per filter waslus
(Cowley & Bidelmar{1979). All three components of the sygor the sky. The observations at OSN were performed accord-
tem are located in the Scuti instability strip and are thereforeing to the sequence 'variable C1 C2 sky’ using 30-second in-
potential candidates for pulsations. Danziger & Dické®6(@d) tegrations in each filter for all objects. During the OAN 2003
first reported the short-period variability in the systerhwere  campaign the check star (C3) was also included in the observa
inconclusive about its nature. The claims for short-pensd tional sequence.
cillations seem to concern mainly one component: component o, oaN data were reduced according to the same reduc-

B was classified both as an ultra-short period Cepheid (E94gfh method as applied to the OSN data. First, the dead-time
1979, with a periock 0.275 days) and as@Scuti star (Elliot oo rrection was applied to all counts. Then, subtractiorhef t

1974, with a mean periodicity 0f.0818 days). Possible am-(,yerage) sky measurement from the average value of the tar-
plitude and phase changes were also reported (Antonellogé siar was carried out for each cycle. The atmospherio@xi
Mantegazza 1982; Rosvick & Scaife 1991). Since these pfg, was calculated from the comparison star data following
vious studies are based on very limited photometric da®@ S@fe method of Granbech et al. (1976) and the corresponding
little was known about the pulsational characteristics. 18tfi ., ractions were subsequently a‘pplied to the magnituierdi
report on the multiperiodicity of the variations was re¢gnt gnces The OAN instrumental errors computed for each season
presented after performing a preliminary frequency amglyg,qing the standard stars are shown in Table 1. As can be seen
of newly acquired photometric data (Lampens eLal. 2004). ffym this table, the OAN instrumental errors were larger for
the following sections, we will present the complete and Ugse 2002 than for the 2003 season. The reason for the smaller
dated photometric analysis of this interesting asteraseiar- - oo in 2003 was the implementation of new phototubes for
get, Where metalll_cny as well as binaritffects may influence 4, uvby photometric system in 2002 followed by a debugging
pulsational behaviour. phase which lead to more precise determination of the dead-
time corrections for the 2003 OAN season.

2. Observations and data reduction The photometric data discussed here represent magnitude
_ differences in the instrumental system between the variable and
2.1. Photoelectric photometry the comparison star (C1 or C2) interpolated to the observa-

During 2002 and 2003, we performed photoelectric photoﬁﬂc-)n time of the variable star. As the me_arffdrences.were
ot exactly the same for both observatories, we appliedismal

etry campaigns of DG Leo at two prime sites located at dif: . ) '
ferent longitudes and equipped with identical instrumeoa corrective shifts for each of the three campaigns (see Tjble

and standard Stromgren filters in a near simultaneous mng.te that the OAN 2003 campaignwas held at an epoch closely

New uvby data were collected with the 1.5 m telescopes at tching that of the the hllgh—resolutlon spectroscoplm
Pedro Martir (OAN), México, between Feb. 4 - 11, 2002 a cted at the Observatoire de Haute-Provence (Frémat et al

: : 2004b). In this way we obtained a homogeneous data set con-
tS Nevada (OSN), S , bet Feb. 11 - 17, 2002 ) ha» .
at Sierra Nevada ( ). Spain, between Fe Sf< ting of 1590 epochs and multi-coloufféirential magnitudes

More uvby data were collected at OAN between January 8 — 17, _ i
2003 Li/\\//eyused (\évi HD 84497— HIP 47946:/GSC 1426—)/210 of DG Leo. The new material represents about 110 hrs of high-

(G8 1l V=7.42, b-y=0.581) and C2 HD 84739= HIP 48051 duality photoelectric photometry (Data Set 1).

= Cou 284 (FO0, \=7.39, b-y=0.290, also a close visual double

star) as comparison stars. The check star was €® 86516 - > ccp photometry

= HIP 48977= GSC 1418-1085 (Am, ¥6.74, b-y=0.109).

The magnitude dierences in the sense (C1 - C3) were shown order to increase the amount of data and extend the time
by Rosvick & Scarfe[(1991) to be constant at their level dfasis of the previous data set, we also performed comple-
precision. Thaierarcos cataroGue (ESA[I99T) mentions that mentary observations with a small telescope at Beerset Hill
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Table 3. Log of photometric observational campaigns

Dates Observatory  Observer(s) Nr Compl Comp2 Check Hrs
Feb. 4 - 11, 2002 OAN JP 429 C1 Cc2 no 40.6
Feb. 11 —-17, 2002 OSN RG 748 C1 Cc2 no 42.0
Feb. 22 — Mar. 18, 2002 LPA PDC & KU 90 C1 no no *
Jan. 8 — 14, 2003 OAN JP 269 C1 c2 C3 20.0
Jan. 9 — Mar. 14, 2003 BHO PL&PVC 1071 Cc4 no C5 587
Mar. 17 — 19, 2004 OSN RG 144 C1 Cc2 no 7.0

*: non-continuous observations obtained at La Palma obsep@PA), cf. Sect. 4

Observatory (BHO), Belgium, during the year 2003. SincEable 1. OAN errors in the instrumental system and colour in-
the target is very bright, we used a 10cm telescope with dites of the comparison stars in the standard system (season
SBIG ST10XMe camera to additionally collectfidgirential 2003)

CCD data, and we adopted G4HD 85017= HIP 48197=
GSC 1417-315 as the comparison star and=CBD 85215

= HIP 48303= GSC 1417-312 as the check star. We also Season Filter u Filter v Filter b Filtery
defocused slightly in order to improve the photometric prec

sion. These frames were reduced with the aperture photpmetPAN 2002 0.031 0.012 0.008 0.008
procedure of the Mira AP software packag#071 diferential OAN 2003 0.024 0.005 0.006 0.006

(stacked) V measurements were thus obtained between Jan. 9

St \% b- . 1 1 (¢
and March 14, 2003 representing a total of 59 hours fiédi & ) by @Eoy)  Mllm)  clla)

ential CCD photometry in the instrumental system. Thoughth 1 7.394 (20) 0.583 (11) 0.326(28) 0.346 (45)
equipment and the filters are not exactly the same and the com- ¢c2 7.358 (20) 0.291 (11) 0.144 (28) 0.473 (45)
parison stars were obviouslyftérent, we combined all dif- C3 6.729 (20) 0.097 (11) 0.282(28) 0.563 (45)

ferential V and Strdomgren y measurements into one large set
(Data Set 2 containing 2661fti#rential magnitudes in a ‘sin-
gle’ filter?), which will serve the purposes of a) providing a dif-
ferent time distribution with a distinct alias pattern arjdser-
ifying the frequency solution that will be presented in thé f
lowing section. To perform such data combination, we need
to apply small corrective shifts of order 0.01 mag on the CC
differential data computed from the shifts between the nigh . : : : .
means of the two comparison stars in the field. The avera f érespondlng semi-amplitude is greater than 4 (Kuschnig e
! ; N91997).
V and Stromgren y magnitudeftkrences were subsequently . -~ .
subtracted for both data types. No other transformation was Secondly, a multi-parameter fitting code that scans a wide

applied. Table 3 shows the log of the observational runs p ?_ngi n freqlljengy a?d searli_helzs to F“'g_'mf'ze E{he remdugls by
formed between January 2002 and March 2004. simuftaneously adjusting Multiple periodic Iunctions wase
(global minimization). In this way accurate, alternativelti

frequency solutions can be found that might be overlooked by

3. Analyses the previous code (Schoenaers & Cuypers 2004). This is espe-
cially useful when an alternative solution due to the ambigu
ity of some aliasing pattern is also probable. In this cagé bo
We performed the frequency analysis with twéfelient codes computations gave identical results in all filters excepfifter
that are based on computation of the Fourier Tranformi@andu which was of lower quality. Table 4 lists the results for ®at
on the technique of least-squares fitting. Set 1 for each filter of the Stromgren system. Listed are the

At first, we used Brion98 (Sperl[1998), a programmefrequency (in c d'), the semi-amplitude (in mmag), the phase
which determines the frequencies one by one by computifig 2zrad), and the total fraction of the variance that is removed
the classical Fourier Transform followed by adjustmenthef t from the signal (R). In addition we list the signal-to-noiago,
parameters of the periodic functions (zero point, ampétyd with respect to the mean noise level in the residual pericaing
and phases) using least-squares fitting. Next, the comfnaeted computed within a box of width 5cd centered on the relevant
guency solution is refined through simultaneous adjustrmentfrequency, as well as the standard deviation of the resgigal

1 The software Mira AP is produced by Axiom Research Inc.nal’o—res’ which would correspond ifiition98 were used; and a

all the parameters, including the frequencies in the coofrse
Igcal) minimization process. Since we are dealing with-mul

eriodic signals, we used the empirical criterion thatex f

uency is significant as long as the signal-to-noise ratithef

3.1. Frequency analysis of Data Set 1

Rtth//WwWW. axres.com succession of prewhitenings with the previous frequenayldvo
2 The data will be available in electronic form via anonyPe performeq at each step. _
mous ftpto cdsarc.u-strasbg.fr (130.79.128.5) or via The dominant frequency F1, the one of largest amplitude

http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/xxx/xxx| found at about 0.48 cd, corresponds to a slow periodic
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change of the mean intensity linked to the orbital variation
of the short-period paiAa b. It is very close to one half of
Porb = 4.146751 days, which is the orbital period derived from
the published spectroscopic analyses (Fekel & Bopp 11977,
Frémat et al._2004a). Note that the orbital frequencyfi{§«)

is not significant, as its signal-to-noise ratio remainsbigiow

4 in all the passbands. However, we considered its contribu-
tion, since omitting it would fiect the other frequency values D T R T s
very slightly, particularly in the u passband. Four moreéren- Number of equencies emaved

cies between 19 and 128 ¢ d(F2-F5) were detected in eachrig 1. Residual standard deviation as a function of the number
filter. In fact, two of these are located abou®® c dtapart, of removed sinusoids (Set 1 - filter b)

which caused some caution in the preliminary study where T
was only about 12 days (Lampens et al. 2004). Their presence
is undoubtedly confirmed as the new time base of 767 days cor-
responds to a formal resolution 00013 ¢ d*. Also note that

9.0 —

8.0~ —

6.0\ —

Residual standard deviation in b band (mmag)
<
>

le 4. Multi-parameter fits and solutions (Data Set 1)

F3 and F4 could be subject to the n.ydaambiguity (withn — Set Freq. Amp. Phase I3 ores R
equal to 1 or 3). Obviously, there is excellent agreement be-1 cd? mmag  Zrad mmag %0
tween the solutions in all four passbands. We point out thk hi -
R-value in filters b and v, but also the poorer match of the same Filter y N=1590 o= 8.4 mmag
solution in the u passband (R33%). From a comparison of 0482282 7.7 041 22 6.7
the R-values for nearby alias frequency sets, we verifietdiia (Fo gfggigé g'g g'gg 2132 5 )8
other comblnatlon_ was as S|gn|f|c_ant as thg one listed foy_the F3 1191064 45 0.63 11 5.0
passband. As an illustration of this analysis we present®ig g4 1211436 3.2 0.00 8 45
which is entirely based on the computations performed in pargs 12.77599 1.6 0.32 4.0 43 74
glle_l with Psrion98 and derived in successive steps for the data Filter b N=1500 o= 9.5 mmag
in filter b. FI 0482276 84 0.41 15 7.7
The expected error in frequency in the case of uncorrelategkg 0241138 0.4 031 0.8 )
observations can be computed using the equation F2 11.99426 6.2 0.97 13 6.5
F3 11.91062 5.3 0.62 11 5.4
6 on F4 12.11439 3.8 0.02 8 4.7
OF = 7 ANYZT F5 12.77592 2.3 0.34 4.9 4.4 79
Filter v N=1590 oi,t= 10.8 mmag
(Cuyper<1987), where /&, indicates the signal-to-noise ra- g1 0.482274 89 041 14 9.0
tio, N, the number of observations and T, the total time basgro 0.241137 0.4 0.38 0.6 -)
From Table 4, we adopt 5 mmag as the typical noise level reF2 11.99427 7.3 0.97 13 7.6
maining after prewhitening for six frequencies in the fitey  F3 11.91062 6.4 0.62 12 6.2
b, and y and derive an error in frequency of 1.-5%0@* on  F4 1211439 4.7  0.02 9 5.3
frequencies F1-F5, respectively, given that 767 days and F5 1277591 2.6 034 4.8 49 79
N = 1590 (Data Set 1). This also corresponds to the error one Filter u N=1590 o= 15.5 mmag
would obtain adopting the formula derived by SchwarzenbergFi1 0.482268 8.1 0.41 6 14.3
Czerny [[19911), provided that some of the simplifications argF0 0.241134 2.8 0.57 2.1 -)
not considered. As noted by Schwarzenberg-Czérny (199f1) arfF-2 11.99425 65 0.95 7 13.7
Montgomery & O’Donoghue[{1999), correlations in the noise F3 1191055 63 039 7 131
may increase this error with the square root of the noisetar F4 12.11432 3.7 0.94 4 128
12.77586 2.9 0.35 3.2 12.7 33

tion length VD. To estimate D, we analysed the residuals after 2
full prewhitening with six frequencies and found a mean sign  * alternatively, the 3.(year alias frequency 11.9197 ctl

change at almost every 4 data points. In the following we will ~* alternatively, the 1.(year) alias frequency 12.1172 cH

adopt the conservative error estimates of 2.-1%.¢£@ *on fre-

quencies F1-F5. In view of the smallffirences obtained be-

tween the frequency analyses in the filters y, b, and v, these

errors further Suggest that a unique solution is valid fothe viation of the b data as a function of the number of sinusoids
data. Apart from these values, which can be considered as {ginoved from the original data (Fig. 1).

per limits of the errors on the frequencies, we recall the fac

that the n.year aliasing éfect still afects the current analysis
and that this is a practical limitation to the true accuratthe
frequencies F3 and F4 in Table 4. We decided to stop the fizata Set 2 spans the same time base as the former data set
quency search at this level since we noted a significant ehathgit consists of 2661 combined measurements in the filters y
of the slope at N= 4 when plotting the residual standard deand V. While the time base is identical, the increased number

3.2. Frequency analysis of Data Set 2
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Fig. 2. Successive frequency searches and spectral window of timéeFanalysis (Set 1 - filter b)

of measurements should improve the accuracy of the analy3iable 5. Multi-parameter fit and solution (weighted Data Set 2)
However, because the site for the CCD data is located near an
industrialized area and a smaller telescope was used, the ac ~ Set Freq. ~ Amp. Phase /l§  ows R
racy of a single measurement is lower. We therefore assigned 2 cd? mmag  Zrad mmag %
relative weight of about 8 for each CCD measurement with

. . . . Filter y+V N=2661 oii=9.1
respect to a photoelectric one. The inverse ratio of thewags = 0482278 7.6 0.42 13

of the diferential magnitudes between the comparison stars C4 0241139 1.1 023 27 7)5

and C5 (BHO) and C1 and C2 (OSN, OAN) was used to com- 5 11.99425 50 0.98 13 6.7

pute this factor. The main asset of these data is that thérapec g3 11.91064 4.0 0.63 10 6.1
window is diferent, largely due to the fact that the CCD obser- F4 12.11446 2.9 0.00 8 5.8
vations spanned several months in the 2003 season (cE)Fig. 3 F5 1277588 1.6 0.31 4.2 56 62

We again performed the same analysis twice: first with * alternatively, the 1.(year) alias frequency 12.1172 cH
Perion98, then with the method of multi-parameter fitting. We
list the best set of parameters when adopting a six-frequenc
model with the latter method in Table 5. From a comparison of
the R-values for close sets of aliased frequencies, we al$o v
fied that no other combination was as significant as this ane. |
particular, the frequency at 12.1145¢(F4) is slightly more
convincing than its yeat alias at 12.1172 ¢d. Note that the rors as before (i.e. errors of 2.-10-2@y/d respectively on fre-
3.year! ambiguity no longer fiects the solution. In theory, quencies F1-F5). From here on, we will adopt the frequency
the formal errors in frequency would be improved KN /N,  solution of the v data (Data Set 1) as the final solution sihce i
(with N; and N> the number of data in the first and last set rés based on homogeneous data of very high quality and since
spectively). However, considering the use of a relativegivei it is furthermore fully consistent with the solution deril/éor
of 571 for the V data, we will adopt the same conservative eBata Set 2 within the quoted error bars.
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3.3. Interpretation of the light variability

As mentioned, the frequency of highest amplitude has a value
close to 2.§;, and corresponds to a slow periodic variability
of the daily mean intensity due to the geometrical variatioh

the inner binanAa, b. With an orbital period as short as 4 days,
both components ofa, b must have their shapes distorted by
tidal interaction. We adopted the spectroscopic orbitaioge
(Porb = 4.146751 days) and used the following model of the
light curve of an ellipsoidal binary:

Differences (V - C1) in thefilter y
S P & o

1)

with ¢ the orbital phase aned (the mean light level)3, y the
codiicients of the fit (Beech_1989). The term correspondi
to 2= forp (F1) can be associated to the ellipticitffexts: the - .
non-spherical cross-sections vary as the system rotateadr Varation of DG Leo (filter y)
the centre of mass and maximum luminosity occurs twice per
revolution. The term corresponding figy, (FO) is related to
the irradiation &ect which occurs once per revolution: the in-
ner part of the cooler component is irradiated by the hotter o
and re-emits the excess radiation isotropically. Thereiaet
observable #ect in this case, meaning that both components
must have similar fective temperatures (Wilsdn_1994). The
question that remains is whether eclipses also occur or not.
When fitting the OSN-OAN 2002 data with a single sinusoidal
term as a function of half the orbital period, we note the al-
most constant dierences in the nightly means of the OAN run
which can be assigned either to shallow eclipsegartd el- i ]
lipsoidal variations (Fig. 4), whereas the slow change ef th e S T —
nightly mean levels in the OSN run is evidence for ellipticit JD - 2452317.042
effects (Fig. 5). This fit also shows that no (shallow) eclipses a
needed to explain the observed light variations, in cotteea Fig. 5. Individual OSN light curves showing the ellipsoidal
previous estimation (Rosvick & Scailfe 1991). Thus, the domariation of DG Leo (filter y). Note the ffierent orbital phase
inant photometric variation can be explained as causedysoleoverage.
by the tidally deformed shapes of both components.

The other frequencies detected in the light variations mﬁy . . .
be associated to pulsations of the typ8cuti in one (possibly Owever, that the true sem|-ampl|tude_s will be larger thian o
more) component(s) of DG Leo. Adopting a unique frequen%‘?rved since three almost equally '“'T”'”"“? stars were wdxer
solution (the final one derived in Sect. 3.2) for all passlsand intly. Given thatAy is th? _true s_em|-amplltud_e!\0b5 the ob-
we recomputed the semi-amplitudes and the phases with tl?&?v_ed one, andfthe ad(_jmonal light source with res_peﬂteto
standard errors through least squares fitting (Table 6)e NGpaximum light of the variable component B, we derive:
the tiny colour &ect in frequencies F1 and FO as the ampli- 1+ f.1004%
tude in filter u for FO= fo, becomes larger. The amplitudeAr — Aobs = 2.5 * |09T
ratios and phase shifts between thatient colours displayed
in this table contain information that will be helpful foradti- Application of this equation with£ 2 gives the corrected semi-
fying the modes of the excited pulsations (Gariido 2000¥elNo amplitudes 0.021 and 0.006 mag corresponding to the extreme

Laap(#) = a + B = cOg4) + v * C042¢)

JD - 2452317.042

n
Fqlg. 4. Individual OAN light curves showing the ellipsoidal

Differences (V - C1) in thefilter y

0.03— —

(2)
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Table 6. Comparison of amplitudes and phases in various paderth et al. [1997) re-examined the existing calibratiofthe

bands Stromgren and Geneva systems in terms gf figdr Am stars.
Their conclusion was that the previous calibrations were no
Set Filter u Filter v Filter b Filter y reliable and that the Geneva photometry underestimatda-the
1 A D Ay D Ay 03 Ay Dy minosity of the hottest Am stars. Applying the new relation o
mmag ~ 2rad mmag 2rad mmag 2rad mmag  2rad the Stromgren indices from Table 7 and using Vis#i30 knys

as an appropriate value (Frémat et al. 2004b), we derived th
somewhat lower absolute magnituble = 1.08 + 0.31 mag.
(FO 2.8 043 04 062 04 069 08 064) We might_compare _these calibrategl mean va_lues with those
co5 o016 02  oas 02 o4 o2 o2 that can be directly derived on the basis of the Hipparcaoalpar
F2 63 045 73 043 6.2 044 53 043 |lax(ESAIY9Y). In SecE=3.3 we showed that both components
+05 007 02 o002 02 o003 02 003 of the close binary, Aa and Ab, have similar colours since no
F3 6.2 020 6.4 017 53 017 4.4 0.16 hetreflection fectis observed in the light curve. We therefore
£05 007 02 003 02 003 02 003 assume that the fierence in magnitude between these compo-
F4 37 033 47 025 38 026 31 028 nentsisverysmall(neitherone is evolved). On the othedhan
£05 012 02 004 02 004 02 005 we know that the (Hp) magnitudeftérence between compo-
F5 29 072 26 074 23 075 16 077 npentsAabandBis0.69 mag (ESAI997). Adopting 8.085
05 016 02 007 02 007 02 010 mag, we then obtain My, = 6.546 mag and ¥ = 7.236 mag.
Similarly we also have ¥, = Vap = 7.299 mag. Converting to
absolute visual magnitudes gives/M= My,, = 1.31 mag and

| £0.007 and 0.002 for the ob d litud My, = 1.25 mag. The relative parallax error of 15% contributes
values ot . and®. mag for the observed amplitudesypl’ o 1 the error in such a way that none of the above cali-

the pulsation, i.e. a factor of 3 larger. On the other hand, t rations can be rejectedt(My) ~ 2.17% = 0.33 mag).

semi-amplitudes rela_tt_-:‘d to the eIIipsoid_aI variationsustide . Thelisted errors were increased by 50% with respect to the
corrected by an additional 50% (applying the same ecw""t'f?gminal accuracies to take the fact into account that thiere s

W!tE f = 0.5 since the addnu;\na:)hght source Is component &/ere observed jointly. Since the three components were not
with respect to components Aa,b). very different, these derived properties will correspond to ap-
proximate values of the physical parameters of the compsnen

4. Determination of global atmospheric properties  Whereas the high-resolution spectroscopic analysis atious
to perform a detailed study of theftérences between each of

We next computed the OAN mean magnitudes and colours,gf -omnonents (cf. Table 6 in Fremat efal. 2004b). A compar

the triple star in the Strémgren standard system (for #2205, peween these component properties and the global val-

season) in order to derive the global atmospheric parameiggs hased on photometric calibrations shows that the agreem
of the system through application of the calibration praced , efective temperature is reasonably good (mean of 7500 K),
(Lester, Gray & Kurucz 1986). The absolute magnitudiB® | pjje the agreement in surface gravity is concordant with th
tive temperature, surface gravity, and metallicity of DGOLe, 5),¢ derived from the Geneva photometry (mean of 3.8). Both
Aab,B and their standard errors are presented in Table 7. 1\ 1] determinations suggest enhanced metallicity of the com-

We also started to collect absolute data in all seven flliyeq jight, an observational fact already mentioned byeFek
ters of the Geneva photometric system with tfsecator tele- o Bopp (1977) and Cowley & Bildelmari (1979), but only re-
scopé. We determined the mean colours and standard devé%'ntly quantified (Fremat et a1 2004b).

tions of the 90 measurements acquired between February andAcquisition of absolute multi-colour photometry in the

March 2002 (cf. Table 1). Intrinsic colours of B2 to MO stargeneya photometric system was pursued during 2004 with the
in the Geneva system have been estimated by Meylan etgh, ot ohtaining well-sampled colour curves for each of the

(1980) and Hauck (1993). The global colours of DG Leo seefsation frequencies. The reduction of these obsenation
to match an unreddened MK spectral type of A7 I, exCelfresently taking place.

for filter U where the system is less luminous (cf. Table 2 in
Hauck[199B). We next made use of theis code developed )
by Kuinzli et al. [1997) which allows the atmospheric param&. Conclusions and future work

ters from the Geneva colour indices to be derived for B to miq-he multi-colour time series of DG Leo recently collected on
G stars on or just above the main sequence. With this code if|3) continents at the same epoch were merged together and
also possible to treat metallic-line stars. Using a zerowogx- frequency-analysed. Both time series contain high-queita
cess, we obtained the atmospheric properties listed ireTabl i, 1 Stramgren instrumental system. Their combination f
From the reddening-free parameterd..283 (measuring the yhermore presents the advantage of largely suppressed day
Balmer discontinuity), we next derivettl = 0.107 (measuring ,jiasing éfects which made the frequency-analyses straightfor-

how much the star is evolved away from the Tain sequengelry and leada) to an improved interpretation of (the light
and M, = 1.51+ 0.30 mag following Hauck{1973). However,;,e of) the close binary system at to the detection of

3 Themercator telescope is operated by the Institute of Astronomynultiperiodic oscillations in the combined flux. Monitogin
K.U.Leuven, Belgium, at La Palma (Spain). during a few successive years (2002-2004) procured rebsona

F1 81 034 89 034 84 034 76 034
+05  0.06 02 0.02 0.2 0.02 02 002
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good accuracy and also permitted verification of the stgtwli  thank the OAN st for assistance during the observations, Dr. J.P.

the new frequency solution. Sareyan for measuring the OAN dead-time corrections, arfellFA
Up to fouré Scuti frequencies in the range 11.5-13¢d IN;LlO;LpZ for the funds provided. Spme support frgm the Fupd for

(with semi-amplitudes of 2-7 mmag in the v passband), as wafiientific Research - Flanders (Belgium) through proje6i@8.02 is

as a slow variation (with a semi-amplitude of 9 mmag in the &S acknowledged. Part of these data were acquired witipregat
( P 9 urchased thanks to a research fund financed by the Belgitondh

passband) were identified with high confidence. The frequenc itery (1999). Extensive use was made of the ADS and Si (

solution as der'ved, from the Strémgren v data appeared toe ctalted by theCentre de Données Astronomiqu8srasbourg, France)
the data very well in all other passbands, as well as the Mg, pases.

extended data set which is, however, less homogeneous. This
unique frequency solution was shown to remain stable over a
period of a few years. We further concluded that the period Bgferences
the slow variation fits very well with half the spectroscopie  antonello, E. & Mantegazza, L., 1982, IBSV 2152, 1
bital period of the close binary and that its presence carxbe garnes, T. G., Fekel, F., & Mtet, T. J., 1977, PASP 89, 658
plained by continuous ellipsoidal variations supplemeritg Beech, M., 1989, Astroph. Space Sci. 152, 329
a tiny colour éfect. Despite thesefferts, the full frequency Cowley, A. P., 1976, PASP 88, 95
content of the pulsations in DG Leo has not yet been idenfiowley, A. P. & Bidelman, W. P., 1979, PASP 91, 83
fied as still more peaks are present in the same range of @ypers, J. 1987, Medelingen van de Koninklijke Academiervo
periodogram of the residuals. A far more extended time serie \’(l\’retgnjghggr:ga :?iifé‘efn“iéicgzisﬁnsgz van Belgig9,Jg.
would be negded to determine them with good reI|ab|I|ty.. anziger’, I, J. & Dickens, R, J. 196’7, IBSV 1’5pol 1
As the triple system cannot be resolved photometrical

. o . ) . ggen, O. J., 1979, ApJS 41, 413
this analysis is valid for the combined light of all three comgjiot 3 E. 1974 AJ 79. 1082

ponents. Previous studies indicate that the components hawa 1997, The Hipparchos and Tycho Catalogues, SP 120010l
similar characteristics. Therefore, the true semi-amgés of Fekel, F. C. & Bopp, B. W., 1977, PASP 89, 216

the pulsations are diluted by a factor of about 3. The senmrémat, Y., Lampens, P., Hensberge, H. et al., 2004a, hiabte Stars
amplitudes and the phases were determined in each of the fourin the Local Group, IAU Coll. 193, ASP Conf. Series 310, eds. D
Stromgren colour indices and will - after finalising the ueel Kurtz, K. Pollard, p.395

tion of the Mercator data - also be known in the Geneva photd=rémat, Y., Lampens, P., Hensberge, H., 2004b, MNRAS 386, 5
metric system. These will be important diagnostics when-idearido, R., 2000, In: Delta Scuti and Related Stars, ASPf Cger.
tifying the degred of the excited pulsation modes. Of course,  210: €ds. M. Breger & M.H. Montgomery, 67

. . e Grigahcene, A., Suarez, J.C., Dupret, M.-A. and Garflp2005, In:
such analysis depends on correct identification of the cempo Tidal Evolution and Oscillations in Binary Stars, ASP Cdbér.

nent(s) in which the pulsations originate. Only a detaileelcs eds. Claret, A., Gimenez, A. & J.-P. Zahn (in press)

troscopic analysis can provide reliable and accurate Méer Grgnpech, B., Olsen, E.H., Stromgren, B., 1976, AAS 26, 155
tion at the component level. Frémat et BI. (2004b) thusaledt Hartkopf W.I., Mason B.D., McAlister H.A. et al., 2000, Astr. J.

that the close binary consists of two mild Am stars and that 119, 3084

line-profile variations on the photometric time-scales lod t Hauck, B., 1973, in: Problems of Calibration of Absolute Migdes
pulsations were detected in the time-series spectra ofshed and Temperature of Stars, IAU Symp. No. 54, eds. Hauck, B. &
companion. The in-depth analysis of DG Leo - a triple system Westerlund, B.E., p. 117

with three almost identical components - should put strigt e Hauck, B., 1993, in: The MK Process at 50 Years, ASP Conf.&gr.
pirical constraints on the development of this type of piitses eds. Corbally, C. J., Gray, R. O., Garrison, R. F., p. 157

in stars of the same mass and age, but @edént chemical Hoffleit, D. & Jaschek, C., 1982, The Bright Star Catalogue, Yale

ition in th ter| Univ. Obs.
composition in the outer fayers. Jerzykiewicz, M., 1993, AAS 97, 421

Our intention is to postpone the modal interpretation un{dnzii. M., North, P., Kurucz, R.L. et al., 1997, AAS 122, 51
the frequency analysis of the line profile variations det@eh  kuschnig, R., Weiss, W.W., Gruber, R. et al., 1997, AA 328} 54
the high-resolution spectra can be presented as well. ielia_ampens, P. & Bfiin, H. 2001, In: Delta Scuti and Related Stars, ASP
conclusions on this issue should indeed come from evidence Conf. Ser. 210, eds. M. Breger & M.H. Montgomery, 309
based on both photometric and spectroscopic diagnostitis (bLampens, P., Garrido, R., Parrao, L. et al., 2004, In: Thérenment
types of data were acquired quasi_simu|taneous|y for abett and evolution of double and multiple stars, IAU Coll. 191 vRe
understanding of this triple system). Only then will we béeab ~ Mex. de Astronomia y Astrofisica 21, eds. C. Allen & C. Sear
to consider the exact origin of the pulsations and to esthlifie 73 , ,
link between multiplicity, chemical composition, and patisn Lampens, P., Frémat, Y., Uytterhoeven, K. et al., 2005, Tiial

. . . ; . . Evolution and Oscillations in Binary Stars, ASP Conf. Seds.
in this extremely interesting Scuti star. A modelling of the Claret, A., Gimenez, A. & J.-P. Zahn (in press)

pulsations should finally be attempted, in the same way as me%ter, J.B., Gray, R. O. & Kurucz, R.L., 1986, ApJSS 61, 509

preliminary one by Grigahcene et dl. (2D05). Maitzen, H. M., Pressberger, R. & Paunzen, E., 1998, AAS 528,
Montgomery, M. & O’Donoghue, D., 1999, Delta Scuti Newsett
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Table 2. Mean diferences between variafgemparison 2 and comparison 1 star per season and per filter

Data type

Campaign

Nr

Filter u Filter v Filter b Filtery
Mean (St.dev.) Mean (St.dev.) Mean (St.dev.) Mean (Sfidev.
V-Cl OAN 2002 429 -2.2251(0.022) -2.2572(0.014) -1.696R1Q) -1.3136 (0.011)
C2-Cl OAN2002 420 -1.1529(0.015) -0.7820(0.006) -0.3I00Q5) -0.0353 (0.004)
V-Cl OSN 2002 748 -2.2205(0.011) -2.2608 (0.009) -1.74530®) -1.3279 (0.007)
C2-C1 OSN2002 750 -1.0932(0.009) -0.7351(0.004) -0.30ZWE) -0.0424 (0.004)
V-Cl ~OAN2003 269 -2.2216(0.016) -2.2835(0.011) -1.766610) -1.3264 (0.008)
C2-Cl1 OAN2003 269 -1.1408(0.011) -0.7843(0.002) -0.3IE6Q2) -0.0340 (0.002)
V-Cl OSN 2004 144 -2.2317(0.010) -2.2697 (0.008) -1.750000) -1.3336 (0.006)
C2-Cl1 OSN2004 144 -1.1052(0.011) -0.7407 (0.003) -0.306W0¢) -0.0459 (0.003)

Table 7. Mean standard colours and global atmospheric paramet&®& dfeo in two photometric systems

a) Stromgren \% b-y ml cl (b-y) Mo Co B My Tett logg [M/H]
mag mag mag mag mag mag mag mag mag K dex dex
6.0788 0.1462 0.2210 0.9328 0.140 0.223 0.932 2.788 1.20 0 758.59 0.32
(0.012) (0.003) (0.005) (0.008) (0.30) (100) (0.12) (0.12)
b) Geneva \Y [U-B] [V-B] B1-B B2-B V1B G-B M Terr logg [M/H]
mag mag mag mag mag mag mag mag K dex dex
6.0817 1.6083 0.6467 0.9625 1.4083 1.3656 1.7780 1.08 734090 3 0.21
(0.012) (0.003) (0.006) (0.002) (0.004) (0.005) (0.006) 310 (100) (0.12) (0.12)
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