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Abstract. — Photometric data in the Geneva system for 26 Cepheid stars are given, representing 869 individual
measurements. After a short explanation on the analysis, the choice of the period and the quality of the fit of the
light curve are discussed. The data and the fitted light- and colour curves are given, as well as the Fourier coefficients

of the best fit for each star.
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1. Introduction

The Cepheids are a very important group of variable stars
because the variation of their global observational parame-
ters (magnitudes, colour indices, radial velocity) allows the
determination of their fundamental stellar parameters (ra-
dius, temperature, luminosity, mass). Moreover, the study
of the properties of the pulsation of the Cepheids is one of
the most powerful tests of the stellar evolutionnary theory.

In this context, the Baade-Wesselink method (Baade
1928; Wesselink 1946) is a great support since it allows
the determination of the mean radius of a pulsating star.
The additional photometric determination of the effective
temperature variation and of the interstellar extinction
towards it then leads to the absolute magnitude of the
star. This is one way to establish the period-luminosity-
colour relation, which is one of the most important rungs
of the extragalactic distance scale.

Recall that the Baade-Wesselink method requires very
accurate "simultaneous” determination of the light, colour
and radial velocity curves of the pulsating star. In this first
paper of the series, 869 measurements on 26 Cepheids in
the 7 colours Geneva photometric system (Golay 1980;
Rufener 1988) are presented. They have been obtained
from the Gornergrat and Jungfraujoch high altitude ob-
servatories (Switzerland) and from the Swiss telescope at

*Based on observations made at the Gornergrat and Jungfrau-
joch Observatories (Switzerland) and at the European South-
ern Observatory (La Silla, Chile)

**Table 1 is also available in electronic form. See the Editorial
in A&AS 1994, Vol. 103, No. 1

*** Permanent adress: Observatoire de Genéve

La Silla (European Southern Observatory, Chile). In Pa-
per II (Bersier et al. 1994) the radial velocity measure-
ments obtained on 40 Cepheids with the spectrophotome-
ter CORAVEL are given.

In Sect. 2, the method of analysis is presented. The pe-
riod giving the best fit for each star is discussed in Sect. 3
and the fits to the light and [B — V] colour curves are
shown. Previously published data have been used to pro-
duce these fits. Table 1 contains the data, in Table 2 the
Fourier coeflicents of the fit to the V magnitude are given.

2. Fourier analysis and period search

For each observed Cepheid, a Fourier transform has been
made to determine the period and a function of the form

f(t) = Ao+ > Ax cos(2mkwo(t — To) + @) (1)
k=1

has been fitted to the V magnitude measurements. These
periods have been compared to those determined by Sz-
abados (1977, 1980, 1981, 1989, 1991, respectively SI, SII,
SIII, SIV and SV) in his extensive study of the period vari-
ations of Cepheids. Often his values of the period have
been used rather than ours because of the much longer
time baseline covered by his data.

The quality of the fit, egt, is given by the standard
deviation of the data around the fitted curve. We required
that es must be of the order of the uncertainty of the
measurements to consider the fit being reasonable. The
uncertainty on the period was determined by varying it
and looking at the increase of eg;. When it rose to ~ 10%
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above its minimum value, we considered that the period
was no longer appropriate. This gives a typical uncertainty
of ~ 107* days.

Some measurements of lower quality have been re-
jected for the fit, but they are nevertheless published here.
They have a weight 0 in Table 1 (see Rufener [1988] for the
definition of the weights P and Q). Some additional data
on these stars have already been published, the references
are given in Sect. 3.

The Fourier coefficients of the light curves are given
in Table 2. It is important to mention that for several
stars, the Fourier coefficients have been modified accord-
ing to the method of Lanczos (e.g. Arfken 1970), in order
to reduce the oscillations of the fitted curve. Practically,
a Lanczos coefficient is a number, smaller than 1, that
multiplies the amplitude of a Fourier harmonics. Since,
with this procedure, all amplitudes are smaller than what
they would be without Lanczos’ factors, this introduces a
bias that forces to use a high number of harmonics. This
technique is then designed to give a mathematical descrip-
tion of the curve but the amplitudes and phases should be
used with extreme caution when studying the structural
properties of the Cepheids light curves.

The presentation of the measurements in Table 1 fol-
lows the form adopted by Rufener (1988) for the Geneva
photometric catalogue, except that we have given the
colour indices with their explicit notation (e.g. [U — B]
instead of U). The magnitudes in the seven passbands
can be calculated from the my magnitude in the V filter
and the six colour indices in the following manner

m; =my — [V — B] + [i — B] (2)
where i represents one of the seven filters U, B, V, By,
B27 Vla G. ‘

3. Results and discussion

CO Aur. The data and periods of Babel & Burki (1987)
have been used, since no new measurements have been
acquired since then. All data have been published in their
paper.

V636 Cas. No new measurements has been added since
the list published by Burki & Benz (1982). The period
given in their paper has been used to do the fit.

V1 w Cen. This is a population II Cepheid situated in
the globular cluster w Cen. The period mentionned in the
literature for this star, 29.34 days, is taken from Bailey
(1902). Our measurements span 30 days, that is only one
cycle.

R Cru. This is one of four bright southern Cepheids that
have been intensively monitored in Geneva photometry.
For this star, an excellent light curve is obtained with a
period P = 5.82540 days and six harmonics.

S Cru. For the data at HID! > 7980 (105 measurements),
the period giving the best fit is 4.689816 days. Seven mea-
surements are subsequent to HJD < 7980; as these points
do not strongly influence the Fourier analysis, this period
has been adopted. Szabados’ value (SIV) of the period
gave an egy twice as large as with our value. As the pos-
sible decrease of the period proposed by Szabados is not
strongly constrained by his data, it is therefore preferable
to use our value of the period.

T Cru. The period given by the Fourier analysis is very
close to Szabados’ value (SIV). One can conclude that
the pulsation period of this star has been constant until
HJD ~ 8400.

X Cru. The Fourier analysis yields a period of 6.22011
days. An excellent fit with six harmonics is obtained with
et = 0.005 mag.

X Cyg. The fit is obtained with the period found in Sz-
abados (SV). The rather poor agreement (e; = 0.033mag)
between the fit and the data is due to the fact that the
luminosity increase is very poorly constrained; there are
only two points between the minimum and the maximum.
With more than three harmonics, there are additional,
unrealistic bumps. With the best period of the Fourier
analysis, we obtain the same results and the same eg;.
DT Cyg. The Fourier analyses of the velocity and photo-
metric data give periods that differ by ~ 107%. Szabados’
period (SV) seems to represents a good compromise be-
tween these values. This period gives a good fit to the
velocity data (see Paper II) as well as to the photometric
data.

BB Gem. Szabados’ period (SI) gives very good fits to
both light- and velocity curves, with the use of the Lanczos
coeflicients.

DX Gem. Szabados’ period (SV) was chosen because it
gave the best fit to the radial velocity data, taking into
account the ”orbital motion” of this binary (in fact, we
only introduced a slow drift of the center-of-mass velocity,
not an orbit, see Paper II). It also gives a very good fit to
the photometric data, as good as with the period supplied
by the Fourier analysis.

¢ Gem. The period was computed from Szabados’
ephemeris (SV) for the date HID = 4936 since the period
is varying. With the data in the range 4900 < HJD <
5000, the fit is very good. The measurements cover only
36 days, so the period change over this interval is negligi-
ble. If the three measurements at HJD < 1328 are taken
into account, the fit is not as good since the period was
longer at that time.

BE Mon. Since for both types of data (velocity and pho-
tometry), the measurements are done simultaneously, the
evident requirement is that the same period has to be
used for the velocity and light curves. The period given
by the Fourier analysis is near Szabados’ value (SI). This
last value has been preferred because it is a compromise

'In this paper, all dates are heliocentric Julian Days—2440000
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between the best periods for the velocity and photometric
data (see Paper II). The resulting fit is very good.

V465 Mon. Since the light curve is almost sinusoidal
only two harmonics were needed to obtain an excellent
fit. Szabados’ period has been used (SV) because our best
period is very close to his value.

V508 Mon. The best period for the photometric data
cannot be used for the velocity data. As explained in Paper
II, we choosed Szabados’ period (SI) because it was the
best compromise.

S Nor. As for the velocity data, the best fit is obtained
with Szabados’ period (SIV). The small bumps on the
descending and ascending parts of the light curve are real
features (see Fig. 4c).

V340 Nor. The best period for the photometric data
is very close to the best period for the velocity data. A
compromise has been chosen that is roughly the mean of
these periods.

V440 Per. With new radial velocity measurements, it is
concluded in Paper II that Szabados’ period is the best one
(SV). In photometry this is also the case, so the period is
7.572498 days.

U Sgr. The best period is very close to the one of Szaba-
dos and this last value has been chosen.

W Sgr. As for the velocity curve (see Paper II), the period
and the number of harmonics have been taken in Babel
et al. (1989). Only one new measurement has been made
since the publication of that paper.

EU Tau. The best fit in radial velocity (Paper II) is ob-
tained with Szabados’ period (SI). Since the photometric
data is simultaneous to a part of the velocity data, the
same period is used here.

ST Tau. As for the velocity curve, there were oscillations
in the fit, and therefore Lanczos’ factors were used to at-
tenuate them. The period was taken in Szabados (SI) for
consistency with the radial velocity data.

SW Tau. The light curve of this Cepheid presents a dou-
ble maximum. Eight harmonics were necessary to obtain
a satisfying light curve. The dashed lines in Fig. 5g and
5h around the maximum indicate that the fit is probably
not realistic in this part of the curve and has to be taken
with caution. Szabados’ value of the period has been used
(SV), computed from his ephemeris for HID=4993 since
the period varies.

SZ Tau. As explained in Paper I1, Szabados’ period (SV)
has been chosen because it was a compromise that could
fit fairly well both velocity and light curves.

T Vul. The Fourier analysis gives a period that is very
close to the adopted Szabados value (SV).

SV Vul. The data covers an interval of only 66 days. This
period has been computed from Szabados (SV), for the
date HJD = 4480. Due to the small number of points, it
was impossible to obtain a smooth fit. The Lanczos coeffi-
cients helped to obtain a satisfying fit with five harmonics.

4. Conclusion

For almost all the stars presented in this paper, we have
radial velocity measurements. For many of them, the pho-
tometric and radial velocity measurements have been ob-
tained simultaneously, giving an evident requirement on
the periods deduced from the Fourier analysis of each type
of data: they have to be equal. This has led sometimes to
adopt a compromise between the ”photometric” and ”ve-
locity” periods.

One of our requirements has been to obtain a good
fit to the light and velocity curves. We had to use the
Lanczos factors in 19% of the fits. In the evaluation of the
quality of a fit, the naked eye remains an essential tool
and the fitted curve should not present any unrealistic
bumps, oscillations or features that could be introduced
by a Fourier series fitted with too many harmonics.
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D. Bersier et al.: Fundamental parameters of Cepheids. 1.
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