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Abstract. We present in this paper newuvbyβ photometry of eight stars suspected to beγ Doradus variables according to
Handler & Kaye (2000). The new observational material has been analyzed and previously published data re-analyzed by
means of an objective period search technique, based on the least-squares algorithm, calledMultifre (Bossi & Nuñez 2002). We
found evidence for the inclusion of seven of these stars in the list of recognizedγ Doradus variables.
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1. Introduction

Theγ Doradus group has been recently defined by Kaye et al.
1999 as a class of low amplitude highn low l non-radialg-mode
pulsating stars, lying on or just beyond the cold border of
Cepheid Instability strip. The typical periods of pulsation in
these stars range between 0.3 and 3 days and the typical am-
plitude ranges between the limit of detection and a tenth of a
magnitude. Some of the known candidates show up to six fre-
quencies simultaneously excited.

The characteristics mentioned above could be worked out
in spite of the limited number of confirmedγ Doradus known
at the date, a couple of dozens. Although their general phys-
ical characteristics are very homogeneous each of them has
its own pattern and peculiarity. Beyond some peculiarities (re-
viewed e.g. by Zerbi 2000), theγ Dor class shows a remarkable
physical homogeneity: these stars occupy a very small area in
the HR diagram and all their metallicities are around solar val-
ues. This observational evidence indicates that theγ Dor phe-
nomenon occurs only under well-defined conditions.

In the last three years, an intensive search for these vari-
ables has been made with the purpose of discovering a larger
number of them and hence figuring out the origin of their pulsa-
tion and its relationship with their position in the HR diagram.
Theoretical work on these variables has progressed at the same
pace. Guzik et al. (2000) proposed recently the first specific
model accounting forγ Doradus pulsation. This model is in-
teresting because it attributes to the convection layer and asso-
ciated magnetic fields a crucial role in determining the pulsa-
tional characteristics in these stars.

Because of their photometric behaviour (long periods and
low amplitudes), the detection of these variables is not an
easy task. Their discovery among field stars is almost only
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achievable serendipitously and, once discovered, they need
multi-longitude observing campaigns to conveniently sample
their curves. Examples are the works published by Balona et al.
(1996), Breger et al. (1997) and Zerbi et al. (1999).

Open clusters, as collections of stars with observational ho-
mogeneous characteristics, offer the possibility to perform sys-
tematic surveys in search for these stars as done by Mart´ın &
Rodrı́guez (2000). The open cluster environment provides us
also useful additional information about the physical param-
eters of the stars and their possible role in originating pulsa-
tion of the γ Dor type. As a matter of fact, a high number
of γ Doradus candidates belongs to open clusters (see Zerbi
et al. 1998; Kim et al. 2001; Arentoft et al. 2001; Mart´ın 2002),
whether this is a sample bias or not is not known yet.

In addition to the open clusters, theHipparcosCatalogue
(ESA 1997) has been perhaps the major source ofγ Doradus
candidates so far. Two systematic browsing works have been
done onHipparcosdata by Aerts et al. (1998) and later by
Handler (1999), both with the purpose to point out possible
candidates: the two works reported 14 and 70 new possible
candidates respectively. Anyway, any detection based on the
Hipparcosdata has to be confirmed. Indeed the photometric
quality of theHipparcoslight curve is poor and a color infor-
mation, needed to state the intrinsic character of variability, is
not available. Some of these candidates have then been moni-
tored more intensively with the purpose to confirm their nature.
It is the case of eleven F0–F9 stars contained both in the Geneva
photometric database and theHipparcosCatalogue. Eyer &
Aerts (2000) monitored these stars confirming theγ Doradus
nature for three of them.

In this stream, we decided to perform a photometric
observational campaign dedicated to eight stars selected in
the Catalogue ofγ Doradus Stars(Handler & Kaye 2000;
April 2000 version) where they are marked as candidates to be
confirmed. Beside the analysis of our new data, we performed
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an extensive reanalysis of previously published light curves by
means of a new period-search code (Bossi & Nu˜nez 2002).

In addition, no doubt the era of space asteroseismology will
add interest to the role of theγ Doradus pulsating mechanism
in bridging the gap between the overstableδ Scuti pulsations
and the oscillations stochastically generated in the convection
layers of solar type stars (see Zerbi & Kaye 2002). In fact, pho-
tometric tools such as COROT (Baglin & Foing 1999), MONS
(Kjeldsen et al. 2000) and MOST (Matthews et al. 2000), will
be likely to allow us to enlarge our observational sample of
solar type light curves (which is currently restricted to the
Sun) and to detect possible faint signals ofp mode pulsations
shocked by thin convective layers inγ Doradus stars.

2. Observations and data reduction

The unpublished observations presented in this paper were col-
lected during a campaign in January 1–14, 2001 using the
90 cm telescope at Observatorio de Sierra Nevada, Spain. The
photometer attached to this telescope is a six-channeluvbyβ
spectro-photometer, with non-cooled EMI photomultipliers of
the type 9789 QA. Because of the bad weather conditions, only
five of the fourteen nights were suitable for observation. The
measurements were collected using the simultaneousuvby fil-
ters while observations in Hβ were performed only in those
cases in whichβ index were not available in literature.

The candidate stars have been selected among the
γ Doradus listed by Handler & Kaye (2000, Table 3). The
main criterion of selection was the visibility during the cam-
paign: 5h00 < α < 9h30′ and δ > −10◦. The sample was
limited to 10 stars to allow us to collect a sufficient number
of measurement per star and per night. Two of these stars,
HD 33204 and HD 35187, members of visual multiple systems
(CCDM J05098+2802A and CCDM J05240+2458A), were
not included in our final analysis. Given that the angular sepa-
rations of both binary systems are 11.8 and 1.3 arcsec respec-
tively, the available diaphragms did not allow a reliable flux
separation between targets and their corresponding companion
stars.

For each observed object two comparison stars, main (Cm)
and check (Cck), were chosen. A sequence of three cycles (Sky-
Cm-Stari-Cck) was adopted for each star and the order of execu-
tion of these cycles optimized for telescope motion, i.e. ordered
in function of the position of the star in the sky. We also kept
in mind to maintain the homogeneity in the data set as high as
possible. The number of background measurements in the ob-
serving sequence was adjusted to the position and phase of the
Moon.

In order to reach an internal error of less than 0.m002 per ob-
servation in thev andb bands, we selected an integration time
of 30, 35, 40 s for stars with magnitude 6, 7 and 8 respectively.
All the selected program, comparison and check stars fall in
the above magnitude range. We have then used the procedure
described in Rodr´ıguez (1997) to transform our data into the
standarduvbyβ system.

A complete list of program stars together with the cor-
responding main comparison and check stars is reported in
Table 1. We show in the same table the number of nights and

the number of measurements collected and the signal–to–noise
ratios in the filtersv and b for each program and check star.
The white noise contained in each time series has been eval-
uated from the root–mean–square difference between closely
consecutive data. The corresponding signal–to–noise ratio, ob-
tained assuming this white noise value as representative of the
whole noise, is given in magnitudes (positive values correspond
to very noisy signals).

3. Physical parameters

The physical parameters of the eight candidate stars published
in theHipparcosCatalogue are listed in Table 2. For each star
we present: theHipparcosidentifier, theV magnitude, theB−V
colour index, the absolute visual magnitudeMV, the spectral
type and the trigonometric parallax. The same table indicates
the number of measurements and the relatedS/N ratio for each
star in the program derived using the method described above.

On the other hand, Table 3 summarizes theuvbyβ indices
for all the candidates stars as well as those physical parame-
ters computed via the Str¨omgren photometry. These indices are
those found in Hauck & Mermilliod (1998) except for the two
stars without previously published Hβ photometry, HD 48271
and HD 69715, for which the indices have been calculated via
the present data with standard errors of 0.m008 and 0.m006 re-
spectively. Out of the 16 comparison stars adopted, nine do not
have publisheduvbyβ photometry. So, as extra results of our
observations, Str¨omgren indices have been computed using the
present observations and reported in Table 4.

We computed the de-reddened indices using the method de-
scribed in Philip et al. (1976) and the reference lines of Philip
& Egret (1980). The metallicities [Me/H] are derived using the
Nissen (1988) and Smalley (1993) relations for type-AFG stars
while surface gravities log(g) and temperaturesTeff have been
determined using the grids ([Me/H] = 0.00) given by Smalley
& Kupka (1997). No values of rotational velocities have been
found in the bibliography except for HD 49015 (Nordstr¨om
1997) and HD 81421 (Handler & Kaye 2000) with 44 and
19 km s−1, respectively. We notice that calculated values for
all the programmed stars are very close to the typical ones for
γ Dor stars:< Teff >= 7160 K,< [Me/H] >= −0.06 dex and
< MV >= 2.m69 (Kaye et al. 1999).

One of the stars, HD 81421, is an X-ray source with
Lx = 1028 erg s−1 catalogued in the EMSS (Einstein Extended
Medium Sensitivity Survey) and confirmed by ROSAT obser-
vations (Fleming et al. 1995). Micela et al. (1997) analyzed
the sub-sample obtained cross-correlating theHipparcosInput
Catalogue (HIC, Turon et al. 1992) and the EMSS Catalogue
with the purpose of determining the characteristics of an X-ray
selected sample of stars in the solar neighbourhood: HD 81421
was included in their sample. The most important conclusion
relevant to theγ Doradus phenomenon drawn by the authors is
that most of the stars in their sample are young (Pleiades age),
active ZAMS stars.

We mention this because age and activity are important is-
sues inγ Dor stars. Indeed the model presented in Guzik et al.
(2000) and previously depicted by Kaye & Zerbi (1997) is
based on the presence of magnetic fields in the thin convection
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Table 1. Complete log of the new observations presented in this paper. For each star we report the name in the first column, the name of
the comparison stars in the second and third column and the number of observing night in the fourth column. We then report the number
of measurements and theS/N of the variable–comparison differentialv andb time series in the fifth, sixth and seventh column. Equivalent
quantities for the check–comparisonv andb time series are reported in the eighth, ninth and tenth column. See the text for a detailed description
of theS/N ratio calculation.

Star Cm Cck nights Nst S/Nst(v) S/Nst(b) Nck S/Nck(v) S/Nck(b)

(HD) (HD) (HD) (mag) (mag) (mag) (mag)

48271 48272 49199 4 62 −3.7 −3.7 55 −0.3 0.8

49015 48977 49245 4 52 −1.5 −1.7 52 −1.4 −1.5

63436 63162 63957 5 49 −4.4 −2.4 46 −0.2 −2.0

65526 65877 65409 5 46 −3.6 −3.1 43 −0.6 2.1

69715 69961 69330 5 57 −3.6 −3.5 56 −0.8 −1.3

70645 71233 69892 5 54 −5.1 −5.9 51 0.9 −0.2

80731 80042 81807 5 50 −3.4 −3.7 49 −0.5 −0.6

81421 80917 81464 4 47 −4.2 −3.3 46 1.5 1.2

Table 2.Physical parameters and number of measurements for the each programmed star taken fromHipparcosCatalogue. The corresponding
S/N values are showed in the last column.

HD HIP ST V B− V MV π NHip S/NHip

(mag) (mag) (mag) (mas) (mag)

48271 32263 F0 7.49 0.315 2.62 10.62 120 –1.1

49015 32475 F0IV 7.04 0.375 2.83 14.37 126 1.3

63436 38138 F2 7.46 0.356 3.52 16.26 54 –1.2

65526 39017 A3 6.98 0.297 2.85 16.20 100 –1.8

69715 40791 A5 7.18 0.360 3.09 15.19 105 –0.1

70645 41488 F0 8.12 0.344 2.51 7.55 364 2.4

80731 46099 F0V 8.46 0.345 2.61 6.77 309 –0.8

81421 46233 A3 7.01 0.280 2.79 14.29 116 –1.1

layer of these stars. The role of the field is to freeze the plasma
and allow the pulsation generated below the convection layer to
emerge at the surface not being disrupted, as would normally
happen, by the convection itself. The HR area inhabited by the
γ Dor class coincides with thelocuswhere magnetic breaking
occurs (Fukuda 1982). Young stars in the area are expected to
have appreciable magnetic fields while older stars should have
completed the breaking process and exhibit slow rotation and
marginal magnetic activity. An indication of youth and activity
for the stars in the sample goes in the direction of confirming
the scenario of the presently available models.

The positions of the observed stars in the HR diagram is
shown in Fig. 1. The ZAMS line was drawn from Philip &
Egret (1980) and the observational edges of theδ Scuti insta-
bility strip are from Rodr´ıguez & Breger (2001). All the stars
considered in this paper lie into the well-defined domain ofγ
Doradus variables, i.e., on the intersection between the main
sequence and the cool border of Cepheid instability strip.

4. Frequency analysis

For each of the stars in the program we analyzed the new Sierra
Nevada (OSN) data set and re-analyzed theHipparcos light
curves by means of theMultifre code (Bossi & Nu˜nez 2002).

Fig. 1. Positions of the candidates in the HR diagram. TheMV values
are fromHipparcosCatalogue while the (b − y)0 indices have been
calculated for this paper.

TheMultifre code searches for the least squares best fit of
a time series using a finite number of sinusoids under the only
assumption that the best fitting set ofn frequencies contains as
a subset, except for a non-linear fine adjustment, at least one
of the N best fitting sets ofn − 1 frequencies, whereN is a
parameter controlled by the user (we setN = 50).

In most of the codes used for sinusoidal period search, ei-
ther based on periodograms or least squares methods, the se-
lection of the significant frequency is done by the operator by
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Table 3.uvbyβ indices and calculated physical parameters.

HD β b− y m1 c1 Teff logg [Me/H]
(mag) (mag) (mag) (mag) (K) (dex)

48271 2.735 0.210 0.163 0.634 7060 4.27 –0.10
49015 2.726 0.222 0.175 0.645 7020 4.20 0.08
63436 2.756 0.206 0.172 0.631 7230 4.45 –0.04
65526 2.734 0.188 0.151 0.662 7240 4.35 –0.29
69715 2.729 0.211 0.157 0.652 7030 4.18 –0.15
70645 2.706 0.198 0.160 0.652 7150 4.30 –0.21
80731 2.723 0.200 0.160 0.693 7100 4.12 –0.14
81421 2.751 0.173 0.169 0.754 7310 4.13 –0.13

picking up the highest peak in the spectrum. When lowS/N
signal is expected or where multiple frequencies are present,
such a selection might be a misinterpretation that propagates
into to final solution. Indeed the correspondentprewhitening
(in the case of periodograms) or its insertion as known con-
stituent (in the case of least square techniques) alters accord-
ingly the successive mathematical problem.Multifre does not
rely on a human decision but it considers theN possibilities
of theN highest peaks in each successive spectrum. Moreover
the successive spectral analysis is not stopped by human judg-
ment at a given number of frequencies but is stopped when the
residuals reach the level of the white noise.

In all the preliminary tests performed by the co-writers, this
approach proved more effective than the other available meth-
ods in finding out the bestmathematicalmodel for the data.
Nevertheless, since mathematics is not physics, in the presence
of not optimal spectral windows and/or of low signal–to–noise
ratios, the frequency set relevant to the physical problem may
hid in a wood of fitting sets which are substantially equivalent
from the point of view of the residual dispersion. In these cases
however, traditional methods based on the human selection of
frequencies does not provide more reliability since power spec-
tra are generally crowed and dirty.

The substantial improvement represented byMultifre with
respect to traditional methods in the reduction of non-optimal
data set is that it provides a set of mathematical solutions. Other
results can then be used to pick up the physical solution from
this set, i.e. the simultaneous presence of a set or a sub-set of
frequencies in data collected independently.

The data analyzed in this paper are a good example of how
Multifre provide reliable solutions. Indeed both data sets are
not optimal for a low amplitude frequency search by means of
traditional methods. Due to weather conditions a low number
of data points could be collected in the limited temporal base-
line of the ONS observing campaign. They were however of
high photometric precision. On the other hand,Hipparcoslight
curves have a large number of data points distributed in a long
baseline but of poor photometric quality. The relevant point is
that we have two absolutely independent data set: the presence
in both time-series of a set or sub-set of frequencies has to be
regarded as a strong evidence of physical significance for such
set. Even more if each set of frequencies has been derived with
an objective period search technique such asMultifre.

Table 4. V and uvby indices corresponding to the comparison stars
whose values non-existing to date.

HD V b− y m1 c1

(mag) (mag) (mag) (mag)

49199 7.986 0.083 0.172 1.038
5 5 5 12

49245 7.684 0.018 0.157 1.128
7 3 3 8

63957 8.243 0.070 0.190 1.181
7 5 5 15

65409 8.110 0.022 0.090 0.563
26 10 10 31

65877 8.053 0.011 0.123 0.945
21 6 4 16

69961 7.146 0.096 0.188 0.980
4 4 4 7

71233 7.166 0.031 0.113 1.098
5 3 4 8

80917 7.325 0.130 0.190 0.859
4 3 4 10

81807 9.139 0.290 0.140 0.456
7 6 7 19

For the OSN data, thev and b curves were used in
the frequency analysis independently. In both Str¨omgren and
Hipparcosdata sets theMultifre code stopped once reached
the level of the white noise. In those cases where thev and
b measurements gave a different solution, the analysis has been
stopped at the last coherent passage.

The best frequency fitting proposed byMultifre at each suc-
cessive step for bothHipparcosand Sierra Nevada data sets
is listed in Table 5. Also we reported in Cols. 9–11 the fre-
quency estimates published by other authors: (A)Hipparcos
Catalogue, (B) Handler (1999) and (C) others, being Henry &
Henry (2000) the single additional source where an analysis of
an different data set has been performed. To compare the re-
sults obtained, different fonts with different meaning have been
used. Frequency values confirming within the error bars those
obtained by other authors have been marked in bold. Frequency
values found in bothHipparcosand the OSN data sets have in-
stead been marked in italic. Values found in both data sets and
confirming those given in literature are marked in italic–bold.
Any of the above levels of coherence has been considered as a
sign of physical meaning of that specific frequency.

We present in Fig. 2 the phased diagrams for theHipparcos
and the OSN measurements in theV and v filters respec-
tively. In the case of theHipparcosphotometry, the curve for
each component is phased after subtraction of all the other
known frequencies obtained in the last corresponding fre-
quency model. Regarding the OSN data, we have plotted those
components more significant for each star allowing us to visu-
ally appreciate the physical significance of the proposed so-
lutions. For those who do not trust visual examination of a
phased curve a diagnostic for the presence of a frequency we
propose the synoptic representation of the contribution of each
frequency model to the reduction of the dispersion for both
photometries in Fig. 3. This figure is a representation of the
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Table 5.Result of the frequency analysis for the program stars. Values obtained viaMultifre for theHipparcoscurves are reported in the first
column while values for OSN data in the second column. Each successive model is reported per increasing number of components. The third
column reports the data available in literature which are taken from (A)HipparcosCatalogue (ESA 1997), (B) Handler (1999) or (C) Others,
where only the frequency taken from Henry & Henry (2000) is found. A semi-column beside a frequency value has the same meaning than in
Handler (1999), i.e., average values of several possible further frequencies. The label “Unsolved var” is according to the classification given by
Hipparcosdata base (see Variability Annex) (ESA 1997).

Program Star 1 2 3 4 5 1 2 A B C

HD 48271 0.52436 0.54463 0.86914 0.86922 0.918 0.623 0.5244 0.524

0.87183 0.90716 0.90722 0.750 0.8691 0.869

0.91776 0.91786

1.78336

HD 49015 2.20495 2.8969

HD 63436 0.85434 0.85431 1.435 1.402 Unsolved 1.4:

1.40672 1.404

HD 65526 1.55287 1.55282 1.16572 0.37519 1.556 0.77641 1.553

1.67325 1.55275 1.16572 1.672

1.67329 1.55277
1.67322

HD 69715 2.36461 2.01289 1.77841 1.77836 2.575 1.728Unsolved 2.364

2.36462 2.59878 2.59871 2.425 2.0:

2.82043 2.82041

3.08242

HD 70645 1.26180 0.77076 0.877 0.871 1.21230 1.212

1.26186 1.449 0.8:

HD 80731 0.89639 0.89636 0.89638 0.78203 0.01488 0.143 0.447 0.89641 0.896

1.34160 1.34168 0.79847 0.23316 0.713 0.7:

1.35642 0.89635 0.89638
0.98191 1.34168

1.35642

HD 81421 2.04193 2.046 2.041966

photometric quality and of the multiperiodic behaviour of these
stars. In general, both types of lines corresponding to each data
set are located in a well-defined region inside panel. For the
stars HD 63436 and HD 65526, to consider a single frequency
as solution from our OSN photometry is not enough to reach
the white noise. Consequently, to explain such residuals more
than one component would be necessary, or the signal could be
quasi-periodic.

5. Discussion

All the stars in our program have been observed byHipparcos
satellite and, with the exception of HD 49015, theHipparcos
Catalogue reports these stars as photometrically variable: the
variability of HD 49015 has been instead discovered by Henry
& Henry (2000). With the further exception of HD 81421,
the program stars were included in the list of possibleγ Dor
stars obtained via an independent re-analysis ofHipparcoslight
curves by Handler (1999).

The analysis presented in this paper has the purpose to con-
firm the suspectedγ Doradus nature of the program stars tak-
ing into account the results obtained previously. In this sense
we first have to confirm that each of the program stars is effec-
tively a variable. This can be done via the comparison between

theS/N of each of the program stars with respect to the esti-
mated white noise and with theS/N of a constant star observed
under the same conditions.

As regards OSN data we notice that theS/N values in
bothv andb filters reported in Table 3 are well above both the
levels of the white noise and theS/N of the comparison stars,
clearly indicating photometric variability. HD 49015 is the only
exception. However, if we compare these quantities with those
listed in the last column in Table 2, i.e., the intrinsicS/N of
theHipparcoscurves of each star, we find lower values which
would not, by themselves, be representative of variable curves.
Such lower values are likely due to the poor accuracy of the
Hipparcosphotometry, or to an under-estimate of theS/N due
to the lack of near enough measurements in the sampling of the
Hipparcoscurves. A clear example is theS/N of the HD 70645
(2.4 mag) where, as we will describe later on, no variability was
detected before data cleaning. Even data cleaning could not ex-
plain the low value (1.3 mag) of HD 49015, the variability of
which could not be confirmed.

As a second step, we have to establish which of the
stars found to be variables show multiperiodic variability.
Multiperiodicity, together with the physical parameter reported
in Sect. 3, can be considered as a signature of the belonging
to the γ Dor class. Indeed no other multiperiodic variables



1082 S. Mart´ın et al.: Evidence of theγ Doradus nature for a group of candidates

Fig. 2. Phase diagrams on theV Hipparcos(top panels) andv OSN (bottom panels) data sets for all stars. The plots were computed with the
same values of the frequencies represented in Fig. 3 while the curves are phased with respected to differentT0 for each data set.
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Fig. 3. Residual dispersion as a function of the fitting model for the different light curves: the dotted diagrams refer toHipparcos Vseries, the
solid ones concern our Sierra Nevadav data whereas the dashed horizontal lines represent the corresponding white noise levels. The height
of each multiplet expresses the dispersion gain obtained through the corresponding frequency model. In the case of HD 48271, for example
(top panel on the left), the 23.76 mmag standard deviation of theHipparcosphotometry is converted in a 17.81 mmag residual dispersion
by a monoperiodic model (f = 0.52436 cd−1) while with two frequencies (0.54463 and 0.87183 cd−1) the residual standard deviation lowers
to 15.40 mmag, and so on. The solid diagram presented in the same panel shows how the 17.07 mmag dispersion of the Sierra Nevadav light
curve is reduced to 7.70 mmag by our monoperiodic model (f = 0.918 cd−1) and to 3.74 mmag (close to the white noise level of 3.07 mmag
indicated by the dashed line) by the corresponding two frequency model presented in Table 5 (0.623+ 0.750 cd−1).

are known to lay in a such restricted area of the HR diagram.
Nevertheless monoperiodicγ Doradus stars exist, but at a level
in which only photometry is available, albeit multicolour, no
more than a flag for further studies can be put on the monope-
riodic cases.

To assess the multiperiodic character of a star we do not
necessarily need a coincidence of the frequency values found
in the two data sets on the same data set. We consider a star
multiperiodic if in each of the data set available and each of

the analyses performed there is a clear need for more than
one frequency to model the curve. Were the data optimally
sampled and homogeneous in temporal baseline and distribu-
tion we would expect coincidence even in the frequency values
obtained. However, in variable stars of this type, amplitudes
and also frequencies are known to be changeable in short time
scales (see Zerbi & Kaye 2002 for details) and both the epoch
and the baseline of the data compared in this paper are very
different to pretend coherence even in the frequency values.
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Conversely in the case such a coherence shows up we can state
with a certain level of confidence that such a frequency really
corresponds to a physical oscillation.

As regards multiperiodicity the plots reported in Figs. 2 and
3 makes a convincing case of the multiperiodic character of six
out of eight of the stars studied. The exceptions are HD 81421
and HD 49015. The former is clearly monoperiodic while the
latter has been already anticipated as a puzzling case.

In the case of HD 49015 theHipparcosdata set theMultifre
analysis stops at one-frequency model providing a value of
2.2050 cd−1. This value does not correspond to that reported by
Henry & Henry (2000) who suggested 2.8969 cd−1 as the most
likely frequency between their aliases 1.8950 and 3.8986 cd−1.
Curiously, however, analyzing the photometry collected by
Henry & Henry (2000) by means ofMultifre we could confirm
their results, i.e., a single frequency of 2.8964± 0.0006 cd−1.
A possible reason for the above discrepancy could be the high
level of white noise (S/N = 1.3 mag) in theHipparcosdata
of this star (see Fig. 3). Unfortunately, the OSN photometry
does not provide any further help since the frequencies pointed
out do not match with any of the previous values. Given that
the results detected in bothv andb filters are different between
themselves, they are not shown in either of the figures. On the
other hand, as we have commented before, considering that the
epochs of the three data sets are totally different each frequency
could have dominated during an observing campaign whereas
both components are not detected in our photometry. But this
argument is clearly not enough to confirm that this object is a
γ Doradus variable.

Previously to our observations, the star HD 81421 had only
the frequency estimate reported in theHipparcosCatalogue
and it had also been object of other studies by Duerbeck (1997)
and Eyer (2002) being classified as a contact binary (EW)
but with no indication of a frequency estimate. The results
obtained in our analysis are instead in good agreement with
those of theHipparcosdata base. In bothHipparcosand OSN
data only one frequency has been identified∼2.04 cd−1. As
stated above the monoperiodicity demands further investiga-
tion since the variability in this star could be due to causes
different from oscillation, e.g. binarity of EW type. However
color curves help in this case. In an eclipsing binary system,
when the two stars have almost equal physical parameters, we
do not expect any variations in the colour indices and hence
in the amplitudes corresponding to the different filters. If in-
stead the stars have appreciable differences in the physical pa-
rameters these variations exist but with a phase lag of 0 orπ
between the lights curve and any colour calibrating the tem-
perature. This does not happen if the variability is due to pul-
sation. The results of the Fourier fitting to our measurements
are summarized in Table 6 with amplitudes, phases, mean val-
ues, data dispersion and residuals for the fouruvbyfilters and
b − y index. Despite the high error bars, the phase difference
calculated betweeny and b − y is of ∼1.37 rad. In addition
the amplitudes in the different Str¨omgren filters show a pro-
gressive decrease of magnitude (v, b, y andu) typically of A-F
type pulsating stars. We are therefore prompted by our data to
conclude that HD 81421 is not an EW binary system an hence
likely a monoperiodicγ Doradus variable. An external warning

however comes for the identification of HD 81421 with an
X-ray source. The mechanism of generation of X-rays in close
binary systems is well known while X-ray emission from single
early F-type stars is generally lacking or weak.

Multiperiodicity is clearly shown by the rest of program
stars confirming theirγ Doradus nature. For HD 48271 our
results confirm the frequencies proposed in previous analy-
ses and even adds further modes. In fact the value detected in
the OSN photometry, 0.918 cd−1, corresponds to the frequency
with the largest amplitude in theHipparcossolution. The fre-
quency 1.783 cd−1 detected byMultifre can be interpreted as a
coupling term (sum of 0.869 and 0.918 cd−1) making clear the
existence of the both components.

Like other stars in the program, in the case of HD 65526 our
analysis finds a higher number of components than Handler’s
method using theHipparcos data. Taking into account our
observations, the presence of the frequency 1.556 cd−1 is
confirmed, which has a relationship 2:1 with the frequency
0.77641 cd−1 reported in the originalHipparcosCatalogue. In
the case of HD 63436, marked as “unsolved” in theHipparcos
data base and suspected to have some signal around 1.4 cd−1

by Handler (1999), we could point out two excited frequencies,
one of which in the Handler’s range.

For HD 80731, theMultifre code confirms the existence of
the main frequency 0.896 cd−1 in theHipparcosdata set. The
0.713 cd−1 component of our photometry is consistent with the
possible Handler’s frequency, 0.7 cd−1. Also, we find two com-
ponents at 0.896 cd−1 and 1.342 cd−1 corresponding to the 2:1
and 3:1 ratios of the 0.447 cd term, frequency obtained inde-
pendently from the OSN analysis.

In two cases, namely HD 69175 and HD 70645, multiperi-
odicity has been found inHipparcosand OSN curves, stating
theirγ Doradus nature, but the frequency value could not be di-
rectly compared to those proposed by other authors. In the case
of HD 69715, applying the Multifre code to theHipparcospho-
tometry up to the two-frequency model, we find the same val-
ues than Handler (1999). However, when increasing the num-
ber of components,Multifre modified the values toward those
obtained in the analysis of OSN data. In general, the circum-
stance that the same frequency is not repeated through the suc-
cessive models is more frequent in the OSN results. Thus, we
suspect that the drastic change in the frequency values pro-
duced in HD 69715 is more related to the poor spectral window
than to the amount of data.

In the case of HD 70645 the first analysis we performed on
the Hipparcoscurves was biased by a few data-points which
were spurious and out of scale. These points created a very
high level of white noise at the point thatMultifre code could
not provide any solution. Only after elimination of the five mea-
surements with largest dispersion has it been possible to obtain
the frequencies presented in Table 5, where only the component
0.77076 cd−1 is in the error bar of the signal 0.8 cd−1 previously
proposed as second component. Curiously, we could reproduce
exactly the frequencies found by Handler (1999) by means of
theprewhiteningprocedures and after removing three points of
the initialHipparcosdata set. Thereby, since the result depends
on the number of the measurements rejected in the data set, any
frequency value pointed out from theHipparcosphotometry is
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Table 6.Results from Fourier analysis of OSN data on HD 81421. The phases have been computed with respectT0 = 2451916.5794 HJD.

HD 81421 (f = 2.046± 0.003 cd−1)

Colour A ϕ Mean val. Data disp. Residuals
(mag) (rad) (mag) (mag) (mag)

u 0.0188± 0.0009 0.50± 0.11 −0.3557± 0.0015 0.0161 0.0088
v 0.0225± 0.0010 0.43± 0.04 −0.2543± 0.0007 0.0166 0.0041
b 0.0204± 0.0009 0.40± 0.04 −0.2851± 0.0007 0.0150 0.0038
y 0.0196± 0.0011 0.26± 0.06 −0.3240± 0.0008 0.0143 0.0047
b-y 0.0030± 0.0021 1.63± 0.30 0.0386± 0.0007 0.0041 0.0037

highly uncertain. However, the frequency at 0.877 cd−1 have
been detected in the analysis of the OSN data set only barely
similar to the 0.8 cd−1 proposed by Handler as second compo-
nent. Albeit the unknown frequency values HD 70645 is clearly
multiperiodic and hence aγ Doradus star.

6. Conclusions

We presented in this paper the results of newuvbyphotome-
try of eightγ Doradus candidates. Also a comparative analysis
with a independent and different data set,Hipparcosphotom-
etry, has been performed using the new code of period-search
Multifre. When possible, we have included for comparison and
discussion the results of the frequency analyses previously pub-
lished by other authors. In sight of the presented results, the
code usedMultifre provided evidence to be a powerful period-
search tool. Wherever its outcomes differed from the ones of
more classical methods used by other authors in the analysis of
theHipparcosphotometry, the corresponding model proved to
fit the data better than the preceding descriptions.

Following the above guideline we could confirm that
all program objects, with the exception of HD 49015, are
γ Doradus stars. We cannot either confirm or reject theγ Dor
nature of HD 49015. In this case, the single frequency detected
in theHipparcosdata is not consistent with the variation found
by Henry & Henry (2000) in their light curve and there is no
evidence of such frequencies in our observations. Perhaps to
understand better these results, particular characteristics of this
type of stars as amplitude and frequency variations in short time
scales must be taking into account.

In spite of its monoperiodic nature, we present arguments to
state that HD 82421 is also aγ Doradus variable. Our analysis
of the bothHipparcosand OSN data sets are consistent with
the single frequency reported by theHipparcosCatalogue. The
rest of the observed objects show multiperiocity independently
of the data set.

Although the number of measurements collected in Sierra
Nevada is relatively small, they allowed to independently con-
firm some of the frequencies found in theHipparcos data
set. Indeed, we can considerf = 0.918 cd−1 (HD 48271),
f = 1.40 cd−1 (HD 63436), f = 1.556 cd−1 (HD 65526),
f = 0.896 cd−1 (HD 80731) andf = 2.046 cd−1 (HD 81421)
as physically meaningful.
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