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ABSTRACT

Context. The CoRoT (Convection, Rotation and planetary Transits) space mission provides a valuable opportunity to monitor stars
with uninterrupted time sampling for up to 150 days at a time. The study of RR Lyrae stars, performed in the framework of the
Additional Programmes belonging to the exoplanetary field, will particularly benefit from such dense, long-duration monitoring.
Aims. The Blazhko effect in RR Lyrae stars is a long-standing, unsolved problem of stellar astrophysics. We used the CoRoT data
of the new RR Lyrae variable CoRoT 101128793 (f, =2.119 d™!, P = 0.4719296 d) to provide us with more detailed observational
facts to understand the physical process behind the phenomenon.

Methods. The CoRoT data were corrected for one jump and the long-term drift. We applied different period-finding techniques to
the corrected timeseries to investigate amplitude and phase modulation. We detected 79 frequencies in the light curve of CoRoT
101128793. They have been identified as the main frequency fy and its harmonics, two independent terms, the terms related to the
Blazhko frequency f,,, and to several combination terms.

Results. A Blazhko frequency f,, =0.056 d~!and a triplet structure around the fundamental radial mode and harmonics were de-
tected, as were a long-term variability on the Blazhko modulation. Indeed, the amplitude of the main oscillation is decreasing along
the CoRoT survey. The Blazhko modulation is one of the smallest observed in RR Lyrae stars. Moreover, the additional modes
f1=3.630 and f> =3.159 d~! are detected. Taking its ratio with the fundamental radial mode into account, the term f; could be the

identified as the second radial overtone. Detecting of these modes in horizontal branch stars is a new result obtained by CoRoT.

Key words. stars: variables: RR Lyrae — stars: oscillations — stars: interiors — stars: individual: CoRoT 101128793 —

techniques: photometric

1. Introduction

The pulsation of RR Lyrae stars is paramount for advancing
in several fields of stellar physics. Marconi (2009) emphasizes
how we can reproduce all the relevant observables of the ra-
dial pulsation including only non-local, time-dependent treat-
ment of the convection in nonlinear models. In particular, pulsa-
tional models are able to reproduce the correlation between the
periods and the absolute magnitudes in the near infrared bands

* The CoRoT space mission was developed and is operated by the
French space agency CNES, with participation of ESA’s RSSD and
Science Programmes, Austria, Belgium, Brazil, Germany, and Spain.
** The CoRoT timeseries, table of the photometry, Tables 1 and 2
are only available in electronic form at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) orvia
http://cdsarc.u-strasbg. fr/viz-bin/qcat?]/A+A/520/A108

Article published by EDP Sciences

(Bono et al. 2003). The model-fitting technique (Marconi 2009)
applied to a sample of RR Lyrae stars in the Large Magellanic
Cloud was very useful to fix the problem of the distance scale
(Marconi & Clementini 2005). Because they have been ob-
served since the end of the XIXth century, RR Lyrae stars are
also promising targets for studying stellar evolution in real time
(Le Borgne et al. 2007).

What has not yet been understood in RR Lyrae stars is the
Blazhko effect, a periodic modulation of both the amplitudes
and phases of the main pulsational mode. Different mechanisms
have been proposed to explain the phenomenon: the resonance
model between nonradial modes of low degree and the main ra-
dial mode (Dziembowski & Mizerski 2004 ), the oblique pulsator
model in which the rotational axis does not coincide with the
magnetic axis (Kurtz 1982; Shibahashi 2000), and the action of
a turbulent convective dynamo in the lower envelope of the star
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(Stothers 2006). Kovacs (2009) reviews these models and points
out why we cannot definitely accept any of these explanations.
It seems well-established that Blazhko RR Lyrae stars do not
show any strong magnetic field (Chadid et al. 2004; Kolenberg
& Bagnulo 2009). The observation of Blazhko RR Lyrae stars
was performed with remarkable success by means of exten-
sive ground-based surveys. Well-defined findings (e.g., changes
in the Blazhko period, modulation features, systematic changes
in the global mean physical parameters, high-order multiplets,
long-term changes) have recently been obtained on RR Lyr itself
(Kolenberg et al. 2006), MW Lyr (Jurcsik et al. 2008), XZ Cyg
(LaCluyzé et al. 2004), RR Gem (Jurcsik et al. 2005; Sédor et al.
2007), and DM Cyg (Jurcsik et al. 2009a).

The Additional Programmes in the exoplanetary science case
of the CoRoT (COnvection, ROtation and planetary Transits,
Baglin et al. 2006) space mission were focused on specific
classes of stars with the aim of supplying a new and power-
ful tool for deciphering the physical reasons for their variability
(Weiss 2006). RR Lyrae stars are being studied in the framework
of the international RR Lyrae-CoRoTeam'. Preliminary results
were presented by Chadid et al. (2009), and the potential of the
150-day continuous monitoring of an RR Lyrae star has been
demonstrated by the case of V1127 Aql (Chadid et al. 2010),
not previously known as a Blazhko variable. Very high-order
modulation sidepeaks were detected, up to the sepdecaplet struc-
ture. Additional modes have also been detected and interpreted
as nonradial modes or secondary modulation. As the Blazhko ef-
fect remains misunderstood in its physical nature, we can look
at the CoRoT data as a new opportunity for providing the obser-
vational facts we need to shed new light on it.

2. The CoRoT data

CoRoT 101128793=USNOA2 0900-15089357 (a =
19h26m37533, 6§ = +01°13’35705, J2000) is a 16th-mag star
(V. = 1593, B-V = +0.89, Deleuil et al. 2009) in the

constellation of Aquila. Its variability was discovered during
the first Long Run in the centre direction (LRcOl), carried
out continuously from May 15 to October 14, 2007, i.e., for
142 d. There is no relevant contamination from nearby stars,
since the brightest star included in the CoRoT mask is 3.0 mag
fainter than CoRoT 101128793 in V light (Deleuil et al. 2009).
The exposure time in the CoRoT exoplanetary channel was
512 s and this time remained constant all over the LRcOI.
Thanks to its very high duty cycle, CoRoT collected 23922
data points, and the spectral window is free from any relevant
alias structure. The star was classified as an RR Lyrae variable
by the “CoRoT Variability Classifier” automated supervised
method (Debosscher et al. 2009) and then confirmed by human
inspection of the light curve. CoRoT 101128793, located close
to the direction of the galactic centre, is therefore heavily
reddened.

The absolute CoRoT photometry is affected by jumps, out-
liers, and a long-term drift. It is very hard to detect jumps in
the original data of an RR Lyrae variable, since they have a
small amplitude (few 0.01-mag) and are not discernible in a
light curve having an amplitude of several tenths of a magni-
tude. As a matter of fact, we could detect a jump of 0.032 mag
at JD 2454 369.7 only a posteriori, after having performed the
preliminary frequency analysis of the original data. Indeed, only
the residuals obtained by subtracting the main frequency fy and
its harmonics from the original CoRoT data clearly show the

I The dedicated website is http://fizeau.unice. fr/corot.
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Fig. 1. Top panel: the light curve obtained by removing the main fre-
quency and its harmonics from the original data showing a long-term
drift and a jump. Middle panel: the light curve of the residuals is cor-
rected from the long-term drift and the jump. Bottom panel: the final
light curve of CoRoT 101128793 is an example of the continuous, ex-
cellent quality monitoring of stars in the CoRoT exoplanetary field.

jump. We re-aligned the whole dataset after removing the few
corrupted measurements on the jump (Fig. 1, top and middle
panels).

In addition to the jump, some oscillations and a continuous
drift are clearly visible in the top panel of Fig. 1. The oscillations
have a stellar origin (see Sect. 3.2), but the drift is an instru-
mental effect (Auvergne et al. 2009), so it should be removed
before performing the frequency analysis. Different detrending
algorithms can be used, based on moving means or polynomial
fits. After several trials, we removed the drift by calculating the
mean magnitudes of the least-squares fits of four consecutive
cycles (i.e., 1.88 d). The main frequency and its harmonics were
used, as in the previous step. At that point, the value of the mean
magnitude was interpolated at the time of each observation and
then subtracted from the original data. During this analysis we
also removed the most obvious outliers. The final CoRoT time-
series is available in electronic form at the CDS. The re-aligned,
de-jumped light curve disclosed the multiperiodic behaviour of
CoRoT 101128793: continuous oscillations are clearly visible in
the light curve prewhitened with f and harmonics (Fig. 1, mid-
dle panel) and in the light curve of the original data (a portion is
shown in Fig. 1, bottom panel).

The subsequent frequency analysis was performed by us-
ing different packages such as Period04 (Lenz & Breger 2005),
MuFrAn (Kollath 1990), and the iterative sine-wave fitting
(Vanicek 1971). The different algorithms led to the same results
with only marginal differences at higher orders. We present here
the results of the iterative-sine wave fitting, with a complemen-
tary frequency refinement obtained by means of the MTRAP al-
gorithm (Carpino et al. 1987).

The realigned dataset was first analysed to search for the ef-
fects of the orbital frequency. Several frequencies were found
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at the orbital frequency fo, = 13.97 d! and harmonics.
Moreover, the term fijq = 1.0027 d~' was found. This pertur-
bation comes from the passage of the satellite over the South
Atlantic Anomaly (SAA). Since it occurs twice a day, the har-
monic 2 f5q is much stronger than fiq, which corresponds to the
passage of the satellite over the SAA on the same side of the
Earth with respect to the Sun. The effects of these passages on
the onboard instrumentation are described by Auvergne et al.
(2009). They originate frequencies at

Jo.s = ki foro £ ko fia (D

with 0 < k; <7 and —4 < k, < 4. The strongest terms are 27.94
and 41.91d7, ie., (k1,k2) = (2,0) and (3, 0), respectively. The
usually adopted technique of prewhitening the input data with
the frequencies f, s did not correct for the instrumental effects
in a satisfactory way. The orientation of the CoRoT orbital plane
with respect to the Earth-Sun line continuously changed over
the course of the long run. Therefore, the environmental condi-
tions (e.g., the eclipse effects on the electronics units, the eclipse
durations, the difference in the Earth’s albedo of the overflown
regions; see Sect. 3 in Auvergne et al. 2009) are affecting the
CoRoT photometry in a complicated way.

3. The frequency content

By using the packages previously mentioned, we identified
79 components of stellar origin, in addition to the f; s frequen-
cies and to the spurious peaks at very low frequencies, i.e., resid-
uals of the long-term drift of the sensitivity drift of the CCDs.
They can be divided into four categories:

the main frequency fy and its harmonics;

the terms related to the Blazhko frequency f,,;
other independent terms;

the combination terms.

b S

Figure 2 describes the different steps in the frequency detec-
tion. The spectrum in the top panel brings out the main fre-
quency fo=2.119 d ! and its harmonics. The spectral window
(inserted box) is almost free of aliases, and the peaks located at
Jorb and 2 fiq are too low to produce any significant effect. When
fo and harmonics are removed, the couple of sidepeaks (fy = f:,
with f,, =0.056 d!) due to the Blazhko effect becomes the most
prominent structure (second panel, the zoom around fy and 2f;
is shown in the inserted box).

The most intriguing peaks stand out in the region
3—4 d~! after subtracting the Blazhko sidepeaks (third panel and
inserted box). The highest peaks in the third panel of Fig. 2 are
at f; =3.157 d"'and f> =3.630 d!. They show linear combi-
nation with f; and harmonics and are therefore intrinsic to the
RR Lyrae star. They provide evidence of excited modes other
than the fundamental radial mode f;.

The residual spectrum does not show any other structure, ex-
cept an excess of signal still centred on the largest amplitude
modes and on the orbital frequencies of the satellite (Fig. 2,
bottom panel). After removing the 79 frequencies, the average
noise level resulted in 7 X 107> mag in the 0-100 d~' region
of the residual spectrum (inserted box in Fig. 2, bottom panel).
The lowest detected amplitude among the 79 frequencies led to
0.36 mmag, i.e., 5 times the level of the overall final noise. We
note that at each step of the process in frequency detection we
calculated the local noise centred on the detected peak, and we
always got SNR > 3.5. This threshold was retained to accept a
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Fig. 2. Subsequent steps in the detection of frequencies in the amplitude
spectra of CoRoT 101128793.

combination term, while independent terms have much higher
SNR (17.45 and 9.25 for f; and f>, respectively).

The final solution of the CoRoT light curve was calculated
by means of a cosine series (T = 2454308.2168) and their
least-squares parameters, together with the local SNRs, are listed
in Table 1. The listed values of the frequencies are correspond-
ing to the highest peaks in the amplitude spectrum. The values
calculated from the four independent frequencies and the identi-
fication listed in the last column of Table 1 (the so-called locked
solution, obtained by using the MTRAP algorithm, Carpino
et al. 1987) are generally in excellent agreement (fo =2.118977,
£f1=3.630499, fi=3.156776, and f;, =0.00550 d~'). The ob-
served discrepancies are probably due to the non-equidistance
of the triplet structures and to other terms hidden in the residual
noise. As an example, a third independent frequency is probably
present close to 3.00 d”!, but we cannot identify it unambigu-
ously. If this f3 term were real, then some combination terms
should be changed by substituting, e.g., 2f; with 2fy + f4. The
solution with all independent frequencies gives the same resid-
ual rms of the solution with the locked frequencies (0.01006 and
0.01100 mag, respectively). These values are mostly affected by
the residual peaks described above.

3.1. The main fy term and its harmonics

The light curve on the f; term is very asymmetric (Fig. 3, up-
per curve in the top panel) and harmonics up to 13f; are sig-
nificant. Their amplitudes are not monotonically decreasing: the
amplitude of 6 is larger than for 5 fy, and that of 11 f; is larger
than for 10 fp, just before the final decline (Fig. 3, left panel in
the bottom row). Indeed, the light curve of CoRoT 101128793
shows a couple of particularities, i.e., the bump near the min-
imum often observed in RRab stars and a change in slope on
the rising branch. They are not very pronounced, but still dis-
cernible in the light curve (Fig. 1, bottom panel). The fit of these
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Fig. 3. Upper panel: the CoRoT data folded with f;, original (fop) and
after subtracting the 79 frequencies (bottom). Left panel, lower row:
the amplitudes of the n f terms. Right panel, lower row: the observed
triplet structure around n f, terms. The filled circles indicate the com-
ponent with the greatest amplitude in the triplet, the empty circles the
second in amplitude, the star the third.

small particularities requires a more relevant contribution from
the highest harmonics than in the case of smooth light curves.
Moreover, the change in slope does not repeat in a regular way,
since the plot of the residuals (Fig. 3, lower curve in the top
panel) shows a wide spread in this phase interval. The non-
white distribution of the photometric residuals is the cause of
the small bunches of frequencies observed in the residual spec-
trum. The Blazhko variables RR Gem and DM Cyg show the
same light curve shape and the same residual distribution as
CoRoT 101128793 (Jurcsik et al. 2005, 2009a).

The measurements around the maximum and minimum
brightnesses were fitted by means of a least-squares polynomial.
We obtained the ephemeris

Max = HID 2454236.6752 + 0.4719296 x E
+ 0.0003 + 0.0000018

when fitting the times of maxima (Table 2) by means of a least-
squares line. The O—C values (differences between the observed
and calculated times of maxima) were determined by using this
ephemeris.

3.2. The Blazhko frequency f,

As suggested by the residuals after subtracting the main oscil-
lation (Fig. 1, middle panel), there is a periodic change in the
shape of the light curve, and this change defines the Blazhko
effect. The Blazhko effect translates into symmetric sidepeaks
of fo and its harmonics in the frequency domain (second panel
in Fig. 2). In the case of CoRoT 101128793, the sidepeaks are
n foxfy triplets (Fig. 3, right panel in the bottom row).

We obtained an independent confirmation of the Blazhko fre-
quency from the magnitudes at the maximum brightness (see
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Fig. 4. Evidence of the long-term variations in the CoRoT 101128793
light curve. Top panel: the magnitudes at maximum (upper curve) and
minimum (lower curve) brightness in the different cycles. Middle panel:
the amplitudes of the fy component (upper curve) and the period values
(lower curve). Reference line is displayed to show the long term varia-
tion in amplitude. Bottom panel: the power spectrum of the magnitudes
at maximum brightness.

above) and from the application of the analytic signal method
(Kollath et al. 2002). The magnitudes at maximum oscillate in a
peak-to-peak interval of 0.06 mag (Fig. 4, top panel): the power
spectrum unambiguously identifies f,, =0.056 d~! (Fig. 4, bot-
tom panel). The instantaneous amplitudes and frequencies also
vary with f,,, (Fig. 4, middle panel). The period variations, and
consequently the O—C range, are very small. As a matter of fact,
CoRoT 101128793 shows the smallest period variation among
the CoRoT RRab stars (see Fig. 2 in Szabd et al. 2009). Since the
Blazhko effect is more evident in amplitude than in phase, the
cycle-to-cycle variations in the light curve are undetectable when
folding the data over fj, also considering the perfect coverage in
phase ensured by the CoRoT observations. The Blazhko effect
just causes a wider spread of the points, while the curve ap-
parently remains very regular (Fig. 3, top panel). The Blazhko
effect of CoRoT 101128793 seems to be particular since the
harmonic 2f,, has an amplitude greater than f,, (Table 1 and
middle panel of Fig. 1). This particularity could reflect the dif-
ferent forms in which the Blazhko effect can occur (see Table 1
in Szabd et al. 2009). However, we should also consider that the
frequency and amplitude values of f,, and 2f,, could be affected
by the slightly different separations between the sidepeaks of
the triplets (Table 1) and by the correction of the low-frequency
drift.

We observe a peak close to zero (Fig. 4, bottom panel) in the
power spectrum of the magnitudes at maximum. This suggests
that there is a very long-term variation, on a timescale longer
than covered by the CoRoT data. The complicated behaviour of
the light curve is made clear by the comparison between maxima
and minima (Fig. 4, upper panel). The range in the magnitudes at
minimum is about half that at the maximum. Also the amplitudes
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of the f; component (calculated both as instantaneous values
and by subdividing the timeseries in pulsational cycles) show
the decreasing trend underlying the Blazhko periodicity (Fig. 4,
middle panel).

The long-term change is a further complication of the fre-
quency analysis (Benkd et al. 2009; Szeidl & Jurcsik 2009).
Together with the change in slope on the rising branch, it causes
the peaks around f; and its harmonics in the residual spectrum
(Fig. 2, bottom panel).

3.3. The independent terms

3.3.1. 1=38.630d"!

The first peak not related to f; and f,, is found at f; =3.630d~".
The light curve related to this periodicity is slightly asymmet-
rical, since we found a small-amplitude first harmonic 2f;. It
also shows several combination terms with n fy and n fy + f;,.
However, f; is not affected by the Blazhko effect, since we did
not detect terms of the form f] + f,,.

The ratio fo/f; =0.584 is very close to what is expected be-
tween the fundamental radial mode and the second overtone. To
verify this possibility from a theoretical point of view, we com-
puted linear RR Lyrae model grids on an extremely large pa-
rameter space (L = 40,50,60 and 70 Lo, M = 0.50-0.80 M,
with AM = 0.05 Mg, Ter = 5000-8000 K, AT = 100 K,
Z = 0.001, 0.003, 0.01, 0.02 and 0.04). The other adopted pa-
rameters were standard RR Lyrae parameters (see Szabo et al.
2004). Nonlinearity introduces a negligible difference in the pe-
riods and period ratios. The Petersen diagram for different metal-
licities is shown in Fig. 5. The period ratio is fully compatible
with an identification of f; as the second radial overtone. In
such a case, the models suggest a Z-metallicity of 0.002—0.004.
Assuming a ratio of 0.74 between fundamental and first over-
tone radial modes, the latter should be around 2.863 d~, but the
frequency spectrum does not show any significant peak at this
value.

3.3.2. ,=3.159d"!

The amplitude of f> =3.159d"" is only a bit smaller than that of
/1 (0.0021 and 0.0028 mag, respectively) and at the same level
of that of the 8 f harmonic. The ratio f>/fy = 1.4908 ~ 3/2 could
be the signature of the period doubling bifurcation (Moskalik
& Buchler 1990) first noticed in some RR Lyrae stars observed
with Kepler (Kolenberg et al. 2010).

Another characteristic of f, is to be flanked by a Blazhko
frequency at f,—f,,. This occurrence can have different explana-
tions: i) the Blazhko variability also affects f5; i) it is a coinci-
dence, and f> and f, — f,, are actually two independent modes;
iii) f» — fn 1s a mere combination term, such as the difference
between fy + f> and fy + f,,- We can try to disentangle the mat-
ter by examining the three possibilities. If f, shows the Blazhko
effect, it is strange that we do not detect f> + f,, since we expect
the sum term to have an amplitude greater than the difference
term (see Fig. 3, right panel in the bottom row). The coinci-
dence is also improbable, since the frequency spectrum is not
very rich. The resonance mechanism is possible, but that it in-
volves the Blazhko term makes it a very particular case. Finally,
combination terms with n fy, n fy = f,,, and fi are detected. In
particular, we found unusual combinations, such as fy + fi + f>
and fy + f, + fi + f>, and they display a good SNR (5.4 and 4.6,
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Fig. 5. Petersen diagram based on linear convective RR Lyrae models.
The symbols denote different metallicities. The black square shows the
position of CoRoT 101128793, assuming that the frequency f, is the
second overtone radial mode.

respectively). Therefore, the hypothesis of a particular combina-
tion term seems the most plausible.

4. Discussion

The continuous, long monitoring offered by space photometry
is a new observational tool to understand the pulsational be-
haviour of RR Lyrae stars. Through such data, cycle-to-cycle
variations can be clearly pointed out. Indeed, the Blazhko modu-
lation of CoRoT 101128793 is one of the smallest ever observed
in RR Lyrae stars (Jurcsik et al. 2009b).

4.1. The Blazhko effect

CoRoT data have already demonstrated that the Blazhko cycle of
V1127 Aqlis changing on a timescale of 143 d: the shift is much
more evident in time than in magnitude (see Fig. 14 in Chadid
et al. 2010). The Blazhko effect of CoRoT 101128793 is much
less than that of V1127 Aql (0.06 mag vs. 0.35 mag in the full
range of magnitudes at maximum, 0.02 p vs. 0.17 p in the phases
of maximum).

Notwithstanding this small effect, the trend observed in the
magnitudes at maximum and at minimum (Fig. 4, upper panel)
supports a long-term change. The best observational evidence
for a long-term change in the Blazhko period is given by RR Lyr
itself. Ground-based photometry collected on several decades
shows a decrease from 40.8 d to 38.8 d (Kolenberg et al. 2006).
The modulation amplitude of RR Gem was also subjected to
strong variations from the undetectable level (less than 0.04 mag
in maximum brightness) to about 0.20 mag on a time baseline
of 70 years (Sédor et al. 2007). In the case of the Blazhko ef-
fect of MW Lyrae (f,, =0.060 d™), Jurcsik et al. (2008) put
in evidence secondary peaks around the main pulsation terms
separated by a periodicity comparable with the time baseline,
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tentatively ~500 d. Therefore, it seems that long-term changes
are occurring in Blazhko RR Lyrae variables, and they can be
detected when monitored in an intensive and/or continuous way.

4.2. The excitation of additional modes

The case of CoRoT 101128793 supplies new evidence of the
excitation of additional modes in RR Lyrae stars. The two fre-
quencies f] and f, are not related with the Blazhko or another
modulation, as it could be for V1127 Aql (Chadid et al. 2010).
The frequency f; could be typified as the second overtone radial
mode, while the nature of f; is still unclear. We immediately
note that also in the case of V1127 Aql we found frequency
ratios compatible with that between fundamental and second
overtone radial modes, i.e., 2.8090/4.8254 = 0.582, and with
the possible period doubling bifurcation, i.e., 4.1916/2.8090 =
1.492. Moreover, the frequency values f; and f, are in the same
interval of the nine additional modes detected in the frequency
spectrum of V1127 Aql (3.64—4.82d71).

It is interesting to revisit the results obtained by Jurcsik
et al. (2008) on MW Lyr. Those authors identified four fre-
quencies in the 3.27-6.78 d~linterval (3.2701, 4.2738, 5.7847,
and 6.7885 d~')?> as combination terms having the form n fy +
12.5 f,, (where fy = 2.5146 d~!is the main pulsation mode and
fn = 0.0604 d~'the Blazhko frequency). Since the 12.5 f,
spacing remains unexplained, we propose an alternative solu-
tion based on the additional modes f; = 3.2701 d 'and f, =
4.2738 d~! and the combination terms fy + f; = 5.7847 d™! and
fo+f> = 6.7884 d~'. We find for the third time a frequency ratio
(fo/f> = 0.588) that could be explained with the ratio between
the fundamental and the second overtone radial modes.

These mode identifications are a new contribution to the de-
bate on the excitation of the second overtone in RR Lyr stars
(e.g., Alcock et al. 1996; Walker & Nemec 1996; Kaluzny et al.
2000; Soszynski et al. 2003; Olech & Moskalik 2009). We also
note that the excitation of non-consecutive radial modes would
be a new result for RR Lyr stars, so far sporadically observed in
Cepheids (Soszynski et al. 2008).

5. Conclusions

The second detailed analysis of the CoRoT data on RR Lyrae
variables allowed us to advance in the definition of their pulsa-
tional characteristics. It is confirmed that the Blazhko effect can
span different ranges in the variations, both absolute and rela-
tive, of the amplitude and phase modulations. Moreover, there
is new evidence that the Blazhko period is subjected to long-
term variations, as can be directly detected from the consec-
utive cycles observed in the CoRoT LRcO1. The mechanisms
invoked to explain the Blazhko effect should reproduce “the
strictly regular behavior of the modulation observed in many
Blazhko stars” (Jurcsik 2009). This requirement should now be
reconsidered in a slightly different way. The real mechanism
must be able to reproduce both the regular structure of the side-
peaks in the frequency spectra and the observed variability on
a long-term scale. In this context, it can be useful to stress that
CoRoT 101128793, similar to DM Cyg (Jurcsik et al. 2009a)

2 We note that there is a 1 d~! spacing between the terms of the first
couple and between those of the second one. This spacing is always a
bit suspicious for observations collected mostly from one site, but we
consider the frequency detection performed by Jurcsik et al. (2008) as
a well-established one.
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and RR Gem (Jurcsik et al. 2005), shows a bump on the ris-
ing branch of the light curve. These bumps are probably con-
nected with hypersonic shock waves (Chadid et al. 2008), and
the spreading of the residuals suggests a link between pulsation
and atmosphere dynamics. More precisely, this could be the clue
to an interaction between the Blazhko phenomenon and the at-
mosphere’s dynamics (Guggenberger & Kolenberg 2006), since
monoperiodic RR Lyrae stars also have very regular light curves
in the presence of this bump (Poretti 2001).

The other relevant result disclosed by the CoRoT data is the
excitation of additional modes. A reanalysis of the V1127 Aql
and MW Lyr cases seems to indicate that there is a narrow fre-
quency interval where a few modes are excited. The recurrence
of the ratio 0.58-0.59 between one of these modes and the funda-
mental radial mode suggests the possibility of the (preferred) ex-
citation of the second overtone. The possible interplay between
this type of double-mode pulsation and the Blazhko effect de-
serves further theoretical investigation. The Blazhko effect does
not modulate the f; term and this is particularly relevant in this
scenario. Moreover, CoRoT detected other very significant peaks
in the oscillation spectra of V1127 Aql and CoRoT 101128793,
thus disclosing the evidence that nonradial modes are excited
in horizontal branch stars. The theoretical prediction of these
modes is the new challenge to the pulsation models of RR Lyrae
stars launched by CoRoT.
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