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Abstract. The study of RR Lyrae stars has recently been invigorated thanks to the long,

uninterrupted, ultra-precise time series data provided by the Kepler and CoRoT space

telescopes. We give a brief overview of the new observational findings concentrating on

the connection between period doubling and the Blazhko modulation, and the omnipres-

ence of additional periodicities in all RR Lyrae subtypes, except for non-modulated RRab

stars. Recent theoretical results demonstrate that if more than two modes are present in

a nonlinear dynamical system such as a high-amplitude RR Lyrae star, the outcome is

often an extremely intricate dynamical state. Thus, based on these discoveries, an under-

lying picture of complex dynamical interactions between modes is emerging which sheds

new light on the century-old Blazhko-phenomenon, as well. New directions of theoretical

efforts, like multidimensional hydrodynamical simulations, future space photometric mis-

sions and detailed spectroscopic investigations will pave the way towards a more complete

understanding of the atmospheric and pulsation dynamics of these enigmatic touchstone

objects.

1 Introduction

High precision, uninterrupted, space-based photometric data sets obtained with MOST [27], CoRoT
[1] and Kepler [4] have transformed our view of exoplanetary systems and stellar variability, as well.
RR Lyrae stars are no exception. New types of variations and dynamical phenomena have been discov-
ered, like period doubling [10], [23], the presence of additional pulsational modes [14], [2], high-order
resonances [12], and maybe chaos [18]. In addition, the mysterious Blazhko effect could be investi-
gated in much greater detail than previously [7], [8], [13], [3]. While a great deal of advancement has
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been achieved on the Blazhko effect itself, the recognition of multiple modulations based on ground-
based [22], [21] and space data [3] being one particular example, we refer to a recent summary [24]
regarding the Blazhko effect. In this contribution we provide an update on the most recent results and
highlight some emerging trends focusing primarily on period doubling and the presence and dynamics
of additional modes in RR Lyrae stars.

2 Period doubling

Period doubling (PD) is a well-known dynamical phenomenon. Its presence is betrayed by the al-
ternating maxima and light curve shape in the light curve of a pulsating star, while in the frequency
spectrum half-integer multiples of the fundamental frequency appear. That means they are located
halfway between the dominant pulsation mode and its harmonics [23]. The importance of PD lies in
the fact that transition between regular to chaotic dynamics can occur through a series of PD bifur-
cations. In RR Lyrae stars PD was first discovered in the Kepler data [10], [23]. The origin of the PD
could be unambiguously traced back to a 9:2 resonance between the fundamental mode and the ninth
radial overtone. In 2011 Buchler & Kolláth [5] demonstrated that the same resonance may be able to
cause light curve modulation, ie. the Blazhko effect. By revisiting the CoRoT RR Lyrae light curves
we found signs of the PD in four Blazhko RRab stars [25] out of a sample of six. A recent compre-
hensive work by Benkő et al. [3] on Kepler modulated RRab stars gave concordant results: six out
of ten Blazhko-modulated RRab stars exhibited PD. Based on the latest space photometric results we
can conclude that altogether two-thirds of the Blazhko-modulated RRab stars exhibit this new type of
dynamical phenomenon [25]. It is important to emphasize that PD in connection with the dominant
pulsation mode has been only seen in Blazhko-modulated RRab stars. No non-modulated RR Lyrae
show PD down to the outstanding precision delivered by CoRoT and Kepler.

3 Additional modes

RR Lyrae stars have been known for decades to pulsate exclusively in the fundamental (F) or first
overtone (O1) modes, or occasionally in both (RRd, double-mode stars). With the advent of high qual-
ity space data it became obvious that most of the RR Lyrae stars show additional periodicities beyond
these dominant, low-order radial modes. In modulated RRab stars we find power in the frequency spec-
trum around the theoretical location of the first and/or second radial overtone (see Fig 1 for the Kepler
sample [2], [3] and the left panel of Fig 2 for the CoRoT Blazhko stars [25]). These can be either
the radial overtones themselves as was demonstrated by Molnár et al. [15], or nonradial modes close
to or exactly in 1:1 resonance with the radial modes predicted by earlier theoretical works [26] [6].
Interestingly, none of the non-modulated RRab stars exhibit additional frequencies. This dichotomy is
strikingly demonstrated in the right panel of Fig 2. Overtone pulsators (RRc stars) also show additional
frequencies, most prominent and most frequent of them is a probably nonradial pulsation mode with
a period ratio of ∼0.61 with respect to the dominant overtone radial mode. Interestingly, it is present
in almost all RRc and RRd stars, ie. in those where the dominant mode is the first radial overtone
[25]. A detailed summary on the topic is recently given by Moskalik et al. [17]. Our conclusion is
that additional modes are universal in RR Lyrae except for non-modulated RRab stars. This finding
has ramifications for the nature of the mysterious Blazhko effect. In summary, Blazhko-modulation,
period doubling and additional modes seem to be related phenomena, all being part of an intricate and
complex underlying dynamics.

We investigated the temporal variability of the additional modes in the CoRoT RR Lyrae sample
[25]. It turned out that the amplitude or the shape of these frequencies vary in time in most cases where
we could draw firm conclusions. This variability has been confirmed by Moskalik et al. [17] based on
the Kepler RRc sample. The Kepler data provide better frequency resolution compared to our CoRoT
sample, hence the presence of potentially close-by, unresolved frequency components could be safely
excluded as the main cause of the variations. Half-integer frequencies are nonstationary, because of the
ephemeral presence of PD itself. However, the variability of the other (presumably) nonradial modes is
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Fig. 1. Additional frequencies in Kepler Blazhko RRab stars [11], [3]. The frequency interval between the fun-

damental mode and its first harmonic is plotted. From left to right the yellow stripes show the location of the

first radial overtone, the half-integer frequencies caused by period doubling, and the second radial overtones. The

significant frequencies around the second overtone in V808 Cyg are barely visible because of the large amplitude

of the half-integer frequency, see Fig. 11 in [3] for a close-up view.

more intriguing. While in Blazhko RRab stars the temporal changes may be related to the modulation
mechanism (though more work should be done to corroborate this connection), in non-modulated
RR Lyrae, such as RRd and RRc stars, however, a different mechanism may be at work. The most
probably culprit is an intricate dynamical interaction between the radial and nonradial modes. The
most important observational result based on the growing number of RR Lyrae stars observed from
space is that temporal variability of the additional modes seems to be ubiquitous in these objects.

4 Outlook

Space photometry induced a veritable revolution in our understanding of RR Lyrae stars. New dynam-
ical phenomena have been discovered, of which some are well-understood [12], while others are still
awaiting a theoretical explanation. If the ubiquity of nonradial modes is confirmed, the power of non-
linear seismology using radial modes in RR Lyrae stars can be unleashed [15]. We hope to continue
this adventure using a larger sample of galactic and maybe extragalactic RR Lyrae stars by ongoing
and future space photometric missions, like K2 [9], [16], TESS [20], and PLATO [19].
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Fig. 2. Additional frequencies in CoRoT RRab stars. Left panel: Blazhko-modulated stars, right panel: non-

Blazhko stars. The notation is the same as in Fig 1. The lack of any additional frequencies in non-modulated stars

is remarkable.
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