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Abstract 
The high quality of satellite data together with the possibility to  
observe a star continuously for hundreds of days have made it possible  
to study the long-term stability of the Blazhko effect of RR Lyrae  
stars in detail. A preliminary analysis of the RR Lyrae star  
KIC6186029, observed by the Kepler space telescope, is presented.  
This star is of type RRab (fundamental mode pulsation) and exhibits a  
strong Blazhko variation. Special attention is paid to the non-  
repetitive nature of the Blazhko effect. The results on KIC6186029 are put 
into context with other known cases of changing Blazhko modulations, 
such as the CoRoT star 105288363  and other well-studied RR Lyrae stars 
for which long-term observations are available.  

The Blazhko effect - a multiperiodic/irregular phenomenon? 
 
Many models which tried to explain the Blazhko effect in the past 
predicted clock-work like behaviour because they linked the 
Blazhko phenomenon directly to stellar rotation. The assumption 
that the Blazhko effect is a strictly periodic phenomenon even made 
it into the most widely used definition: „The Blazhko effect is a  
periodic amplitude and/or phase modulation with a period of 
typically tens to hundreds of times the pulsation period“, and 
usually only one Blazhko period was attributed to each modulated 
star, again assuming that the phenomenon was exactly repetitive.  
 
The first reports on changes in the Blazhko modulation, however, 
date back surprisingly far. In the literature, reports on changes in 
both the amplitude and/or the length of the Blazhko cycles, 
irregularities in the Blazhko phenomenon, sometimes also 
accompanied by a change in the main pulsation period can be 
found. Here are some examples: 

The oldest case in the literature: RW Dra  
 
Balazs (1957) report that the Blazhko oscillation in the O-C dia-
gram of RW Dra dropped to half its previous value: from 2h13m 
to about 1h between the years 1937 and 1941, and also the light 
amplitude changes were weaker. 

 
 
 
 
 
 
 

“Erratic and slow changes in the Blazhko effect of RW Draconis ” 

The most prominent case: RR Lyrae itself 
 
x� The Blazhko effect in RR Lyrae itself is not exactly repetitive, 

but the well known 4-yr cycle modulates the strength of the ef-
fect: the modulation was barely detectable in the years 1963, 
1967, 1971 and 1975 

 
x� Additionally, the Blazhko period of RR Lyrae might change: 

Kolenberg et al. (2006) found a shorter Blazhko period in RR 
Lyrae than previously measured: 38.8 d instead of 40.8 d 

 
x� Kolenberg et al (2011) see in Kepler data that the Blazhko 

modulation does not repeat exactly, and that additional frequen-
cies close to the main components are present in the Fourier 
spectrum. Such frequencies would be expected when longer cy-
cles, secular trends or transient phenomena are present. 

Continuous coverage: a non-repetitive Blazhko effect seen with 
satellite data  
 
CoRoT 105288363 is the first star for which the strong cycle-to-cycle  
changes (Guggenberger et al., 2011) in the Blazhko modulation were 
documented with continuous, ultra-precise satellite data. Previous studies 
of changing Blazhko phenomena usually had to rely on ground-based data, 
suffering from small or sometimes large gaps due to daylight and/or 
weather, and therefore also often from incomplete coverage of the 
pulsation and especially the Blazhko period. 

CoRoT 105288363 was investigated by Guggenberger et al. 
(2011) using both Fourier analysis as well as classical O-C 
diagrams. The changes of the Blazhko effect show a wide 
variety and even seem to be diametrical: While in the O-C 
diagram of the maxima, the  variation clearly gets stronger from 
cycle to cycle (increasing from ~20min to about 38min)… 
 

RR Lyrae itself 

...the variation of the light maxima shows alternations… 
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...and the variation of the light minima becomes weaker: 
 
 
 
 
 
 
 
 

In a Fourier analysis, the strongly changing Blazhko effect and 
especially the seemingly irregular nature of the changes cause a 
large number of peaks with high amplitude to appear very close 
to the dominant peaks, complicating the analysis.  

Figure: Fourier spectrum after subtraction of a classical Blazhko triplet solution. The insert 
shows an enlargement of the region around 4f0 to illustrate the remaining signal with the 
numerous close peaks. 
 
If there is a second modulation period in CoRoT 105288363, 
then it is not resolved with the time span of the available data. 

The Kepler era  - resolving long term periodicities 
 
The Kepler mission, which can observe its targets for 3.5 years or longer, 
offers a great opportunity to study the fascinating problem of changing 
Blazhko modulations in unprecedented detail and over a very long time 
span. It has the capability to resolve long-periodic secondary modulations. 
KIC 6186029 is one of the targets of the Kepler mission that shows strong 
cycle-to-cycle changes. So far, only the first two quarters of data (Q1 and 
Q2) are public and can be shown here. Already it is obvious that the two 
cycles are quite different:  

CoRoT 

Keple
r mission 

Also in the Fourier parameters (shown here: amplitude ratios) 
of CoRoT 105288363, there is no exact repetition from cycle to 
cycle, and no long term periodicity is discernible. 

An O-C analysis shows that, similar to CoRoT 105288363, not 
only the amplitudes are affected, but also the variation in the 
timings of maximum light changes. The shape of the O-C curve, 
however, is quite different 

The variation of the amplitude ratios of KIC 6186029 offers a 
picture quite different from the case of the CoRoT star.. But again, 
the difference between the two observed cycles is dramatic. 
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Conclusions:  
 

The cases of CoRoT 105288363 and KIC 6186029 show how manifold and seemingly irregular the changes of the Blazhko effect can be, making 
it hard to fit them even with a superposition of long-term periodicities. Models which rely on stochastic processes like the variable turbulent 
convection proposed by Stothers (2006) and the strange dynamic attractor in the 9:2 resonance modeled by Buchler & Kollath (2011) therefore 
have a clear advantage in explaining the observations.  




