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Alternating maxima/cycles

Half-integer frequencies (HIF) oo
PD bifurcations - route to chaos g
Only in Blazhko RR Lyrae, no PD in non-modulated g 02 r I
RRab stars E i | ﬂ#

S o W
PD is caused by a 9:2 resonance between the Fand & HEH
the oth radial overtone (Szab6 et al. 2010, Kollath et < .| E‘F \ i il
al. 2011) | |

0.4 : : : : : : :
Resonance paradigm: the same resonance is able to P20 REED A e, e 990 oed
(2:3(1)1135 the Blazhko effect itself (Buchler & Kollath Period doubling
RR Lyrae, the eponym

PD occurrence statistics: Kepler, Q5 SC

Kepler: 10/16 (Benkd et al. 2014, accepted)
CoROT: 4/6 (Szabd et al. 2014, submitted)
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Resonance paradigm: the same resonance is able to
cause the Blazhko effect itself (Buchler & Kollath
2011)

0 2 4 6 8 10 12
frequency [d'1]
Half-integer frequencies
RR Lyrae, the prototype
Molnar et al. 2012

PD occurrence statistics:
Kepler: 10/16 (Benko et al. 2014, accepted)
CoROT: 4/6 (Szabd et al. 2014, submitted)
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- Only in Blazhko RR Lyrae, no PD in non-modulated
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- PD s caused by a 9:2 resonance between the F and
the oth radial overtone (Szab6 et al. 2010, Kollath et
al. 2011)

- Resonance paradigm: the same resonance is able to
cause the Blazhko effect itself (Buchler & Kollath
2011)

- PD occurrence statistics:
Kepler: 10/16 (Benkd et al. 2014, accepted)
CoROT: 4/6 (Szabd et al. 2014, submitted)
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Non-modulated stars:
no additional frequencies
in the spectra down to the

Kepler & CoRoT limits.

Nemec et al. 2011 - Kepler
Szabo et al. 2014 - CoRoT
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Non-radial modes

Moskalik, 2014
| ! | ! |
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Additional frequencies in space photometry targets
- Blazhko-modulated RRab stars : all
- non-modulated RRab stars: none @

- RRe (first overtone pulsators O1): all @

- RRd (fundamental mode + O1): all
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Temporal variability of the additional modes
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Temporal variability of the additional modes
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CoRoT 0101368812 RRd fx
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Multiple modulations in Blazhko RR Lyrae stars
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i3 - Is the Blazhko modulation simple and
- % monoperiodic? in general: NO
b v Py b §I|||I||II|||I|II|||I|||||||
| - KIC 9973633 | + 2modulation periods
4 ] A VA U XZ Cyg LaCluyzé et al. 2004
¢ B ’ A UZUMa Sédoretal. 2006
3F - o SU Col Szczygiel & Fabrycky 2007
? Tpryy Tl LS Her Wils et al. 2008
-~ i CZ Lac Sodor et al. 2011
o s : - Large sample
i | - A — = = =7 Multiperiodic and irregularly
.5:.>f...|'...|..". |5§|||§ ||§|||||||—Ej mOdUIated: 12%
‘_ KIC 7257008 i ;_‘vsss Lyr | _ V783 Cyg Skarka 2014, A&A 562, A9O
o%— ‘ i‘?’ 5— : :% ’ 5 ]
5EI||||||éE|§||§3§%§§|||||ll * Keplersample

200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400

Multiple modulations: 80%
BJD - 2454833 Benkd et al. 2014, ApJS, accepted,
arXiv: 1406.5864
Kepler Blazhko sample = Benko et al. 2014

Final, rectified, normalized, stitched, 4-year-long Kepler Blazhko light curves
with tailor-made apertures are available: http://www.konkoly.hu/KIK/data.html
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Kepler sample

Multiple modulations: 80%
Benko et al. 2014, ApJS, accepted,
arXiv: 1406.5864
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Multiple modulations in Blazhko RR Lyrae stars
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@ Multiple modulations in Blazhko RR Lyrae stars
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Sneak-peek into future missions

CSEK

/

K2, TESS, PLATO

will see different populations,
metallicities

rare objects (RRd stars,
ultra-long period Blazhko

modulations, etc.)

will deliver much better statistics
to understand similarities and
differences in dynamical
phenomena, period doubling,
nonradial modes, resonances, ...
and occurrence rates

I«Uﬂrwfﬁnm

K2 preliminary results
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@ Take home messages

CSEK

- RR Lyrae stars are interesting!
- Period doubling is seen in many Blazhko RRab stars
- Additional modes are ubiquitous
- in Blazhko RRab, RRc and RRd stars
- missing from non-modulated RRab stars
- Additional frequencies show temporal variability
- Multiple Blazhko-modulations are very common

- K2, TESS, PLATO: bright future for space photometry
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@ Temporal variability of the additional modes

CSEK

test cases - clean spectrum
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CSEK

test cases - cluttered spectrum
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