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RR Lyrae stars

RRab - fundamental
mode
RRc - first overtone
RRd - fundamental
and first overtone
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Non-radial modes in RR Lyrae stars
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53 stars: 15 from space-based; 38 from ground-based photometry
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The OGLE Collection of Variable Stars

OGLE-III (2001-2009), 4989 RRc
stars in the Galactic bulge
OGLE-IV (2010-...), 10 825 RRc
stars in the Galactic bulge
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Additional modes in OGLE RRc stars
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645 RR0.61 stars from the OGLE data(6%)
67 RR0.68 stars from the OGLE data(0.6%)
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0.61 mode
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0.61 mode
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0.61 mode

three sequences on
the Petersen diagram
(21 stars)
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0.61 mode

three sequences on
the Petersen diagram
(21 stars)
small amplitudes
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0.61 mode

three sequences on
the Petersen diagram
small amplitudes
non-stationary mode
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0.61 mode
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three sequences on
the Petersen diagram
small amplitudes
non-stationary mode
subharmonics (61
stars)
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Explanation of the 0.61 mode

Dziembowski (2016)
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Explanation of the 0.61 mode

Dziembowski (2016)
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Explanation of the 0.61 mode
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Cepheids with the 0.61 mode
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Cepheids with the 0.61 mode

Smolec & Śniegowska (2016)
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0.68 signal

67 RRc stars from OGLE data
1 star from Kepler data (Moskalik et al. 2015)
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Characteristics of the 0.68 mode

pulsations in the first overtone mode
period longer than the period of (undetected) fundamental
mode
coherent pulsations
combination frequencies between additional mode and the
first-overtone
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Fourier decomposition parameters
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Models of stripped giants - binary evolution pulsators?

Dziembowski (2016)
BUT Kepler star has both 0.68 and 0.61 mode!
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Blazhko effect in RRc stars

Blazhko effect - quasi-periodic
amplitude and phase modulation
of pulsations in a subgroup of RR
Lyrae stars
(Sergey Blazhko, 1907)
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Blazhko effect: power spectrum
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Results
Blazhko effect in 573 stars (5.3%). Triplets found in 384 stars
(67%). Shortest period: 2.23 d
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Incidence rate of Blazhko RR Lyrae stars

RRab RRc data reference
LMC 20% 19% OGLE III Soszynski et al.(2009)

12% 4% MACHO Alcock et al. (2000,2003)
SMC 22% 14% OGLE III Soszynski et al. (2010)

Galactic bulge 20% 7% OGLE II Mizerski (2003)
20% 8% OGLE III Soszynski et al. (2011)

M5 40% Jurcsik et al. (2011)
Galactic field 47% Jurcsik et al. (2009)

M3 50% 10% Jurcsik et al. (2014)
Galactic bulge 40% OGLE-IV Prudil et al. (2017)
Galactic bulge 5.3% OGLE-IV Netzel et al. (in prep.)
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Multiplets
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Multiperiodic Blazhko effect
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The longest Blazhko modulation

OGLE-BLG-RRLYR-08657 ∆T=5203 d ⇒ Pmax =2600 d,
PBL=1300 d
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The longest Blazhko modulation

OGLE-BLG-RRLYR-16270: ∆T=6800 d, PBL=2400 d
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Blazhko effect in RR Lyrae stars with additional modes
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Conclusions

Analysis of the biggest sample of the first-overtone RR Lyrae
stars
With OGLE results we currently now 698 RR0.61 stars
The discovered RR0.68 group has now 68 members (67 from
OGLE and 1 from Kepler data)
Blazhko effect in 5% of RRc stars
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