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Many faces of Blazhko modulation observed from space
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Abstract.  The K2 and the TESS missions provide an unique opportunity to investi-
gate the phenomenon of the Blazhko effect in great detail. Here we present the analysis
of nearly two hundred Blazhko stars that represent the largest sample of modulated RR
Lyrae stars investigated with space-based photometry so far. We focus on the relation
between the modulation of the pulsation phase and the pulsation amplitude, as well
as the coexistence of the Blazhko effect with the nonlinear phenomenon called period
doubling. Given the limited length of observations, we were able to determine only rel-
atively short modulation periods accurately. Nevertheless, we found that the pulsation
amplitude and phase changes are not necessarily correlated and their relation can be
rather complex.

1. Methods

The K2 light curves has been extracted using our own method, the Extended Aperture
Photomerty (Plachy et al. 2019). The TESS light curves were produced by applying
differential-image aperture photometry using the fitsh code (PAal 2012).

The frequency spectra, the average pulsation periods, amplitudes and phases were
calculated by the standard methods of the software Period®4 (Lenz & Breger 2005).
We used the first five harmonics to create a template light curve. To calculate the varia-
tion of the pulsation amplitude and phase along the Blazho modulation, we first splitted
the light curves into 3-pulsation-period-long segments with 1-period-long overlaps. In
case of each segment, we fitted the template by scaling the amplitudes and phases using
Monte-Carlo based technique. The yielded O—C curves can be seen in Fig. 1.

In order to reveal the presence of subharmonics in the Fourier spectra, we pre-
whitened with the significant harmonics and divided the frequency values with the pul-
sation period. This way the sub-harmonics, if present, can be found at 0.5 and 1.5 in
the spectra.


mailto:bodi.attila@csfk.mta.hu

2 A. Bédi et al.

E

2 1500 ,?I f

2 3 1.4
1000 e/ 4

0.00 025 050 075 1.00 1.25 1.50 1.75 2.00

5 800

8

& 600

’ i

0.00 025 0.50 0.75 1.00 1.25 1.50 1.75 2.00 3490 3500 3510 3520 3530 3540 3550 3500 3510 3520 3530 3540 3550

- M

2000 2000
0.00 025 050 075 1.00 1.25 1.50 1.75 2.00 2400 2420 2440 2460 2400 2420 2440 2460

4000
000 W
2000 2000

000 025 050 0.75 1.00 1.25 150 1.75 2.00 2400 2420 2440 2460 2400 2420 24
Pulsation phase BJD-2454833 (d) BJD-2454833 (d)

1500

0.39782074

0.9{ — Am

10007 i

P

3505 3510 3515 3520 3495 3500 3505 3510 3515 3520

0.025

@
3
3

1.0 0.000

0.63141855
2
3
3

-0.025

P=

4000

0.47549115

P

4000

3000

EPIC 212699845  EPIC 212507302

0.61622567

3

40 2460

Figure 1.  Gallery of phase curves (left), light curves (middle) and amplitude-
phase modulations (right). The first two rows show TESS, while the last two ones
show K2 light curves. In case of the right-hand side column, the red curves show the
phase, while the black ones show the amplitude modulations.

2. Results

Our new findings can be summarised as follows:
e Out of 462 stars, 191 (41%) show Blazhko modulation.
e About 8% of modulated stars show subharmonics in their Fourier-spectra.

e There is a difference between period of amplitude and phase modulation above
~55 days modulation period.
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