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Unstable standard candles

Classical Cepheids

» textbook examples of simple, radial,
typically single-periodic pulsators

W, (mag)

» well understood, except some con-
noisseur topics, like excitation of double-
mode pulsation

x excellent standard candles of cru-
cial importance for cosmology and
astrophysics
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Unstable standard candles 2

Periodic modulations in classical pulsators

x RR Lyr stars
» Blazhko effect in RRab stars (up to 50%), RRc and RRd stars

x classical Cepheids

» V473 Lyr — a unique 20, modulated star (e.g. Molnar & Szabados,
2014)

» 10 Cepheids (Soszynski et al. 2015; poster by Kotysz & Smolec)
» double-overtone, 10+20 Cepheids (Moskalik & Kotaczkowski, 2009)

» V1154 Cyg, the only Cepheid in the original Kepler field (Kanev, Sa-
vanov & Sachkov 2015; Derekas et al. 2017)

» F-mode Cepheids form the OGLE collection (Smolec, 2017)
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Unstable standard candles 3

Modulation in V473 Lyr
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Unstable standard candles 4

Modulation in 10 Cepheids
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Unstable standard candles

Modulation in 10 Cepheids
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Unstable standard candles 5

Modulation in double-overtone, 10+20 Cepheids

* OGLE data supplemented with MACHO N SC1-44845
data

* both 10 and 20 are modulated with the
same period

x modulation period is always long, > 700d 0 | 1 Zf[c / d E
x modulation detected in at least 19% of 10+20 | |
Cepheids
x modes’ amplitudes are anticorrelated e —
A? |
f1, [c/d f—f,[c/d]

Moskalik & Kotaczkowski (2009), MNRAS
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Unstable standard candles 5

Modulation in double-overtone, 10+20 Cepheids
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Unstable standard candles 5
Modulation in double-overtone, 10+20 Cepheids
x OGLE data supplemented with MACHO 025,‘ A [mag] ' scr_sssars |
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Unstable standard candles 6
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Unstable standard candles 6
Modulation in V1154 Cyg
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Unstable standard candles 6
Modulation in V1154 Cyg
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Smolec (2017), MNRAS

Unstable standard candles

Modulation in classical, F-mode Cepheids
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» in the majority of cases, modulation detected thanks to analysis of frequ-

ency spectra only
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Smolec (2017), MNRAS

Unstable standard candles 7

Modulation in classical, F-mode Cepheids
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» in the majority of cases, modulation detected thanks to analysis of frequ-
ency spectra only

» in a few cases modulation is well visible directly in the light curve
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Unstable standard candles 8

Modulation in classical, F-mode Cepheids

Smolec (2017), MNRAS
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Unstable standard candles 8
Modulation in classical, F-mode Cepheids
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Unstable standard candles

Modulation in classical, F-mode Cepheids

*x 29 stars in SMC, 22 in LMC (~ 1%)

*x in SMC for 12d < Pr < 16d the effect is very
frequent (~ 40%)

* typical light curves
* typical brightnesses
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Unstable standard candles 8
Modulation in classical, F-mode Cepheids
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Unstable standard candles 8
Modulation in classical, F-mode Cepheids
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Unstable standard candles

Modulation in classical, F-mode Cepheids

*x 29 stars in SMC, 22 in LMC (~ 1%)

*x in SMC for 12d < Pr < 16d the effect is very
frequent (~ 40%)

* typical light curves

x typical brightnesses

* no modulation in SMC for FPr < 3.6d (the ef-
fect is real)

x typical modulation period is 10 x Pg

x relative modulation amplitude <6 %
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Unstable standard candles

Modulation in classical, F-mode Cepheids

*x 29 stars in SMC, 22 in LMC (~ 1%)

*x in SMC for 12d < Pr < 16d the effect is very
frequent (~ 40%)

* typical light curves

x typical brightnesses

* no modulation in SMC for FPr < 3.6d (the ef-
fect is real)

x typical modulation period is 10 x Pg

x relative modulation amplitude <6 %

x mean brightness modulation typically below
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Unstable standard candles

F-mode Cepheid T Vul
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Unstable standard candles 9

F-mode Cepheid T Vul
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» long-P modulation?

» more observations
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