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Pulsating stars: space revolution?

~ 10* — 10°
classical pulsators

~ 10° classical pulsators

» Space telescopes revolutionised asteroseismology, except for. ..
» ...classical pulsators, where revolution is thanks to ground-based OGLE project

» long-term, precise photometry for tens of thousands of classical pulsators

OGLE-ing the Variable Sky, Stuttgart, 17.09.2019
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Classical pulsators in the OGLE collection
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Classical Cepheids
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Classical Cepheids
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» radial pulsation modes
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*x radial mode inventory (OGLE):

» double-mode: F+10, 10+20 (hundreds)

» double-mode, unique: 10+30 (1); 20+30 (1)
» triple-mode: F+10+20 (1), 10+20+30 (9)

» quadruple-mode: F+10+20+30 (1)
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Classical Cepheids

» radial pulsation modes

Three-mode asteroseismology
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Classical Cepheids

» radial pulsation modes

» non-radial pulsation modes

10+?: > 300 stars

Soszynski et al. (2008,-10,-15)
Moskalik & Kotaczkowski (2009)

Pietrukowicz et al. (2009)

detailed analysis in
Smolec & Sniegowska (2016)
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Classical Cepheids
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» radial pulsation modes

» non-radial pulsation modes
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Additional periodicities close to 10 frequency

= most likely non-radial modes
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Moskalik & Kotaczkowski (2009), MNRAS
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Classical Cepheids

» radial pulsation modes

» non-radial pulsation modes

A few classes of additional periodicities
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Classical Cepheids

» radial pulsation modes
» non-radial pulsation modes
» modulations: 10+20

*x long-period modulation in
10+20 Cepheids

* both 10 and 20 are modulated

x anticorrelated amplitudes

Moskalik & Kotaczkowski (2009), MNRAS
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Classical Cepheids

» radial pulsation modes
» non-radial pulsation modes
» modulations: 10+20

*x long-period modulation in
10+20 Cepheids

* both 10 and 20 are modulated

x anticorrelated amplitudes

Moskalik & Kotaczkowski (2009), MNRAS
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Classical Cepheids

» radial pulsation modes
» non-radial pulsation modes
» modulations: 10+20

» modulations: F-mode

* up to 10 mmag effect
* modulation period ~ 10 x F,
% the effect may be common

* mean brightness modulation

Smolec (2017), MNRAS
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Classical Cepheids

» radial pulsation modes

» non-radial pulsation modes

» modulations: 10+20
» modulations: F-mode

» physical parameters

O +0.02f , ;

OGLE-LMC-CEP-227 — first dynamical mass

pulsation theory is correct

O 0.02F %
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Pietrzynski et al. (2010), Nature
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Classical Cepheids

» radial pulsation modes
» non-radial pulsation modes
» modulations: 10+20

» modulations: F-mode

3.75 1

3.50 4

3.25 1

- .CEP-1718B

CEP-2532
CEP-1718A

fffff

0]
=,
0 .y | __
» physical parameters D5 | e
2.50 A1
-—- 4.0M,
IS for FO
2.25 4 IS for F
i CC-F
¥ CC-FO
#  other
2001 3 const ——=
4.60 3.|95 3.;30 3.|85 3.|80 3.|75 3.|70
Object Mode Ppuss Pow log Tesr [K]
OGLE ID (days) (days)
LMC-CEP-1718* FO-+FO 1.964+2.481 412.8
LMC-CEP-1812 F 1.313 551.8
LMC-CEP-0227 F 3.797 309.7
LMC-CEP-2532 FO 2.035 800.4
LMC-CEP-4506" F 2.988 1550
LMC-T2CEP-098¢ F 4.973 3972

Pilecki et al. (2018), ApJ
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RR Lyrae stars
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RR Lyrae stars

» radial pulsation modes
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RR Lyrae stars

» radial pulsation modes
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eg., Benko et al (2010, 2014); Smolec et al. (2016)

* F+20 stars (mostly Kepler)

*x extreme RRd stars, with dominant F
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RR Lyrae stars

» radial pulsation modes
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RR Lyrae stars 0.65
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RR Lyrae stars
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RR Lyrae stars
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» 147 stars in OGLE blg collection

» frequency below radial F mode

» strongly coherent variability
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RR Lyrae stars

» radial pulsation modes
» non-radial pulsation modes

» additional periodicities
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RR Lyrae stars

» radial pulsation modes
» non-radial pulsation modes

» additional periodicities
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RR Lyrae stars
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RR Lyrae stars

» radial pulsation modes
» non-radial pulsation modes
» additional periodicities

» mode switching

Soszynski et al. (2014), AcA
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Type-II Cepheids
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Type-II Cepheids

» period doubling in BL. Her stars

from 1992 theoretical prediction. ..

Buchler & Moskalik (1992), ApJ
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Type-II Cepheids

» period doubling in BL. Her stars

from 1992 theoretical prediction. ..
...1t0 2012 OGLE discovery

Smolec et al. (2012), MNRAS
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Type-II Cepheids

» period doubling in BL. Her stars

from 1992 theoretical prediction. ..
...1t0 2012 OGLE discovery

Smolec et al. (2012), MNRAS
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Type-II Cepheids

» period doubling in BL. Her stars

from 1992 theoretical prediction. ..
...1t0 2012 OGLE discovery

Smolec et al. (2018), MNRAS
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Type-II Cepheids

» period doubling in BL Her stars
» period doubling in W Vir stars

Smolec et al. (2018), MNRAS
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» period doubling in BL Her stars
» period doubling in W Vir stars

» periodic modulations of pulsation

Smolec (2016), MNRAS
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Type-II Cepheids 4 DIOS11.16 56081

» period doubling in BL Her stars
» period doubling in W Vir stars

| (mag)

» periodic modulations of pulsation
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Type-II Cepheids
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» period doubling in BL Her stars - OGLE-IV, Galactic bulge RRd stars
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Type-II Cepheids

» period doubling in BL Her stars
» period doubling in W Vir stars

» periodic modulations of pulsation
» double-mode BL Her stars

Smolec et al. (2018), MNRAS
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Type-II Cepheids

» period doubling in BL. Her stars
» period doubling in W Vir stars

» periodic modulations of pulsation
» double-mode BL Her stars

» first overtone BL Her stars

Soszynski et al. (2019), ApdJ
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Type-II Cepheids

» period doubling in BL Her stars
» period doubling in W Vir stars

» periodic modulations of pulsation
» double-mode BL Her stars

» first overtone BL Her stars

OGLE-LMC-T2CEP-291
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Delta Sct stars

» multiperiodic radial § Sct stars 099
» excellent targets for asteroseismology ol eonm0-ty o
10/F o
L 0.7 ST PRSI
o " ol “ * v s * . e
= 30/10 g ool '.ﬁ."":f. ", lII. . .E N )
d R O AN
20/F T BNNLRSTNAL ol L
0.6 A : S o
°© o
.5 7
0-4 T T T T T T T
-1.6 -1.4 -1.2 -1.0 -0.8 -0.6 0.4
log PL[d]

Netzel et al., in prep.

OGLE-ing the Variable Sky, Stuttgart, 17.09.2019




OGLE-ing the Variable Sky

23

Blue Large Amplitude Pulsators

» BLAPs

|-band magnitude

Pietrukowicz et al. (2017), Nature Ast.
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Blue Large Amplitude Pulsators

OGLE-BLAP-003 OGLE-BLAP-010
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Blue Large Amplitude Pulsators

» BLAPs
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OGLE view on classical pulsators
» no longer purely radial
» non-radial pulsation might be common, at least in 10 stars

» low-amplitude additional periodicities are frequent in all groups of classi-
cal pulsators

» low-amplitude periodic modulations are frequent in all groups of classical
pulsators

» most of the above phenomena lacks satisfactory theoretical explanation
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