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• BL Her stars

◮ periods of ∼ 1− 4 d

◮ evolve from ZAHB toward AGB

• W Vir stars

◮ periods of ∼ 4− 20 d

◮ loop into the instability strip duringthe helium-shell �ashes

• RV Tau stars

◮ periods longer than ∼ 20 d
◮ evolve away from the AGB towarda white dwarf domain
◮ period doubling behaviour  1
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(Soszy«ski et al. 2008)

◮ period doubling deteted also in Kepler RR Lyrae data (Kolenberg et al. 2010, Szabóet al. 2010)
Disovery of period doubling in a BL Herulis type star 2Period doubling e�et in RV Tau stars:
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Disovery of period doubling in a BL Herulis type star 3Period doubling e�et

◮ present in early nonlinear models of W Vir and RV Tau stars (Buhler & Kovás1987; Kovás & Buhler 1988)

◮ the origin of the period doubling in hydrodynami models was traed by Moskalik& Buhler (1990) to the destabilising role of the half-integer resonanes:
(2n + 1)ω0 = 2ωk ,between the fundamental mode and the higher order overtones

◮ lose to the resonane entre period-doubling bifuration an our: the fundamentalmode limit yle beomes unstable, and period-two solution, with alternating shapeof the light and radial veloity urves an emerge
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◮ period doubling omputed in several modelsequenes with periods in a range

2.0 d < PF < 2.6 d

◮ period doubling aused by the 3:2 res-onane between the fundamental modeand the �rst overtone, 3ω0 = 2ω1

◮ robust and large amplitude alternations
⇒ the phenomenon should be observed

Disovery of period doubling in a BL Herulis type star 4Nonlinear radiative models of BL Her stars (Buhler & Moskalik 1992):
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Optial Gravitational Lensing Experiment, OGLE-III1.3m Warsaw telesope, Las Campanas, ChileType II Cepheids

◮ LMC & SMC: 240 stars (inluding 81 BL Her, noperiod doubling)(Soszy«ski et al. 2008, 2010)

◮ Galati bulge � atalog in preparationTwo period doubling andidates:
• BLG184.7 133264, P0 = 2.40 d
• BLG189.6 137529, P0 = 2.25 d

Disovery of period doubling in a BL Herulis type star 5OGLE Observations:
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Disovery of period doubling in a BL Herulis type star 6BLG184.7 133264: Data analysis:
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Disovery of period doubling in a BL Herulis type star 7BLG189.6 137529: Data analysis:
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Disovery of period doubling in a BL Herulis type star 8Theoretial models:

◮ Models omputed with Warsaw onvetive pulsation hydroodes (Smole & Moskalik2008a)

◮ linear non-adiabati ode and nonlinear diret time integration hydroode
◮ one-equation turbulent onvetion model (Kuhfuÿ 1986)
◮ three di�erent sets of onvetive parametersInitial model survey with several goals
◮ is period doubling possible in the onvetive BL Her models with P0 = 2.4 d?

◮ what is the origin of period doubling (3:2 resonane, 3ω0 = 2ω1)?

◮ model the light urve of the only �rm BL Her star showing the period doubling

◮ onstrain its physial parameters (mass, luminosity, metalliity)

20th Stellar Pulsation Conferene Series, Granada, 06.09.2011
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◮ several half-integer resonanesrossing the instability stripand P0 = 2.4 day
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Disovery of period doubling in a BL Herulis type star 10Linear model survey:
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◮ all nonlinear models have P0 =

2.4 d

◮ period doubling easily foundin nearly all model sequenesover a wide range of lumi-nosities
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◮ 3:2 resonane with 1O

∆3:2 = ω1/ω0 − 1.5
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◮ 9:2 resonane with 7O

∆9:2 = ω7/ω0 − 4.5
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Disovery of period doubling in a BL Herulis type star 12Origin of the period doubling:
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Disovery of period doubling in a BL Herulis type star 13The best model for BLG184.7 133264:

◮ omparison of the model and observed light urve through omparison of Fourierdeomposition parameters, amplitudes, amplitude ratios, and phase di�erenes
I(t) = I0+

∑

k

Ak cos
(

2πkf0t + φk
)

+

+
∑

n

Bn+1/2 cos
[

2π(n + 1/2)f0t + ψn+1/2

]

. (1)

◮ with urrent hydroodes Fourier phases of high-amplitude pulsators annot be mod-elled satisfatorily: they di�er systematially from the observed ones

◮ therefore, we fous on the amplitudes: A1 and B1/2
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◮ all have Z = 0.01

◮ all have P ≈ 2.4 d

◮ all math the amplitudesLight urves

• model A:

M = 0.50M⊙, L = 168L⊙

• model B:

M = 0.55M⊙, L = 176L⊙

• model C:

M = 0.60M⊙, L = 184L⊙
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Disovery of period doubling in a BL Herulis type star 16Comparison with BaSTI evolutionary traks: (Pietrinferni et al. 2006)

20th Stellar Pulsation Conferene Series, Granada, 06.09.2011



Disovery of period doubling in a BL Herulis type star 17Comparison with evolutionary traks:

◮ Only low mass model (A, M = 0.50M⊙) onsistent with evolutionary traks
◮ The same onlusion from analysis of other traks: Dartmouth, Padova, Y2
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Disovery of period doubling in a BL Herulis type star 18Summary & onlusions

◮ We have disovered the �rst BL Herulis star showing the period doubling e�et,predited by theoretial models of Buhler & Moskalik (1992)
◮ Other star is a strong period doubling andidate
◮ We on�rm the earlier result of Buhler & Moskalik (1992) that the 3:2 resonanewith the 1O is responsible for the period doubling behaviour
◮ We were able to model the light urve of the only BL Her star showing the perioddoubling satisfatorily

◮ We have estimated the parameters of the star: M ≈ 0.50M⊙ and Z = 0.01
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