
F E L I P E  E S P I N O Z A  A R A N C I B I A  
S U P E R V I S O R :  B O G U M I Ł  P I L E C K I

M O D E L I N G  C L A S S I C A L  C E P H E I D S  I N  B I N A R Y  
S Y S T E M S



I N T E R M E D I AT E - M A S S  S TA R S  M∼ 2 − 13 ⊙

5 M⊙



C L A S S I C A L  C E P H E I D S

• Mostly radial pulsators. 

• Pulsation periods ranging 
from about 1 to 200 days. 

• Around 10 000 Cepheids in 
the Magellanic Clouds

OGLE Project



C L A S S I C A L  C E P H E I D S

• In 1912, Henrietta Leavitt discovered 
that the pulsation period of Cepheids 
depends on their brightness. 

Source: Abigail Malate

Br
ig

ht
ne

ss

Pulsation period

Physically:
L = 4πR2T4

eff .

In more astronomical-friendly units:

Mbol = − 5 log R − 10 log Teff + C .

P ρ = Q Teff ∝ color index



C L A S S I C A L  C E P H E I D S

• In 1912, Henrietta Leavitt discovered 
that the pulsation period of Cepheids 
depends on their brightness (P-L 
relation). 

Physically:
L = 4πR2T4

eff .

In more astronomical-friendly units:

MV = α log P + β(B − V)0 + γ .

Soszyński+2015



C L A S S I C A L  C E P H E I D S

There are still open questions… 

• Mass-luminosity relation is poorly constrained . 

• Metallicity dependence of the P-L relation. 

• Blue loops are very sensitive to input physics. 

• Binary interactions.



C E P H E I D S  I N  B I N A R Y  S Y S T E M S

• 80% in binaries (Kervella+2019) 

• 5 Eclipsing binaries with very 
precise physical parameters 
(Pilecki+2018) 

Masses between 3.6 - 5 M⊙



C E P H E I D S  I N  B I N A R Y  S Y S T E M S

From Bogumił’s talk…



D O U B L E  B I N A R Y  C E P H E I D S

The q-PED method (Espinoza+2025) 

• q (mass ratio) 

• Pulsation models 

• Evolutionary models 

• Distance



D O U B L E  B I N A R Y  C E P H E I D S

Example: LMC-CEP-0835

MV = α log P + β(B − V)0 + γ .
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Example: LMC-CEP-0835

MV = α log P + β(B − V)0 + γ .

Paxton+(2019)
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Example: LMC-CEP-0835

MV = α log P + β(B − V)0 + γ .

Paxton+(2019)

Distance to the LMC 
(Pietrzyński+2019): 

 kpc 49.59 ± 0.63

(m − M)0 = 18.477 ± 0.030

 M1 = 4.13 ± 0.04 M⊙

M2 = 3.62 ± 0.07 M⊙



D O U B L E  B I N A R Y  C E P H E I D S



D O U B L E  B I N A R Y  C E P H E I D S

Multiple solutions are possible…

4.4 − 4.8 M⊙

3.8 − 4.0 M⊙

Mass-ratio of the system 
will change. 

Therefore, an empirical 
mass-ratio is essential to 
select the correct solution
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Thanks!


