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Warrick Ball (2023)

CEPHEIDS

● Classical Cepheids: mainly core He burning stars
       Period:  ~upto 100 days 
       Mass:   ~3−13 M☉

● Excellent for extragalactic distance indicators

● Perfect for stellar evolution and pulsation studies

Jeffery & Saio (2016)
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??

BINARY!!

G. Csörnyei et al. (2021)

Taxonomy of  Period Changes (PC)
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NON-EVOLUTIONARY PC-I

Binary hunt begins!

Rathour et al. 2024a (Published)
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Exoplanet K2-18 b
Image Credit: NASA, CSA, ESA, J. Olmstead (STScI), N. Madhusudhan (Cambridge University)



 MOTIVATION

● Data: OGLE survey (15+ years data)

● LMC/SMC fields: Completeness near 100% 
with 9649 Cepheids Soszyński et al. (2017)

● Context: ~25 LMC  (~5 EBs) 
(Szabados & Nehez 2012; Pilecki et al. 2021)

               ~ 9 SMC    (~2 EBs) 
(Szabados & Nehez 2012)

         BIND Cepheids 9 new SB2 (Pilecki et al. 2024)

Credit: K. Ulaczyk / J. Skowron
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                                               LMC F          LMC 1O                   SMC F          SMC 1O

Starting sample:                        1801                1238                       2582                  1617

O-C + stat. Inspection:                 39                    52                         102                    133

Posterior filtering:                        30                    22                           85                      60 

RESULTS: Binary Statistics

Eight parameters: P(orb), T(per), e, asini, omega, PCR, K and f(m)
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                            LMC Binary candidates
                        Fundamental                                         Overtone
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                            SMC Binary candidates
                        Fundamental                                         Overtone
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RESULTS: Orbital Parameters
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CEPHEID COMPANIONS

Binary and Multiple Stars in the Era of Big Sky Surveys, 2024

Super-Earth exoplanet 55 Cancri e
Image Credit: NASA, ESA, CSA, R. Crawford (STScI)



RESULTS: Mass Estimation

● Minimum companion mass relation

● Cepheid mass estimated with P-M 
relation Groenewegen & Lub (2023)
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RESULTS: Mass Estimation

Caveat!
Cepheid Masses are systematically 
underestimated by ~1 M⊙

Need better P-M relation at short periods!
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RESULTS: Mass Estimation

Cepheids in eclipsing binaries
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RESULTS: Mass Estimation

Massive companions!
(Non-evolutionary PC? Triple systems? Black holes?)
             : |                              :o                      :O

Probably unphysical!
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RESULTS: Mass Estimation

Massive companions!
(Non-evolutionary PC? Triple systems? Black holes?)
             : |                              :o                      :O

Z CVn (BH–RR Lyrae pair) debate (Skarka et al. 2017)

Red giant - BH pair Kareem El-Badry et al 2023
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RESULTS: Mass Estimation

ECLIPSING 

BINARY!!

Spectroscopic confirmation on best candidates needed!

Massive companions!
(Non-evolutionary PC? Triple systems? Black holes?)
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COMPANION NATURE

Curious case of  “overbright” Cepheids!
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Super-Earth exoplanet 55 Cancri e
Image Credit: NASA, ESA, CSA, R. Crawford (STScI)



Pilecki et al. (2021)

            Finding companions with
           Period-Wesenheit relation?
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Karczmarek et al. (2022)



            Finding companions with
           Period-Wesenheit relation?

Makes sense!: Synthetic populations of  binary Cepheids suggest upto 90% main sequence 
and upto 5% giant evolved companions! (Karczmarek et al. 2022) 
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            Finding companions with
           Period-Wesenheit relation?

Re-confirming with 
revised parameters

GIANT TYPE COMPANIONS!

Indeed SB
(priv. comm)
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DO MODELS AGREE?

Let’s find out!
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Webb's First Image of Focused Star
Image Credit: NASA/STScI



RESULTS: Observations v/s Models

● Discrepancy in mass: Observed 
masses are underestimated!

● Synthetic population from 
Karczmarek et al. (2022) are 
computed for binary 
(no triples/multiples)

● Newer models suited for 
multiples needed to explore the 
higher companion mass regime.
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NON-EVOLUTIONARY PC-II

The irregular mess

IN PROGRESS

(SNEAK PEEK)

Rathour et al. 2024b (in prep.)

NGC 5468
Image Credit: NASA, ESA, CSA, STScI, A. Riess (JHU/STScI)
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SOME EXAMPLES
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And many more!!
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Final Sample
Irregular PC 
Candidates

Gaussian Process

Time-frequency

Eddington-Plakidis

Wavelet analysis

Stetson variability index

Koen-Lombard 

Absence of  physical model
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Final Sample
Irregular PC 
Candidates

Eddington-Plakidis test

Time-frequency test

Gaussian Process

Variability index test

PCA

Absence of  physical model
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FINDINGS!

IN PROGRESS

(SNEAK PEEK)
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Exoplanet LHS 475 b and Its Star
Image Credit: NASA, ESA, CSA, L. Hustak (STScI)



What is speculated
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● Substantial fraction? 

● More likely in overtone Cepheids? 
(Poleski 2008)

● Metallicity effect ? (Deasy 1985)

●  Fluctuations increase with 
pulsation period ? (Csörnyei et al. 2021)

●  Uncorrelated with amplitude 
changes?



What is speculated What we see

● Substantial fraction? 

● More likely in overtone Cepheids? 
(Poleski 2008)

● Metallicity effect ? (Deasy 1985)

●  Fluctuations increase with 
pulsation period ? (Csörnyei et al. 2021)

●  Uncorrelated with amplitude 
changes?

~1600 Cepheids

SMC>LMC

FO>FU
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What is speculated What we see Mechanisms?

● Convection 
  (Swigart and Renzini 1984)

● Mass-loss
   (Neilson et al. 2012)

● Magnetic field 
    (Stothers et al. 1982)

● Combination? Other?

SMC>LMC

~1600 Cepheids

FO>FU
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What is speculated What we see Mechanisms?

Any valid mechanism should explain these effects!!

● Convection 
  (Swigart and Renzini 1984)

● Mass-loss
   (Neilson et al. 2012)

● Magnetic field 
    (Stothers et al. 1982)

● Combination? Other?

SMC>LMC

~1600 Cepheids

FO>FU
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● Metallicity effect ? (Deasy 1985)

●  Fluctuations increase with 
pulsation period ? (Csörnyei et al. 2021)

●  Uncorrelated with amplitude 
changes?



SUMMARY ++

● ~5x boost to Magellanic binary Cepheid 
sample. Open for community to confirm 
spectroscopically.

● Two new SMC “overbright” Cepheids 
with likely giant companion!

● LTTE effect recovered in three LMC and 
two SMC eclipsing binaries.

● 21 candidate binary systems with very 
high mass-function, open to further 
investigation.

● Agreement with population synthesis 
predicted incidence rate ratio.

PART 1 PART 2

● ~1000x boost to Magellanic nonlinear PC 
Cepheid sample. 

● Key empirical constraints from a large 
sample of  stars. Time to test underlying 
mechanism!

● 5 first crossing candidates!

● Next step: 
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Exoplanet Carina Nebula
Image Credit: NASA, ESA, CSA, and STScI, J. DePasquale (STScI)



Thank you for your attention!
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