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Causes of the spread in the P-L relationship

- Pulsation mode
- Crossing number
- Temperature
- Reddening
- Binarity
- Metallicity
- Nonlinearity
- Helium content
- Other (magnetic field, 

overshooting, blending, 
etc.) 

How to reduce the dispersion?

Freedman & Madore (2010)



Factors contributing to the dispersion

- Pulsation mode
- Crossing number
- Temperature
- Reddening
- Binarity

- Metallicity
- Nonlinearity
- Helium content
- Other (magnetic field, 

overshooting, blending, 
etc.)

Soszynski et al. (2010)



Determination of the pulsation mode

Soszynski et al. (2010)



Determination of the pulsation mode

ΔΦ1 = Φ21[vrad] – Φ21[phot]

Ogloza (2000)

Szabó et al. (2011)



Factors contributing to the dispersion

- Pulsation mode
- Crossing number
- Temperature
- Reddening
- Binarity
- Metallicity
- Nonlinearity
- Helium content
- Other (magnetic field, 

overshooting, blending, 
etc.)

Turner et al. (2006)



Hints to the crossing number

- Chemical composition (dredge up 
episodes in the stellar interior)

- Secular (evolutionary) period changes

Turner et al. (2009)

Turner et al. (2006)



Factors contributing to the dispersion
- Pulsation mode
- Crossing number
- Temperature
- Reddening
- Binarity
- Metallicity
- Nonlinearity
- Helium content
- Other (magnetic field, 

overshooting, blending, etc.)

Knowledge of Teff is essential 
for the reddening correction 
and correcting for the 
interstellar absorption.

Andrievsky, Luck & Kovtyukh (2005)



Factors contributing to the dispersion

- Pulsation mode
- Crossing number
- Temperature
- Reddening
- Binarity
- Metallicity
- Nonlinearity
- Helium content
- Other (magnetic field, 

overshooting, blending, etc.)
Differential reddening vs. 

Wesenheit function (for 
extragalactic Cepheids)

Madore & Freedman (1998)



Factors contributing to the dispersion

AMadore & Freedman (1998)

http://c2h2.ifa.hawaii.edu                          Kim & Yushchenko (2005)

http://c2h2.ifa.hawaii.edu/


Factors contributing to the dispersion

- Pulsation mode
- Crossing number

- Temperature
- Reddening

- Binarity
- Metallicity
- Nonlinearity

- Helium content
- Other (magnetic field, 

overshooting, blending, 
etc.)

Szabados, Klagyivik & Kiss (2010)



Revealing companions

- Spectroscopy
- Photometry
- Astrometry

Szabados, Klagyivik & Kiss (2010)

Klagyivik & Szabados (2009)

Evans (1992)



Factors contributing to the dispersion

- Pulsation mode
- Crossing number
- Temperature
- Reddening
- Binarity
- Metallicity
- Nonlinearity
- Helium content
- Other (magnetic field, 

overshooting, blending, 
etc.)

Mottini (2006)



Various effects of metallicity

Pulsational properties 
(amplitudes, amplitude 
ratios) of Cepheids 
depend on atmospheric 
metal content. 

Some of those dependences 
cannot be explained by the 
differential line blanketing.



Various effects of metallicity

Metallicity determination from photometric data
- From the Fourier decomposition of photometric phase curves
- From the wavelength dependence of the photometric amplitudes 

(Szabados & Klagyivik, 2011)



Factors contributing to the dispersion

- Pulsation mode

- Crossing number
- Temperature
- Reddening
- Binarity
- Metallicity

- Nonlinearity
- Helium content
- Other (magnetic 

field, overshooting, 
blending, etc.)

Klagyivik & 
Szabados (2009)

Koen, Ngeow & Kanbur (2007)



Factors contributing to the dispersion
There is growing evidence of a break in 

the ridge-line P-L relationship.
LMC Cepheids: Sandage, Tammann, & 

Reindl (2004);
SMC Cepheids: Ngeow & Kanbur (2010);
Galactic Cepheids: break at 10.47 days 

(Klagyivik & Szabados, 2009)

Ngeow & Kanbur (2010)

Sandage et al. (2004)



Factors contributing to the dispersion

- Pulsation mode
- Crossing number
- Temperature
- Reddening

- Binarity
- Metallicity
- Nonlinearity

- Helium content
- Other (magnetic field, 

overshooting, 
blending, etc.)

Marconi, Musella & Fiorentino (2005)



Factors contributing to the dispersion

- Pulsation mode
- Crossing number
- Temperature
- Reddening

- Binarity
- Metallicity
- Nonlinearity
- Helium content
- Other (magnetic field, 

overshooting, blending, 
etc.)

Ngeow & Kanbur (2010)



Moving to IR does not

remove the whole

spread in the 

P-L relationship
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