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Period Luminosity Relation / Leavitt’s Law

Henrietta Leavitt 
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Introduction



Leavitt, H. S., & Pickering, E. C. (1912).
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Period Luminosity Relation / Leavitt’s Law
Introduction
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RR Lyrae
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Introduction

• Low mass < 0.7 Msun

• HB stars in helium burning phase

• Population II stars
• Old Metal Poor 

• Period ∼< 1d
• Pulsation brightness amplitude of ∆m ≈ 1m. 

M3 / Credit : J. Hartman & K. Stanek
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• Evolved High Mass stars 
• Super Giants

• Population I stars
• Younger Metal Rich 

• Period 1d ≤ P ≤ 40d

Cepheids
Introduction



Basic Technique
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Measure the 
period P 

Determine Luminosity (L), 
and convert it to absolute 

magnitude from P-L 
relation

M = a log P + b

m − M = 5 log d − 5 + AResolve for distance
M: apparent magnitude
d: distance
A: extragalactic absorption

a: slope
b: the zero point

Musella I., 2016, MmSAI, 87, 382



RR Lyrae usable within…
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Cepheids usable within…
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Problems and Sources of Error
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Cepheids

Two types of Cepheids

• Different P-L for each

LMC and SMC best laboratories

• Bias from reddening and 

metallicity spread

Sampling

Soszyński et al. 2018



Problems and Sources of Error
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Dependance in Fe/H

• Adoption of Z in models create 

uncertainties

RR Lyrae P-L relation:

• Optical vs NIR (K band)

• MK = a + b log P + c[Fe/H]

Faint that Cepheids

RR Lyrae



Problems and Sources of Error

13

Dependance in Fe/H

• Adoption of Z in models 

create uncertainties

RR Lyrae P-L relation:

• Optical vs NIR (K band)

• MK = a + b log P + c[Fe/H]

Faint that Cepheids

RR Lyrae

Chen et al. 2023. Nature Astronomy volume 7, pages 1081–1089

Distance and Metallicity indicators 



Recent results… with JWST
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Targeted galaxies
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NIRCAM RGB images (F090W/F150W/F277W)

NGC 4258              NGC 5584 
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P-L Relation
with JWST
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P-L Relation
with JWST
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P-L Relation
JWST vs HST

JWST has reduced any 
uncertainties down to their 
smallest values ever.
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• Authors conclude that 
HST Cepheid 
photometry does not 
have a significant role in 
the present Hubble 
Tension.

Hubble Tension???

Credit: Sandbox Studio, Chicago with Corinne Mucha



Credit: Floris Books
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https://www.florisbooks.co.uk/blog/author/floris/
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