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1. Introduction 

o White dwarfs are the most common fossil stars within the 
stellar graveyard. 

o More than 90% of all main sequence stars will finish their 
lives as white dwarfs.  

o On their way to become fossil remnants, half of the 
original mass is recycled back to the interstellar medium, 
contributing to its enrichment in metals.  

o Supported by electron degeneracy, white dwarfs cool 
down for very long periods of time, allowing us to look 
back at early times. 

o Their structural and evolutionary properties are now 
reasonably well understood (Althaus et al., 2010). 
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1. Introduction 

o The Galactic population of white dwarfs carries essential 
information about several fundamental issues. 

o The white dwarf luminosity function (García-Berro & 
Oswalt 2016) provides us with: 
 The age of the Galaxy. 
 The star formation history. 
 The structure and evolution of the Galaxy: 

• Thin and thick disks. 
• The galactic spheroid.  
• The system of open and globular clusters. 

 The evolution of stars off the main sequence. 
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1. Introduction 

o White dwarfs are also important to: 
 Constrain non-standard theories of gravitation. 
 Can be used as astroparticle physics laboratories. 
 Compare different evolutionary numerical codes. 

o To undertake these tasks two conditions must be fulfilled: 
 Excellent observational data to which compare the 

theoretical models. 
 Accurate and reliable cooling sequences. 

o Here I will review the current status of the white dwarf 
cooling theory, from both the observational and the 
theoretical points of view. 
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2. Observations: now and then 

o Large-scale automated surveys are revolutionizing the 
research field. 

o The SDSS (York et al. 2000), the Pan-STARRS collaboration 
(Kaiser et al. 2002), the RAVE Survey (Zwitter et al. 2008), 
or the SuperCosmos Sky Survey (Hambly et al. 1998) have 
provided us with an unprecedented wealth of astrometric 
and photometric data.  

o It is foreseen that the results of future massive surveys, of 
which Gaia is an example, will dramatically increase the 
number of white dwarfs with good observational data 
(Torres et al. 2005). 
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3. Theory: now and then 

o Reliable cooling sequences aimed at reproducing the 
characteristics of the observed populations of white 
dwarfs are also needed. 

o All the relevant sources and sinks of energy must be 
carefully evaluated, and a detailed and realistic treatment 
of the energy transport in their atmospheres is required. 

o A full end-to-end treatment of all the stellar evolutionary 
phases from the zero-age main sequence (ZAMS), 
through the red giant and the thermally pulsing phases to 
the planetary nebula and cooling stages is also needed. 

o Only in this way state-of-the-art and realistic initial 
models for the cooling sequences can be obtained. 
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3. Theory: now and then 

o Finally, it is also essential to have state-of-the-art 
population synthesis codes to account for the selection 
procedures and the known biases. 

o Significant progress has been made in three directions:  
 Physical inputs (model envelopes and separation 

processes, including diffusion and phase diagrams).  
 Evolutionary sequences. 
 Population synthesis models. 
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3. Final thoughts 

o I have reviewed the current status of the research field, 
paying attention only to its most crucial breakthroughs. 

o I have not gone into the (very interesting) details of the 
calculations, and on the abundant literature of the white 
dwarf cooling theory and its many applications.  

o Also, I have not mentioned whatsoever the myriad of 
papers on pulsating white dwarfs, nor on evolutionary 
calculations of cooling white dwarfs with helium-
dominated atmospheres.  

o The selection of papers is product of my own research 
trajectory, interests, and personal biases. I apologize for any 
unintentionally missed relevant reference.  
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3. Final thoughts 

o Finally, a few words about Margarita’s contributions to the 
theory of white dwarf cooling. 

o Margarita and me started to work on white dwarf cooling 
when I was still struggling with my PhD. She obtained her 
degree 2 years before I did.  

o I owe her gratitude for her invaluable help, but more 
importantly, for her long-lasting friendship.  

o Margarita left the field approximately in 2000, and focused 
on novae, but her work remains, and is considered a 
milestone within the white dwarf community.  

o Thank you very much, Margarita. 
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