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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 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.(Review: Althaus et al. 2010)



Barcelona 2020 Gaia-RIA – S. Torres

White dwarf  datasheet

Mass-core 0.2<MWD<0.45 M0 => He
0.45<MWD<1.1 M0 => CO
1.1<MWD<1.4 M0=> ONe

Typical mass 0.6 M0

Radius REarth

Density 1 × 109 g/cm3

Temperature 100,000 K-2,000 K

Luminosity Log(L/L0)~2 to -5

Atmosphere Hydrogen rich (DA) (80%)
Helium rich (DB) (20%)

Cooling age Myr-13 Gyr

1. Introduction
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Spectral Type classification

1. Introduction

o DA: only Balmer lines

o DB: He I lines, no H or
metal present

o It is an observational
classification: for
Teff<6,000 K all spectra
become DC

o In general: 80% DA+20%
non-DA
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AA typical 0.6 M0 white dwarf

1. Introduction

~RE

CO core

Thin He layer

Thinner H layer

o 0.6 Mo

o 99% Carbon/Oxygen
o 1% Helium
o 0.01 Hydrogen
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The cooling process

1. Introduction

more massive

less massive

Ttotal=Tpre-wd+Tcooling
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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.
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1. Introduction

Cut-off
Age of the disk

Peaks in LF
Peaks in the SFH

Observed WDLF: Limoges et al. (2015)
Simulated WDLF: Torres & García-Berro (2016)
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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.
 Supernova Type Ia models
 Evaluate the dark matter content of the Galaxy.

o To undertake these tasks two conditions must be fulfilled:

 Complete observational samples.
 Accurate cooling sequences.
 Reliable population synthesis models
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1. Introduction

o White dwarfs are reliable cosmic chronometers.

o However, white dwarfs have two major drawbacks, due to 
large surface gravity acting in wd atmospheres 

1. Radial velocities: broadening of Balmer’s spectral lines,
thus generally impeding accurate radial velocity
determinations.
1. SPY project: Pauli et al (2009) ~400 DAs
2. SLOAN DR12: Anguiano et al. (2016) ~20,000 DAs

2. Metallicities: the metal content on these atmospheres
sinks well below the deep interior of these stars.
1. Known parent population: e.g. open/globular clusters
2. Binary systems, MS+WD: Rebassa et al. (2016)
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2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era

• Gaia expected 
numbers: nearly 
400 000 WDs up 
to 400 pc. Torres 
et al. (2005)

• Up to now, 
founded in Gaia 
DR2: 260,000 
WDs (Fusillo et al. 
2019)
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2. White dwarfs in the Gaia era

o The most complete volume-
limited sample to date

o WD spatial density of (4.9 ±
0.4) ×10−3 pc−3

o Very low (< 1%)
contamination (sdBs & CVs)

o 8,343 CO-core and 211 ONe-
core within 100 pc with
defined parameters

o Available online The SVO
(Spanish Virtual
Observatory) archive of
White Dwarfs from Gaia:
svo2.cab.inta-
csic.es/vocats/v2/wdw/inde
x.php
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2. White dwarfs in the Gaia era

Volume-
limited
sample

Magnitude-
limited
sample



Barcelona 2020 Gaia-RIA – S. Torres

2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era

Completeness of the  sample

100 pc

40 pc

25 pc

Year Size # WDs

Holberg et al. 2008 20 pc 129

Limoges et al. 2015 40 pc 
(NH) 

~600 

Oswalt et al. 2016 25 pc 232

Jiménez-
Esteban et al. 

2018 100 pc ~14,000 
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2. White dwarfs in the Gaia era

HR-diagram for 100 pc Gaia DR2 sample

• A & B bifurcation

• DA/DB tracks?
• Mergers?
• SFR?

• Q: q-branch

• Crystallization:
May be but too 
thin
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2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era
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Old progenitors

Young 
progenitors
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2. White dwarfs in the Gaia era

40,000 K

40,000 K

20,000 K

10,000 K

5,000 K

20,000 K

10,000 K

5,000 K
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2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era

Teff =6250K and log g=8.75 dex

Teff =14 000 K and log g=8.25 dex
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2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era
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o We used and Artificial Intelligent algorithm based
on Random Forest method

o Analyze an n-dimensional space:
 (a, d, p, G, GBP, GRP , ma, md, H, Vtan.)

o Random forest algorithm
1. Training ↔ Synthetic sample
2. Testing ↔ Synthetic sample. Score: ~86%
3. Classifying ↔ The 100 pc Gaia sample

o Results
N_WDs %

Thin 12227 89

Thick 1410 10

Halo 95 ~1

2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era
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2. White dwarfs in the Gaia era

o Analyzed 3733 WDs
VOSA identified
infrared-excess in
77 candidate; 52 of
which are new.

o Fraction of infrared-
excess WDs due to
the presence of
circumstellar disk
~2.6%
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2. White dwarfs in the Gaia era
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1. A clear overdensity is revealed in the UV-plane

2. We created a 5D space:

U, V, Vpec ≡ (U2 + V2 + W2)1/2, VToomre ≡ (U2 + W2)1/2 and VΔE = (U2 + 2V2)1/2

3. Then apply to it a hierarchical clustering algorithm,
HDBSCAN

 Three groups were founded: Her a, Her b and Her c

4. Age estimation was done:

 We assumed DAs models, Z=0.01 for thin, Z=0.001 for thick
WDs

 From (MG, GBP-GRP) we interpoled in self-consistent cooling
sequences

 Finally we obtained the total age of the white dwarf

3. White dwarfs in the Hercules stream
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2. White dwarfs in the Gaia era
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Group # WDs (U,V) km/s population

Her a 19 (−59±2,−55±3) 100% thick-disk

Her b 18 (−69±2,−41±2) 95% thick-disk+5% thin-disk

Her c 20 (−30±2,−51±1) 35% thick-disk+65% thin-disk

3. White dwarfs in the Hercules stream
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2. White dwarfs in the Gaia era
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3. Work in progress

P. Ramos private communication

More stellar stream signatures
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3. Work in progress

Star formation history

Isern. J. ApJ Letters, 2019
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3. Work in progress

Binary white dwarf  population
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3. Work in progress

659 WD+MS comoving pairs: 6.3% of the entire 100 pc WD population
132 WD+WD   “                “     : 1.3% “    “       “          “         “            “

6 WD+RG   “                “    : <<1% “    “       “          “         “            “

WD+RG WD+WDWD+MS

Population synthesis of the single+binary WD population

• Binary fraction fbin

• Initial mass ratio distribution, n(q)=M2/M1

• Initial separation, a
• Percentage of mergers
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4. Conclusions

1. White dwarfs are reliable cosmochronometers and , despite the
lack of radial velocity and metallicity measurements, they carry
important information about history and structure of our
Galaxy.

2. Gaia DR2 has provided a wealth astrometric and photometric
information
1. Nearly ~300,000 white dwarfs candidates
2. Complete sample up to 100 pc

3. Hercules and other streams have been detected for the first
time in the white dwarf population.

4. White dwarfs population (in particular the 100 pc sample) can 

be used as a testbed for Galactic models.
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