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White dwarf cooling

T(g—;j d—vdm+(ls +e, ), + €

Vo dt

A L(T,) relationship is necessary to solve this equation L o<T”
It depends on the properties of the envelope. o0=25-27

Mestel
prediction

\‘ drop-off




The luminosity function

Number of white dwarfs per unit of volume and magnitude
versus luminosity

1.- n(L) is the observed distribution
2.- O,W are the IMF and SFR respectively. T; is the age of the Galaxy
3.-t.,, Is the cooling time

to is the lifetime of the progenitor

T IS the characteristic cooling time

hidden an IMFR

If n(L) and the evolutionary sequences are known it is possible to use
the WDLF to obtain information about the Galaxy




The cooling process ()

H-buming

neutrino emission
-— 05

chemical diffusion

Log Age (yr)

Althaus+'10

Neutrino cooling [log(L/L,) > -1.5]

|s the must complicated
phase because the initial
conditions are unknown.

Neutrinos dominate &
thermal structures converge

Very short epoch (< 108 yr)




The cooling process (ll)

Fluid cooling [-1.5 > log(L/L,) > -3]
Gravothermal energy

H-bumning Coulomb plasma

s JE—
neutrino emission
e EE—

The main uncertainty comes
from the C/O abundances that
depend on:
# 12C(a,y)*®0 reaction,

sl 1 metallicity
# treatment of convection
# mass of the progenitor

chemical diffusion

Log Age (yr)




The cooling process (lll)

Crystallization [-3 > log(L/L,) > -4.5]

Latent heat
neutrino emission (= kTs per particle)

—
-

chemical diffusion . .
, > Sedimentation upon

crystallization that
depends on the
chemical profile and
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The cooling process (V)

Debye cooling [-4.5 > log(L/L,) ]
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At low temperatures,
the specific heat
follows the Debye law

Compression

of outer layers

is the main source
of energy

&

prevents the sudden
disappearance of
the white dwarf




Accretion from ISM
(H,He, metals)

Light elements float

1 4

/N

Particle diffusion

Convection \ 4

Heavy elements sink Radiative levitation




Two families of white dwarf envelopes

DAs

nearly pure
wydrogen surface

helilum

No-DAs

1

nearly pure
ionized helium surface

neariy pure
neutral helium surface

-
\ carbon and /

oxygen core

The H layer:

e Acts as a source of opacity

oIf its mass is larger than 2x10*M_, H-burning
eEvolution predicts 104 M,

The He layer

eImportant source of energy at very low T,
eLow opacity (n-Das cool much faster)
eControls the diffusion of H inwards (DA-nDA)
eControle the diffusion of C outwards (DB-DQ)
eEvolution predicts 102 M,

Is the origin of the DA, n-DA
character:

eprimordial ?

emixing?

eboth?







Comparison between cooling models

Fontaine 2001
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Hansen & Liebert’03 ___: Renedo et al 2010
---- : Salaris et al 2010
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Age of NGC6791

Luminosity function of NGC6791 " .\ c e 56y

WD age (no sed) : 6 Gyr (green)

Garcia Berro et al’10, NatureGarcia Berro et al’10,
Nature, 465,194, 465,194 WD age (sed): 8 Gyr (red)



— 06-1.0M_, CO
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0.2-0.4M, He

___ 1.1-1.3M, ONe




Surveys are more and more accurate and significative

e Liebert, Dahn & Monet (1988)

» Evans (1992)

s Oswalt, Smith, Wood & Hintzen (1998)
¢ Leggett, Ruiz & Bergeron (1998)

# Knox, Hawkins & Hambly {1999)

A

Harris et al’06

% Rowell’09




400,000 WD

Large Synoptic Survey
Telescope (LSST)

50,000,000 WD

i &
First light: 2015 ??? W '_J'f’ |

Start Science: 2017

r>27.5 mag ;




Overview of the Milky Way

thick disk

thin disk




Evolution of the Milky Way (Reid’05)

et ~12-13 Gyr. Formation of the primitive halo

*t~11-12 Gyr. Minor mergers of satellite systems

et~ 10-11 Gyr. Formation of the disk

*t~ 9-10 Gyr. A major merge induces the formation a thick disk
(or mergers plus migration Chiappini’12)

et~ 8- Gyr. Thin disk

|dentification criteria:

# Kinematics

# Age

# Chemical abundances
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Harris+'07
v=k; t, =10,13 Gyr




+ Legget et al’98




Rowell & Hambly'l 1
v=k;t, =10,13 Gyr
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Rowell & Hambley’11
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Fig. 6. White dwarf luminosity function of the thin (upper curves) and thick (lower curves) disks [18]. The
data corresponding to the thick disk have been shifted by a quantity of -1 for a seek of clanity. The theoretical
function have been computed for a constant star formation rate and ages of 10, 11 and 13 Gyr (from left to nght
respectively).



Weigthed average
Alog(L/Lg)=0.4
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Rowell & Hambly (2011)
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cool

Mmax
n(l) = _[ (D(M)T(Tgal Lot — tSP)T am
Mmin

In the case of massive WD

to, K1t

cool

n(l) e ‘P(Tgal - tcool)

Kepler’12, private communication

The luminosity function of
massive WD closely follows
The SFR

Irregularities are detectable!

log ¥(My pc Gyr-!)




Neutrinos

~log (L/L,)




How did the halo form?

* By the monolithic collapse of an initial mass of gas?

By accretion of tidally disrupted satellite galaxies?
* A mixture of both?

WDs may have three origins:
ePrimitive halo

eCapture from the exterior
eExpelled from the disc




Influence of the metallicity

Pre-white dwarf lifetime
Initial-final mass relationship
C/O profiles:

Larger specific heat

Lower latent heat

Higher sedimentation energy

Energy release at lower temperatures

Sedimentation of impurities




Rowell & Hambly'l 1
Burst:

At =0.1 Gyr

t =13 Gyr
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Conclusions

Several problems remain:
# Noticeable differences in the models specially at low luminosities.
Multiple origins:
- Boundary conditions
- Size and physics of the envelope
# Understanding the origin and evolution of the DA, non-DA character
# Properly determine the luminosity function of dim WD
# Contamination from binary systems (He-WD, mergers, tidal heating...)
# Luminosity functions from separate populations and
interpretation within a global model of Galaxy




