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The white dwarf population is one of the best studied!

# They are the end stage of

low and intermediate-mass 

stars

# Their evolution is just a 

cooling process

# The basic physical 

ingredients of their 

evolution are well 

identified (not all 

has been satisfactorily 

solved yet)

# Impressively solid observational

background for testing theory. Courtesy of Christensen-Dalgaard
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Neutrino cooling [log(L/Lo) > -1.5]
Is the must complicated phase 
because the initial conditions are 
unknown.
Neutrinos dominate & thermal 
structures converge
Very short epoch ( <  108 yr)

Fluid cooling [-1.5 > log(L/Lo) > -3]
Gravothermal energy
Coulomb plasma
The main uncertainty comes 
from the C/O  abundances that 
depend on the 12C(,)16O 
reaction , Z, & the treatment of 
convection

The cooling process (I)



Crystallization [-3 > log(L/Lo) > -4.5]
Latent heat  ( kTs per particle)
Sedimentation upon 
crystallization that depends on 
the chemical profile and phase 
diagrams

Debye cooling [-4.5 > log(L/Lo) ]
At low temperatures, the specific 
heat follows the Debye law 
Compression of outer layers is 
the main source  of energy & 
prevents the sudden 
disappearence of the white dwarf

The cooling process (II)
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Accretion from ISM

(H,He, metals)

Convection

Convection

Light elements float

Heavy elements sink Radiative levitation

Particle diffusion



Two families of white dwarf envelopes

Te

150,000 K

6,000 K

DAs No-DAs
The H layer:
•Acts as a source of opacity

•If its mass is larger than 2x10-4 Mo, H-burning

•Evolution predicts 10-4 Mo

The He layer
•Important source of energy at very low Te

•Low opacity (n-Das cool much faster)

•Controls the diffusion of H inwards (DA-nDA)

•Controle the diffusion of C outwards (DB-DQ)

•Evolution predicts 10-2 Mo

Is the origin of the DA, n-DA 

character:

•primordial ?

•mixing?

•both?



Luminosity versus time

(dotted lines without sedimentation)

DA N-DA



Comparison between cooling models

___:  Renedo et al 2010

---- : Salaris et al 2000

Hansen & Liebert‟03 



Garcia Berro et al’10, ApJ, in press

García Berro et al’10, Nature, 465,194

Age of NGC6791
Turn off Main Sequence: 8 Gyr

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

WD age (sed): 8 Gyr (red)



Is it possible to test the cooling of 

white dwarf stars?

… certainly yes!



The luminosity function

1. n(L) is the observed distribution

2.  is the IMF,  is the SFR, tGal is the age of the Galaxy

3. Tcool is the cooling time, tMS lifetime progenitor, cool characteristic

cooling time, and hidden there is the IFMR

If the 3 ingredients are reasonably well known, it is possible to use

the WDLF to test new physics



Sloan sample of WD:

High precision LF

Surveys are more and more accurate and significative

GAIA:

~ 300,000 disc WD

~ 90,000 halo WD

Harris et al‟06

DeGennaro et al‟07

Rowell‟09



(Isern et al 2007, 2008)



~10-2 - 10-6 eV

For these masses, axions can freely escape from stars

They can be treated as a sink of energy





ma cos2  = 0

ma cos2  =  very large

ma cos2  = 10 meV

ma cos2  = 4 meV



The best fit is obtained for macos2  5 meV

5 meV

10 meV





Uncertainties:

• Internal structure

• Emission rates

• Transparency of the envelope

• Initial-final mass relationship

• IMF

• Pathological SFR

• Ages of MS progenitors

• Metallicities

• Observational systematics

• ....



# This result suggests that  if axions (DFSZ ones) are included,

the luminosity function of white dwarf stars is better fited

# In the worst case they provide a very strong upper limit

Tasks to do:

# Coincidence between the different cooling models

# Improvement of models. Is there any “classical” effect that could

account for this extra-cooling?

# Improvement of the observational luminosity function.

# Predictions

# Contradictions 



Raffelt 2006



Variable  WD



Isern et al 1993



• DOV variables: the drift can be 

positive or negative depending on 

the mode 

– PG1159-35: P = 516 s and 

dP/dt=13.07 +/-0.3 x 10-11 s/s

• DBV variables: the drift is always 

positive. dP/dt ~ 10-13 – 10-14 s/s. 

No drift measurements

• DAV variables: the drift is 

always positive.

– G117-B15A: P=215.2 s, dP/dt = 

3.57x10-15 s/s (Kepler et al 2005)

– R548: P =213.13 s, dP/dt </= 5.5 x 

10-15 s/s

Còrsico and Athaus, 2004
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Fiducial model & error budget

PF=210.4 s

dP/dt =3.9x10-15ss-1

Error budget

____________________________________________

Source                            P(s)      dP/dt (ss-1)x1015

____________________________________________

_ 

Mode identification         6                    1.0

M*                                             6                    1.0

Chemical profile              4                     0.1

Teff    2                    0.2



Kepler et al 2005

ma cos2  [meV]

Kepler et al 2009

Corsico et al 2001: 

ma = 0 

PF = 210.4   18 s

dP/dt  = (3.9  2.3) x 10-15ss-1

ma = 5 meV ; 

dP/dt ~ 6 x 10-15 ss-1



Bischoff-Kim et al 2008:

ma < 13 – 26 meV



Observed and predicted secular drift of G117-B15A

Córsico et al‟01

Bischoff-Kim‟08

Corsico et al’91  ( _______ )

Bishkof-Kim et al’08

thick envelope ( -·-·-·- )

thin envelope ( _ _ _ _ )



PREDICTION

In the case of the DBV (Corsico & Althaus, 2004):

dP/dt ~ 10-13 – 10-14 s

Axions with ma ~ 5 would modify dP/dt by a factor 1.5 (it strongly depends

on the temperature of the core)  



Domínguez, Straniero, Isern‟99

Influence on the AGB evolution



Domínguez, Straniero, Isern (1999)







Influence on core collapse supernovae

Keil et al „97

Nucleon bremsstrahlung is dominant

0 ,27 , ,54 ,81o o o oKSVZ 

Raffelt‟06

ma(KSVZ) < 16  meV

ma (DFSZ) ?



Conclusions:

# Because of their simplicity, WDs  are excellent complementary

laboratories for testing new physics.

# The recent luminosity functions and the measurement of the secular

drift of the pulsation period of DAV suggest that WDs cool dowm more

quickly than expected . Axions could account for this discrepancy.

# Nevertheless, more conventional explanations have to be explored before:

Improvement of the observational WDLF

Effects of the metallicity on the internal chemical composition

Evolution of the envelope: DA-noDA exchange... 

...


