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White dwarf pulsations

DQV
B~1.2 MG



Pulsations … Seismology



Pulsations/Seismology: Y10  e Y11



Photometry
� CCD: star + comparisons + skies

� g-modes in Earth’s atmosphere



Althaus et al. 2010 ARA&A







PG1159-035

k=14 - 42

J. Edu S. Costa

-no harmonics or combination modes
-no convection zone
- 198 modes: 29 triplets, 46 quintuplets



Measure thickness of envelope

Córsico et al. 2008



White Dwarf Stars: Crystals and ClocksWhite Dwarf Stars: Crystals and Clocks

S.O. KeplerS.O. Kepler



E(cycles)

dP/dt=(+10.6+0.1)x10-11 s/s



d2P/dt2



Costa & Kepler 2008: rotation, 
contraction rates, cooling rates
� dP/dt

� dPRotation/dt

� dR/dt

dT/dt� dT/dt



Results
� dP/dt (516s)= 1ms/yr = (13.146+0.003)x10-11 s/s, 
� (517s)=(15.172+0.045)x10-11s/s , (539s)=(-0.339+0.015)x10-11s/s

� d2P/dt2 =(1.93+0.08)x10-20 s/s, (517s)=(-81.7+2.7)+10-20 s/s

� P =1.3935+0.0008 d� Protation=1.3935+0.0008 d
� dProt/dt=(-2.13+0.05)x10-6 s/s
� dR/dt=(-2.8+0.2)x10-12 s/s
� dT/dt=(-7.6+0.2)x10-11 s/s

� Trapping at 0.83R*+0.050.050.050.05

� ∆∆∆∆P(l=1)=21.43+0.03s            M=0.59+0.02 MSun

� ∆∆∆∆P(l=2)=12.38+0.01s
� B<2000G



Average multiplets i=70o



Rotation effects
� Multiplets have different amplitudes 

� Amplitudes change (energy exchange with rotation?)

� Gough: “…if there is an m = +1 , m = −1 asymmetry … it 
has to be a consequence of rotation.”has to be a consequence of rotation.”



DBVs – Atsuko Nitta et al. 2009





GD 358 light curve in 1996





Combination frequencies

Mike Montgomery





Low amp



Large telescope, small amplitudes

4.1m
2.1m

4.1m

Frequency



Low amplitude pulsators



Mode identification





152 variables, 92 SDSS, 36 Soar



α = 0.8 
α = 0.6



Castanheira & Kepler 2008

Hydrogen layer mass



Distance
Parallax                              95 + 37 pc
Optical Spectra                    58 + 02 pc
IUE flux                              59 + 05 pc
HST flux                             67 + 04 pc
Seismology Bradley 1998   61 pc

215s

270s

304s

G117-B15A: DAV Teff = 12000K

Seismology Bradley 1998   61 pc
Seismology Benvenutto et al 2002  63 pc

Mean:                          67 + 14 pc

107s
119s

125s



Measure evolution 
core composition, axions, dG/dt

ZZ Ceti white dwarf



Axions &

mmax ax cos2cos2β β << 4 meV4 meV
EEvvacuumacuum>>2,5GeV2,5GeV



SDSS DR4



SDSS 43800 spectra
DA
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DQ
2g/cm3   fluid
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Átomo de hidrogênio





DR7 – Kleinman, Kepler, Nitta et al. 2011



Literature





Zeeman



Hα

Hβ



Potential central & directional









Analysis of hydrogen-rich magnetic white dwarfs detected in the  Sloan Digital Sky Survey

Baybars Külebi, Stefan Jordan, Fabian Euchner, Boris Gänsicke & Heiko Hirsch 2009
-modeled the structure of the surface magnetic fields of the hydrogen-rich white dwarfs and
-analysed the spectra of all known magnetic DAs from the SDSS : 97 previously published plus 44 newly discovered.



Off-center dipole – Külebi 2010



















Baybars Külebi



Goodman 1200 l/mm

Soar



Kanaan 1996
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Magnetic Pulsating DA









dM

SDSS J121105.25-004628.5  0287-253-52023 DAH S/N=14 Teff=22490+371K, log g=9.06+0.06



B>1 MGB>1 MGB>1 MGB>1 MG
755 DAH and  12549 DA, 5.7%
62 DBH and       889 DB, 6.5%

937+767 DH in 19503 WD, 4.8%+3.9

B<1 MGB<1 MGB<1 MGB<1 MG
<M>=0.604<M>=0.604<M>=0.604<M>=0.604++++0.003 0.003 0.003 0.003 MMMMsunsunsunsun, DAsDAsDAsDAs, S/N>20, Teff>12000K, <S/N>=30, N=1505sunsunsunsun eff

<M>=0.651<M>=0.651<M>=0.651<M>=0.651++++0.005 0.005 0.005 0.005 MMMMsunsunsunsun, DBsDBsDBsDBs, S/N>20, Teff>16000K, <S/N>=27, N=82

DBs, S/N>25, 1:3:18 for Teff>45000K:30000K:20000K
exactly what expected by age -> NO DB GAP!

-A Spectroscopic Analysis of White Dwarfs in the Kiso Survey
M.-M. Limoges and P. Bergeron 2010
0.606 Msun and a dispersion of 0.135  for 149 DAs (but Gianninas et al. 2010 0.64MSun N=1304 )
0.758 Msun and a dispersion of 0.192  for  19 DBs  (but  0.696 Msun for 103 DBs from SPY)
-Spectroscopic Analysis of DA WD: Stark Broadening of H including non-ideal effects
P.-E. Tremblay and P. Bergeron   2009   
0.649 Msun for 250 DAs – same value Ross Falcon got for mean gravitational redshift for SPY

-no He in Keck spectra of cool white dwarfs – no convection mixing



Mass > 1.1 Mo white dwarfs



Crystal Pulsator

637637

633633
614614 601601 582582

565565 548548
563563



Keck spectra – no He







Emission lines

Aurora 10-16 Mo



Aurora? 10-16 Mo = comet  - but 16% of dMs show Hα chromosferic emission



Same star!











~ 220



Luminosity Function and Age of the Galaxy
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Age of the disk:Age of the disk: 99 ±± 2 yr2 yr
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Intensity



Age of the Universe 2011

••WMAP                                                          WMAP                                                          (13.75(13.75++0.11) 0.11) GyrGyr
••1/H                                                          1/H                                                          ((13 13 ++ 11)         )         GyrGyr

20 20 yearsyears ago ago onlyonly whitewhite dwarfsdwarfs gavegave
smallersmaller than15 than15 billionbillion yearsyears

••1/H                                                          1/H                                                          ((13 13 ++ 11)         )         GyrGyr
••Globular Clusters                                    Globular Clusters                                    (13.2 (13.2 ++ 1.5)   1.5)   GyrGyr
••RadioactiveRadioactive DecayDecay (12.5 (12.5 ++ 33)      )      GyrGyr
••WhileWhile DwarfDwarf CoolingCooling (12.7 (12.7 ++ 0.7)   0.7)   GyrGyr
••DistanceDistance to to SNIaSNIa 13.013.0 ++1.2 1.2 ((0.72/h)0.72/h)GyrGyr,,ΛΛ

SN1987ASN1987ANGC6903NGC6903 CenACenA SNIaSNIa





Hot DBV EC20058-5234
but other modes do not show same O-C


