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White Dwarfs

Originally believed to be good standard candles

In 1968, A.U. Landolt observed HL Tau 76

— 12 minute period
— Luminosity changed ~0.1 magnitudes

Due to the size of WD populations, they are the most
common type of variables

>30 discovered



Variable WD Characteristics

DAV

‘ZZ Cetl’

28 discovered (as of 2004)
Outer hydrogen envelope
Lie on an ‘instability strip’

— 11,300K < T < 12,500K
DBV

— 8 discovered (as of 2004)

— Outer He | envelope
— 22,000K < T < 28,000K
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— Peculiar because spectroscopically similar objects not variable

— 8X10*K < T<1.7x10°K



Periods

Typical periods of WD variables are 102 — 103s
For p-modes we have

IT, < EJ-US_ldS

~ __0.04
= e days

<PSun >

For a typical white dwarf

(p)=10°
[T, <4s

Therefore these cannot be the result of p-modes.



What else iIs there?

Gravity-modes

2 2 -1
I, i ( J I drj
¢|(| +1) 70
Where the Brunt-Vaisala frequency, N, is given by

where

— (2InP — (2InP
oinT/p and Zp—( np)T

Numerical calculations produce observed periods.



G-Modes
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G-Modes
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G-Modes

2 1 NIl
[T, =n en UR%dr) = 0
JI(I+1) o JI(+1)
N? = —;}?—T (V-V_) ﬂ% Brunt-Vaisala frequency
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G-Modes
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G-Modes

2 1 NIl
[T, =n en UR%dr) = 0
JI(I+1) o JI(+1)
N? = —;}?—T (V-V_) /1% Brunt-Vaisala frequency

nonrelativistic
relativistic

Wave propagation theory suggests that in WDs
p-modes: deep interior
g-modes: envelope 12



What causes these instabilities?

As with the classical variables,
these are probably related to
the ionization of hydrogen,
helium and carbon.

Winget et al. 1982b 1
discovered the first DBVs
which were previously
predicted from theory.

DAV and DBV star structure
well understood

DAVs typically only show a L . . .
few g-modes. " Winget 1088

[ty
T

logLila
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DOV/PNNYV Instabilities

 Not as well understood as
DAVs and DBVs. o

e Spectroscopic information st
not clear enough to d
determine compositions

logLila

* PNNs can be particularly
difficult to observe due to
their surroundings

1 i 1 i
3.0 4.3 4.0 3.5
log Tk )
" Winget 1988
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White Dwarf Formation “Channels”

 “Born DA”
— Result from hydrogen rich Al
PNN
— H shell ~10*M. minus what ‘
PNN wind stripped off st

e He/C/O PNN that become

DOVs

— ASs star contracts and cools,
H is diffused to the ab

logLila

atmosphere Al
— By 45,000K all stars have H .

shells
— H shell ~10-19M. - 104M. 50 e m 33
— Recent evidence suggests " Winget 1088

this is not the major channel 15



10 Day Light Curve of PG 1159-035
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Power

Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power

Power Spectrum of PG 1159-035
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What causes the splitting?
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Power Spectrum of PG 1159-035

* Rotation Period
1— 1
P (1 +1)
rot,| 50
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Power Spectrum of PG 1159-035

e Rotation Period
1—_ 1
P (1 +1)
rot,| 5UI
P . =1371+ O.leays“

rot,1
| —1.38+0.01davs
Prot 2 =1.388i0.13daysj y

r
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Power Spectrum of PG 1159-035

* Rotation Period
1— 1
b (1 +1)
rot,| — 50'
P, =1371+0.13days ]

rot,1
| —1.38+0.01davs
Prot 2 =1.388i0.13daysj y

r

e Mass

l0g(2) = —1.041- log {1, \1(1 +1) +1.312

M Solar
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Power Spectrum of PG 1159-035

* Rotation Period
1— 1
b (1 +1)
rot,| — 50'
P, =1371+0.13days ]

rot,1
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e Mass
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Chemical Stratification of PG 1159-035
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FiG. 9—Theoretical period spacings (for | = 1 modes) for three different
models, displaced vertically for clarity.
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* Are these periods constant?

dP

dt

(O-C)=T% -T,-P-E-E£PE?

Period Variability

=(-2.44£0.4)-10"s-s™
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with formal error bars shown. The solid curve is the phase ephemeris derived
fromm the first four data points,

Winget, D.E.., et al (1991)
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* Are these periods constant?

dP

dt

(0-C)

T, =(2445346.873562 +0.000017)BJDD

Period Variability

=(-2.44£0.4)-10"s-s™

=T% _T,-P-E-£PE?

max
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Mixing Length Theory

|
=7

H is the pressure scale height and | is the mixing length

e ML1

- a=1
e ML2

— a=1

— Increased convective efficiency relative to ML1

e ML3
— Sameas ML2 buta =2

ML2/a=0.6
— Same as ML2 but @« = 0.6

32



DAVS

Using spectroscopy for a given filter x

X _ AX v/ M /-
a = AerToY, (1)
a is the amplitude of a g-mode in the Fourier spectrum
e is the dimensionless amplitude of the temperature perturbation

T, is the unperturbed effective temperature
Y™ is the Legendre function corresponding to an angle |

j WUX u . 1 1 ol,

A =" xlOO A, EIO ot
[ wH, o4

W Xis transmission function for filter x

Hy , is the unperturbed emergent Eddington flux

|, is the emergent specific intensity

P,(w) is the Legendre polynomial

R pdp
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DAVS

Using spectroscopy for a given filter x

__AX v/ M /-
= A& TY," (i)
a is the amplitude of a g-mode in the Fourier spectrum
e is the dimensionless amplitude of the temperature perturbation

T, is the unperturbed effective temperature
Y™ is the Legendre function corresponding to an angle |

j WUX u . 1 1 ol,

A =" xlOO A, EIO ot
[ wH, o4

W Xis transmission function for filter x

Hy , is the unperturbed emergent Eddington flux

|, is the emergent specific intensity

P,(w) is the Legendre polynomial

a _ A

R pdp
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Behavior of AX and the Pulsation Amplitude
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Behavior of A for Different MLTs

ML1 ML2 ML2/a=0.6

Fontaine, G., et al. (1996)
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Behavior of A for Different MLTs

OPTIMAL SOLUTIONS FOR [ = 1| aND [ = 2

T e Filters* y - ¥ Filters*
MLT log g (=1} (=1 (I=1j =2 =2 (I=12
(1) (2) i3} i4) (3 (6 (M (8)
ML2. . .eoriinrrnns 7.50 10,950 6.937 10,950 1221 W
1.75 11,200 4.298 - 11,150 14.53 W
8.00 11,450 31590 . 11,350 14.68 W, B
B.15 11,500 4263 . 11,406 1410 J1]
8.50 11,750 4513 . 11,700 13.62 B
MLYa=045...... 7,50 12,200 15.05 W, ¥ 12,406 3320 W=, ¥
7.75 11,100 19.06 v, ¥ 12,800 31.23 W,
.0 11,350 14.61 U 13,230 3nar We U, ¥
825 11,650 9218 11,550 3012 M® W* B
850 12,050 T.256 12,006 28,19 M, W*, B
MLL............... .50 11,750 2919 ¥ 11,950 3504 We L, ¥
7.75 12100 1166 ¥ 12,300 1221 We, U, v
B00 12,500 14.83 v, ¥ 12,7 3317 W, U=
825 12850 1697 W, U, ¥ 13,100 34.15 W, U*, v+
R.50 13,300 20.35 uv 13,550 3514 W, U=, ¥*

* Letter alone indicates predicted pulsation amplitudes of more than 2 «; letter with asterisk indicates
predicied pulsation amplitudes of more than 3 7.

Fontaine, G., et al. (1996)
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The DAV Instability Strip

eHotter group: Small
number of short period modes.

eCooler group: More
modes, variable amplitudes,
more non-linear effects
(harmonics)

1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1
14000 13000 12000 11000

Teﬂ li K}

Kepler et al. (2000)
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Relative Flux (f))

Spectra of DAVs
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Mass Dependence on MLTs

N (ZZ Ceti)
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Color-Color Diagrams and MLTs
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log g

T and g Dependence on MLTs
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T, (UV)/10°K

T Dependence on MLTs
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Spectral Fits and the MLTs
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Summary

Three main categories of variable white dwarfs
G-modes

We can learn a lot from power spectra

DAVs are harder to analyze with power spectra

Can use spectroscopy

All methods require a MLT assumption

There are possible ways to reject/accept certain MLTs
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