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ABSTRACT 

We present spectral types and spectrophotometry for 21 double degenerate (DD) common proper 
motion binaries and provide estimates of their colors, absolute visual and bolometric magnitudes, and 
cooling ages. The most typical double degenerate pair contains stars of similar color and spectral type, 
with an average Mv = 14.20, and average cooling age of ^3x 109 yr, thus typically belonging to the 
extremely old disk population subcomponent. The oldest pairs in the sample are 9X 109 yr. The differ- 
ential cooling ages, Alogrc, range between 0.01 and 0.84, with the most typical pair having 
A log tc = 0.30, corresponding to a factor of 2 difference in cooling age of its components. One system 
differs in component cooling age by a factor of 7. The median and mean separations of the DD pairs are 
2.63 AU and 2.61 AU, respectively, both smaller than the values for main sequence plus white dwarf 
pairs (WD + MS). Their distribution of separations A (log a) may be skewed toward smaller bins of 
log a than the distribution characterizing the MS + WD pairs but is larger than the distribution charac- 
terizing the MS + MS pairs. The latter comparison, once the role of selection effects in the two samples 
are properly evaluated, may be indicating orbital amplification of the DD pairs due to nonexplosive, 
isotropic, mass loss on a timescale longer than the orbital period, while the product of the total systemic 
mass and the semimajor axis was conserved. Their smaller separations relative to MS + WD pairs may 
be attributed to the smaller dynamical effect of mass loss on their orbits, due to their lower initial mass 
ratios. The DA/non-DA ratio, for the pairs hot enough to show Balmer lines (i.e., Mv < 14.0) is 3:1, 
higher than the anomalous 1:1 found for the MS + WD pairs. The DD sample, even in the absence of 
radial velocities, appears to have velocity dispersions, 2-7 times larger than selected samples of single 
white dwarfs and MS + WD pairs, chosen to be in the same color/absolute magnitude range as the DD 
components. This property may be a result of the dynamical inflation of their velocity dispersions due to 
their extremely ancient total stellar ages. 

1. INTRODUCTION 

There are over 500 wide, noninteracting, common proper 
motion ( CPM) binaries identified in the Luyten and Lowell- 
Giclas proper motion surveys as containing at least one de- 
generate star. Spectroscopic observations demonstrate that 
these pairs consist predominately of two main-sequence 
components (MS + MS) or of a main-sequence star and 
white dwarf pair (WD + MS). A rare subset of the CPM 
sample are pairs of white dwarfs which comprise roughly 
5% of the total CPM sample. These double degenerates 
(DD) offer critical astrophysical insight about stellar evolu- 
tion since the two degenerate stars presumably share the 
same total stellar age and the same initial chemical composi- 
tion but provide a differential cooling clock since their birth 
as white dwarfs, which implies the masses (mass ratio) of 
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their progenitors. Because the total progenitor masses of the 
DD binaries are expected to be higher, in general, than those 
of the main-sequence-white dwarf (WD + MS) pairs, the 
white dwarf masses themselves should be somewhat higher, 
to be consistent with the initial-to-final mass relation ob- 
tained from data for the asymptotic giant branch and white 
dwarfs (Weidemann 1987). Since more massive degenerates 
cool more slowly during the first three billion years, but, 
after that time, the more massive degenerates cool faster, it is 
possible that the faintest observed degenerates could actual- 
ly be less massive. The faintest double degenerate pairs 
should be among the oldest stars in the disk of the Galaxy. 
This point has been emphasized recently with the discovery 
of three of the lowest luminosity degenerates known, all 
three being in double degenerate common proper motion 
pairs (Hintzen etal. 1989). 

The mix of spectral types in those double degenerates hot 
enough to reveal the dominant atmospheric chemical con- 
stituent, illuminates the types of white dwarfs which are the 
progeny of stars more massive than the sun. The presence of 
a hydrogen-dominated, DA degenerate paired with a heli- 
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um-dominated non-D A star holds important implications as 
to whether the two composition sequences are primordial in 
origin or whether the DA/non-DA distinction results from 
accretion and/or mixing processes in the white dwarf enve- 
lope (Oswalt et al. 1988). It has already been pointed out 
that there appears to be predominance of non-DA spectral 
types among the CPM pairs (Sion & Oswalt 1988). 

The double degenerate pairs provide a useful test of 
whether mass loss prior to the white dwarf phase leads to 
orbital amplification. This bears directly on the question of 
whether mass loss influences the distribution of separations 
among the wide binaries and the possibility that wide bina- 
ries can be produced from close pairs (cf. Valls-Gabaud 
1988). If mass loss is a factor in orbital amplification, it fol- 
lows that one would expect the double degenerates to have 
suffered the most extensive mass loss episodes compared to 
the main sequence pairs or main-sequence-white dwarf 
pairs. Therefore the average separation of DD pairs should 
be larger if this hypothesis is correct. The distribution of 
separations N (log a) for the DD pairs has never been ex- 
plored in detail prior to this work and also holds implications 
for the stability of binary orbits toward disruption by various 
perturbers and can be used to test for the existence of large 
numbers of undetected binaries. 

The physical properties of six well-studied systems were 
presented by Greenstein (1986b) who used stellar evolution 
theory to derive estimates of their initial mass ratio, progeni- 
tor masses, total stellar ages, and group age. Greenstein not- 
ed that the two degenerates in each pair are closely similar in 
color and luminosity, which is a result of their cooling times 
being much longer than the nuclear lifetimes of their pro- 
genitors and the fact that the least massive white dwarf in a 
DD pair cools faster than the primary. Our spectroscopic 
survey of the Luyten CPM binaries has now more than tri- 
pled the size of the DD sample analyzed by Greenstein 
( 1986b ). After a brief description of the spectroscopic obser- 
vations (Sec. 2), the physical parameters of the DD sample, 
derived from our spectrophotometric data, are presented 
(Secs. 3.1-3.5). The results are summarized in Sec. 4. 

2. OBSERVATIONS AND DATA REDUCTION 

Spectroscopic observations of the Luyten DD CPM bina- 
ries, covering the 3600-6300 A range were obtained in a 
number of observing runs with the 4 m telescopes at Kitt 
Peak National Observatory and at Cerro Tololo Inter- 
American Observatory. At KPNO the instrumental system 
consisted of a UV-flooded TI 800 X 800 CCD with the Rit- 
chey-Chretien spectrograph. Integration times of 2400 s 
were typically used for 18th mag program stars. Exposures 
of each pair were usually obtained with a 2" slit rotated to 
allow observation of the two components simultaneously. 
The BL250 grating,o ruled with 158 lines/mm and blazed in 
first order at 4000 Â, provided coverage from 3600 to 6300 
Á, with a resolution of 14 Á FWHM (see De Veny 1988 for a 
complete description of the instrument). Observations at 
CTIO were obtained with the 2D Frutti. The instrumental 
description and setup for the CTIO observations are found 
in Oswalt ei a/. (1988). 

Observations of the Massey et al. (1988) standard stars 
were obtained with a 7" slit to determine the flux calibration 
for the program stars. All data reductions including pixel-to- 
pixel response corrections, sky subtraction, wavelength cali- 
brations and flux calibrations were done using standard 
IRAF reduction routines. 

3. PHYSICAL PROPERTIES OF WIDE DOUBLE DEGENERATE 
BINARIES 

3.1 Colors, Magnitudes, and Photometric Parallaxes 

The present sample of known wide (noninteracting) dou- 
ble degenerate binaries comprises 21 systems, 15 more than 
were available to Greenstein (1986b) in his landmark pa- 
pers. Estimates of monochromatic colors and magnitudes 
for the Luyten pairs were obtained from the classification 
spectra in the following manner. The V magnitudes were 
computed from the observed flux at 5500 A as an approxi- 
mation to the effective wavelength of the Johnson V magni- 
tude for late-type stars. For each star we have calculated the 
b — v color from the spectrum as defined by Greenstein 
( 1984), where ¿ and v are the monochromatic magnitudes at 
4255 and 5405 Â, respectively. Then 

(b-v)= — 2.5 log[i\,(4255)/Fv(5405) ]. (1) 

The MCSP data tabulated by Greenstein (1984), specifi- 
cally the Mv vs (b — v) data for single degenerates, was used 
to construct color-magnitude calibrations separately for the 
DC stars and cool DA stars in the double degenerate sample. 
For the DC stars we employed the following polynomial best 
fit to the Greenstein (1984) vs (b — v) data, 

M, = 12.738 + 4.3853(6-*;) 

- 2.2134(6 - v)2 + 0.45432(6 - u)3. (2) 
This relation has a dispersion of 0.964 mag and was uti- 

lized for all helium-rich degenerates with Mv > 12.00. In or- 
der to determine bolometric corrections for the non-DA 
stars we followed the procedure described in Liebert et al. 
(1988) where bolometric corrections for blackbodies of the 
same effective temperature were applied to each non-DA 
star in their sample. We used the following quadratic least 
squares fit to the non-DA data points in the Mho[ vs Mv 
diagram of Liebert et al. ( 1988 ), 

Mbol = - 19.55 + 3.847M, - 0.1042MJ. (3) 

For the DA stars, most of which are cooler than spectral 
type DA4, we also used the MCSP data in Greenstein 
(1984) to construct a color-absolute magnitude relation 

[Mv vs (Æ — K) ] • Bolometric corrections were obtained 
from the cool DA model atmospheres of Shipman ( 1972) as 
tabulated in Table 5 of Liebert et al. (1988). For the DA 
stars hotter than 20 000 K, the bolometric corrections were 
adopted from Wesemael ( 1979). 

The general properties of the double degenerate cpm sam- 
ple is shown in Table 1 where column (1) lists the proper 
motion discovery name, column (2) gives the WD number 
from the catalog of McCook & Sion ( 1987), column ( 3 ) lists 
the apparent photographic magnitude or MCSP visual mag- 
nitude of each component and below these two magnitude 
values, the common proper motion is listed; column (4) 
gives the absolute visual magnitude estimate for each com- 
ponent and below these absolute magnitude values is listed 
the position angle of the proper motion vectors; column ( 5 ) 
tabulates the absolute bolometric magnitude in the manner 
described above; column (6) gives the best available ap- 
proximate spectral type of each component on the system of 
Sion et al. (1983) and column (7) also give the angular 
separation and, below that, values of the actual linear separa- 
tion in AU, based upon the photometric parallax generated 
from columns (3) and (4). 

The distance moduli for the double degenerate sample re- 
veals that 45% of the pairs are closer than 40 parsec, 25% 
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Table 1. Properties of double degenerate binaries. 

Desig WD No. V/ß MJ# SPCTRL TP (ö)/ö(AU) 

LP406-62/63 

LP647-33/34 

LD197-5/6 

Gr566/567 

LP543-33/32 

LP535-288/287 

LP462-56A/B 

LP370-50/51 

LP549-33/32 

LP128-254/255 

ES0439-162/163 

LP322-500A/B 

LP96-66/65 

L151-81A/B 

Gr576/577 

LP567-39/38 

G206-17/18 

LP701-69/70 

LP77-5457 

LP472-70/69 

LP707-819 

0102 + 210 

0114-049 

0222 + 422 

0727 + 242 

0747 + 073 

0841 + 69 

0935 - 371 

0942 + 236 

1012 + 083 

1051 + 533 

1127-311 

1302 + 313 

1308 + 61 

1454 _ 630 

1704 + 481 

1726 + 074 

1811+327 

2301 - 072 

2351 + 655 

0322 + 145 

0106 - 109 

17.94 
18.14 
0.48 

18.50 
18.62 
0.374 

16.8 
18.9 
0.42 

15.48 
14.73 
15.48 
16.67 
17.00 

1.78 
18.62 
17.93 
0.34 

14.30 
14.88 
0.37 

17.33 
17.01 
0.22 

16.16 
17.7 
0.32 

18.00 
18.30 
0.112 

19.84 
18.77 
0.38 

17.7 
19.2 
0.03 
19.4 

21.2(B) 
0.29 

16.6 
17.0 
0.05 

14.48 
14.45 
18.50 
17.4 
0.3 

16.36 
17.04 
0.27 

17.3 
19.6 
0.338 

16.74 
18.6 
0.409 

18.455 
21.01 
17.51 
19.94 
0.198 

14.96 
15.48 

208 
15.18 
15.12 

226 
14.1 
16.2 

117 
15.32 

15.32 
15.40 
15.83 

173 
15.18 
14.55 

223 
12.58 
13.27 
2.95 

13.57 
13.68 

244 
13.84 
15.09 

301 
11.58 
12.00 

257 
14.28 

2.33 

147 
14.73 
15.52 

284 
11.8 
12.00 

191 
11.58 
12.97 
14.76 
15.17 

198 
13.59 
14.00 

220 
13.5 
15.8 

130 
14.6 
16.0 
61 
13.59 
15.633 
12.30 
15.03 
98 

14.68 
15.03 

14.83 
14.83 

13.70 
15.42 

14.94 

14.94 
14.98 
15.23 

14.83 
14.36 

12.36 
12.86 

13.30 
13.30 

13.74 
14.78 

10.37 
11.18 

14.14 

14.51 
15.06 

11.2 
11.18 

10.37 
12.52 
14.53 
14.83 

13.20 
13.60 

13.39 
15.22 

14.40 
15.32 

13.20 
15.12 
11.80 
14.73 

DC9 
DQ9/DC9 

DC9 
DC9 

DA8 
DC14 

DC9 
DC9 
DC9 
DC9 
DC9 

DC 
DC/DZ 

DQ6 
DA6 

DA7 
DA7 

DZ? 
DA? 

DA4 
DA5 

DC9 
DQ 

DA 

DA 
DC 
DC 

DB3 
DA5 

DA4 
DA5 
DC 
DB? 

DA7 
DA8 

DC7 
DC17 

DQ9 
DC13 

DA 
DC 
DA 
DC 

(28") 
1104 

(2") 
100 

(7") 
240 

(0.66") 

7 
(16") 
275 

(3") 
153 

(4") 
88 

(13") 
734 

(26") 
757 

(44") 
8462 

(23") 
2976 

(12") 

(18") 
1546 

(2") 
219 

(4.5") 
171 
(2") 
93 

(55") 
2120 

(26") 
1500 

(3") 
80 

(3") 
914 

(12") 
1320 
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have distances between 47 and 60 parsec, and 30% of the 
sample are more distant than 85 parsec. There is no apparent 
correlation of the separations in AU with grouping of the 
pairs into these intervals of distance. Both nearby systems 
and systems with large distances ( > 85 parsec) reveal a large 
range of separations. 

3.2 The DA/non-DA Ratio Among the Double Degenerate 

Among the DA stars included in Table 1, the coolest DA 
white dwarfs in the sample have spectral type DA8 with 
Afbol = 13.60— 13.70. It is therefore not unreasonable to re- 
gard MhoX = 14.0 as the limiting absolute magnitude fainter 
than which the Balmer lines would not be detectable at mod- 
erate resolution spectra. The choice of this limit is corrobo- 
rated by the data presented in Liebert ei a/. ( 1988 ) where the 
coolest DA star in their Fig. 1 has Tcïï = 5800 K which cor- 
responds to Mv = 14.0. For a DA degenerate MV — \A cor- 
responds to Mhol = 13.60. 

In Table 1, 11 of the 21 total systems have one or both 
components with < 14.00. Of these 11 systems, there are 
10 DA stars and seven non-DA stars, but only four of the 
non-DA stars are hot enough to have shown Balmer lines. 
Therefore among the double degenerate pairs the DA/non- 
DA ratio is nearly 3:1, which is close to the ratio one derives 
for white dwarfs hotter than 15 000 K. At lower tempera- 
tures convective mixing (cf. Sion 1984; Greenstein 1986c), 
or possible diffusion-induced burning (Michauds a/. 1984) 
apparently transforms hydrogen-rich atmospheres into non- 
DA atmospheres. Although the sample of double degener- 
ates is admittedly small, it is interesting that the DA/non- 
DA ratio is larger than the value corresponding to the 
common proper motion pairs containing a main-sequence 
component and a white dwarf: Among MS -f WD pairs this 
same ratio is roughly 1:1. This apparently higher frequency 
of DA degenerates, is statistically very weak: even if the true 
DA/non-DA ratio among DD pairs were 1:1 there would be 
a 9% chance of 10 or more DA components in a sample of 14 
stars, and, of course, a 9% probability of 10 or more non- 
DAs among the 14 stars. Therefore, there is an 18% proba- 
bility that our small sample would have 10 or more stars of 
the same class even if the parent population contains equal 
numbers of the two types. Nevertheless it would not be sur- 
prising if further data confirm this statistically weak “ex- 
cess” of DA stars among the DD pairs, given the observa- 
tional evidence that DA white dwarfs, not non-DA spectral 
types, appear to be the progeny of the most massive single 
parent stars (cf. Sion 1990, and references therein). Since 
the double degenerate wide binaries are thought to have been 
initially more massive and to have had a smaller mass ratio 
than typical WD + MS pairs (Greenstein 1986a,b), it is 
possible that they could indeed have a differing mix of DA 
and non-DA atmospheres. Unfortunately, the sample of 
double degenerates is still too small to derive a definitive 
conclusion. 

3.3 Differential Cooling Times of Double Degenerate Pairs 

The components of a DD pair tend to be similar in color as 
seen in Table 1 : typically DD pairs differ by only one or two 
temperature subclasses. For such stars of similar tempera- 
tures we expect that 

AMbol=AF. (4) 

Therefore the average A F in Table 1 ( AV = 1.04), im- 

plies AMbol = 1.04, which, by simple Mestel cooling theory 
(for an assumed mass and core composition) yields 

A log tc = 2/7AA/bol. (5) 
Thus for the overall sample in Table 1 we have 

A log rc =0.30. (6) 

Thus for the typical DD pair in our sample, the components 
differ in cooling age by a factor of 2. In Table 2 the apparent 
magnitude difference, absolute bolometric magnitude differ- 
ence, and the differential cooling time measured by A log rc, 
are listed for each individual system. The oldest systems in 
Table 2 are represented by the three DD systems observed by 
Hintzen et al. (1989). The three systems, L197-5/6, L701- 
69/70, and L77-57/56, have cooling ages of 8X 109 yr and 
differential cooling times in Table 2 of 0.49, 0.52, and 0.26 
dex, respectively. Note that seven of the DD systems in Ta- 
ble 2 have Alogrc>0.3, with the largest estimated 
A log rc = 0.84, for the DD system LP707-8/9. This system 
has a difference in cooling of a factor of 7 and would be the 
progeny of an initial binary having a large initial mass ratio, 
which is atypical of these archaic double systems. 

If accurate differential photometry [i.e., A{b — v) and 
A F] were available for the components of the DD pairs, then 
one could derive the difference in compound masses, 
A log M, and A log r independently of distance, from the 
relative displacement of the two components with respect to 
a white dwarf cooling track in the ( Afbol, log T,m) — plane, a 
point emphasized to us by an anonymous referee. Unfortu- 
nately our errors in A F and A(b — v) are quite significant, 
amounting to no less than 0.1 mag (rms), making an as- 
sumption of 10% errors in temperatures and luminosities 
optimistic. Our principal drawback is that we frequently ob- 
serve the stars with the slit oriented along their position an- 
gle to economize observing time instead of having the slit 

Table 2. Differential cooling times. 

Desig. WD No. A F A MhoX A log rc 

LP406-62/63 
LP647-33/34 
LD197-5/6 
Gr566/567 
LP543-33/32 
LP535-288/287 
LP462-56A/B 
LP370-50/51 
LP549-33/32 
LP128-254/255 
ES0439-162/163 
LP322-500A/B 
LP96-66/65 
L151-81A/B 
Gr576/577 
LP567-39/38 
G206-17/18 
LP701-69/70 
LP77-5457 
LP472-70/69 
LP707-819 

0102 + 210 
0114-049 
0222 + 422 
0727 + 242 
0747 + 073 
0841 + 69 
0935 - 371 
0942 + 236 
1012 + 083 
1051 + 533 
1127-311 
1302 + 313 
1308 + 61 
1454 - 630 
1704 + 481 
1726 + 074 
1811 + 327 
2301 - 072 
2351 + 655 
0322 + 145 
0106 - 10.9 

-0.20 -0.35 0.1 
+ 0.12 0 0 
-2.1 - 1.72 0.49 

0.0 0 0 
- 0.33 - 0.25 0.07 
-0.69 -0.47 0.136 

0.33 -0.50 0.14 
+ 0.32 0 0 
- 1.54 - 1.04 0.30 
-0.30 -0.81 0.23 
_ 1.07 — — 

- 1.8 -0.55 0.16 
- 0.4 + 0.02 0.006 
+ 0.3 -2.15 0.61 
+ 1.1 -0.30 0.09 
-0.68 -0.40 0.114 
- 2.3 - 1.83 0.52 
- 1.86 -0.92 0.26 
- 2.56 - 1.92 0.55 
- 2.43 - 2.93 0.84 
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oriented along the direction of atmospheric dispersion. It is 
therefore prudent that we defer the derivation of mass infor- 
mation until we are able to secure accurate photometry or 
even better, to reobserve the DD sample spectrophotometri- 
cally, taking care to position and widen the slit for maximum 
accuracy and extracting colors from the 2D CCD arrays. 

3.4 The Frequency Distribution Function of Separations, N 
(log a) 

The increased size of the double degenerate sample report- 
ed here allows an initial comparative exploration of the dis- 
tribution of linear separations relative to MS + MS, 
MS + WD pairs and wide binaries with orbit solutions. A 
most important question is whether the large-scale mass loss 
by the progenitors of the white dwarfs in the cpm binaries 
had a measurable dynamical effect on the distribution of 
separations. Mass loss as extensive as 80% of the initial bina- 
ry mass must have a dynamical effect on the orbital evolu- 
tion (cf. Kopal 1984). Nonexplosive, isotropic mass loss by 
white dwarf progenitors during the giant stages and post- 
AGB phase may be the primary mechanism for orbital am- 
plification in these systems (cf. Greenstein 1986a; Valls-Ga- 
baud 1987). 

If two stars have separations, a, so large that they evolve 
independently of each other, and for which the mass loss is 
nonexplosive, isotropic and occurs steadily or quasisteadily 
on a timescale ¿wind ^>Porhi then the integral 

(Af! + A/2 )¿z = const, (7) 

should hold, a property first derived by Jeans ( 1924) with 
the method of adiabatic invariants. It can be shown that this 
principle has the consequence that the angular momentum 
per unit of reduced mass is conserved (Dommanget 1963). 
We shall employ Eq. (7) in the analysis which follows. 

Oswalt & Sion (1989) have presented statistical evidence 
that orbital expansion has indeed occurred in wide binaries 
which contain a white dwarf. In a sample of over 300 CPM 
binaries, the physical separation index, logs/pi (where s is 
the angular separation of the pair and fi is the proper mo- 
tion), for MS + WD pairs ( (log s/pi) = 2.22 + 0.04 m.e.) 
was shown to be about a factor of 2 larger than for MS + MS 
pairs ((log s/p) = 1.91 + 0.07). Our present sample of DD 
pairs yields (logs/p) = 1.58 + 0.14 m.e. Thus contrary to 
expectations, the DD pairs appear to have less than half the 
average separation of even MS + MS pairs! 

Our flux-calibrated spectra provide a means of deriving 
projected semimajor axes for individual DD pairs. The dis- 
tance moduli for the 21 double degenerate binaries in Table 1 
were derived from the absolute visual magnitudes estimated 
for each system. Then, from the observed separation in se- 
conds of arc, the linear separation in AU was derived. The 
median separation for the sample in AU is log a = 2.63 and 
the mean separation is log a = 2.61. 

The frequency distribution of separations, W(loga) ex- 
hibits a relatively small but possibly significant departure 
from the distribution in intervals of log a, shown by Green- 
stein’s ( 1986a) sample of 68 MS -{- WD pairs. The observed 
frequency distribution for the DD pairs is compared in Table 
3 with the observed and normalized distribution functions 
AX log a) for the observed MS + WD sample of Greenstein 
(1986a) and the distribution of Kuiper ( 1935a,b) normal- 
ized to Greenstein’s sample size of 68 WD + MS systems. 
While the DD sample is admittedly small, it is apparent that 
45% of the DD pairs lie in the range 2.5<log a<3.5 while 

Table 3. Frequency distribution of separations A (log a) log a (AU). 

Sample - 1.5 to 0.5 - 0.5 to 0.5 0.5-1.51.5-2.52.5-3.53.5-4.5 

G86a 0 0 1 11 47 9 
Kuiper 5 13 19 17 9 3 
DD Pairs 0 0 1 9 9 1 

70% of the WD + MS pairs fall in that range. In the bin 
1.5<log a = 2.5, however, only 16% of the MS + WD pairs 
are found there while 45% of the DD pairs are found in this 
bin of separations. Only one DD system (or 5%) falls into 
the bin of widest separation (3.5<log a<4.5) while in the 
WD + MS sample of Greenstein ( 1986a) 13% fall into this 
same range. Although the difference between the two groups 
(DD vs WD + MS) is not large it is possible to conclude on 
the basis of these results that the DD pairs tend to have a 
higher frequency of smaller separations and fewer systems at 
the largest separations than the WD + MS pairs. The near 
absence of very wide DD pairs is very likely a consequence of 
their greater mean age ( see Sec. 3.5 below ) since the fraction 
of wide binaries which get disrupted by encounters with 
passing perturbers must increase with systemic age. 

It is illuminating to compare the mean and median separa- 
tions of the present DD sample, with the smaller sample of 
seven DD pairs in Greenstein (1986b) and the 68 
MS + WD pairs in Greenstein ( 1986a). The mean and me- 
dian separation of the 20 DD pairs in this paper are 
loga =2.61 and loga =2.63, respectively, both larger 

than the respective values quoted in G86b and in Valls-Ga- 
baud ( 1987). However, the mean separation of the DD pairs 
of Table 1 is nevertheless slightly smaller than 
log a = 2.98 + 0.07 for the 68 WD + MS pairs in G86a, a 

difference significant at the 5% level, assuming Gaussian 
statistics. This difference, if real, could be attributed to a 
selection effect since DD pairs of smaller separation may be 
easier to detect because their magnitude difference is much 
smaller than the magnitude difference between members of a 
WD + MS pair. If, however, they have the same detection 
probability (cf. Oswált & Sion 1989), then it is tempting to 
derive the preliminary conclusion that the DD pairs tend to 
have smaller separations than the MS + WD pairs but sig- 
nificantly larger separations than Kuiper’s (1935a,b) 
MS + MS most probable separation of log a =1.27. 
Kuiper’s sample however, is based upon visual surveys with 
the Lick long focus refractor, in which visually resolvable 
companions could be detected, up to several magnitudes 
fainter, as close as several seconds of arc, and companions of 
comparable magnitude could be detected at separations un- 
der 1 arcsec. The Luyten and Lowell proper motion surveys 
could not possibly detect companions this close since they 
would be lost in the photographic halo of the bright object on 
the Palomar-Schmidt and Lowell plates. Therefore due to 
the selection of the Kuiper sample toward genuinely close 
(in AU) pairs, a comparison of the average separation of the 
cpm pairs with the Kuiper sample cannot be reliable indica- 
tor of a true difference in their respective separations. The 
difference in average distance of the two groups for example, 
must be assessed. When the magnitude of the selection ef- 
fects inherent in the two samples are eventually addressed in 
a quantitative manner, it is possible that the average separa- 
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tion of the DD pairs will persist in being genuinely larger 
than the average separations of the MS + MS pairs. Until 
then caution is advised in using the difference in separation 
between the two samples as any indicator of orbital evolu- 
tion. 

Concerning the DD pairs of the widest separations, the 
DD system, LP128-254/255, has the largest separation, 
with a = 8562 parsec, a value well below the maximum sepa- 
ration of 104 AU discussed in Greenstein (1986a) and con- 
firmed by Abt (1988) for pairs containing a white dwarf. 
The possibility should be noted that the DD pairs of widest 
separation may have been disrupted by numerous en- 
counters with perturbers over the long total stellar lifetimes 
of these systems. 

The MS + WD pairs are believed to originate from bina- 
ries with initial mass ratio g>5 while the DD pairs are pre- 
dominately descended from binaries with (cf. Green- 
stein 1986a, b and references therein). If we consider a DD 
pair with an initial total mass of say, 9 , and with degen- 
erate progeny of combined total mass 1.2^/0 we should 
expect that isotropic, nonexplosive mass loss with 
^wind ^ ^orb > should lead to an orbital amplification of 0.9 in 
log <2, corresponding to a loss of over 86% of the mass of the 
system. It is therefore possible for a MS -f MS binary of 
average separation loga = -f 1.27 to undergo orbital ex- 
pansion due to mass loss and produce a DD pair with 
log a = +2.17, which lies in the well-populated bin 
1.5 < log a <2.5. However the median separation of the DD 
pairs (log a = 2.5 ) determined in this paper, while less than 
the WD + MS pairs, requires an amplification in log a of a 
factor of 17 larger than the most probable separation of 
MS + MS pairs. The larger mean separations of the DD and 
WD + MS pairs relative to the proper motion-selected 
MS + MS pairs must in some measure be due to the presence 
in the white dwarf pair groups of at least one star exceeding 
one solar mass or much greater whereas the MS + MS pairs 
are low mass dwarfs. It is also possible that the low mass 
MS + MS pairs must form closer together in order to be 
gravitationally bound at the outset. Despite the smaller log a 
of the Kuiper sample, more very wide MS + MS pairs 
should exist because they are younger and perhaps because 
they are spared disruption by post-main-sequence, impulse- 
like mass ejection. 

The apparent tendency of DD pairs to have smaller sepa- 
rations than the MS + WD pairs would be consistent with 
the expectation that their initial mass ratio (s) Q were close 
to unity as compared with the larger g ~ 5-10, characteriz- 
ing the initial mass ratio of the WD + MS pairs. This can be 
understood by considering that many progenitor binaries of 
the MS + WD pairs have large initial mass ratio with a 
main-sequence star of very low mass. Thus by Eq. (7), the 
resulting orbital amplification due to nonexplosive mass loss 
by the WD progenitor would lead to a greater orbital ampli- 
fication. 

3.5 Kinematics of the Double Degenerate Sample 

For most of the double degenerate systems (DD) in Table 
1 it is unlikely that complete space motions will ever become 
available because of either their dc spectral type of their lack 
of a companion with accurately measurable radial velocity. 
It is therefore appropriate and interesting to examine their 
kinematical properties, with the assumption of zero radial 
velocity, and compare their space motions with earlier anal- 

yses of single degenerates (Sion et al. 1988) and MS + WD 
pairs (Wegner 1981; Sion & Oswalt 1988). 

We have used spectrophotometric parallaxes and proper 
motions in Table 1 to compute the vector components of the 
galactic space motion, U, F, W relative to the sun in a right- 
handed system following Wooley et al. ( 1970), where U is 
counted positive in the direction of the galactic anticenter, V 
is counted positive in the direction of the galactic rotation, 
and IFis counted positive in the direction of the north galac- 
tic pole. The mean velocity, mean tangential velocity, and 
velocity dispersion in each component were computed and 
the results are presented in Table 4 where column ( 1 ) lists 
the WD number, column ( 2 ) the t/ velocity, column ( 3 ) the 
F velocity, column (4) the IF velocity, and column (5) the 
transverse velocity defined by 

Fr= (i/2+ F2+ IF2)05. (8) 

The velocity dispersions in each component, the average ve- 
locity in each component and the average transverse velocity 
are listed at the bottom of Table 4. 

The average motions in the U and F component for double 
degenerates are a factor of 2-3 times larger than the average 
motions given by Sion et al. (1988) for single DAs, single 
DBs, single DC stars, and single DZ stars, and a factor of 2-3 
times larger than the motions of main sequence and white 
dwarf pairs, presented by Sion & Oswalt (1988) (with 
Fr = 0) and a factor of 2-3 times larger than the sample of 
24 main sequence plus white dwarf pairs with complete 
space motions, presented by Wegner ( 1981 ). 

Eight of 21 DD pairs (37%) have total motions >100 
km/s and 6 out of 21 (32%) have motions larger than 120 
km/s, even assuming zero radial velocities. It is significant 
that these frequencies of large space motions greatly exceed 
the same statistics for DA, DQ, and DZ stars in the same 
interval of Mv ( 12.00 < 15.5 ) as 90% of the DD bina- 
ries. 

It is also interesting that the velocity dispersions cru,crv, 
and aw for the double degenerates are a factor of 2-7 times 
larger than the dispersions for single white dwarf subgroups 

Table 4. Kinematical data for double degenerate binaries. 

WD No. U 

0102 + 210 -53 
0106 - 109 85 
0114-049 -73 
0222 + 422 51 
0322 + 145 205 
0747 + 073 - 57 
0841 +073 68 
0935 - 371 45 
0942 + 236 42 
1012 + 083 49 
1051 + 533 90 
1127-311 109 
1308 + 61 117 
1454_ 630 21 
1726 + 074 - 13 
1811 + 327 - 25 
2301 - 072 43 
2351 + 655 53 

V W VT 

- 33 - 68 93 
-82 -4 118 
- 22 - 37 86 
- 67 - 13 85 
- 148 244 352 
- 139 - 55 160 
- 60 - 37 98 
-11 - 18 50 
- 41 - 45 75 

0 - 20 53 
-61 - 42 118 
- 131 - 180 248 
-59 - 14 132 
- 22 - 27 41 
-73 - 21 77 
- 39 8 47 
- 82 - 56 108 
-35 8 64 
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(see Table Ilia in Sion et al. 1988), or the velocity disper- 
sions of previously analyzed binaries containing a white 
dwarf (see Table 2 in Sion & Oswalt 1988). 

There may be at least two reasons why the double degener- 
ates as a group have larger mean velocities, larger velocity 
dispersions, and a higher frequency of large space motions, 
relative to the white dwarf subgroups in the same interval of 
Mv. First, the double degenerates as a group are extremely 
old, an overall property already pointed out by Greenstein 
(1986b) and corroborated with our factor of 3 larger sam- 
ple. We find that the sample in Table 1 implies an average 
A log rc =0.33 while Greenstein’s sample of six systems 
yielded Ara = 0.11. The average cooling age for the sample 
in Table 1 is 3 X 109 yr. Ten of the systems in Table 1 are as 
intrinsically faint or fainter than the oldest double degener- 
ate (LP543-33/32) in Greenstein’s (1986b) Table 1. Their 
cooling ages and total stellar ages, in some cases may exceed 
9X 109 yr. Therefore the high velocity kinematical charac- 
teristics of the group is due in part to diffusion of their galac- 
tic orbits with an increase in velocity dispersion with time 
(Wielen 1977). The rate of increase in velocity dispersion as 
a function of total stellar age could even be larger than pre- 
dicted by the analysis of Widen (1977). A second factor 
may stem from inaccuracies in our estimates of the photo- 
metric parallaxes. For instance a cool degenerate more lumi- 
nous than our assigned photometric parallax would appear 
to have a higher space motion. 

4. CONCLUSIONS 

The double degenerate common proper motion binaries 
are an extremely old (rc - 3x 109 yr), very rare ( <5%) 
subset of the CPM systems. They represent a subset in the 
overall distribution of double white dwarfs, having the wi- 
dest separations. They contain the oldest known stars in the 
solar neighborhood, with cooling ages in some cases ap- 
proaching 9 X 109 yr, as old as the Galactic disk. 

A typical double degenerate pair contains stars of similar 
color and spectral type, with an average Mv = 14.20 and 
average cooling age of — 3 X 109 yr, thus typically belonging 
to the extremely old disk population subcomponent. The 
differential cooling ages, A log rc, range between 0.01 and 
0.84. A typical pair has A log rc = 0.30, corresponding to a 
factor of 2 difference in cooling age of its components. One 
system differs in component cooling age by a factor of 7. The 

median and mean separations of the DD pairs is 426 and 407 
AU, respectively, both apparently smaller than the 
WD + MS values. Their distribution of separations N 
( log a ) is skewed toward smaller bins of log a than the distri- 
bution characterizing the MS + WD pairs but is consider- 
ably larger than the MS + MS distribution. If selection ef- 
fects are shown to be unimportant in this latter comparison, 
then the larger mean separation may be understood if orbital 
amplification of the DD pairs occurred, due to nonexplosive, 
isotropic, mass loss on a timescale longer than the orbital 
period, while the product of the total systemic mass and the 
semimajor axis was conserved. Their smaller separations rel- 
ative to MS + WD pairs may be attributed to the smaller 
dynamical effect of mass loss on their orbits, due to their 
lower initial mass ratios. The DA/non-DA ratio, for the 
pairs hot enough to show Balmer lines (i.e., Mv < 14.0) is 
3:1, similar to the ratio for nonbinary degenerates and appar- 
ently higher than the anomalous 1:1 found for the 
MS + WD pairs, though the present DD sample is too small 
for this difference to be statistically significant. 

Their kinematical properties are extreme: the average 
UVW motions and velocity dispersions are significantly 
larger than the average velocities and dispersions associated 
with selected samples of single white dwarfs and MS + WD 
binaries, when the latter are restricted to the same co\or/Mv 
range as the DD systems. The DD sample, even in the ab- 
sence of radial velocities appears to have velocity dispersions 
2-7 times larger than selected samples of single white dwarfs 
and MS + WD pairs chosen to be in the same color/absolute 
magnitude range as the DD components. This property may 
be a result of the dynamical inflation of their velocity disper- 
sions due to their extremely ancient total stellar ages. 

We are grateful to an anonymous referee for stimulating 
comments. We thank Dr. Volker Weidemann for a critical 
reading of the manuscript. One of us (E.M.S) is grateful to 
the Observatoire Midi-Pyrenees in Toulouse, for its hospital- 
ity and technical support, and to Beth Jewell for assisting 
with the manuscript. This research was supported by NSF 
Grant Nos. AST88-02689 (E.M.S.) to Villanova Universi- 
ty, The Centre National De La Recherche Scientifique, 
URA285 (E.M.S.), AST89-18471 (J.L.) to the University 
of Arizona, AST88-02687 (T.D.O.) to the Florida Institute 
of Technology and by NASA Grant No. 188-4151-07 
(PH.). 

REFERENCES 
Abt, H. 1988, Ap&SS, 142, 111 
Dommanget, J. 1963, Ann. Obs. Roy. Belgique, 3eme Serie, IX (5), 216 
Greenstein, J. L. 1984, ApJ, 276, 622 
Greenstein, J. L. 1986a, AJ, 92, 859 (G86a) 
Greenstein, J. L. 1986b, AJ, 92, 867 (G86b) 
Greenstein, J. L. 1986c, ApJ, 304, 334 
Hintzen, P., Oswalt, T. D., Liebert, J., and Sion, E. M. 1989, ApJ, 346,454 
Jeans, J. H. 1924, MNRAS, 85, 2 
Kopal, Z. 1984, Ap&SS, 99, 3 
Kuiper, G. P. 1935a, PASP, 47, 15 
Kuiper, G. P. 1935b, PASP, 47, 121 
Liebert, J., Dahn, C, and Monet, D. 1988, ApJ, 322, 891 
McCook, G. P., and Sion, E. M. 1987, ApJ, 65, 603 
Oswalt, T., and Sion, E. M. 1989, in White Dwarfs, edited by G. Wegner 

(Springer, Berlin), p. 454 
Oswalt, T. D., Hintzen, P. M., Liebert, J. L., and Sion, E. M. 1988, ApJ, 

333, L87 
Sion, E. M. 1990, in Mass Loss and Angular Momentum Loss from Hot 

Stars, edited by L. A. Willson and R. Stalio (Kluwer, Dordrecht) (in 
press) 

Sion, E. M., and Oswalt, T. D. 1988, ApJ, 326, 249 
Sion, E. M., Greenstein, J. L., Landstreet, J. D., Liebert, J., Shipman, H. L., 

and Wegner, G. A. 1983, ApJ, 269, 253 
Sion, E. M., Fritz, M. L., McMullin, J. P., and Lallo, M. D. 1988, AJ, 96, 

251 
Valls-Gabaud, J. 1988, Ap&SS, 142, 289 
Wegner, G. 1981, AJ, 86, 264 
Weidemann, V. 1987, A&A, 188, 74 
Weilen, R. 1977, A&A, 60, 263 
Wooley, R., Epps, E. A., Penston, M. J., and Pocock, S. B. 1970, Ann. R. 

Obs., No. 5 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 


	Record in ADS

