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ABSTRACT

For 391 spectroscopic and visual binaries with known orbital elements and having B0–F0 IVor V primaries, we
collected the derived eccentricities. As has been found by others, those binaries with periods of a few days have been
circularized. However, those with periods up to about 1000 or more days show reduced eccentricities that asymp-
totically approach a mean value of 0.5 for the longest periods. For those binaries with periods greater than 1000 days
their distribution of eccentricities is flat from 0 to nearly 1, indicating that in the formation of binaries there is no
preferential eccentricity. The binaries with intermediate periods (10–100 days) lack highly eccentric orbits.

Subject headinggs: binaries: spectroscopic — binaries: visual — stellar dynamics

Online material: machine-readable tables

1. INTRODUCTION

There has been much discussion about the total circularization
of binary star orbits through dynamical interactions. Mayor &
Mermilliod (1984) showed that late-type dwarfs with periods
less than 5.7 days (Mayor 1985) and late-type giants with pe-
riods less than 150 days have circularized orbits. Lecar et al.
(1976) found that the times for total circularization in X-ray
binaries are reasonable. See also Zahn (1984) regarding circu-
larization and synchronization in binaries. Mathieu & Mazeh
(1988) proposed that the times for complete circularization can
be used to date open clusters. Abt et al. (2002) calibrated that
age dependence with BA stars and data for later type clusters
and field stars byMathieu &Mazeh (1988), Latham et al. (1988),
Jasniewicz & Mayor (1988), Duquennoy & Mayor (1991), and
Duquennoy et al. (1992). Duquennoy et al. (1992) felt that the
cutoff period, the longest period with a zero eccentricity, is a
better measure of the maximum total circularization.

A parallel physical effect is the trend toward synchronization
of the rotational velocities of the primaries by tidal interactions.
Abt et al. (2002) found among B andA dwarfs that the maximum
periods for total synchronization are roughly twice those for total
circularization. However, Abt & Boonyarak (2004) found that in
BA binaries with periods as long as about 500 days, the rota-
tional velocities of the primaries are reduced relative to the pri-
maries in wider binaries and single stars. Thus this trend toward
synchronization due to tidal effects extends to a factor of 100 be-
yond the total synchronization periods.

We wonder whether the eccentricities in binaries are reduced
toward circularization for periods longer than a few days. To
study that we need to consider binaries with periods longer than
1000–3000 days that were used in previous studies of spectro-
scopic binaries. There is no reason to exclude the visual binaries
(VB) for this because many of those have eccentricities that are
better determined than those in spectroscopic binaries (SB). Be-
cause eccentricities cannot be negative, errors in their determi-
nations close to zero often tend tomake derived values larger than
zero in cases of broad lines that are difficult to measure. There-
fore many systems with 0 < e < 0:1 may actually be circular.

2. THE DATA

We listed most of the B0–F0 IV or V binaries with known
orbital elements between declinations of �30� and +70� in the
Bright Star Catalogue (Hoffleit & Jaschek 1982). This is the same

sample used by Abt & Boonyarak (2004) to study trends toward
synchronization. We obtained the spectroscopic binaries with
known orbital elements from Pourbaix’s online listing and the
visual binaries with known orbital elements from the US Naval
Observatory’s online listing.1We retained the quoted numbers of
significant figures in the periods and eccentricities.

Tables 1–3, which are given in full only in the online edition
of this Journal, give the data for the 155 B0–B9.5, 151 A0–A5,
and the 85 A6–F0 stars, all of luminosity classes IVor V. Some
systems have both spectroscopic and visual orbits with the same
periods; they are labeled ‘‘SB=VB.’’ Tables 1–3 give the HR
(Bright Star Catalogue) numbers, Henry Draper (HD) numbers,
periods in days, kind of binaries, eccentricities, and qualities or
grades (1 to 5 for SBs, 1 to 9 for VBs) of the orbital elements as
assigned by the compilers. Triple and quadruple systems are so
labeled.We decided not to use the lowest grade orbits (grade<2)
as they are unreliable, although they are listed in the tables. Only
35, or 9.0%, of the systems were thus eliminated.

3. RESULTS

Figure 1 shows the eccentricities for the 155 B0–B9.5 stars
on a log period scale. The graphs for the other two samples are
similar. This figure shows that all binaries with periods up to
2.6 days ( log P ¼ 0:4) have circular orbits within the expected
errors. The maximum eccentricities for longer periods increase
rapidly to values of 0.9 at 100 or more days. However, circular
orbits occur for periods of 105 days or more and there is no sharp
cutoff for zero eccentricities.

In Table 4 we list the mean eccentricities for groups of orbital
periods differing by factors of 2, 4, 16, etc. The first line in each
period group is labeled ‘‘all’’ and gives the number of orbits n,
the mean eccentricity hei, and the error in the mean. Figures 2–4
for the three samples of stars show these mean eccentricities. The
mathematically fitted curves neglect to show that the eccentric-
ities are flat up to about 2.6 days for the B stars, 4.0 days for the
A0–A5 stars, and 8 days for the A6–F0 stars. However, in all
three cases the data show increasing mean eccentricities up to
a saturation level of e ¼ 0:5. All the data points above 1000 or
more days ( log P ¼ 3) for the B andA0–A5 stars are statistically
flat; for theA6–F0 stars only the datum point above 105 days is at
the saturation level. These results show that binaries with periods

1 Available at http://sb9.astro.ulb.ac.be and http://ad.usno.navy.mil /wds /orb6
.html, respectively.
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TABLE 1

B0–B9.5 IV or V Binaries with Known Orbital Elements

HR HD

Period

(days) Kind e Grade

7258................. 178329 1.0309 SB1 0.02 3

1868................. 36695 1.4854 SB2, triple 0.0 2

5944................. 143018 1.5701 SB2 0.0 2

1221................. 24769 1.5919 SB1 0.37 1

6414................. 156247 1.6773 SB2 0.01 4

5834................. 139892 1.72357 SB2, quadruple 0.013 0

5906................. 142165 1.9235 SB1 0.36 1

1163................. 23625 1.9406 SB2 0.0 3

7474................. 185507 1.9503 SB2 0.0 4

6431................. 156633 2.0510 SB2 0.0 4

Note.—Table 1 is published in its entirety in the electronic edition of the
Astrophysical Journal. A portion is shown here for guidance regarding its
form and content.

TABLE 2

A0–A5 IV or V Primaries with Known Orbital Elements

HR HD

Period

(days) Kind e Grade

963..................... 222133 0.50210 SB1 0.0 3

6240................... 151676 0.6614 SB1 0.0 2

1078................... 21912 0.9172 SB1 0.0 4

8396................... 209278 0.9450 SB1 0.0 3

815..................... 17138 1.1952 SB1 0.0 3

1324................... 26961 1.5274 SB1, triple 0.02 3

8300................... 206644 1.7290 SB2 0.0 2

4560................... 103483 1.7304 SB2 0.0 3

1177................... 23848 1.7653 SB1 0.09 2

6918................... 169985 1.8505 SB2 0.0 3

Note.—Table 2 is published in its entirety in the electronic edition of the
Astrophysical Journal. A portion is shown here for guidance regarding its
form and content.

TABLE 3

A6–F0 VI or V Primaries with Known Orbital Elements

HR HD

Period

(days) Kind e Grade

3798........... 82610 0.6483 SB1 0.0 2

50A............ 1061 0.8417 SB2 0.0 3

8322........... 207098 1.0228 SB1 0.0 4

4646........... 106112 1.2710 SB1 0.01 3

8024........... 199603 1.5755 SB1 0.0 2

184............. 4058 1.9642 SB2 0.0 5

1368........... 27628 2.1433 SB1 0.04 2

6561........... 159876 2.2923 SB1 0.0 5

8584........... 213534 2.3410 SB1 0.02 4

4535........... 102660 2.7818 SB1 0.02 3

Note.—Table 3 is published in its entirety in the electronic edition of the
Astrophysical Journal. A portion is shown here for guidance regarding its
form and content.

Fig. 1.—Eccentricities for 155 B0–B9.5 main-sequence spectroscopic and
visual binaries are plotted against the logarithms of their periods. Note that sys-
tems with zero eccentricity are frequent in systems with periods of 0.5–10 days
( log P ¼ �0:3 to 1.0) and extend to 105 days.
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TABLE 4

Mean Eccentricities for Systems with Grades >1

Period Range

(days) Sample n hei � �

B0–B9.5

1–2 ....................... All 6 0.01 � 0.00

Doubles 5 0.01 � 0.00

SB only 6 0.01 � 0.00

VB only 0 . . .
2–4 ....................... All 27 0.07 � 0.02

Doubles 25 0.07 � 0.02

SB only 27 0.07 � 0.02

VB only 0 . . .

4–8 ....................... All 21 0.13 � 0.03

Doubles 19 0.12 � 0.03

SB only 20 0.12 � 0.03

VB only 0 . . .

8–32 ..................... All 18 0.21 � 0.04

Doubles 17 0.22 � 0.04

SB only 18 0.21 � 0.04

VB only 0 . . .

32–512 ................. All 16 0.34 � 0.06

Doubles 14 0.34 � 0.07

SB only 14 0.31 � 0.07

VB only 0 . . .

512–8192 ............. All 14 0.39 � 0.06

Doubles 11 0.45 � 0.07

SB only 3 0.44 � 0.08

VB only 7 0.37 � 0.09

>8192 ................... All 29 0.49 � 0.06

Doubles 29 0.49 � 0.06

SB only 0 . . .

VB only 29 0.49 � 0.06

A0–A5

0.5–2 .................... All 11 0.02 � 0.01

Doubles 10 0.02 � 0.01

SB only 11 0.02 � 0.01

VB only 0 . . .

2–8 ....................... All 27 0.05 � 0.02

Doubles 25 0.05 � 0.02

SB only 26 0.05 � 0.02

VB only 0 . . .

8–32 ..................... All 21 0.37 � 0.04

Doubles 20 0.37 � 0.05

SB only 18 0.38 � 0.05

VB only 0 . . .
32–4096 ............... All 29 0.38 � 0.05

Doubles 26 0.40 � 0.06

SB only 12 0.32 � 0.08

VB only 15 0.42 � 0.08

4096–32768......... All 31 0.51 � 0.05

Doubles 28 0.51 � 0.06

SB only 2 . . .

VB only 27 0.50 � 0.06

>32768 ................. All 29 0.46 � 0.05

Doubles 28 0.45 � 0.05

SB only 0 . . .

VB only 29 0.46 � 0.05

TABLE 4—Continued

Period Range

(days) Sample n hei � �

A6–F0

0.5–4 .................... All 16 0.01 � 0.00

Doubles 13 0.01 � 0.00

SB only 16 0.01 � 0.00

VB only 0 . . .

4–16 ..................... All 19 0.07 � 0.02

Doubles 19 0.07 � 0.02

SB only 19 0.07 � 0.02

VB only 0 . . .

16–512 ................. All 12 0.30 � 0.07

Doubles 11 0.33 � 0.07

SB only 9 0.31 � 0.09

VB only 2 . . .

512–8192 ............. All 12 0.34 � 0.08

Doubles 11 0.31 � 0.08

SB only 5 0.40 � 0.12

VB only 7 0.29 � 0.12

>8192 ................... All 17 0.51 � 0.06

Doubles 17 0.51 � 0.06

SB only 0 . . .

VB only 17 0.51 � 0.06

Fig. 2.—Mean eccentricities for 155 B0–B9.5 spectroscopic and visual bi-
naries are plotted against the logarithms of their periods. The curve is a math-
ematical fit [ eh i ¼ 0:587(0:935� e�0:449 log P)] giving a scatter of � ¼ �0:02
and a correlation coefficient of 0.997. Other formulae for similar curves work
nearly as well, so that formula probably has no physical significance.
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from a few days to at least 1000 days have eccentricities that are
reduced by interactions.

Could it be that systematic differences between SB and VB or-
bital elements cause the smooth variations shown in Figures 2–
4? First, there are 24 systems listed in Table 1 as having both
spectroscopic and visual elements; in every case the orbital el-
ements agree for the two kinds of measurements. Second, in
Table 4 we list on separate lines the orbital elements for SB and
VB orbital elements only. Although there are only three cases of
period ranges where there are sufficient SB and VB data, the re-
sults agree within the errors in all three cases. We conclude that
the variations shown in Figures 2–4 are not due to systematic dif-
ferences between spectroscopic and visual measurements.

Could these results be distorted by triple and quadruple sys-
tems, of which there are 28 cases? If we eliminate those in the
lines in Table 4 labeled ‘‘doubles,’’ we get the same results
within their errors as for ‘‘all’’ systems. We conclude that oc-
currence in triples and quadruples does not distort the results in
Figures 2–4.

If one considers the 138 systems of all types with periods
>1000 days, the frequencies of various eccentricities are shown
in Figure 5. The mean frequency is 0:100 � 0:025, while the
mean scatter for the 10 points is �0.027. Therefore for primor-
dial systems that have not yet felt the dynamical tendency toward
circularization, there is no preferred eccentricity. All eccentric-
ities from circular orbits to nearly parabolic ones are equally
likely. This seems to be consistent with the formation of binaries
by capture in dense cluster environments.
How does that compare with the binaries that have partially

reached circularization, such as the systems with periods be-
tween 10 and 100 days? Those data for 53 systems are shown in
Figure 6. That figure shows that most of the systems that had
eccentricities >0.6 have now had their eccentricities reduced
below that amount.

We thank the referee for suggesting using the orbital grades
and for other suggested improvements.

Fig. 3.—Similar to Fig. 2, but for 151 A0–A5 primaries. The curve [ eh i ¼
0:646(0:818� e�0:982 log P)] fits the data with a scatter of � ¼ �0:09 and a cor-
relation coefficient of 0.937.

Fig. 4.—Similar to Fig. 2 but for 85 A6–F0 primaries. The curve [ eh i ¼
0:646(0:857� e�0:440 log P)] fits the data with a scatter of � ¼ �0:07 and a cor-
relation coefficient of 0.971.

Fig. 5.—For the 138 B0–F0 binaries with periods greater than 1000 days, the
frequencies of their mean eccentricities are shown. All the data points fit a mean
frequency of 0:100 � 0:025.

Fig. 6.—For the 53 B0–F0 binaries with periods between 10 and 100 days,
the frequencies of their mean eccentricities are shown. The mathematical curve
has the form frequency ¼ ½5:954þ 119:4(log P)5:51��1

.
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