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Figure 6. The left-hand column, panels (a), (c) and (e), contains examples of simple RV curves of both components with dω/dt = 0. When we add dω/dt =
10−1, 10−5, 10−8 to those three different RV curves, we can calculate the difference between data with and without an apsidal motion. In the first case, the
difference is huge, and from the shape of O−C we may deduce an apsidal motion in the system. In panel (c) it is still visible, but in the case of (e) it may be
easily missed and incorporated into the total white noise. In the right-hand column, panels (b), (d) and (f), two major groups of results may be distinguished:
one group with a high σfit comes from the fact that a random distribution of input parameters and measurements may result in a failure of the least-squares
method. However, most of the systems are in the second group around the value of the white noise σRV for low ωreal/dt. At some point, as the ωreal/dt increases,
the results start to drift off the constant line in the direction of a higher rms of the fit. The colour and the size of circles denotes log σ fit.

chosen. The ranges of the starting values of ω and e are presented
in Table 3.

The results of our simulations are presented in Figs 6 and 7.
In the first figure, the data used in simulations contained apsidal

precession, but only the Keplerian model was fitted. In the second
case, we fitted an additional parameter dωfit/dt and compared the
results of the best-fitting values with the real value of the parameter
dωreal/dt . In this simulation, we assumed two conditions similar to
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Figure 7. A comparison of ωreal/dt and ωfit/dt for 1 m s−1 (left) and 10 m s−1 precision (right). The figure for 100 m s−1 precision is not presented here. It is
very similar to the two results shown here, but with correct results starting around ωreal/dt = 0.01. It is consistent with the conclusions from Fig. 6(f). Two
conditions similar to these in Section 4 are applied to the results. The parameters A = 2 and B = 10 are conservative but guarantee correct results. The colour
denotes log σ fit, where σ fit is given in radians.

the ones used in Section 4. The parameters used were A = 2 and
B = 10.

It is important to note the threshold where the apsidal motion can
no longer be absorbed by a simple Keplerian model and requires
an additional parameter to describe observations. It is ωreal/dt =
10−4, 10−3 and 10−2 for σ RV = 1, 10 and 100 m s−1, respectively.
The threshold was estimated with simulations and is based on the
systems meeting the following criteria.

(i) The total rms of fitted Keplerian model is lower than three
times the white noise applied to the RV data.

(ii) The error of dω is ten times lower than dω.

A recent paper by Konacki et al. (2010) includes five binaries
where the RV precision reached the level of 2–10 m s−1. Four objects
showed no apsidal motion, so with our simulations we may say that
dω/dt = 10−3 rad yr−1 is ruled out in those systems. However, one
system, HD 78418, showed a small value of the apsidal motion. It is
(1.5 ± 0.4) × 10−3 rad yr−1, still on the edge of detectability. Those
results comply with the conclusions of our simulations connecting
the precision of RV measurements with the limits on dω/dt.

We checked the relation between the simulated time span of the
observations and ability to detect apsidal motion. With six different
time spans: 1, 2, 3, 4, 10 and 100 yr, we established a simple relation
presented in Fig. 8. It is an upper limit for the systems that will show
the apsidal motion within the time span of the survey. The limits
are based on the group of simulated objects fully meeting the two
criteria described earlier. We decided to use bigger groups of results
rather than a few single objects as the simulations run on a non-
continuous set of input parameters.

6 C O N C L U S I O N S

Modern precision of RV measurements of binary stars reached a
point where the subtle effects coming from the tidal distortion,
relativistic effects and apsidal precession can no longer be ig-
nored. The majority of synthetic close binaries we examined re-
quired corrections for those effects. A recent paper by Konacki
et al. (2010) shows an RV precision of up to 2 m s−1. With this
level of precision, we must model the impact of tidal distortions
of components of binary stars on the RV curves. When this effect

Figure 8. The relation between the observing time span and detectable
ωreal/dt for the three different RV measurement precisions. The true limit
for a particular system may be even a bit lower, as this is an upper estimation
of the limit. However, we expect all the systems with ωreal/dt observed with
sufficient RV precision to yield the correct, non-zero dω/dt.

is ignored it may mimic small eccentricities in otherwise circular
orbits. On the other hand, the relativistic effects not only need to
be accounted for at such an RV precision, but also can be used
to determine the inclinations of non-eclipsing binaries based on
the RV data only. In favourable cases, the precision of i ± 0.◦1
should be possible. Finally, we demonstrate that with precision
RVs, we can easily detect an apsidal motion lower than dω/dt =
10−4 rad yr−1, and in this way contribute to the understanding
of dynamics and internal structure of the components of binary
stars.
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acknowledges support provided by the Proyecto FONDECYT Post-
doctoral No. 3120153. MK acknowledges support from the Euro-
pean Research Council via a Starting Grant and the Foundation for
Polish Science via a grant ‘Idee dla Polski’.

R E F E R E N C E S

Albrecht S., Reffert S., Snellen I. A. G., Winn J. N., 2009, Nat, 461, 373
Alencar S. H. P., Vaz L. P. R., 1997, A&A, 326, 257
Alencar S. H. P., Vaz L. P. R., 1999, A&AS, 135, 555
Claret A., 2000a, A&A, 359, 289
Claret A., 2000b, A&A, 363, 1081
Demarque P., Woo J.-H., Kim Y.-C., Yi S. K., 2004, ApJS, 155, 667
Doppler C., 1842, Abhandlungen der k. böhm. Gesellschaft der Wis-
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