




















Non-Keplerian RV effects in binary stars 2031

Figure 6. The left-hand column, panels (a), (c) and (e), contains examples of simple RV curves of both components with dw/df = 0. When we add dw/df =
107!, 1073, 1073 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 o5 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 o ry for low wrea1/dz. At some point, as the wye, /df 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 o ;.

chosen. The ranges of the starting values of w and e are presented precession, but only the Keplerian model was fitted. In the second
in Table 3. case, we fitted an additional parameter dwg,/d¢ and compared the
The results of our simulations are presented in Figs 6 and 7. results of the best-fitting values with the real value of the parameter

In the first figure, the data used in simulations contained apsidal dwyeq /dt. In this simulation, we assumed two conditions similar to
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Figure 7. A comparison of wye,1/df and g, /dt for I ms™! (left) and 10ms~! precision (right). The figure for 100ms~! precision is not presented here. It is
very similar to the two results shown here, but with correct results starting around wyeq1/df = 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 o s;, where o 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 wye,/df =
107*, 1073 and 1072 for ogy = 1, 10 and 100 ms~!, respectively.
The threshold was estimated with simulations and is based on the
systems meeting the following criteria.

(1) The total rms of fitted Keplerian model is lower than three
times the white noise applied to the RV data.
(i1) The error of dw is ten times lower than dw.

A recent paper by Konacki et al. (2010) includes five binaries
where the RV precision reached the level of 2-10 m s~!. Four objects
showed no apsidal motion, so with our simulations we may say that
dw/dt = 1073 rad yr~! 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) x 1073 rad yr~', 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 dw/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 CONCLUSIONS

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 2ms~'. 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
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Figure 8. The relation between the observing time span and detectable
Wreal/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 wye,1/df observed with
sufficient RV precision to yield the correct, non-zero dw/dr.

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 dw/dt =
10~* rad yr~!, and in this way contribute to the understanding
of dynamics and internal structure of the components of binary
stars.
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