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Abstract. All periodic variables with stable periods such as pulsating stars,
eclipsing binaries and pulsars offer the possibility of detecting unseen com-
panion(s) by means of the light-time effect. We discuss the limitations of
the method (the visibility of the effect) for different types of periodic vari-
ables. Special attention is paid to the ranges of mass ratios and orbital
periods in which unseen companions can be found. We also indicate several
systems with light-time effect in which hypothetical companions can be
detected by speckle interferometry or precise astrometric observations. In
these cases, the detection of the companions may lead to the determination
of the components’ masses.

1. Introduction

Any object emitting periodic signal is a candidate for the detection of the
light-time effect (hereafter LTE) provided that it belongs to a binary or
multiple system. This effect causes apparent period changes in accordance
to the motion along the binary orbit. By the detection of LTE in period
changes of a periodic variable, the presence of its unseen companion can be
uncovered. Independently of the fact whether the companion is observed
directly or not, the study of LTE may give an important contribution to
our knowledge of the binary.

2. Limitations of the method

A periodic variable used to the study the LTE should have a stable period.
(From all known periodic variables, some types of pulsating stars, eclipsing
205
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binaries, and pulsars have enough stable periods to be promising candidates
for the study of LTE.

In order to estimate the visibility of the effect in the O-C diagram, let
us consider—for simplicity—LTE in a double system with a circular orbit.
In the O-C diagram, the changes of the period P of the signal emitted by
the visible component due to LTE will have the form of a sine curve with
semi-amplitude equal to Py Kyis/(27c), where P, is the orbital period,
and 2K;s is the range of the primary’s radial-velocity curve.

The amplitude of LTE depents proportionally on P, and Ky and is
equal to the time which light needs for passing the projected orbit. The LTE
can be detected only if this amplitude is larger than the typical error of the
determination of the phase of periodic signal. Since this error determines
the scatter of points in the O-C diagram, the visibility of LTE will, if
fact, depend on the P,/ P ratio. Consequently, for a given orbital period,
short-period variables are more suitable for the study of LTE than the long-
period ones. Furthermore, the amplitude of the effect is proportional to the
mass ratio ¢ (defined as Muynseen/Myisible). Assuming that the range of the
variation due to LTE is larger than 0.02 P, we estimated the minimum mass
ratios for different types of periodic variables (see Table 1). In the P,,—q
plane, shown in Fig. 1, we present the lower limits for the detection of LTE
for all periodic variables listed in Table 1.

TABLE 1. Minimum mass ratios ¢ and minimum masses of unseen companions
which can be found by means of LTE in a system with Po,b = 100 yr. Minimum
Py needed for the detection of a 1 My companion is given in the last column.

Type of visible Typical Typical Minimum  Minimum  Minimum

object mass period q Minseen Porb
RR Lyrae star 0.6 Mo 0.5d 0.05 0.03 Mo 1.3 yr
Classical Cepheid 8 Mg 8d 0.4 3 Mp 500 yr
B Cephei star 12 My 0.2d 0.007 0.08 Mg 2.5 yr
6 Scuti star 2 Mo 2h 0.005 0.01 Mo 60 d
pulsating WD 1 Mo 500 s 0.0005 0.5 Mjupiter 1d
eclipsing binary 3 Mo 2d 0.06 0.2 Mo 9 yr
typical pulsar 1.5 Mp 1ls 10~ 0.5 MEarth no limit

millisecond pulsar 1.5 Mg 5 ms 4%x107° 0.2 MMoon no limit

As one can see from Fig. 1, the shorter is the period of the signal the less
massive companions can be discovered by means of LTE. In the systems
containing pulsars or pulsating white dwarfs, there is a possibility that
planetary companion(s) will be discovered.
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Figure 1. The lower limits for the detection of LTE for several types of periodic variables.
A circular orbit and the most favourable inclination (: = 90°) were assumed. The filled
squares indicate the case of a 1M companion.

3. Conclusions and examples

Apart from the discovery of the presence of an unseen companion, the
detection of LTE can yield another result: a spectroscopic orbit can be
found from the O-C diagram if the observations cover more than one orbital
cycle. This is very important in the case of pulsating variables, the radial
velocities of which are strongly affected by the pulsation.

If the presence of a LTE companion (i.e., companion discovered by
means of LTE) can be confirmed by other independent observations this can
yield additional information about the system. The high-quality spectro-
graphic observations can reveal the secondary spectrum or provide radial-
velocity curve of the primary (it should be consistent with the observed
LTE). On the other hand, some LTE companions (if not very faint in com-
parison with the primary) can be resolved by interferometric methods yield-
ing a relative visual orbit. Next, the absolute visual orbit can be obtained
with the precise astrometric observations. This is very important because
a combination of spectroscopic and visual (astrometric/speckle) orbits can
lead to the determination of the masses of the components as well as other
astrophysical parameters of the system.

With this in mind, we prepared a somewhat arbitrary list of objects
(Table 2) which probably have companions because quite convincing pe-
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riodic changes of their periods—presumably due to LTE—are observed.
Independent confirmation of the presence of a companion for any of these
objects would constitute an interesting and important contribution to their
study.

This work was supported by the IAU grant and the reasearch KBN
grant Nr 2 P304 001 04.

TABLE 2. Some periodic variables for which period changes attributable to
LTE are observed.

Variable name  Type P [d] Pow [yr] Reference

RX Aur cepheid 11.624 53.8 Szabados (1988)

IU Aur EB 1.812 0.81 Mayer & Drechsel (1987)
AH Cep EB 1775 62.9 Drechsel et al. (1989)

FZ CMa EB 1.273 147 Moffat et al. (1983)

IM Aur EB 1.247  3.78 Bartolini & Zoffali (1986)
TU UMa RR Lyr 0.558 23 Szeidl et al. (1986)

BW Vul B Cep 0.201 33.5 Pigulski (1993)

SZ Lyn 6 Sct 0.121 3.22 Paparé et al. (1988)

KZ Hya § Sct 0.060 9.3 Liu et al. (1991)

PSR 1820-11 pulsar 0.28s  0.98 Phinney & Verbunt (1991)
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