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Abstract. The massive eclipsing binary system IU Aurigae is re-analyzed in the context of new photometric observations and
an improved treatment of its long-term period changes (O–C diagram) derived from new times of minima. The best-fit of the
O–C curve reveals that the third component is orbiting around the system with a period of 293.3 days in a highly eccentric orbit
(e = 0.62). A solution of the most recentUBV light curves obtained during 1997/1998 showed a third light contribution of
≈23% and continuation of the orbital plane precession of IU Aurigae. Since the revised mass of the third component deduced
from the analysis of the O–C curve ofm3 = 14.2 M� would imply a larger fraction of third light than suggested by the value
of 23% derived from the light curve analysis, the third body is possibly composed of two components. Aq-search test applied
to theUBV light curves yields a minimumχ2 value atq = 0.67± 0.02, which confirms previous photometric and spectroscopic
solutions.

Key words. binaries: eclipsing – stars: early-type – stars: individual: IU Aurigae

1. Introduction

The eclipsing binary system IU Aurigae (HD 35652;
HIP 25565) with moderately hot components
(O9.5 V+B0.5 IV–V) is the best studied example of a
small group of binaries, which are members of multiple
systems and exhibit a nodal line rotation and corresponding
secular changes of the depths of their eclipses. The preces-
sional motion of the orbital plane is due to a gravitationally
bound third component in a non-coplanar orbit. In the case of
IU Aur the existence of a third body has long been known from
spectroscopic studies and the investigation of its light-time
effect (LITE; see e.g., Mayer 1983 and Drechsel et al. 1994,
hereafter DHLM). The third body orbits around the eclipsing
binary in 293 days and causes the nodal line of the eclipsing
pair to rotate with a period of about 335 years (DHLM). The
system was monitored occasionally by various authors since
it was discovered by Mayer (1965) in 1964 (period 1.d8114,
maximum V brightness 8.m22). The analysis of previous light
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vatory in Turkey, Çanakkale Onsekiz Mart University Observatory,
operated by the C¸ anakkale Astrophysics Research Center (C¸ AAM),
URL:http://physics.comu.edu.tr/caam.html

curves lead to a semi-detached configuration with a Roche
lobe filling secondary (Mayer & Drechsel 1987, DHLM). A
review of the system and references to previous investigations
of IU Aur can be found in DHLM.

Various attempts were performed to solve the orbital pa-
rameters of the third component. Mayer (1983, 1990) and
Pettersen (1979) were the first to postulate the existence of
a gravitationally bound third component due to the observed
light time effect. Later spectroscopic and photometric stud-
ies also confirmed the third body, which contributes about
15−25% of the total light (Eaton 1978, DHLM). The preces-
sional motion of the binary plane caused by the third compo-
nent leads to a continuous change of the orbital inclination at a
rate of about 0.◦5 per year during the last few decades (Mayer
& Drechsel 1987).

In a recent spectroscopic study, Harries et al. (1998) re-
ported no sign of the third body. They used a cross-correlation
method to derive a revised mass ratio of the eclipsing system of
q ≈ 0.5, which is much smaller than other determinations (q =
0.68± 0.05, see Mammano et al. 1977 or DHLM). However,
this discrepant value can possibly be attributed to the cross-
correlation reduction technique used in their investigation,
which is probably not adequate to resolve the phase-dependent
third body contribution to the line profiles, even though their
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spectra have higher resolution than those of Mammano et al.
(1977).

A visual component of IU Aur was discovered by
HIPPARCOS (ESA 1997) and ICCD speckle interferometry
(Mason et al. 1999, 1998), with a separation of 130± 46 mas
(epoch 1991.25), 121: mas (epoch 1993.20), and 147 mas
(epoch 1996.87), respectively. As estimated by Mason et al.
(1998), the probable orbital period of the visual component is
430 years, i.e., the visual component cannot be the third body
affecting the eclipsing binary inclination. Unfortunately, the
magnitude difference of the visual component was determined
by HIPPARCOS with rather large uncertainty: 1.m36 ± 1.m01.
The fractional contributions of the third body in the triple sys-
tem and the visual component to the observed extra light can
therefore only be estimated.

In the present study the orbital parameters of the third
body were refined by an analysis of all accurate minimum
times collected from literature, complemented by new pho-
toelectric observations. In addition, the most recentUBV
light curves obtained in 1997/1998 at Ankara University
Observatory (AUO) and a few additional observations collected
in 2002 at Çanakkale Onsekiz Mart University Observatory
(ÇOMUO) were re-analyzed to monitor the continued inclina-
tion change of the system.

2. Observational data

New photometric observations were made on 13 nights at AUO
in 1997/1998 and 2 nights at C¸ OMUO in 2002 by using a
30 cm Cassegrain-Maksutov telescope and a 40 cm Cassegrain-
Schmidt telescope, respectively. The detectors used in both
observatories were single-channel, uncooled SSP-5 photome-
ters equipped with Hamamatsu R1414 (at AUO) and R6358
(at ÇOMUO) photomultiplier tubes. The C¸ OMUO observa-
tions are among the first photometric results of this observatory,
which started to operate at the beginning of 2002.

The comparison and check stars were HD 35619
(SAO 58048) and HD 35633 (SAO 58053), respectively. In
total, 966, 959 and 947 measurements were obtained inU,
B andV filters, respectively, during the 1997/98 season. The
phasing of the light curves was performed using an updated
linear ephemeris derived from inclusion of our 1997/98 obser-
vations:

HJD (prim.min.) = 2450737.451(5)+ 1.d8114753(6)× E. (1)

The calculation of fluxes outside the Earth’s atmosphere was
made following the standard procedure described by Hardie
(1962).

The differential measurements were made in a sequence
comparison-variable-sky-variable-comparison. Total integra-
tion time in each filter was 15 s. Standard deviations of
the AUO observations determined from check minus compar-
ison star measurements are 0.m014, 0.m012, and 0.m018 inUBV
filters, respectively. Although the transformation coefficients of
the 30 cm Cassegrain-Maksutov telescope of AUO are known
to be s = 0.0056± 0.0032, t = 1.033± 0.002, andw =
0.968±0.015, transformation into standard magnitudes was not

Table 1. Log of photometric observations of IU Aur. JohnsonUBV
andBVRfilters were used at Ankara University Observatory (AUO)
and at Çanakkale Onsekiz Mart University Observatory (C¸ OMUO),
respectively.

Start - stop Phase Date
(HJD – 2400000) interval dd/mm/yy

50737.3368–50737.6059 0.93–0.08 15/10/97
50766.2572–50766.3722 0.90–0.96 13/11/97
50776.3456–50776.3670 0.47–0.48 23/11/97
50802.2647–50802.4485 0.78–0.88 19/12/97
50818.1733–50818.3777 0.56–0.67 04/01/98
50859.2553–50859.4604 0.24–0.35 14/02/98
50866.2152–50866.4105 0.08–0.19 21/02/98
50868.2143–50868.3743 0.18–0.27 23/02/98
50870.3007–50870.4279 0.34–0.41 25/02/98
50871.2170–50871.3830 0.84–0.93 26/02/98
50872.2373–50872.4467 0.40–0.52 27/02/98
50874.2383–50874.3812 0.51–0.59 01/03/98
50876.3022–50876.4368 0.65–0.72 03/03/98
52313.3066–52313.5150 0.93–0.04 07/02/02
52319.2291–52319.5084 0.20–0.35 13/02/02

carried out, because no standard star observations had been per-
formed (for details of standard magnitude transformation see
Hardie 1962).

For the ÇOMUO observations, standard deviations cal-
culated from a linear atmospheric extinction law are 0.m020,
0.m014, and 0.m016 in BVRfilters, respectively, and may give
an idea about the quality of the observational nights. Use of
small telescopes and uncooled single channel photometers are
the main reasons of the large scatter seen in the light curves.
The log of observations is given in Table 1.

Two minimum times from the 1997/98 observations and
one minimum time from the 2002 observations were derived by
using the algorithm described by Kwee & van Woerden (1956).
These minimum times are listed in Table 2 together with the
minimum depths, which are derived as the amplitude of the
light curve between phase intervals with a width of±0.015 cen-
tered on quadrature and eclipse minimum phases.

Since the LITE has a short period (293 days) in the case
of IU Aur, the light curves suffer from a phase shift, if sea-
sonal photometric observations cover a large fraction of LITE’s
period (see, e.g., Ohmori’s light curves for an illustration of
this effect, Ohmori 1991). Therefore, a correction term was
included accordingly to avoid such phase shifting when con-
structing the light curves.

If the minimum depths listed in Table 2 are combined
with those of DHLM (see their Fig. 3, in which the variation
of the observed minimum depths were graphed versus time),
the continued orbital plane precession of IU Aur is clearly
documented. The minimum depths vs. time dependence is
re-sketched in Fig. 1. Minimum depths estimated from pho-
tometry by HIPPARCOS (primary minimum depth 0.m65, sec-
ondary 0.m47, both for epoch JD 2 448 500) are also plotted.
The previous prediction for the time of maximum inclination
passage by DHLM (at 1984.3± 0.3) is confirmed.
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Table 2. New minimum times of IU Aur observed at AUO
and ÇOMUO. Secondary minimum was not used in calculation of
third body orbit.

Times of minima Filter Pri./sec. Minimum depths
(HJD-2400000)

50 737.4511± 0.0005 U Pri. 0.569± 0.027
50 737.4523± 0.0005 B Pri. 0.529± 0.026
50 737.4520± 0.0004 V Pri. 0.522± 0.028
50 737.4518±0.0008a UBV Pri.
50 872.3973± 0.0004 U Sec. 0.423± 0.029
50 872.3942± 0.0006 B Sec. 0.413± 0.029
50 872.3950± 0.0006 V Sec. 0.399± 0.029
50 872.3955±0.0009a UBV Sec.
52 313.4258± 0.0016 B Pri. 0.489± 0.027
52 313.4252± 0.0012 V Pri. 0.484± 0.019
52 313.4276± 0.0007 R Pri. 0.473± 0.020
52 313.4262±0.0021a BVR Pri.

a averaged value.
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Fig. 1. Variation of minimum depths of IU Aur with time between
1964 and 2002. Best linear fits (solid lines) are shown. The filled sym-
bols are the result of this work. The figure was adopted from DHLM
and complemented by our new data and HIPPARCOS measurements.

3. Analysis of the light curves

The UBV light curves observed in 1997/98 (mean
epoch 1998.0) were solved simultaneously with the MORO
code (Drechsel et al. 1995), which is based on the conventional
Wilson-Devinney approach. The MORO code takes into
account the effects of radiation pressure, due to the mutual
irradiation of early-type components of close binaries, and also
uses a refined parameter optimization algorithm. The method
was described in detail by Drechsel et al. (1995).

Original photometric data were binned into≈0.01 phase in-
tervals to construct a less scattered light curve and to reduce
the number of data points. A total of 118, 117, and 117 normal
points representing theU, B, andV filter measurements, re-
spectively, were used as input data for the solution. Magnitudes
were expressed as relative intensities and normalized to unity
at the light level of first quadrature.

The initial values of the system parameters for the sim-
plex iterations were taken from Mayer & Drechsel (1987).
Some parameters were fixed at their reliable theoretical val-
ues, such as gravity darkening exponents (g1,2 = 1.0) and albe-
dos (A1,2 = 1.0). In accordance with all previous solutions it
was assumed that the binary orbit is circular (e = 0), and the
binary components are locked in a synchronous rotation. The
limb darkening coefficients were adopted from D´ıaz-Cordovés
et al. (1995). According to the spectral type of the primary
(O9.5 V), its effective temperatureT1 was fixed at 32 000 K.
For all solution runs, Wilson-Devinney mode 2 was used,
which means that no a-priori restriction of the system config-
uration was forced. The mass ratio was used as a free param-
eter. We performed a large number of trial solutions for vari-
ous different start values ofq between 0.50 and 0.90. It turned
out that convergent solutions with reasonably small standard
deviations confinedq to the range 0.65–0.75. A minimumχ2

was found atq = 0.67 ± 0.02, which confirms the spectro-
scopic results of Mammano et al. (1977) and DHLM, who
foundq = 0.68 ± 0.05.

Table 3 gives the final parameters of the current photomet-
ric solution of the 1997/98 UBV curves. A previous solution
of IU Aur light curves of 1984.4 by DHLM is also included in
Table 3 for comparison. The inclination change with time due
to gravitational effects of the third component is evident from
the resultingi values of 90.◦0±0.◦3 and 83.◦7±0.◦8, respectively.
As in all previous solutions again a semi-detached configura-
tion with a Roche-lobe filling secondary component is found.
A 3-dimensional representation of the binary surfaces is de-
picted in Fig. 2. The third light contribution in the light curves
came out as 19.8%, 24.3%, and 24.0% in U, B, andV filters,
respectively. This result is in accordance with the solutions of
earlier light curves of 1964, 1973, 1974 and 1984 by DHLM.
The light curves and theoretical curves derived from the solu-
tion parameters listed in Table 3 are shown in Fig. 3.

4. Third body orbit

Parameters of the third body orbit can be derived from a so-
lution of the O–C curve. In the case of IU Aur, besides the
geometrical light-time effect, the dynamical term described
by, e.g., S¨oderhjelm (1975, hereafter S75), also has to be ac-
counted for when fitting the O–C residuals. Its semi-amplitude
reaches 0.d0015, and hence causes a non-negligible contribu-
tion.

The value of inclination found in the previous section
agrees well with an extrapolation of the long-term inclination
change given by DHLM (see their Fig. 5), who fitted the ob-
servations with the theoretical variation ofi expected for the
precessional motion of the eclipsing binary plane in a triple
system. Therefore the following calculations are based on val-
ues derived from the solution presented in that paper, which
are adopted as valid for epoch 1984.4, in spite of their prelim-
inary character. So we assumePnode = 335 years,i01 = 90◦,
I = 85.◦9, i1 = 29.◦0, m0 = 21.4, m1 = 14.3 M�. The notation
used follows S75, i.e.,i01 is the inclination angle of the eclips-
ing system,I is the inclination of the invariant plane against
the observer’s celestial plane, andi1 is the angle between the
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Fig. 2.3-D aspect of the IU Aur binary components at first quadrature.
The cooler secondary essentially fills its critical Roche lobe.

invariant plane of the triple system and the orbital plane of the
eclipsing system, whilem0, m1 and m2 represent the masses
of the eclipsing binary components, and the mass of the third
body, respectively.

The first calculation including the dynamical term yielded
a third body massm2 of about 15M�; then the ratio of orbital
moments isG2/G1 = sini1/ sini2 = 7.5 (see S75, Eq. (20)).
Thereforei2 = 4.◦0, and the mutual inclination of both orbital
planes equalsj = 33.◦0. These values were taken as initial pa-
rameters and allowed to change during subsequent iterations of
our numerical solution procedure.

The published times of minima cover the time interval
from 1964 to 2002. We used only photoelectrically measured
times of minima as compiled by Mayer (1987) and newer min-
ima from various sources with errors estimated to be smaller
than 0.d0020. All measurements were given identical weight
(the table of minima is available on request).

Since the orbital planes rotate such that the longitude of
the nodeΩ (see S75, Fig. 2) decreases by 360/335 degrees per
year, one has to account for the change of the geometrical ar-
gument of periastron (counted from the sky plane),ω0, during
the mentioned time interval. The argument of periastron with
respect to the fundamental plane,ω, is changing as well, but
considerably slower (S75, Eq. (36)), so that it can be assumed
as constant during the considered period of time.

Therefore,

Ω = Ω1984.3 − b(JD− JD1984.3)

whereJD1984.3 = 2 445 800, the change ofΩ per day isb =
0.◦00294 and

cosΩ1984.3 = cotI coti1;

numerically,Ω1984.3 = 82.◦6. Furthermore,ω0 = ω + s2, and

sins2 = sinI sinΩ/ sini2.

The geometrical effect as frequently given in the literature (see,
e.g., Irwin 1959; Mayer 1990) is described by

O−Cgeom = t − (t0 + P1E)

=
a12 sini0

173.14

[
1− e2

1+ ecosν
sin

(
ν + ω0

)
+ esinω0

]
,

Table 3.Simultaneous MORO solution of theUBV light curves of the
eclipsing system IU Aur; for comparison, a previous solution is also
presented in the third column.

Parameter this paper DHLM

Fixed parameters

A1 = A2
a 1.0 1.0

g1 = g2
b 1.0 1.0

x1 (U) c 0.342 0.20
x1 (B) c 0.337 0.25
x1 (V) c 0.303 0.20
x2 (U) c 0.353 0.30
x2 (B) c 0.352 0.35
x2 (V) c 0.313 0.30
T1 (K) 32 000 32 000

Adjusted parameters

i 83.◦7± 0.◦8 90.◦0± 0.◦3
(epoch 1998.0) (epoch 1984.4)

q (= M2/M1) 0.672± 0.017 0.691
T2 (K) 27 540± 290 28 220
Ω1 3.366± 0.032 3.502
Ω2 3.186± 0.037 3.212

L1 (U)d 0.625± 0.007 0.587
L1 (B)d 0.617± 0.008 0.580
L1 (V)d 0.610± 0.007 0.574
l3 (U)e 19.8%±1.8% 16.9%
l3 (B)e 24.3%±1.6% 20.8%
l3 (V)e 24.0%±1.7% 21.1%

δ1
f 0.010± 0.004 0.012
δ f

2 0.002± 0.002 0.001
Roche radiig

r1 (pole) 0.362± 0.006 0.348
r1 (side) 0.378± 0.009 0.362
r1 (back) 0.398± 0.009 0.379
r1 (point) 0.423± 0.008 0.396
r2 (pole) 0.324± 0.003 0.327
r2 (side) 0.339± 0.004 0.343
r2 (back) 0.371± 0.005 0.376
r2 (point) 0.425± 0.014 0.435

1σ deviation 0.0074 0.0039

a Bolometric albedo.
b Gravitational darkening exponent.
c Linear limb darkening coefficient; theoretical values taken from
Dı́az-Cordovés et al. (1995).
d Relative luminositiesLi/(L1 + L2); L2 is not independently adjusted,
but recomputed fromr2 andT2.
e Fraction of third light at maximum.
f Radiation pressure parameter, see Drechsel et al. (1995).
g Fractional Roche radii in units of separation of mass centers.

whereP1 is the apparent mean period of the eclipsing system
and a12, ν, e, ω0 and i0 are the parameters of the eclipsing
binary orbit around the common center of mass of the triple
system.

The mass function of the triple system is given by:

f (m2) =

(
a12 sini0

)3

P2
2

=

(
m3 sini0

)3

(m0 +m1 +m2)2

=
1

P2
2

[
c2A2(

1− e2 cos2ω0
)
]3/2

, (2)
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Fig. 3. Observed normalizedUBV light curves obtained in 1997/98 (dots) and best fit theoretical curves (solid lines) of IU Aur. The curves are
given in intensity units, whileB andV data are offset by 0.1 each. Phases were calculated according to the ephemeris of Eq. (1).

whereP2 is the orbital period of the third component. The ob-
served semi-amplitude of the LITE,A, is given by

A =
a12 sini0

√(
1− e2 cos2ω0

)
173.14

·
In order to solve for the orbital parameters, we used the ana-
lytical form of the dynamical contribution to O–C as given by
Mayer (1990) and corrected by Borkovits et al. (2003):

O−Cdyn =
3
8π

m2

m0 +m1 +m2

P2
1

P2

(
1− e2

)− 3
2

×
[
(2− Z) W+

(
Z − 2

3

)
(ν − l + esinν)

]
(3)

where

W = sin 2(ν + ω) + e

(
sin(ν + 2ω) +

1
3

sin(3ν + 2ω)

)
(4)

andZ = cos j + cos2 j; l is the mean anomaly.
By applying an iterative procedure, we minimized the dif-

ferences between the minimum times predicted by accounting
for geometrical plus dynamical contributions and the measured
minimum times. The results are given in Table 4. The same pro-
cess also allowed for a new determination ofm2 = 14.2 M�, in
accordance with the mass function and a reliable value of the
orbital inclination derived from the analysis of light curves of
epoch 1984.4;i01 = 90.◦0.

When the formula by Borkovits et al. (2003, their
formula (36)) is used, then the amplitude of the dynamical term
reaches only 0.d0012, i.e., the amplitude of the geometrical term
is larger and the mass of the third body is 15M�. The other pa-
rameters change only insignificantly.

The observed O–C values folded by the long-period given
in Table 4 are shown in Fig. 4 (upper part) together with the

curve for the dynamical term. Sinceω0 is different for each
time of measurement, no unique curve representing the geo-
metrical term exists. But we plotted curves valid for two epochs
close to the beginning and end of the interval with observa-
tions: one for the year 1964 (ω0 = 24◦), another for 2000
(ω0 = −16◦). Differences between observations and theoreti-
cal expressions O−Cgeom+O−Cdyn are shown in the lower part
of the figure.

5. Discussion

The solution of the 1997/98 light curves proves that: i) The
changing of minimum depths is continuing as expected. The
inclination computed for 1997/98 (i.e.,i = 83.d7 ± 0.8) is well
compatible with the prediction of DHLM’s Fig. 5 in which
cosine of inclination is plotted versus time; ii) The amount
of third light (on average 23% forUBV filters) is consistent
with previous calculations based on both photometry and spec-
troscopy (Eaton 1978, DHLM). Such a level of light contami-
nation would correspond to a less massive third body than sug-
gested by the value ofm3 = 14.2 M� following from the O–C
analysis, if it is assumed to be a main sequence star. Therefore
we propose that the third body responsible for the extra light in
the light curves is not a single, but a double star. A precise anal-
ysis of the O–C curve increases the value of the eccentricity of
the third body orbit toe = 0.62, which is much larger than
previous determinations (Pettersen 1979; Mayer 1983, 1990).

The corresponding absolute magnitudeMV of the primary
deduced from its spectral type of O 9.5 V is about−4.m1 (us-
ing L1 calculated during the light curve solution one gets a
nearly identical value); the total light of the system is more than
twice as large, i.e.,MV,total = −4.m9, and withV = 8.m22 in max-
imum and a color excess ofE(B−V) = 0.m53 (AV = 1.m64), the
distance modulus is 11.5 which leads to a distance of≈2 kpc.
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Fig. 4. Upper part: The observed O−Clin versus phase of the long or-
bit; Clin = 2438448.40705+ 1.8114742.E. The full line represents the
dynamical term, dot-dashed line is valid forω0 = 24◦, dashed line for
ω0 = −16◦. Lower part: Residuals relative to minimum times calcu-
lated using the sum of geometrical and dynamical terms.

Table 4.Third-body orbital parameters.

Parameter Unit Value
P1 day 1.8114741
HJD0 2438448.4073
P2 day 293.3
JDperiastron 2438010
e 0.615
a1,2 day 0.00522
ω0

1984.3 deg 2.7
m2 M� 14.2
rmsof an O–C day 0.00079

Therefore, the IU Aur system might belong to the Aur OB2
association; note that Humphreys (1978) lists HD 35619 – the
comparison star – as a member of this association, with an only
slightly different modulus of 11.67. The HIPPARCOS trigono-
metric parallax of 221 pc is certainly irrelevant and possibly
affected by the multiple nature of the system.

Extensive trial runs with the MORO code yielded a number
of convergent solutions of theUBV light curves of compara-
ble fit quality (i.e. with 1σ deviations of observed fluxes from
the theoretical light curves less than 5% worse than the value
of σ = 0.0074 of the best solution of Table 3). The errors of
individual parameters quoted in this table are standard devia-
tions corresponding to the scatter of parameters around their
mean values calculated from the nine best solutions. The best

Table 5.Absolute dimensions of IU Aur according to the new photo-
metric solution of Table 3.

Parameter Primary Secondary

M (M�) 21.4± 2.5 14.5± 2
R (R�) 7.8± 0.8 7.1± 0.8
T (K) 32 000 27 540± 290
log(L) (L�) 4.76± 0.04 4.42± 0.05
a (R�)1 8.3± 0.2 12.3± 0.8
< ρ > (cgs) 0.06± 0.05 0.06± 0.05
logg (cgs) 3.99± 0.17 3.89± 0.19
MV (m) −3.72± 0.05 −2.80± 0.11

solution parameter set itself, however, is the result of the ac-
cepted best individual solution, and not the mean of a multitude
of solutions. We felt that this way the uncertainties of parame-
ters are estimated in a more realistic way than by giving any for-
mal numerical fit errors. No acceptable solutions were achieved
for values of the mass ratioq outside the range 0.65–0.75. The
mean value from our nine best solutions is 0.67± 0.02, fully
compatible with the final solution value of 0.672. Therefore it
can be concluded that the discrepant smaller value ofq = 0.51
given by Harries et al. (1998) in a study, which did not account
for the third body lines, can be ruled out, while the older re-
sults of Mammano et al. (1977) (q = 0.68± 0.05) and DHLM
(q = 0.679± 0.057) are confirmed.

The third light found in the system amounts to 24% of total
light at quadrature in theV region. If one would attribute this
extra light to a single source, the magnitude difference would
be 1.m78. Such a value would fit the magnitude difference of
the visual component as suggested by the HIPPARCOS mea-
surement, with no need to postulate any further light source in
the system. However, we have to account for the fact that the
extra light must also include the fraction of third light emitted
by the physical third body of the triple system. Its contribution
could be rather modest if we rely on the HIPPARCOS find-
ing, which implies that the visual companion alone would be
sufficiently luminous to account for the observed third light,
although the error margin of the HIPPARCOS magnitude dif-
ference of 1.36± 1.01 is rather large.

If we assume that the third body is a single main-sequence
star with a mass of 14.2M�, its absolute visual magnitude
should be aboutMV = −3.6. This would correspond to a far too
large fraction of the total light of the system of about 30%. The
third body might therefore be a binary itself. Lowest luminosity
is expected if both components would be of identical mass. The
luminosity corresponding to a star of 7.1M� is MV = −1.8, and
a pair of them would sum up to−2.5 mag or 12% of the lumi-
nosity of the eclipsing system. In this case the fraction of third
light to be attributed to the visual companion would be almost
covered, but is still at the lower limit of what is suggested by
the HIPPARCOS result.

The possibility of the detection of a long-period perturba-
tive effect of a distant third companion on the motion of a close
binary was studied in detail by Borkovits et al. (2003). They
report that there are a few known systems for which the ampli-
tude of the dynamical term of O–C exceeds significantly the
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Fig. 5.Behavior of inclinations. 1:i01, 2: i02; long-dashed lines represent
limits for mutual eclipses, wheni02 = 88 or 92◦.

present observational accuracy. The IU Aur system is close
to the limit of detectability of the dynamical contribution of
its third body. An unambiguous distinction of this perturba-
tive effect on the O–C curve requires rather frequent and ac-
curate minimum time observations, covering a full cycle of the
third body revolution, i.e., at least about 300 days in the case
of IU Aur.

The third body should also cause a change ofP1 during the
nodal precession (see S75, Eq. (33)). We tried to find a change
of P1 during the iteration process (Sect. 4). However, no change
was evident in the time interval 1964–2002 – residuals were
always smallest for constantP1.

We assumed the values ofI , i1 andP2 found by DHLM as
correct. With the present results, S¨oderhjelm’s (S75) Eq. (27)
gives a somewhat shorter nodal period, and alsoI andi1 would
differ. However, given the observational and numerical limi-
tations, the present results still have to be preliminary, and it
appears appropriate to adopt the assumed values (I = 85.9,
i1 = 29 andi2 ≈ 4◦) also for the following considerations.

After the passage of maximum inclination in 1984, the
depth of eclipses is now decreasing again and will continue
to do so until about the year 2061 (see Fig. 5). Then eclipses
are starting to deepen again and will be total in 2138. Note the
interesting behavior ofi02. It might be close to 90◦ whenΩ is
close to zero. Then mutual eclipses of the third body and the
eclipsing pair will appear. Under these conditionsi01 ≈ 90− j,
i.e., 57◦, and the semiminor axes equal about 4.5 and 6.7R�.
With a12,3 = 0.89 AU = 190R�, total eclipses of the secondary

might occur in the inclination range 90±2◦, and of the primary
within 90± 1.◦4. Unfortunately, the orientation of the system is
such that these eclipses ended approximately 50 years ago, and
will happen again only in the second half of the 22nd century
to last for about one century. The eclipses will appear twice
during the 293 d period in “windows” lasting up to 6 days.

It is undoubtable that the mutual eclipses would provide
perfect information about the system. Hopefully, advanced in-
terferometry will meet this aim already sooner, since the third
body separation reaches about 2 mas.
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