
1. Project description

The transits in the AV CMi binary system (α = 07 : 09 : 10.84
, δ = +12 : 11 : 19.1 , Period = 2.277745 days,∼ 11.8 mag)
were noticed at first by A.Liakos. The transit signal was found
to have a depth of ∼ 40 mmag and a periodicity of 0.5192109
days, so they assumed that if it is a third body, it must be set in
an inner orbit. Assuming Keplerian orbits, we can proove that
the semi major axis of the relative stellar motion, and also the
planetary motion is such, that also allows a transit ,of the possi-
ble third body, around the non host star. In order to understand
how that happens , we only have to proove that the projected dis-
tance between the hypothetical third body and the other binary
component (non-host) can take values smaller than the sum of
the radii of the third body and the non host star. In the next graph
we can see that the former hypothesis is actually true.

(a) the projected distance
surface takes values smaller
than the sum of the radii
(constant surface), with z
axis reversed

(b) transit around the non
host (the yellow star repre-
sents the host star)

Fig. 1: the strange transit event

If this condition is true, we must observe a new event that
we call " strange transit " illustrated in Figure 1(b). During such
an event, due to the simultaneous motion of the two overlapping
bodies, the projected distance has a more complicated form than
that of the classical transit, invlolving the difference in the lon-
gitudes of the ascending nodes of the two different orbits (∆Ω).
If such an event was to be observed, not only we could directly
verify the existence of the third body, but also obtain the value
of ∆Ω at a certain level of accuracy, which is important for the
origin and evolution of this system. The actual transit of the third
body around the host star is also equally important. The analy-
sis of transit lightcurves from this particular system can be di-
vided into two categories. In the first, we have the search for
transit timing variations. Due to the extremely close orbits and
to the fact that the pertuber is a massive star, we expect large
variations. Numerical approaches for the restricted three body
problem could lead to a model for these variations. The second
category could be defined as a more direct analysis of the transit
lightcurves. In particular, we created cases A and B. In case A
the third body orbits the primary component, while in B it orbits
the secondary. For each case we implemented Pal’s transit model
and taking into account the fractional luminosity of the two com-
ponents, we constructed two different models (A and B). Fitting
models A and B to a single observation, would yield different
values for χ2. However, the calculation of χ2 is affected by the
equipment and the data extraction techniques and thus carries
an uncertainty. After developing a way to calculate this uncer-
tainty we proceed with the comparison of χ2

A and χ2
B and if one

is found systematically larger than the other, then we could have
a first insight into which case is actually true.

2. Data analysis and results so far

So far, we analyzed only 11 transit lightcurves, 7 of which ob-
tained from A.Liakos and 4 from us. Liakos used the I filter,
while we did not use any filter at all. In the next table we present
our results from the MCMC analysis

Table 1: physical parameters (for Rp the I filter observations were
neglected)

Mean values case A case B

i◦ 52.11 72.22
Rp 3.72 3.147

We also tried to observe the transit event, during a primary
and secondary minimum of the sytem. Such an observation is
also very important, because if we assume (for example) that
case A is true, then during a primary minimum, the transit is not
always visible (due to the fact that it is obscured by a third body).
For certain values of ∆Ω though, it can be observed and thus help
us define limits for this parameter. We managed to obtain such an
observation during a primary minimum, where the transit signal
can actually be derived, after subtracting the contribution of the
binary as we can see in the next graphs.

(a) primary minima
lightcurve (b) extracted transit signal

Fig. 2: e.g. if case A is true then 122 6 ∆Ω 6 340

The validity of the comparison of χ2
A and χ2

B is under investi-
gation. Without going into much detail, we have to note that we
use a modified χ2 statistic, and for every one of the 11 lightcurves
we create simulated lightcurves that follow a null hypothesis
(e.g. model A is better) through the bootstrap method (e.g. gen-
erating lightcurves using the already fitted model A, given the
rms of the specific observation). The important thing for the spe-
cific project, is in order for the comparison of χ2 to be valid, we
need a low uncertainty in the simulated χ2 (that construct the χ2

distribution) and thus a good rms for the observed lightcurves.
For the observations of the 7 lightcurves from Liakos, we cre-
ated a calibration graph for the observation. That is, we chose N
non-variable targets from the field of view. For each one, we cre-
ated N − 1 lightcurves, considering each of the remaining N − 1
stars as comparisons and for various apertures. The graph shows
the correlation between rms and median error for each lightcurve
and the best linear fit, considering the simple formula :

(error) = n(rms) (1)
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(a) calibration for 36 tar-
gets, using aperture photom-
etry with 3 apertures

(b) zooming in, the cyan
dotes represent the 7
lightcurves

Fig. 3: for larger rms, the scatter is greater thus the uncertainty
in χ2 is expected to be higher.

Figure 3 (a) corresponds to the calibration of a 40cm , f/5.1
Celestron telescope equipped with the SBIG ST-10 CCD cam-
era. As we can see from Figure 3(b) the rms is less than 4 mmag
in some cases, while the observing conditions (from inside a
city) was not ideal for observations. Our current tests, indicate
that with an rms of 0.004 or less, the comparison of the models
could be valid, but for larger values it is definitely not.

3. The strange transit is observable

Finally we present some simulated lightcurves for the strange
transit. From an observational point of view, the strange transit
is not periodical, it’s shape varies and it’s not so frequent. We
present a time series constructed for a time scale of 2 months,
were we subtracted the binary and transit signals, so the only
flux drop is due to the strange transit.

(a) only half of these events
are visible (we included the
secondary eclipses, which
are not visible)

(b) this the "strange" shape
of the lightcurve (we could
have double ingress-egress
phenomena)

Fig. 4: the strange transit event

Figure 4(a) shows that the depth of a strange transit event can
be from 1mmag to 33mmag or more, therefore it is definitely
observable. In an actual observation, the strange transit would
appear as a small anomaly in the observed lightcurve like the
transit in Figure 2(a) could even be distinguished with just a look
from an experienced eye.
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