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Attention, the measured light flux from each reference satellite
must be also recorded and presented separately in a specific file.
In the case of a mutual eclipse, it is important to indicate from
which source the light flux was measured. It can only be a flux from
an eclipsed satellite alone if the eclipsing satellite is far enough
apart in the field of view. In other cases this may be the total
flux from both satellites: eclipsing and eclipsed. Do not forget to
indicate this fact in the data that you will send.

Reducing the Light Curve
The present section focuses on the photometric model of mutual
occultations and eclipses of the Galilean satellites and mostly on
sources of systematic errors all along the observing and reducing
process which will degrade the final astrometric results.
Systematic errors may be introduced in the photometric
processing if specific corrections are not made. Let's explain it in
more detail here.
Let S be a normalized flux so S = T when the satellites are outside
the occultation. During the event one satellite is occulted or
eclipsed so we have S < 1. We suppose an equation
E=K-S,

where K is some constant coeffcient and F = K is the flux
outside the event. This is the perfect and desired case. In fact,
the dependence will be such

E=K-S+P,

where Pis some unknown parameter supposed to be constant
during the event.

The sources of this parasitic flux can be different. An explainable
case may be if we have light from the background of the sky or
light scattered in the structure of the telescope assembly. In that
case it will be P> 0. However, it often happens that P< 0.
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Figure 6. The building of the function S(X,Y), X, Y being the relative
astrometric positions of the two satellites during an occultation.

The reason for this situation can only be the error of the method
of photometric processing. After having taken some method to
use the observer cannot influence this process.

Cases when P< 0 can be detected and seen from observations.
To understand the problem let us look at a simplified model of
the mutual occultation of two satellites. In this model we suggest
homogeneous satellite disks. Let the occulting satellite be “number
1" and the occulted one be "number 2" as well.

Let us denote p,, p, - disk integrated albedos of the first and
second satellites correspondingly. Further notation are ry, rs -
apparent radii of the disks. Then the flux from occulting satellite
is equal to Rp;r? and the flux from occulted satellite is equal to
Rporiks(d), where R is some coefficient, ko(d) is a share of
uncovered portion of the disk of occulted satellite, d being the
apparent distance between the centres of the disks on the sky.
Normalized flux S can be expressed

2
p2rika(d)
1 + Ple

_ piri +par3ka(d)

2 2 2
p1T{ + Dars paT2
1+ pﬁ“%

S(d)

In the no event case k, = 1. If a full occultation occurs kyis equal
to zero and in the case of annular occultation ks = (rae = 712)/r22.
Figure 7 demonstrates the case of full occultation. For the time
period (t;,t2) we have ky= 0 and
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that is, the flux does not depend on the mutual distance of the
satellites d.

Flux

t, t, Time

Figure 7. Full occultation of one satellite by another over a period of
time (t, t,) and the corresponding section on the curve of the total
normalized flux from a pair of satellites.
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The problem arises because in many cases the observed value of
the flux during full occultation is not equal to the calculated value,
i.e.
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where K is equal to the flux beyond the phenomenon. Figures 8,
9, and 10 show examples of such situations. Here we present the
values of E perved /K obtained from the measured values of
the flux (points) and model changes of S.

These figures demonstrate that the additional flux is present in the
measured values during full occultation, and this flux is negative.
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Eobserved = K +P,

where Pis the spurious light flux from an unrecorded background.
The second way is to set
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where m is some additional factor that appears due to the fact
that we inaccurately know the ratio of the satellites’ albedos, and
corrects this inaccuracy. There is a dilemma which method we
should choose among two methods.

The fact that in most such cases the spurious flux in the
observations is negative, suggests its real presence, rather than
the in fdence of inaccurate knowledge of satellite albedo.

When processing partial mutual occultations of satellites, we do
not suspect the presence of a spurious background in the
measurements and do not know about the inaccuracy of the
accepted values of the satellites’ albedos. Therefore, we have to
add the false correction  to the mutual apparent distance
between the satellites to match the model with the observations,
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Here, in our consideration, for a better understanding of the
situation, we smplied the photometric model of the phenomenon.
However, the problem is also reproduced in our processng of
observatons using the perfect model desciibed in [7, 8]. The same
problem ariseswhen processng observations of mutual eclipses
of satelites.
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Figure 8. Example of the light curve for the measured normalized
flux from the satellite lo during its full occultation by another
satellite and the corresponding model curve after refining the model
parameters. The observation performed on 2014 November 2. On
the horizontal axis, we showed the time in minutes.

Figure 9. Example of the light curve for the measured normalized
flux from the satellite lo during its full occultation by another
satellite and the corresponding model curve after refining the model
parameters. The observation performed on 2014 December 28. On
the horizontal axis, we showed the time in minutes counted from
2014 December 29. A negative background level in the measured
flux is clearly visible here.

Figure 10. Example of the light curve for the measured normalized
flux from the satellite lo during its full occultation by another
satellite and the corresponding model curve after refining the
model parameters. The observation performed on 2015 March 3.
On the horizontal axis, we showed the time in minutes counted
from 2015 March 3. A negative background level in the measured
flux is clearly visible here.



