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The Galilean moons are celestial bodies well known to all 
observers. They have always been a favourite of researchers, and 
even more since they became a target for space probes. They 
are fast-moving bodies perturbed by the Sun, the oblateness of 
Jupiter and Saturn, and also by each other. These characteristics 
make them a solar system in miniature, where certain poorly 
understood effects can be observed more quickly. Curiously, they 
are not the most frequently observed bodies in the solar system, 
even though they are among the brightest. In fact, it is their 
magnitudes (they are too bright!) that hinder their observation and, 
to measure their positions, we have often used the observation 
of their eclipses by Jupiter or, better, their mutual eclipses and 
occultations (Figures_1a, 1b).
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CALL FOR OBSERVATIONS :

Figures 1a, 1b. The configurations allowing the phenomena of eclipses and occultations. The maximum angular shifts between Earth 
and Sun are met during the 2 quadratures, they bring the best conditions to catch the eclipsed satellite light curve.
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Figure 2. Planetocentric declination of the Earth and the Sun.

The 2026-2027 Occurrence

YYYeeeaaarrr DDDaaattteee CCCooonnnfffiiiggguuurrraaatttiiiooonnnsss
2026 April 5 Jupiter at quadrature

May 11 Mutual events begin
July 26 Conjunction of Jupiter and the Sun
October 10 EEEaaarrrttthhh   iiisss   iiinnn   ttthhheee   ooorrrbbbiiitttaaalll   ppplllaaannneee   ooofff   ttthhheee   GGGaaallliiillleeeaaannn   sssaaattteeelllllliiittteeesss
November 18 Jupiter at quadrature
December 16 EEEqqquuuiiinnnoooxxx   ooonnn   JJJuuupppiiittteeerrr

2027 February 11 OOOppppppooosssiiitttiiiooonnn   ooofff   JJJuuupppiiittteeerrr
May 16 Jupiter at quadrature
August 10 Mutual events end
August 25 Conjunction of Jupiter and the Sun

Table 1. the observational conditions depend on key dates and defined time periods shown in Figures
3a and 3b.

Table 1 gives the key dates for observational conditions for 
the period 2026-2027: the best observations are made between 
opposition and quadrature, and the phenomena are more 
numerous near the equinox and when the Earth is in the orbital 
plane of the satellites.

Figures 3a, 3b. The number of observable events (by week) of the
Galileans (3a, top) and Amalthea and Thebe (3b, bottom). Dotted
lines correspond to events too close to the conjunction of Jupiter
and the Sun and so are unobservable.



Among the small inner satellites of the Jupiter system, we will
limit our observations to the satellites Amalthea and Thebe 
because they are the brightest (magnitude 14 and 16) and there­
fore the most accessible even if their detection and observation
remains a challenge.

We can see that these satellites always remain very close to the 
planet Jupiter. Therefore, they must be observed when they are 
close to their maximum elongation, but for observing eclipses, the 
timing is not a matter of choice. Amalthea is brighter but it is
closer to Jupiter than Thebe. Therefore the ability to detect them
are in the same range (Figure 6), in the most favourable 
conditions, with maximum elongations. Of course, we are not 
chasing transits or occultations of small satellites with Galilean
satellites but only eclipses. The most interesting geometry to catch 
eclipses is around the quadrature periods (Figures 1a, 1b and 3b).
This allows to get Amalthea and Thebe far from the eclipsing
Galilean satellite while crossing its shadow. We may notice in
Table_2, Amalthea’s period is 11.956296_h, it is very close to the 
half Earth sideral period: 11.967146 h. Therefore, one night before 
an event or one Earth sideral period (23h56m04s) or two Amalthea
periods around Jupiter, you get a similar geometry of the relative 
angular position of Amalthea vs Jupiter and a similar Jupiter
angular line of sight (Azimuth and Elevation) in the sky from your
observatory to train yourself, record and measure your SNR.

These satellites undergo two types of eclipse: eclipse in the 
shadow of the planet Jupiter and eclipse in the shadow of a
Galilean satellite.

• EEEcccllliiipppssseeesss   iiinnn   ttthhheee   ssshhhaaadddooowww   ooofff   JJJuuupppiiittteeerrr
Jupiter’s shadow is very large, and the satellites are very
close. Therefore, there is an eclipse at each revolution of the 
moon around the planet. Unfortunately, all phenomena will
not be easy to observe, why? It’s important to note that such 
an eclipse corresponds to an alignment of the Sun, Jupiter,
and satellite. Thus, from the Sun, we cannot observe such an
eclipse, and unfortunately, viewed from Jupiter, the Earth is
very close to the Sun, so the eclipse is hardly more visible 
from Earth than from the Sun. We must therefore wait until the 
Earth is as far from the Sun as possible, as seen from Jupiter,
in order to have the eclipse occurring as far away from one
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Satellites revolution


Eccentricities Jupiter’s equator (°)


Magnitudes at
opposition

opposition



Amalthea J-5 11.956296 h 0.003 0.4 14.1 59 arcsec
Thebe J-14 16.188 h 0.015 0.8 15.7 73 arcsec

Table 2. Characteristics of Amalthea and Thebe.

The Satellites Amalthea and Thebe

The Eclipses

time of elongation.
    

  



 




   





    
  
 


  
 



    



  


      
       


  





The Observation of Eclipses



To observe these moons, it is important to observe from a site 
far from any light pollution, high above the horizon, with a sky
free of even the slightest haze. The most troublesome source 
of light pollution is Jupiter’s own. One way to reduce it is to use 
a methane (CH4) filter, which darkens the planet’s atmosphere 
by a factor of about 10 (Figures 4a and 4b) with a filter 
wavelength transmission bandwidth between 880 and 900 nm. 
The drawback is that this also reduces the amount of light from 
the satellite (though less than that from Jupiter’s atmosphere, 
thus increasing the contrast) at the detector, requiring a more 
powerful telescope. This solution was successfully used by B. 
Christophe and O. Dechambre [4] with a 60 cm telescope in 
using an Edmund 890 nm, 10 nm bandwidth filter (Figure 9), 
in front an EMCCD Raptor Camera.
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Table 3 .The best eclipses of Amalthea observable in France and in Europe (calculations made for Paris)
Legend:
Dur(m) is the duration of the eclipse in minutes
Impact corresponds to the minimum distance between the satellite and the centre of the shadow (0 for the centre, 1 for the radius of the
eclipsing satellite)
m is the magnitude of Amalthea
limb(’’) is the angular distance from Amalthea to the limb of Jupiter in arcsec
dist(’’) is the angular distance from Amalthea to the eclipsing satellite in arcsec
Planet(°) is the elevation of Jupiter in Paris 
Sun(°) is the elevation of the Sun in Paris
Moon phase is the phase of the Moon (1 = Full Moon, 0 = New Moon)

direct insolation. 



  
  
   
 

      
 
   



    

 
 




Mutual eclipses, that is, eclipses of Amalthea and Thebe by
a Galilean moon, are far more favourable in every respect:
from an astrometric point of view, the connection with the
eclipsing object is much more precise than with Jupiter’s
shadow (Galilean moons have no atmosphere), and from an
observational point of view, the distance to the planet’s limb
is greater (however, note that the eclipsing satellite can be
close to the small eclipsed satellite, and the difference in
magnitude is significant (14 or 16 for small moons and six for
Galilean moons). The distance to the Jupiter limb can reach
40 arcseconds. Table 3 lists the eclipses of Amalthea that are
easiest to observe from Paris (and throughout France), and
Table 4 lists those of Thebe.

From the web sites [11] you may compute the inner satellite 
events from your observatory, and the web sites [12], [13],
[14], [15] and [16] you may get all the data related to Galilean
satellites and useful data to prepare your campaign.
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•What is needed to observe?
We have seen that a powerful telescope is necessary. In
fact, to observe a celestial object of magnitude 14, a very
large telescope is not required; a 30 cm telescope may be 
sufficient. For a magnitude 16 object, a 60 cm telescope is
sufficient. However, in the case of Amalthea and Thebe, we 
recommend telescopes of 60 cm (for Amalthea) and 1 m (for
Thebe) and as you will see in chapter ‘Trials with a C11’, now
30 cm telescopes could be successful. The presence of a
bright Jupiter nearby will also necessitate a perfect sky, perfect 
optics, and a perfect receiver. To reduce the brightness of
Jupiter, two methods are possible:

• either block Jupiter using a cleverly placed mask in front of
the receiver; this is feasible but difficult and requires careful
preparation (see Figure 6).

• either use a filter (see Figure 9): Methane infrared filter
from 880 to 900 nm. The absorption spectrum of methane 
darkens Jupiter’s atmosphere. In this case the received flux
decreases and it is necessary either to have a larger telescope 
or to integrate the light with longer exposures. It seems today,
according to the filter bandwidth and optical transmission,
the best Methane filter is provided by ZWO (Figures 5a, 5b 
and 5c).

Since the goal is to precisely time a rapid transition, an
extinction, or a reappearance (carefully planning the location
before observing the reappearance!), desired exposures
have to be around 1 s or less than 10 s, otherwise it will be 
impossible to time the mid-phenomenon within 0.1 s.

Table 4. The best eclipses of Thebe observable in France and in Europe (calculations made for Paris).

One advantage arises with these phenomena, which are total
eclipses: therefore, precise photometry is unnecessary, as the 
light flux will disappear, and it is the times of the ingress then
the egress we want to record. Managing offset and gain on
an APS-CMOS sensor will allow us to accurately catch the sky
background with the attached noise and maximise sensitivity.
There are, therefore, choices to be made and several tests
should be made before the observation of these satellites.

Figure 5a. Transmission curve of Methane fitted optical filter from 
Edmund 890 nm HBW 10 nm.
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Figures 7a, 7b. Examples of light curves obtained. An eclipse of Amalthea (left) and of Thebe (right) by Callisto. (Pic du Midi with a mask
on 2015 January 7)

Figure 8. 2015 April 08, 20h18m00s +/-3 s UTC. Light curve of
Europa eclipsing Amalthea (2E5) from 360 frames of 5 s exposure. 
The slipping stacking from 40 down to 5 frames along the 360
frames allows to perform a trade-off between SNR and timing
accuracy. It allows to detect the eclipse from the noise and to
improve the edge timing on the light curve.
(B. Christophe, A. Fernandez processing, Meudon Observatory)

Observations Made in the Past

We show here an observation of Amalthea and Thebe made 
with the 1 m telescope from Pic du Midi Observatory (OMP
Observatoire Midi Pyrenees) with a mask in front of Jupiter 
(Figure_6).

Figure 6. Amalthea and Thebe observed in visible light with amask
in front of the planet at Pic du Midi in 2015.

Figure 5b and 5c. Transmission curves of Methane fitted optical filters from Baader 889 nm HBW 8 nm (left) and from ZWO 20 nm 
FWHM (right).



range of Amalthea’s magnitude (Figure 13). 
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Figure 11. A specific 3D printing part has been used, linked to the
filter wheel (location 1). The focus is achieved on a wire (placed in
location (2). A 25 mm focal length macro lens reimages the wire in
1:1 geometry, (and so the focal plane) to the camera.

New APS CMOS (Active Pixel Sensor from Complementary
Metal Oxyde Semiconductor fundry) cameras bring enhanced
quantum efficiency in a wide spectral band, with small pixels
allowing a nice sampling of the PSF (Point Spread Function) given
by the telescope’s native focal length and turbulence, with a less
than 1e- rms read out noise in high gain mode. Thanks to the
photodiode fill factor and thickness improvements new generation
of Starvis Sony sensors brings this enhancement. Figure 10 shows
the Quantum Efficiency from 400 nm up to 1000 nm of IMX462
Sony focal plane array. It is a full HD 1936 × 1096 array, with 2.9
µm pixel pitch and 0.5e rms read out noise in high gain mode.
You may notice the 40% QE at 890 nm or more than 80% in the
complete Visible band.

Similar is the IMX585 providing a larger array. In using SharpCap
you may accurately tune the exposure, the offset and the gain 
on the camera through several iterations, allowing you to put the 
image dynamic you need to record in the digital dynamic of the 
array to get both the sky background and the signal from the 
satellite you are looking for with the maximum sensitivity. Getting 
one Galilean, or better a nearby star, could be useful to track the 
field of view and perform frame stacking to enhance the SNR.

Trials with a C11

Figure 10. Quantum efficiency from latest SONY
Starvis APS CMOS arrays IMX462.

Figure 9. Stacked picture of Jupiter and Amalthea from Saint Sulpice
60 cm telescope with an Edmund 890 nm filter 10 nm (Figure_5a)
in front of EMCCD Raptor camera using a 9 µm pixel pitch EMCCD
gain 50%, from Texas Instruments. Stack of 360 images of 5 s 
exposure for Almathea and the star (20:20 UT), 360 images of 0.5 
s exposure for the Galilean satellites and Jupiter (20:38 UT).
(B. Christophe, O. Dechambre, Saint Sulpice Observatory, Club
Eclipse, 2015 April 08)
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Figure 12. Stacked image of multiple short (140 × 0.5 s) exposure without any filter 
(Clear window). As no auto-guiding was used, the small variation of position of the mask
produced the unsharp mask edge. Amalthea is clearly detected on the left of Jupiter. 
Figure 13 shows the identification of the detected targets.

Figure 13. Due to the magnitude of Amalthea, cartography software (here Stellarium) 
is used to confirm Amalthea’s position so as not to confuse it with nearby stars.

Figure 14. Phemu recorded on 2026 May 21 by J.-F. Coliac. Signal-minus-background, 
normalised, binning of 32 frames.

The 2026 – 2027 Phemu campaign has
started thanks to the first light curves released
on the 2026 May 15 from Victor Bao, New
Zealand and from France by J.-F. Coliac from
Marseille (Figure 14). These events are easy to
record, it is a nice way to start to work in the
field of occultations even with small
telescopes. These time-stamped recordings
are less important now to improve the
Galilean satellites ephemerides. However,
accurate photometric light curves are
interesting to probe the albedo of each
satellite. Through a deconvolution process on
the light curves, thanks to an accurate
geometry built on accurate ephemerides, we
may provide a map of the albedo distribution
on the satellites. It could be done during the
opposition period in a retroreflexion geo­
metry and in the other periods with an aspect
angle between the Sun illumination and from
the Earth line of sight. Previous Phemu
campaigns displayed some albedo discrepan-
cies still to be understood.

The 2026-2027 Phemu campaign is now
open! Beyond the occultations and eclipses
between the Galilean satellites, we are inviting
the amateur community to chase the eclipses 
of the inner satellites Amalthea and Thebe.
These observations are difficult, and satellite
observations must be practiced before the
occurrence of events to determine the
feasibility and the best technique. The latest
APS CMOS cameras bring improved sensiti-
vity while reducing the pixel pitch allowing
amateur telescopes from 60 cm down to 30
cm diameter to try to record such light
curves. Observations are encouraged because
they will be useful for improving dynamical
models of these satellites and thus our
understanding of the Jovian system and if we 
may detect tides on Jupiter. The improve-
ment of the ephemeris of Almathea and 
Thebe will allow the Juice Mission to capture 
images of these targets during flyby.

For more information
and for sending the observations:

phemu.imcce@obspm.fr

The 2026-2027 Phemu
Campaign

Conclusion
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atmosphere, the influence of the solar eclipse during this phase 
should be only marginally perceptible, effectively accelerating the 
progression of dusk by 5 to 8 degrees.

This unusual geometric configuration may allow local observers
to investigate the extension of the F-corona [1], which is typically 
obscured by the twilight glow. An additional accompanying
phenomenon will be the coincident maximum of the Perseid
meteor shower. Finally, understanding the mechanism of the lower 
atmosphere’s response to the eclipse within the twilight zone 
may prove valuable in exploring the impact of the solar eclipse 
on the ionosphere beyond its direct geometric limits.

The spatial position of the lunar shadow axis, which significantly 
influences the twilight zone, is determined using Besselian
elements [2]. These elements constitute the fundamental basis for 
computing solar eclipse circumstances at any given epoch [3]. The 
most pronounced effect of a solar eclipse on twilight conditions
—specifically when the umbra traverses the atmosphere—occurs
strictly between the first and second umbral contacts (U1 and U2) 
during dawn, or between the third and fourth umbral contacts
(U3 and U4) during dusk. The umbral radius during these intervals
can be derived from the following equations [3]:
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CALL FOR OBSERVATIONS :



observable eclipse magnitude is 0.82. These illumination anomalies
can be quantified by comparing them against reference values
for horizontal solar illumination (measured in lux) [6] at varying
negative solar altitudes, employing the following formula [7]:

An optimal computational approach for rendering the optical
effects of a solar eclipse within the twilight zone utilises Stellarium
(v.1.0 or later), which integrates the ShowMySky atmospheric model 
[8]. Developed from the sophisticated skylight rendering algorithm 
[9] ShowMySky computes the physical scattering of light through 
a planetary atmosphere in real time. Powered by the external 
CalcMySky C++ library [10], the rendering engine incorporates 
multiple-order scattering and ozone absorption (specifically 
within the Chappuis band) during twilight period. Crucially, this 
model generates physically accurate atmospheric effects during 
solar eclipses by utilising a three-tiered eclipse simulation quality 
parameter. This yields realistic luminance attenuation and 
chromatic shifts across the celestial dome during lunar transits.

When coupled with a hemispherical (all-sky) projection, the
ShowMySky model provides a robust framework for simulating
the eclipse’s impact on twilight phenomena. The software allows
for simulations from arbitrary geographical coordinates, enabling
the analysis of the eclipse under varying solar depression angles.
The resulting rendering accurately reproduces the umbral shadow
column and the emergent background stellar field, approximating
human visual perception as shown in Figure 1.
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Visualisations of the Eclipse Effect

Figure 1. The umbral column projected from Bizerte (37°16’ 27.92”N; 9° 52’ 26.08” E) at 18:32:30 UTC on August 12,
when the Sun will be approximately 3.5° below the horizon.

(2)

(1)

(3)

(4)

(5)
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Figure 2. The anti-twilight arch truncated by the umbra projected from Galite Islands (37°31’ 30.82”N; 8° 55’ 46.63” E)
on August 12 at 18:32 UTC with comparison to the same moment a day after.

Figure 3. The projection of umbra shortly before its U3 contact
from the space perspective (Space Engine 0.99)

However, a notable limitation is that the simulated visual
threshold for stars is achieved prematurely; the current Stellarium
engine does not account for the physiological temporal kinetics
of human dark adaptation (the transition to mesopic or scotopic
vision) in response to sudden drops in ambient illumination [11].
The simulated eclipse dynamics exhibit notable optical phenomena 
in the antisolar hemisphere (the anti-twilight sky). Under standard 
twilight conditions, observers witness the ascent of the Earth’s 
shadow as a dark blue band capped by the anti-twilight arch, 
commonly known as the Belt of Venus. Because the rendering 
engine relies on multiple-order scattering, the introduction of 
the lunar umbra accurately demonstrates the spatial interruption 
and truncation of the Belt of Venus, like in Figure 2.

Furthermore, the projection of the lunar shadow can be
analysed from an extraterrestrial perspective using SpaceEngine
(v.0.99). By employing High Dynamic Range (HDR) rendering
with incremental exposure adjustments, this software simulates
orbital vantage points that are largely unattainable via standard
satellite imagery. This perspective is vital for visualising the
complex shadow dynamics during the extreme contact phases
of a total solar eclipse (e.g., between the U1–U2 and U3–U4
contacts), particularly when the umbra intersects the terminator
line [12] as Figure 3 indicates for us.



standard decay curve, accelerating or decelerating the twilight
phases depending on the progression of the eclipse. By modelling
the changing magnitude of the eclipse throughout the twilight
period, it is possible to accurately predict the exact moments
when specific celestial bodies and phenomena, such as the Milky
Way, will become visible to the naked eye (Figure 5).

Assuming a constant obscuration magnitude across the
entire twilight zone, post-civil dusk conditions occur earlier in
the evening, and pre-civil dawn conditions persist later into the
morning. At higher eclipse magnitudes, this atmospheric optical
disturbance becomes pronounced enough to significantly alter the
standard rate of illuminance decay, potentially inducing periods
where ambient light levels remain temporarily static.

The termination of a geometrical total solar eclipse does not
signify the cessation of its associated atmospheric optical and
astronomical effects; rather, these phenomena attenuate as a
function of increasing solar depression. The most pronounced
visual impacts of an eclipse occur during the early stages of civil
twilight. Even in the absence of direct solar irradiance at the
surface, tropospheric clouds can exhibit dynamic chromatic shifts
due to high-altitude sunset illumination. Consequently, transient
optical phenomena, such as shadow bands or the retreating um­
bral cone, may remain discernible. Given that typical commercial
cruising altitudes often intersect with upper-level cloud decks, 
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The Twilight Disturbance Model

Figure 4. The solar eclipse impact on twilight nomograph. 
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Figure 6. The projection of umbra stretching across the entire sky at solar depression of about 2° possible to see on August 12 at
18:32:30_UTC at Mediterranean (37°42’ 29.08”N; 8° 11’ 55.27” E) around 100 km south of Sardinian coast with the comparison of the sky
view a day after at the same time.

Figure 5. The impact of solar eclipse on golden hour and twilight
computed for Mahón at Menorca (red), where totality will occur 1.5° 
above the horizon and Bizerte, where in almost the same moment
the totality will have an impact on civil dusk at solar position of 3.5° 
below the horizon (green) with comparison to typical illumination
[lux] drop in normal conditions.

direct insolation. 
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Figure 8. The influence of deep partial solar eclipse on twilight as
computed for Moscow (green) and Sofia (red). In both locations
the I contact occurs almost at sunset. Depending on latitude, the
greatest eclipse occurs at the end of civil or mid-nautical dusk.

Calculating the differential in ambient illuminance
between an unobstructed Sun and a partially
obscured Sun across various eclipse magnitudes
facilitates the modelling of eclipse-induced twilight
under any given circumstances.

Furthermore, due to the absence of direct
scattering in the lower troposphere — particularly
within the planetary boundary layer — the umbral
structure can remain visible from off-centre
locations, extending tens of kilometres beyond the
projected path of totality.

During astronomical twilight, variations between
eclipsed and non-eclipsed baselines are probably
minimal; with the umbral column no longer
geometrically defined, the primary differentiator is
the integrated sky surface brightness (Figure 7).

Proximity to the extended path of totality introduces a notable
photometric anomaly: a non-monotonic illuminance curve
characterised by distinct temporal shifts [13]. Following a rapid
deceleration in ambient light levels driven by deep partial eclipse
magnitudes, illumination rebounds post-maximum, creating a
secondary, localised maximum. These temporal variations result in
periods where ambient brightness plateaux, a phenomenon
colloquially referred to as a “twilight standstill.” Observers situated
further from the centreline experience a singular manifestation of
this effect: at eclipse maximum, the standard progression of
twilight decay temporarily arrests — preceded by a period of
accelerated darkening — before resuming its typical descent. For
locations at minimal eclipse magnitude, the eclipse impact is
essentially twofold: a rapid acceleration of darkness followed by an
opposing illuminance rebound after the greatest phase is achieved
(Figure 8).

Depending on the temporal alignment between maximum
eclipse obscuration and local sunset, the perturbation of twilight
illumination manifests in three distinct observational regimes. The
first scenario, applicable to the majority of the Iberian Peninsula,
occurs when totality precedes sunset; consequently, the setting
of the partially or fully eclipsed solar disk directly modulates the
photometrics of early civil twilight.

in non-eclipse conditions 24 hours later.


    




The second situation arises when the initial contact phases 
occur before sunset, resulting in maximum obscuration precisely 
coinciding with the Sun’s geometric descent below the horizon. 
Finally, a third regime characterises locations where the eclipse 
is geometrically unobservable due to the solar disk remaining 
entirely below the horizon; nevertheless, the event induces 
measurable anomalies in twilight sky brightness via high-altitude 
atmospheric scattering or even direct shadow column visibility.

Proper alignment of the observational axis is the most critical 
parameter in this methodology, requiring precise determination 
of the viewing azimuth. Along the exact path extension, the 
viewing geometry is straightforward, necessitating observations 
strictly along the solar and anti-solar vectors. For observation sites 
situated outside the primary path extension, predictive modelling 
using computational planetarium software, such as Stellarium, is 
recommended to simulate the optical phenomena prior to field 
deployment.

Observing the culmination of the eclipse’s impact on twilight is 
most effectively achieved by monitoring the solar sector of the sky, 
which exhibits peak luminance following sunset. Even under total 
solar eclipse conditions, direct sky illumination remains sufficient 
for detection by consumer-grade optical sensors, including mobile 
device cameras. However, during nautical twilight, high-sensitivity 
digital single-lens reflex (DSLR) astrophotography techniques are 
typically required. Conversely, monitoring the anti-solar twilight sky 
necessitates long-exposure photography under all scenarios due 
to the inherently low photon flux in that region. The choice of 
optical instrumentation is equally critical; capturing the full spatial 
extent of the phenomena requires wide-angle lenses, preferably 
with focal lengths of 18 mm or shorter. Within the early civil 
twilight zone, where the anti-solar sky presents significant optical 
variations, the deployment of all-sky lenses is highly advantageous. 
Documenting the event during astronomical twilight remains the 
most technically demanding phase, strictly requiring prolonged 
exposure intervals to capture an adequate optical signal.

Visual and photographic documentation of the event 
constitutes a vital component of the observational campaign. To 
accurately isolate and quantify minor fluctuations in illumination 
and spectral banding, this methodology requires a comparative 
analysis against control observations. These baseline measure­
ments must be conducted during identical twilight phases outside 
of eclipse conditions [14]. Provided atmospheric conditions are 
sufficiently transparent [15], these variations typically become 
perceptible even at low magnitudes of solar obscuration. In 
addition to visual documentation, the continuous recording of sky 
brightness disturbances provides crucial quantitative data. This 
metric can be systematically monitored using automated sky 
quality meters, such as the Unihedron SQM-LU-DL, which interface 
directly with local or remote computing systems [16]. By 
configuring specific, high-frequency logging intervals, researchers
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can acquire high-resolution datasets of localised sky surface 
brightness, measured directionally in magnitudes per square 
arcsecond (mag/arcsec²) [17]. These values can subsequently be 
converted to standard photometric units (lux) for broader 
comparative analysis. Furthermore, ambient illuminance can be 
precisely quantified using Class A photometric sensors equipped 
with continuous data-logging capabilities. Instruments such as the 
LXP-10A luxmeter [18] are optimal for this application, offering a 
detection threshold capable of resolving illuminance differentials as 
minor as 0.001 lux. Finally, chromatic shifts in the sky induced by 
the eclipse can be recorded using DSLR or mirrorless camera 
systems. To ensure photometric integrity and retain maximal 
spectral data, it is imperative to capture images in a minimally 
processed (RAW) format. Moreover, all exposure parameters must 
be manually locked; in particular, establishing a fixed white balance 
is essential to objectively capture true chromatic shifts without the 
interference of internal algorithmic auto-correction.

The 2026 August 12 total solar eclipse presents an unprece­
dented opportunity to investigate atmospheric dynamics beyond 
its direct geometric path. As the umbral trajectory terminates 
east of the Balearic Islands, it will significantly perturb twilight 
conditions across the central Mediterranean region, transiently
encompassing the celestial dome. This photometric anomaly
facilitates comprehensive, multi-perspective documentation of 
atmospheric scattering and irradiance throughout the twilight 
continuum.

The author will be very pleased to perform any analyses, as
the topic itself is pioneering in modern times. Despite several
publications, there is an utter lack of visual reports of events such
as this. All the results will be collected under [19].

[1]  Gulyaev, R. A., On a possible use of total solar eclipse below the 

horizon for observations of the inner zodiacal light (as applied to the 

eclipse of 30 June, 1992), Laboratory of Solar Activity, IZMIRAN, [Pushkov 

Institute of Terrestrial Magnetism, Ionosphere and RadioWave 

Propagation Russian Academy of Sciences], USSR Academy of Science 
(1992), Solar Physics 137, 209-211, 1992,

https://ui.adsabs.harvard.edu/scan/manifest/1992SoPh..138..209G

[2]  Espenak, F., Besselian elements for the total solar eclipse of August

12, 2026; Eclipse Predictions by Fred Espenak, NASA’s GSFC

(2025-09-07), https://eclipse.gsfc.nasa.gov/SEbeselm/SEbeselm2001/

SE2026Aug12Tbeselm.html

[3]  Meeus, J., Elements of solar eclipses 1951-2200, Willmann-Bell Inc

(1989)

[4]  Deakin, R. E. and Hunter, M. N., Geometric Geodesy part A, School

ofMathematical and Geospatial Sciences, RMIT University [Royal

Melbourne Institute of Technology], January 2010, pages 151

https://www.mygeodesy.id.au/documents/

Geometric%20Geodesy%20A(2013).pdf

How to Observe

Conclusions

References

https://ui.adsabs.harvard.edu/scan/manifest/1992SoPh..138..209G
https://eclipse.gsfc.nasa.gov/SEbeselm/SEbeselm2001/SE2026Aug12Tbeselm.html
https://www.mygeodesy.id.au/documents/Geometric%20Geodesy%20A(2013).pdf


     2026-3   I  JOURNAL FOR OCCULTATION ASTRONOMY20

[5]  Meeus, J., Astronomical algorithms – 2nd edition, Willimann-Bell Inc

(1998)

[6]  Schlyter, P., How bright are natural light sources?, (2023),

https://stjarnhimlen.se/comp/radfaq.html#11

[7]  Meeus, J., Astronomical formulae for calculators, 3rd edition,

Willmann-Bell Inc (1982)

[8]  Zotti, G., Wolf, A., Stellarium 26.1 User Guide (2026),

https://stellarium.org/files/guide.pdf

(9]  Bruneton, E., Neyret, F., Precomputed Atmospheric Scattering,

Proceedings of the 19th Eurographics Symposium on Rendering 2008,

vol. 27, Computer Graphics Forum 4 Eurographics, Wiley, p.1079-1086

[10]  Anonymous, CalcMySky v0.3.1 using in Stellarium, (2025-02-09),

https://10110111.github.io/CalcMySky/using-in-stellarium.html

[11]  Anonymous (Atque), Github.com: Objects visible too early in

twilight #4291, (2024-09-07),

https://github.com/Stellarium/stellarium/issues/4291

[12]  Krukar, M., A strange effect at solar eclipses below the horizon;

(2026-01-24), https://astro-geo-gis.com/a-strange-effect-at-solar-

eclipses-below-the-horizon/

[13]  Geyer, E. H., Hoffmann, M., Volland, H., Influence of a solar eclipse 

on twilight, Appl. Opt. vol. 33 (issue 21), pages 4614-4619 (1994), Optica 

Publishing Group, Washington D.C.,

https://doi.org/10.1364/AO.33.004614

[14]  Krukar, M., Solar eclipse below the horizon – the observation guide 

(2023-11-23); https://astro-geo-gis.com/solar-eclipse-below-the-

horizon-the-observation-guideline/

[15]  Dearborn, D., Lynch D.K., Richtsmeier S.C., Antitwilight II: Monte 

Carlo simulations, Applied Optics, Jul 1, vol. 56 (issue 19), pages G169-

G178 (2017)

[16] Anonymous, Sky Quality Meter – LU- DL (2025-09-19);

https://www.unihedron.com/projects/sqm-lu-dl/

[17] Krukar, M., Great American Eclipse visible from Europe (2025-09-25);

https://astro-geo-gis.com/great-american-eclipse-visible-from-europe/

[18] Anonymous, Sonel LXP-2, LXP-10B, LXP-10A light meters (2023-10-02);

https://2jl.com.pt/wp-content/uploads/2017/04/Luximetro.pdf

[19]  European Eclipse Quadruplet, 2026 TSE,

https://eeq.astro-geo-gis.com/tse-2026/

https://stjarnhimlen.se/comp/radfaq.html#11
https://stellarium.org/files/guide.pdf
https://10110111.github.io/CalcMySky/using-in-stellarium.html
https://github.com/Stellarium/stellarium/issues/4291
https://astro-geo-gis.com/a-strange-effect-at-solar-eclipses-below-the-horizon/
https://doi.org/10.1364/AO.33.004614
https://www.unihedron.com/projects/sqm-lu-dl/
https://astro-geo-gis.com/great-american-eclipse-visible-from-europe/
https://2jl.com.pt/wp-content/uploads/2017/04/Luximetro.pdf
https://eeq.astro-geo-gis.com/tse-2026/
https://astro-geo-gis.com/solar-eclipse-below-the-horizon-the-observation-guideline/


Occultation Astronomy
Journal for

JOURNAL FOR OCCULTATION ASTRONOMY  I  2026- 3      21

You Think You Might Have Discovered an 
Asteroidal Satellite?

Special Reporting Requirements

Dave Herald · TTOA · Murrumbateman · Australia · D.Herald@bigpond.com
Dave Gault · TTOA · Hawkesbury Heights · Australia · djgault57@gmail.com

Jean-François Gout · IOTA · Starkville, Miss. · USA · jfgout@gmail.com
Kazuhisa Miyashita · IOTA/EA · Azumino, Nagano · Japan · k_miyash@nifty.com

Christian Weber · IOTA/ES · Berlin · Germany · christian.weber@iota-es.com

ABSTRACT: The assessment of an observation to establish whether or not it involves a satellite, 
and the subsequent drafting of a CBET, involves some routine data items and measurements. It 
is helpful if the observer provides all this data available at the start of the process.

General Requirements for
Satellite Determination

Previous occultations by the asteroid may also be reviewed.


    


     
     
        




        
        
  


        








you have created a VizieR light curve file, include that as well.








      




     




      











What You Should Provide
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with GPS-linked timing)







         
     



     
      


       





       

    
       


       


using a different measurement tool.




   


       



   
 
 
   
  



      






        
      



Figure 1. Example of a well presented light curve image. It identifies the measures of the target and comparison star, as well as the star 
catalogue identifier, and V and R measures.



(Figure 3).
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Getting Magnitudes and Star Identifier

Figure 2. Icon to open the menu for star chart overlay in Occult.

Main Menu Items for Matching
the Star Chart to Your Image

Figure 3. Plot setting menu for star chart overlay in Occult.

.
     




      










 





Figure 4. Example of chart over an image.

Star details after clicking on a star on the map.
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The stars can be sorted by V magnitude (for assessing the
limiting magnitudes) or by RA (for ease of identification on the
plot). The process is very quick and reliable. Once the chart is
matched to your image, you can select the required stars (with
all their details) within a very small number of minutes – without
any manual matching to other sources (Figure 7).

The colour temperature of these stars is assessed using the V-
R and/or the B-V values. Desirably, the V-R and B-V values for
the comparison stars should be similar to those of the target star.
In Figure 7, the target star is the 3rd star. The V-R and B-V values
for the 2nd and 4th stars are the same as the target star, making
them ideal comparison stars. The values for the 1st and 5th stars
are a little different but are still close enough to be used reliably.
If the difference is greater than around 0.4, you should try to find
other stars that have a better match. If the differences are much
over 0.5 (in one or both), the star is probably unsuitable as a
comparison star and should only be used in desperation.

Copy this list and include it with your report – indicating which
stars in the list (if any) are not visible.

We are making white-light recordings of the event, with cameras
that have a sensitivity that is dependent on colour. To avoid any
issues associated with the camera response for different colours,
we aim for the  comparison stars  having the same  colour as the 

Table of details of selected stars.
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Why Do We Have to Consider
Both the V and R Magnitudes?

 



        

   



   
   

      

   



   



     
  









    



   
    
       













What Happens with My Observation?



https://mpbulletin.org/issues/MPB_53-2.pdf   
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References

with the observer being involved with the drafting. Submission
may be undertaken by the observer if they desire, but it is usually 
done by a member of the analysis team to ensure CBAT is aware 
the analysis team has been involved with, and agrees with, the 
proposed CBET.

Within the Occult system the observation record will include 
the solution details for the satellite, and the CBET number that 
announces its discovery.

•••   TTThhheee   ooobbbssseeerrrvvvaaatttiiiooonnn   cccooouuulllddd   rrreeeaaasssooonnnaaabbblllyyy   bbbeee   eeexxxppplllaaaiiinnneeeddd   bbbyyy   aaa   sssaaattteeelllllliiittteee...
HHHooowwweeevvveeerrr,,,   ttthhheeerrreee   aaarrreee   ooottthhheeerrr   pppooossssssiiibbbllleee   eeexxxppplllaaannnaaatttiiiooonnnsss   ttthhhaaattt   cccaaannnnnnooottt
bbbeee   rrreeeaaasssooonnnaaabbblllyyy   eeexxxcccllluuudddeeeddd

No CBET will be prepared, nor a claim to a satellite discovery 
made. The observation record in Occult will include the possible 
satellite solution and an explanation about the status, with an 
observational status of ‘Is it a satellite’.

For these events, it is highly desirable to have the ‘possible 
satellite’ status made public to those who are involved in 
measuring asteroid rotation light curves – so that they may 
make observations of the asteroid in the hope of confirming the 
existence of a satellite. This is best done in the Minor Planet 
Bulletin. A recent example is at page 163 of issue Vol. 53, No. 2 
[7]. It is a one-page paper that that can be used as a template 
for writing such a paper. Importantly, if subsequently someone 
detects a satellite following from this publication, the fact of you 
making that publication should lead to you being treated as a
co-discoverer.

http://www.hristopavlov.net/Tangra3/
http://www.lunar-occultations.com/iota/occult4.htm
https://www.occultwatcher.net/
http://www.cbat.eps.harvard.edu/services/cbathist.html
http://www.cbat.eps.harvard.edu/cbet/RecentCBETs.html
https://mpbulletin.org/issues/MPB_53-2.pdf
https://sodis.iota-es.de/
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ABSTRACT: We present the OLED project (OLED = Occultations Lunaires d’Étoiles Doubles (fr) or 
Occultaciones Lunares de Estrellas Dobles (es)) to the IOTA community as a coordinated effort 
involving several dozen observers distributed across western and central Europe, with the goal to 
increase efforts to record lunar occultations of double stars. The project has been active for more 
than three years now and has so far collected over 600 contact measurements, including 
observations of both single and double stars. The reduction and analysis of these observations have 
already produced a substantial number of astrometric measurements. Our objective is to collect, 
analyse, and exploit these data to confirm stellar duplicity, derive accurate astrometric solutions, and 
contribute to orbital determination studies. The project is open to observers throughout Europe and 
worldwide, and seeks to revitalise lunar occultation observing, an area of renewed interest within 
IOTA/ES.

Introduction

Lunar occultations were once the core observational activity of 
IOTA from its very beginning, owing to their major practical and 
theoretical importance throughout the mid-20th century. They 
played a crucial role in establishing the uniform Ephemeris Time 
scale, improving the ephemerides of both the Moon and stars, 
and refining knowledge of the lunar limb.

As we know, interest in this field has gradually declined as a
result of advances on several fronts. In particular, the introduction
of the atomic-time-based UTC scale, the greatly improved 
accuracy of the lunar limb derived from lunar orbiter data, and 
the exceptional precision of modern lunar and stellar ephemerides 
obtained through planetary numerical integrations and astrometric 
missions such as Hipparcos and Gaia have reduced the scientific 
dependence on lunar occultations.

Accordingly, much of IOTA’s activity has shifted toward the 
seemingly more productive field of asteroidal occultations, and 
there are strong reasons supporting this evolution.

However, despite these advances, the lunar occultation tech-
nique remains a powerful method for obtaining highly accurate 
astrometric measurements of the relative positions of double-star
components, especially when multiple observations of the same 
system are collected by the same or different observers during 
one or several lunar occultation events.

From the late 2000s until quite recently, considerable effort was 
devoted within IOTA to promoting lunar occultation observations 
of double and multiple stars.

This initiative was led very successfully by the late Brian
Loader, who served as a global coordinator for lunar occultation
observations of double stars and strongly advanced this work
worldwide. Following his retirement, however, the activity gradually 
declined and has since produced few tangible results.

The OLED project [1], launched in 2022 through independent 
initiatives by SAF (Société Astronomique de France [2]) and AAM
(Agrupación Astronómica de Madrid [3]) that were later unified 
into a single coordinated effort, can be regarded as a continuation
of this earlier work. Initially focused on southwestern Europe, the 
project has the long-term goal of extending its coverage across a
wider region of Europe and, eventually, to other parts of the world. 
The project is in line with IOTA interests, as recently advocated 
by our colleagues Alex Pratt and Konrad Guhl at ESOP XLIV [4], 
as well as by Oliver Klös [5] and Dietmar Büttner [6].

During its first three years of activity, the project has benefited 
greatly from the pioneering work of Herald, Gault, Loader, and 
several other key figures within IOTA. At the same time, we have 
carefully examined both historical and more recent professional 
studies in order to better understand the underlying concepts 
and assumptions involved in the reduction and interpretation of 
lunar occultation observations.

So far, the results have been encouraging. We therefore believe 
that the time has come to offer our infrastructure and experience 
to the wider IOTA community, with the hope of revitalising double
star lunar occultation observations within both IOTA and the 
amateur astronomy community at large. Such a revival would be

The OLED Project
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diffraction effects are clearly visible, and the contact times must therefore be derived through fits to appropriate diffraction models.






Aims of the Project

the zodiacal version of the Washington Double Star (WDS) 
catalogue [8] for known binary or multiple systems. Also, the 
Gaia DR3 NonSingle Star (NSS) catalogue [9] of unsolved 
orbital and accelerated stars is being used to schedule and 
observe their lunar occultations, in an effort to confirm its 
duplicity. It should be noted that, in the case of Gaia NSS 
stars, they are observed as a single unsolved source; however, 
lunar occultations make it possible to determine an updated 
position that confirms and refines the acceleration of their
motions. The conclusions we can draw from these observations 
are currently being analysed.

• AAAssstttrrrooommmeeetttrrryyy   ooofff   dddooouuubbbllleee   ssstttaaarrrsss
Whenever possible, we derive one- (1D) or two-dimensional 
(2D) astrometric solutions from the observations, using 
methods pioneered by Nather and Evans [10] and Herald 
[11], although with several modifications intended to improve 
accuracy. In the 2D case both ρ and θ, the two astrometric 
parameters required to characterise the relative position of 
the secondary component with respect to the primary (Figure 
2), can be determined. Obtaining a full 2D solution requires 
observations from at least two sufficiently separated observing 
stations.
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Figure 2. The two parameters defining the relative astrometry of a
double star. ρ represents the angular separation between the two
components along the great circle connecting them. The parameter
θ, the position angle, is defined as the angle between the celestial
meridian passing through the primary star and the great circle
joining the two components, measured eastward from the North
Celestial Pole (NCP).

In the case of a 1D solution, only a combination of the 
astrometric parameters can be derived, namely

ρ (a cos θ + b sin θ) = c,

where a, b, and c are constants determined from the lunar 
ephemeris and the local limb geometry. As a result, the 
possible values of ρ and θ are constrained, but cannot be 
uniquely determined. This situation occurs when the occulta­
tion is recorded from only a single observing site. Examples 
of 1D astrometric solutions are presented in Figure 3.

In this approach, the lunar limb only enters through an
average limb slope. Although this limits the accuracy of the 
solution, the resulting uncertainties remain reasonable and 
controllable, provided that the separation ρ is not too large.

1D solutions obtained from different occultations of the 
same star can later be combined into a complete astrometric
solution, provided that the observations are not too widely 
separated in time. However, in order to achieve a higher 
level of precision and fully exploit the current knowledge of 
the lunar limb profile, we employ a limb-projection technique 
that directly determines the stellar positions on the sky. From 
these reconstructed positions, the relative astrometry of the 
pair can then be derived. An example of this procedure is 
shown in Figure 4.

• OOOrrrbbbiiittt   dddeeettteeerrrmmmiiinnnaaatttiiiooonnn   aaannnddd   rrreeefffiiinnneeemmmeeennnttt
Another important aim of the project is to refine stellar orbits 
by combining previously published measurements from the 
WDS Catalogue with our own astrometric observations. Figure 
5 presents an example of a successful orbit determination
using OLED data.
At present, the orbits of only about 4,000 physically bound
visual binary systems are known, according to the Sixth Catalog
of Orbits of Visual Binary Stars (6Orb) [12]. Expanding our 
knowledge of binary-star orbits is therefore of high importance.
Binary systems provide the most powerful, direct, and widely 
applicable method for determining the mass of a star, the 
fundamental physical parameter in stellar astrophysics.

This is achieved by measuring the relative position of one 
component of the pair (the secondary star) with respect to the 
other (the primary star) over a sufficiently long term interval,
allowing the orbit of the system to be determined. Once the 
orbital parameters are known, Kepler‘s third law,

M1+M2=a
3/T2,

can be applied to derive the total mass of the binary system.
Here a is the semimajor axis (in astronomical units), T the 
period (in years), and the masses are expressed in units of 
solar mass. 

1D solutions can also be used for orbit determination without
the need to combine them with other similar solutions (which
in many cases may be separated by very large intervals of 
time), because they still provide partial constraints on the orbital 
motion of the system. By combining these 1D measurements 
with complete astrometric positions, the orbital solution can be 
determined or refined. Consequently, even a single observation
of a lunar-occultation event may provide scientifically valuable 
information. See [13] for a detailed discussion of this technique 
and a practical example.

To date, a total of 580 contact measurements have been
collected. Astrometric analyses have been carried out for 120
known double stars, yielding both one- and two-dimensional 
solutions. In addition, approximately 200 stars considered to be 
single have been observed in searches for possible duplicity or 
nonlinear motion on the sky. The latter may indicate stellar 
acceleration caused by an unresolved or invisible companion.
Observations have also been obtained for a number of stars 
suspected of being double systems. Astrometric results are 
published in the journal Étoiles Doubles [14], a major reference 
source for European amateur double-star research, and are 
subsequently incorporated into the WDS Catalogue. The format
and presentation of these reports is inspired by the style established
by Brian Loader in his publications in the Journal of Double Star 
Observations [15].

Results: 2022 to Present
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Figure 3. Several examples of one-dimensional (1D) astrometric solutions obtained within the OLED project. UUUppppppeeerrr   llleeefffttt   pppaaannneeelll:::
WDS_J04385+2656. This system has a poorly determined grade-4 orbit, with available astrometric measurements covering only a short orbital
arc. A lunar occultation recorded by a single observer, Rosendo Jorba (Caraquiz, Spain), allowed a 1D solution to be derived (green straight
line). The orbital position predicted for the epoch of observation is indicated by the orange filled square. The observed-minus-calculated
residual (O−C), defined as the distance between the predicted position and the 1D solution line, is 62 mas (milliarcseconds), significantly larger
than the expected uncertainty of the measurement. This suggests that the current orbit may require substantial revision when additional
astrometric data become available. UUUppppppeeerrr   rrriiiggghhhttt   pppaaannneeelll::: WDS J05270+2737, another system with a grade-4 orbit, observed by Ricard Casas
(Catalonia, Spain). In this case, the residual is considerably smaller, possibly indicating that the published orbit is already reasonably close to
the true solution. LLLooowwweeerrr   llleeefffttt   pppaaannneeelll::: WDS J06200+2826, a system with a well-determined grade-2 orbit. As expected, the residual of our
observation, due to Javier de Elías (Majadahonda, Spain) is correspondingly very small, only 4 mas. LLLooowwweeerrr   rrriiiggghhhttt   pppaaannneeelll::: WDS J04422+2257Aa,
Ab, a grade-3 orbit lacking recent astrometric observations. Our 1D solution, obtained from observations by E. Velasco (Becerril de la Sierra,
Spain), at epoch J2021.961, approximately 15 years after the last available 2D measurement, leads to a recalculated orbit that remains close to
the currently accepted solution, but with significantly smaller uncertainties in the orbital elements [13]. This demonstrates that 1D solutions can
be extremely valuable and may sometimes play a role in orbit determination comparable to that of full 2D astrometric measurements. All
graphs shown are modified versions of original diagrams extracted from the Sixth Catalog of Orbits of Visual Binary Stars (6Orb) [12].

Occultation Astronomy
Journal for

JOURNAL FOR OCCULTATION ASTRONOMY  I  2026- 3      29



Figure 4. Sky-projected lunar limbs for the A and B components of
the double star WDS J05017+2640AB (ρ=0.2”, Δm=1.9). Intersection
points from two observations obtained at different locations allow the
absolute astrometric positions of each component to be determined,
from which the relative position parameters of the star, ρ and θ, can
be calculated. The origin of the diagram corresponds to the Gaia
DR3 ICRS coordinates (α0, δ0) of the photocentre of the system, for
which separate right ascension and declination values for the
individual components are not available. The quantities Δα and Δδ
represent offsets from this reference position. Lunar limb profiles were
derived from LOLA data. The point clouds around the limb
intersection points were generated through a Monte Carlo analysis
and provide an estimate of the associated uncertainties.
Observations by Ricard Casas (RJL) and Philippe Laurent (PLA).

A first report [16] was published in June 2024, providing 
extensive information on the project, the methods employed, 
and the results obtained. A second report has been prepared for
publication in the June 2026 issue. A general introduction to the 
project can also be found in the same journal [17].

Figure 5. Astrometric measurements of WDS J05017+2640AB and orbit determination.
Left: New orbital solution incorporating previously published astrometric measurements together with the new position derived from the 
OLED astrometry shown in Figure 4 (E. Velasco, unpublished).
Right:   Current orbital solution from the Sixth Catalog of Orbits of Visual Binary Stars (6Orb) [12]. The new OLED measurement at Julian 
epoch J2024.056 (displayed with estimated error bars) leads to a correction of the orbit, which is effectively rotated counterclockwise by 
a few degrees relative to the previous orbit. As a consequence, the total O-C residual is significantly reduced.
Astrometric measurements courtesy of Rachel Matson (USNO).

At present, our strategy for organising the observing 
programme differs somewhat from that adopted in earlier IOTA 
double-star campaigns. Rather than maintaining an extensive list of 
suggested targets and waiting for observations of the same star
from different occultation events to accumulate over time, we aim 
to maximise the likelihood of obtaining multiple observations of 
the same target within a shorter period. This approach increases 
the chances of deriving complete astrometric information at an
earlier stage.

How to Contribute
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To achieve this, we publish a concise monthly target list, 
encouraging observers to concentrate their efforts on a selected 
set of stars. Nevertheless, observations of any double-star
occultation are welcome, including events not included in the 
recommended monthly list.

Some observers prefer to schedule their observations using 
the Occult software rather than following our target lists. This 
approach is also perfectly acceptable, since in many cases the 
selected targets overlap with our own recommendations.

Personalised predictions are computed for participating 
observers and are also generated for major European cities. 
Observers interested in contributing are encouraged to submit 
their double-star occultation observations to one of the project 
coordinators.

A simple email is sufficient for submission, including a csv-file 
containing the photometric data together with a standard form 
specifying the observing location, equipment used, target star, 
and date of observation. At present, all information is submitted 
by email, although a dedicated web interface is currently under
development to facilitate the submission process.

Continued monitoring of double stars remains essential, and 
the lunar-occultation technique provides access to the astrometry 
of both wide and close pairs, reaching angular resolutions of 
only a few tens of milliarcseconds, well beyond the capabilities of 
speckle interferometry or lucky-imaging techniques when used 
with amateur-sized telescopes. This remarkable capability arises 
from the relatively slow apparent motion of the Moon across 
the sky. With a typical angular velocity of about 0.4″ per second, 
the lunar limb offers a highly favourable conversion factor
between time measurements and angular separations, enabling 
extremely precise astrometric determinations from accurately 
timed occultation events.

Some amateur astronomers believe that the remarkable 
capabilities of Gaia have effectively brought stellar astrometry, and 
therefore double-star astrometry, to its conclusion, rendering 
lunar-occultation work obsolete or unproductive. However, 
although Gaia has surveyed an enormous number of resolved and 
unresolved binary systems, including stars with unseen compan­
ions, the mission itself has covered only a relatively short time 
span. Binary stars, most of which have orbital periods far longer
than the duration of the Gaia mission, will continue to evolve 
dynamically for decades and centuries to come. Continued 
observations therefore remain essential. In this context, the lunar
occultation technique continues to provide a simple yet 
remarkably powerful means of obtaining high-quality astrometric 
data that can support future orbital calculations. For amateur
occultation observers, this is also a particularly accessible field of 
research.  It requires precise time-stamping of observations, but 

Conclusions

inexpensive solutions are available, and observers of asteroid 
occultations who are interested in double stars are already well 
equipped. It generally does not require travel to specific 
geographic locations, numerous observable events occur every 
month and, perhaps most important, even modest individual 
contributions can significantly advance our understanding of 
double-star orbits and consequently of stellar astrophysics.

We express our sincere gratitude to all OLED observers for
their contributions, which are essential to the continued success
of this project.
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• Computer

• Fast computer (ample RAM and a fast SSD). Change your 
Windows Power Plan from “Balanced/Eco” to “High 
Performance”. An energy-saving mode usually reduces 
processing power.

• Image capture software: Image capture software: Users 
of the DVTI+CAM [1] are advised to use the software 
supplied with the device. The manual includes guidance 
on, amongst other things, using a fixed ROI at high frame 
rates and avoiding dropped frames. For other cameras:
the latest version of SharpCap [2] is recommended, as it 
is also ideally suited for high-speed photometry.

• Do not use USB 3 extension cables. Instead, place the PC
close to the telescope.

• Use the “ADV” video format. The “SER” video format should 
generally not be used [3]. With FITS images, speed issues 
arise at high frame rates when several hundred files need 
to be stored per second.

•Monochrome

• Use 12-bit, 14-bit or 16-bit: Although this generates more 
data than 8-bit, the photometric resolution is much better
and you can also measure small steps in magnitude.

• 2x2 binning: This increases the camera’s apparent 
sensitivity, allowing you to measure fainter stars at a high 
frame rate.

• USB Traffic (QHY), USB Speed (ZWO): This is a particularly
sensitive parameter. Keep the ‘USB Traffic‘ as close to
zero as possible to achieve the best frame rate with a
QHY camera. In contrast, the ‘USB Speed‘ setting for
ZWO cameras must be set to a high value.  Taking into 

High-Speed Photometry of Lunar Occultations
Nikolai Wünsche · IOTA/ES · Biesenthal · Germany · nwuensche@astw.de

ABSTRACT: Observations of lunar occultations are back. Decades ago, they were the almost 
exclusive focus of occultation observers before losing much of their scientific importance. This is
now about to change. Many modern cameras used in astronomy are capable of recording at very 
high frame rates. Now even non-paid astronomers can perform high-time-resolution photometry 
of these events. We are talking about 5 ms per frame or faster. At resulting frame rates of 200 fps
and above, it is possible to observe diffraction effects and to detect and measure binary and multiple 
star systems. The OLED project (OLED = Occultations Lunaires d’Étoiles Doubles (FR) or Occultaciones
Lunares de Estrellas Dobles (ES)) is the first in many years to scientifically analyse lunar occultation 
observations. Observing lunar occultations is back!

Introduction

Table 1. Comparison of digital cameras for high speed photometry 
of lunar occultations.

sutited (Table 1).
       



   

   


       

 
     










Achieving High Frame Rates

Hardware

WWWeeellllll   sssuuuiiittteeeddd LLLeeessssss   wwweeellllll   sssuuuiiittteeeddd
USB 3, Firewire IEEE 1394b (‘FW 800’) USB 2
Monochrome camera Colour camera
Small sensor, pixels of ~6 µm
Global shutter Rolling shutter

No cooling required

Camera Settings

     2026-3   I  JOURNAL FOR OCCULTATION ASTRONOMY32



account the selected parameters for field of view, exposure
time, bit rate and binning, you must adjust the USB traffic
or USB speed so that no more frames are lost, whilst
ensuring that the displayed number of ‘fps’ (frames per
second) does not drop too much.

Please note that the optimal USB traffic/speed setting can 
only be achieved with a specific configuration (ROI, frame 
rate, etc.) for your particular setup. There’s no rule such as 
‘my friend always uses value X’ and that will work for you 
too. You’ll need to try it out for your system, make a note 
of it and apply it.

It is worth trying all the USB 3 ports on the PC: they are 
sometimes connected to different points in the system and 
have varying speeds.

As with all occultation observations, the following applies:

Do not measure stars that are too faint or use too high a frame 
rate. Gain should not be set too high, as this will cause excessive 
noise. In the end, a very noisy light curve cannot be analysed
and you’ve simply wasted your time.

Predictions for lunar occultations are very accurate – if they
are calculated for your observation site. Calculate your own 
predictions using the software Occult [4] or GRAZPREP [5]. Usually,
it is sufficient to start recording 20 seconds before the event and
stop 5–10 seconds after it.

Take care with known binary stars: the prediction often specifies 
the midpoint of the occultations of the separate components.

In the specific task of ‘measuring multiple star systems with
lunar occultations’, there is less need to measure events with
absolute accuracy to within a few milliseconds. Without a GPS
timestamp, this would be a challenge. It is more important to 
measure the individual data points with relative accuracy in relation 
to one another. To achieve this, the frames must be recorded 
consistently and without any gaps.

For cameras without a GPS module, NTP with Meinberg
software [6] is sufficient as a time reference. For more details,
refer to [7].

You should make a test recording of the star for a few 
seconds (~1000 frames) using the configuration found and then,
for example, use DVTI Video Tools [8] to check at random that 
the frames have indeed been written regularly,  i.e. whether the 

Checking the Configuration

https://astro-oled.es/oled/



       







        

  



     



  














































Observation Duration

Measuring Time with Cameras without GPS
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The World of Distant  Minor Planets 
Beyond Jupiter

Since the downgrading of Pluto in 2006 by the IAU, the planet
Neptune marks the end of the zone of planets. Beyond Neptune,
the world of icy large and small bodies, with and without an
atmosphere (called Trans-Neptunian Objects or TNOs) starts. This
zone between Jupiter and Neptune is also host to mysterious
objects, namely the Centaurs and the Neptune Trojans. All of these
groups are summarised as ”distant minor planets”. Occultation
observers investigate these members of our solar system, without
ever using a spacecraft. The sheer number of these minor planets
is huge. As of 2026 June 30, the Minor Planet Center listed 2233
Centaurs and 4058 TNOs.
In the coming years, JOA wants to portray a member of this world
in every issue; needless to say not all of them will get an article
here. The table shows you where to find the objects presented
in former JOA issues. (KG)
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The Discovery

Centaur asteroids are small celestial bodies that orbit the Sun 
in the outer regions of the solar system, typically between Jupiter
and Neptune. They are considered transitional objects because 
they share characteristics of both asteroids and comets: some 
are like rocky asteroids while others are like comets which can 
develop a coma or tail as they move closer to the Sun. Centaurs
are thought to originate from the Kuiper Belt and are often 
dynamically unstable, meaning their orbits can change significantly
over relatively short astronomical timescales due to gravitational 
interactions with the giant planets. Studying Centaur asteroids
helps astronomers understand the evolution of the solar system 
and the processes that move objects from the outer solar system 
into the inner regions.

(52975) Cyllarus was discovered on 1998 Oct 12. by N. Danzal at
the Steward Observatory, Kitt Peak, Arizona, USA (IAU Code 691)
[1]. This observatory houses the 0.9m (36-inch) SPACEWATCH®
Newtonian telescope [2]. With an initial designation of 1998 TF35

and a magnitude estimate of 22.5 V, it was first reported by the 
Minor Planet Center on 1999 June 22 [3]. It was formally assigned 
the asteroid number (52975) on 2003 June 14 [1]

In Greek mythology, centaurs are creatures with the upper
body of a human and the lower body of a horse, symbolising 
the conflict between civilisation and untamed nature. They were 
known for their wild behaviour, strong passions, and love of 
wine, while often living in forests and mountains far from human 
society. While most centaurs were seen as violent, some stood 

Figure 2. Orbit diagram and position of (52975) Cyllarus on 2026 August 15.
(Source: https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html#/?sstr=52975&view=VOP)

out for their wisdom, nobility, and skills in medicine, music, and 
teaching.  Through these contrasting traits, centaurs represented 
the dual nature of humanity, balancing reason and instinct.

(52975) Cyllarus is named for a centaur who was mortally injured 
by a spear in battle. During the conflict with the Lapiths, he was
struck by a javelin, prompting his lover Hylonome to rush to him 
and cradle his head as he died. Although Hylonome survived the 
brutal fighting, her grief proved unbearable, and she ultimately
took her own life [4].

The Name

Occultation Astronomy
Journal for

Figure 1. Relief depicting Cyllarus and his lover Hylonome
(Credit: Classic Art Research Centre, University of Oxford)
(Source: https://www.beazley.ox.ac.uk/record/937B735D-A895-4C88-
BB9B-7518FD8359FE)
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The Orbit

Figure 3. Map of the predicted path of the occultation on 2031 February 03
(Occult V4.2026.1.1).

The orbit has a strong eccentricity of
0.377 and is inclined to the ecliptic by 12.6°
(Figure 2). The object’s distance from the 
Sun currently varies between 16.4 au (insi­
de the orbit of Uranus) to 36.2 au (outside 
the orbit of Neptune) [5] and is therefore 
classified as a Centaur. Due to the combi­
nation of its relatively high inclination and
pronounced eccentricity, (52975) Cyllarus
can never collide with either planet. The 
next perihelion is calculated to occur in 
2125. The current distance from the Sun 
(Epoch 2026.5) is 30.82 au.

(52975) Cyllarus is very red in colour 
with a B-R of 1.81 [6]. This suggests a sur­
face rich in complex organic compounds
(tholins) formed when ices containing 
carbon, nitrogen, and methane are altered
by long-term exposure to solar radiation 
and cosmic rays. Such red surfaces are 
common among Centaurs and Kuiper Belt objects, supporting the 
conclusion that (52975) Cyllarus belongs to this primitive outer-
solar-system population [7].

While often quoted as having a diameter of 62 km, the latest 
published data indicates a diameter of 56 km (+21 / -18 km) [8].
Notwithstanding the imaging efforts to date, its rotational period
and detailed shape remain unknown as no rotational lightcurve 
has been published. Furthermore, there is no evidence of
cometary activity to date.

Thus far, there have been no confirmed observations of occul­
tations involving this body. Using Dave Herald’s Occult software 
[9], we find a prediction for a potential stellar occultation event 
in 2031 (Figure 3). This event involves occulting the +12.9 mag 
star UCAC4 591-047384 in 2031 Feb 03. While the centreline of
the event is currently off the path of Earth, a significant error 
margin in this shadow path remains, so it may be visible over 
the Americas. The predicted path’s error margin is due to the 
limited number of observations to date, and so more astrometry
is required to confirm an accurate occultation shadow path.
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News

The 2026 Annual Meeting of the International Occultation 
Timing Association (IOTA) will be held jointly with RECON 
(Research and Education Collaborative Occultation Network)
in Longmont, Colorado, USA, 50 km north of Denver, on 2026 
July 18 and 19.

It will feature preparations for, and observing, the occultati-
on of 13.6 mag star UCAC4_424-071654 by the binary asteroid 
(5232) Jordaens on July 21 4h 29m UTC (that’s Monday, July 20 
at 10:29pm MDT). Recent analysis of Gaia data, combined with 
the 2024 satellite discovery from an occultation (CBET_5382) 
shows that we can predict the location of the satellite relative 
to the main body well enough that, with multiple observers,
we can obtain good astrometric positions of both objects,
and better characterise the primary body.

During the evenings, weather permitting, starting Friday 
July 17, there will be practice observing sessions at Marc 
Buie’s large property in Longmont, using RECON or your own 
equipment;  there  should be  enough of  the  former if  you 

the observation will be flagged (see Figure 2).


can’t, or don’t want to, bring your own gear. The Monday 
evening (5232) Jordaens occultation path passes not far east 
of Longmont, as shown in Figure 1.

As has been done in the past, the meeting will be both in
person and virtual. Some observers not at the meeting in 
person plan to try to observe the (5232) Jordaens event from 
other locations along the path; they will coordinate coverage 
with the meeting observers. By the time this is published,
more details, including a preliminary schedule and information 
about a planned block of motel rooms in Longmont that will 
be reserved for participants, will be posted on IOTA’s website 
at:

https://occultations.org/community/meetingsconferences/na/

2026-iota/

Webpage of RECON: https://tnorecon.net/

(D. Dunham, IOTA)

(J. Keller, RECON)
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NNNeeewww   AAAsssttteeerrroooiiiddd   SSSaaattteeelllllliiittteee   DDDiiissscccooovvveeerrriiieeesss   AAAnnnnnnooouuunnnccceeeddd   ooonnn   CCCBBBEEETTT
The chase for satellites of asteroids goes on. The Central 

Bureau for Astronomical Telegrams has announced the 
following discoveries since the last issue of JOA:

• (1045) Michela, 2025 Oct 09,
C. McPartlin, CBET 5685

• (12148) Caravaggio, 2026 Jan 27,
J.-F. Gout, CBET 5679

• (40724) 1999 SY8, 2026 Feb 10,
B. Whitehurst, D. Sailing, CBET 5697

• (130247) 2000 CE85, 2026 Mar 05,
G. Viscome, D. Benjamin, CBET  5683

• (92590) 2000 PT13, 2026 Mar 07,
P. Maley, CBET 5686

• (3619) Nash, 2026 Apr 28,
L. Benedyktowicz, D. Błażewicz, CBET 5691

• (134717) 2000 AO1, 2026 May 10,
W. Pieczonka, D. Błażewicz, CBET 5706

• (223393) 2003 SD106, 2026 May 12,
M. Skrutskie, CBET 5709

Access to the 50 most recent CBETs is available here:

http://www.cbat.eps.harvard.edu/cbet/RecentCBETs.html

(O. Klös)
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