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Introduction and Scientific Motivation

(136108) Haumea is one of the most unusual bodies in the 
Solar System: a rapidly rotating, highly elongated dwarf planet 
with a ring system and two satellites. Stellar occultations remain
the most powerful ground-based method to study such distant 
objects, providing kilometre-scale constraints on size, shape, and 
environment.

The 2017 occultation [1] revealed a larger-than-expected size 
and a lower bulk density (~2000 kg m⁻³), raising important 
questions about (136108) Haumea’s internal structure and whether
it is in hydrostatic equilibrium. However, that result relied on a
limited number of chords and assumptions about its triaxial shape. 
Additional high-quality occultations are therefore essential to:

• Constrain (136108) Haumea’s 3D shape and density
• Test hydrostatic equilibrium vs. non-equilibrium 
configurations 
• Probe topography and limb irregularities 
• Study the ring system (opacity, width, particle size 
distribution) 
• Search for additional rings or faint satellites

The upcoming 2026 May 4 event [2] is particularly valuable 
because the projected shadow width is estimated to be 
~2224_±_30_km, significantly larger than conservative assump-
tions, greatly increasing the probability of multi-chord detections.

Event Overview

CALL FOR OBSERVATIONS :

• Date: 2026 May 4 

• Time (UT): ~20:12 – 20:22
((136108) Haumea’s shadow on the Earth)

• Gaia DR3 ID: 1185968739624622848 = UCAC4 524-056397

• ICRS coordinates (at occ. epoch):
RA = 14 40 58.5, DE = +14 40 26

• Star brightness: Gaia G = 14.7 mag, RP = 14.2 mag

• (136108) Haumea Magnitude: V = 17.2 mag

• Maximum duration: ~66 s 

• Shadow width: ~2200 km 

• Regions: Europe, North Africa, Middle East, with extended 
visibility toward southern Africa (due to fainter companion
of the primary target star, see next section).
See Figures 1+2.

This is one of the brightest and most accessible
(136108)_Haumea occultations identified through 2030.
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Figure 1.   Predicted geometry of the 2026 May 4 event (target star primary component) showing the broader ring-occultation shadow 
region relative to the main-body shadow. A zoomable version of the map is available at:
https://opop.obspm.fr/media/data/chords/156331/Haumea_4th_May_2026_occultation_map_IAA-CSIC.html

Figure 2. Occultation path to be expected for the ≈3.1 mag fainter companion of the primary target star in case the northern speckle 
solution [2] is correct thus shifting the shadow path to southern Africa. The left panel shows the ground track for the (136108) Haumea 
main body, the right panel for the rings. Created with Occult 4.2024.2.2 [3].

https://opop.obspm.fr/media/data/chords/156331/Haumea_4th_May_2026_occultation_map_IAA-CSIC.html


A key result from our preparation for this event [2] is that the 
occulted star is not a single object, but a close binary revealed
by speckle interferometry:

• Separation: ~0.12 arcsec 
• Magnitude difference: Δm ≈ 3.1

This has two critical implications:

Two Distinct Occultations

Both components will be occulted by (136108) Haumea,
producing two separate events with slightly offset shadow paths 
(~8 mas shift on sky). 

• The primary star → main occultation (bright star, large mag 
drop) 
• The secondary star → fainter occultation, small mag drop, 

shifted geographically.

Due to the 180 degree ambiguity in speckle orientation, the 
secondary event may occur either:

• Over northern Europe, or 
• Over southern Africa (Namibia, South Africa)

As it seems that the northern solution of the companion is a 
little bit more likely, this makes southern Africa a critical observing 
region for the secondary event (Figure 2).

Expected Magnitude Drop of the Companion

The magnitude difference Δm ≈ 3.1 implies a magnitude drop 
of: Δm ≈ 0.06 mag. To detect such a small drop a higher SNR as 
for the primary star occultation is needed (SNR ≈ 20 or higher).

(136108) Haumea’s ring system significantly enlarges the 
observable region:

• The ring occultation path is much wider than the main-body
shadow
• Detectable as brief, shallow dips before/after main event
• Strong wavelength dependence → probe particle size 
distribution

Multi-site observations can:

• Constrain ring width, opacity, and structure
• Detect azimuthal variations or clumps
• Search for additional narrow rings or arcs

Occultation Astronomy
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Recommended Equipment

The 2026 May 4 occultation by (136108) Haumea represents a 
rare and exceptional opportunity:

• Relatively bright target → accessible to many observers 
• Wide shadow path → high probability of success 
• Binary target star → two independent occultations 
• Haumea ring system → extended science return

Coordinated observations across Europe and southern Africa 
will be particularly powerful.

We strongly encourage the community to prepare observing
campaigns and contribute to this event, which has the potential 
to significantly advance our understanding of one of the most 
intriguing objects in the trans-Neptunian region. Observers are 
encouraged to register their participation and report observations 
through the Occultation Portal [4].

[1]  Ortiz, J. L., et al. The size, shape, density and ring of the dwarf planet

Haumea from a stellar occultation, 2017, Nature, 550, 219

https://doi.org/10.48550/arXiv.2006.03113

[2]  Ortiz, J. L., et al. Predictions of Stellar Occultations by Haumea and 

the Event of 4 May 2026, https://arxiv.org/pdf/2603.15049

[3]  Herald, D., Occult V4, https://occultations.org/sw/occult/occult4.htm

[4]  Occultation Portal, https://opop.obspm.fr/create_report/2518/

Binary Nature of the Target Star

Ring Occultation and Extended Science

Observational Strategy

TTTaaarrrgggeeettt TTTeeellleeessscccooopppeee CCCaaadddeeennnccceee NNNooottteeesss
Primary occultation ≥ 0.2 m ~ 1–10 Hz Easily detectable
Secondary occultation ≥ 0.3–0.5 m ~ 1–10 Hz     ≈0.06 mag drop
Ring events ≥ 0.4 m >= 10 Hz Short, shallow features

Conclusion

References

https://doi.org/10.48550/arXiv.2006.03113
https://arxiv.org/pdf/2603.15049
https://occultations.org/sw/occult/occult4.htm
https://opop.obspm.fr/create_report/2518/


Infrared observations with the Herschel Space Observatory and 
the Kepler Space Telescope (K2) indicated an effective diameter
of approximately 1535 +75 -225 km and a geometric albedo of 
about 0.09 [10]. These values were later revised to 1230 ± 50 km 
and an albedo of 0.14 following the 2017 discovery of a satellite 
in Hubble Space Telescope year 2010 images [11, 12]. Earlier
radiometric estimates spanned a wide range but were significantly 
refined by these measurements. The discovery of the satellite in
2016/2017, provisionally named Xiangliu, also enabled estimates 
of the system mass and mean density. Given its size, (225088) 
Gonggong is considered a strong dwarf-planet candidate. 

Near-infrared spectra of (225088) Gonggong exhibit a
pronounced red spectral slope along with broad absorption bands 
at ~1.5 and ~2.0 µm characteristic of water ice, and earlier low-
signal indications of methane were suggested based on its colour
and spectral shape, although more recent observations do not 
confirm strong CH₄ absorption features. These spectral properties 
point to an ice-rich surface modified by irradiation and complex 
organics, as seen across large trans-Neptunian objects [13].

Initial predictions of a potential occultation of a G ≈ 19 mag 
star by (225088) Gonggong on 2024 October 7 were generated 
at the Instituto de Astrofísica de Andalucía (IAA) in early September
2024, based on the JPL Horizons #16 orbital solution (Figure 1). 
The preliminary shadow path included parts of Africa and India, 
but with substantial uncertainty due to ephemeris errors and the 
large geocentric distance.

ABSTRACT: We report on a coordinated international observing campaign targeting a predicted 
stellar occultation by the trans-Neptunian object (225088) Gonggong on 2024 October 7. Despite 
extensive preparation, multiple astrometric refinements, and generally favourable observing 
conditions across a large geographic range, no unambiguous occultation was detected at any 
participating station. We summarise the scientific motivation, prediction updates, observational 
strategy, and results, and discuss plausible reasons for the negative outcome. This study highlights
the continued challenges of predicting occultations by distant trans-Neptunian objects and 
underscores the scientific value of well-documented non-detections.

The 2024 Oct 7 Stellar Occultation by the
Trans-Neptunian Object (225088) Gonggong:

Report of a Non-Observation
Mike Kretlow · DZA1 · IAA2 · IAS3 · IOTA/ES · Görlitz · Germany · mike@kretlow.de
Karl-Ludwig Bath · IAS3 · IOTA/ES · Emmendingen · Germany · klbath@t-online.de

(1) Deutsches Zetrum für Astrophysik, (2) Instituto de Astrofísica de Andalucía, (3) Internationale Amateursternwarten

Introduction

orbital solutions and more accurate future predictions.
     


       
 






       



   
  



      



    
   



Trans-Neptunian Object (225088) Gonggong

Occultation Predictions
and Astrometric Updates
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Follow-up astrometric observations by the IAA with the 2-m 
Liverpool Telescope on La Palma revealed a systematic offset relat-
ive to the nominal ephemeris, shifting the predicted occultation
zone southward and placing Namibia within the central path 
(Figure 2). Additional observations with the Liverpool Telescope
and the 1.5-m telescope at the Sierra Nevada Observatory (OSN) 

Figure 1. Initial occultation prediction for (225088) Gonggong based on the JPL Horizons solution #16. The red circle indicates the 1σ
prediction uncertainty dominated by ephemeris errors at the large geocentric distance. (Occult 4.2024.7.15)

Figure 2. Updated occultation path after astrometric refinement using Liverpool Telescope observations, showing the southward shift of 
the predicted shadow path toward Namibia. (Occult V4.2024.2.2)

in Spain suggested a further modest southward shift, potentially 
including sites in South Africa (Figure 3). Residual scatter among 
the astrometric measurements indicated remaining uncertainties 
at the 10–30 mas level, corresponding to several hundred 
kilometres on Earth
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Observational Campaign

orbital solutions and more accurate future predictions.




 
  


Figure 3. Final occultation prediction 
after additional astrometric updates 
from IAA observations. Namibia, 
South Africa, Madagascar, and La 
Réunion lie within the predicted 
uncertainty corridor.
(Occult V4.2024.2.2)

Figure 4. Map of participating observing stations. The predicted 
shadow centreline is shown in green, with northern and southern 
limits in blue. Red lines indicate the 1σ uncertainty bounds.   Red 
and black markers: negative observations (no occultation); yellow 
markers: no observation due to bad weather or technical problems.

In total, approximately a dozen observatories participated, 
with telescope apertures ranging from 36 cm to 2 m (Figure 4, 
Table_1). Most sites experienced suitable weather conditions
(Figure 5). Exposure times ranged from a few seconds to over 20 
seconds, depending on telescope aperture and instrumentation, 
reflecting the faintness of the target star.

Figure 5. Weather conditions over Europe (top) and southern
Africa (bottom) shortly before the predicted occultation time.
(Source: Meteoblue)
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No participating station reported a statistically significant
stellar disappearance consistent with an occultation by
(225088)_Gonggong. Representative light curves from several
sites show no flux drops exceeding the noise level at or near the 
predicted times (Figures 6 - 9). Given the faintness of the star 
(low SNR) and the long exposure times required at some sites, it
cannot be completely excluded that a very short or shallow event
escaped detection at an individual station. However, the absence 
of a positive detection across multiple well-placed sites strongly
suggests that the occultation did not occur within the predicted
region.

Table 1. Participating observatories.

The most likely explanation for the negative result is a remaining
ephemeris error that displaced the true shadow path outside the 
region covered by observers. Gaps in geographical coverage 
between southern Africa and the Middle East, as well as farther 
north between Europe and the Arabian Peninsula, leave open the 
possibility that the occultation track passed through unmonitored
regions. A further southward displacement beyond South Africa
cannot be excluded.

Systematic effects may also contribute. In particular, unresolved
satellites can shift the photocentre measured in astrometric obser-

OOObbbssseeerrrvvvaaatttooorrryyy LLLooocccaaatttiiiooonnn AAApppeeerrrtttuuurrreee EEExxxpppooosssuuurrreee WWWeeeaaattthhheeerrr   aaannnddd   RRReeesssuuulllttt OOObbbssseeerrrvvveeerrr(((sss)))

Al Khatim
Observatory

Abu Dhabi (UAE) 36 cm 30 s Clear, no occultation Mohammad Odeh

BOOTES-6 Boyden (RSA) 60 cm 7 s Clear, no occultation E. J. Fernandez García 
I. Pérez-Garcia

Boyden Obs. Boyden (RSA) 150 cm 25 s Clear, no occultation H. J. van Heerden

IAS Hakos (NAM) 51 cm 15 s Clear, no occultation K.-L. Bath, M. Mushardt,
T. Steinbach, M. Kretlow,
G. Hoffarth, M. Junius, L. Demetz

IAS Hakos (NAM) 80 cm 15 s Clear, no occultation D. Husar, K.-L. Bath, M. Mushardt, T.
Steinbach, M. Kretlow, G. Hoffarth, M.
Junius, L. Demetz

Liverpool Telescope La Palma (ES) 200 cm 1 s Clear, no occultation N. Morales, R. Duffard

OSN Sierra Nevada (ES) 150 cm -/- Clouds, no
observation

P. Santos-Sanz, N. Morales

Oryx Obs. Goellschau (NAM) 36 cm 24.2 s Partly cloudy, no
occultation

C. R. Foster

Piszkéstető Mátraszentimre (HU) 100 cm 5 s Partly cloudy, no
occultation

R. Szakáts, A. Pal, C. Kiss, N. Takacs

Sainte-Marie La Réunion (FR) 40 cm 20 s Partly cloudy, no
occultation

B. Mondon

Schiaparelli Southern
Observatory

 Hakos (NAM) 36 cm 20 s Clear, no occultation L. Buzzi, G. Galli

Sutherland-LCO
Aqawan A #1

Sutherland (RSA) 100 cm 20 s Clear, no occultation T. Santana

Türkiye National
Observatories

Bakırtepe (TR) 100 cm 13 s Clear, no occultation O. Erece, S. Eryilmaz

Results Discussion
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Figure 7. Light curve (blue) obtai-
ned with the 80-cm CJ telescope 
at Hakos, showing no detectable 
occultation event.

Figure 9. Light curve recorded 
at Al Khatim Observatory, 
United Arab Emirates.

Figure 8. Light curve recorded by the BOOTES-6 telescope at Boyden Observatory, South Africa.

Figure 6. Light curve from the 50-cm AK3 telescope 
at Hakos. The upper curve corresponds to the 
target star, the lower curve to a comparison star. 
No statistically significant flux drop is detected. The 
vertical red line marks the predicted mid-time of the 
occultation.
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vations relative to the primary body or system barycentre. A 
combined positional error of only 10 mas for the star and TNO 
corresponds to a displacement of approximately 650 km at Earth. 
Such limitations illustrate why occultation predictions for distant 
TNOs remain challenging, despite significant advances over the 
past 15 years.

Although no occultation by (225088) Gonggong was detected 
during the 2024 October 7 campaign, the effort demonstrates 
the collaborative and valuable contribution to ongoing occulta-
tion research. Carefully documented non-detections provide 
important constraints on ephemeris uncertainties and inform 
future prediction strategies. Continued coordinated campaigns, 
combining high-precision astrometry with widespread pro-am 
observing participation, remain essential for advancing the physical 
characterisation of distant trans-Neptunian objects.

This raises the question: when will be the next opportunity to 
observe a stellar occultation by (225088) Gonggong for the first 
time? Unfortunately, some patience will be required. On the 
CORA (Collaborative Occultation Resources and Archive) website 
[14], predictions for TNO and Centaur occultations are available. 
For (225088) Gonggong, only two events (worldwide) are listed 
through 2029 December 31 for stars brighter than 18 G-mag 
(Table 2).

.






















































Conclusions

References

Future Prospects

DDDaaattteee TTT000   (((UUUTTT))) SSStttaaarrr   MMMaaaggg ΔΔΔMMMaaaggg MMMaaaxxx   DDDuuurrraaatttiiiooonnn MMMoooooonnn UUURRRLLL

2028-04-21 10:37:46 15.15 6.36 75.6 s 18° (11%) 1

2028-08-03 20:48:24 16.75 4.71 59.4 s 41° (98%) 2

cfdb480-4098-11f0-4ed7-13cbfde79f45/
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https://smallbodies.org/cora/occultations/acac3920-4098-11f0-4ed7-ceb7fde7adc2/
https://smallbodies.org/cora/occultations/acfdb480-4098-11f0-4ed7-13cbfde79f45/
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A New Tool for Evaluating
the Fresnel Diffraction Integral

Robert L. Anderson Jr. · IOTA · Lake Oswego, Oregon · USA · bob.anderson.ok@gmail.com

 960.00” at 1 au.  
     

    
      




Introduction

The 2D Fresnel diffraction integral accurately describes 
diffraction effects seen at an observation plane when an object 
in a distant source plane is illuminated by a plane wave. It is 
assumed that the observation plane is extremely distant compared 
to the size of the object(s). These conditions are well satisfied 
when stellar occultations by asteroids or other objects occur.

Figure 1 shows an example of a stellar occultation configuration
involving a central object with a companion satellite. The object 
pair is 40 au distant from Earth (the observation plane) and the 
star is modelled as a point source.

The leftmost plot shows what the ground shadow would be if 
there was no diffraction involved.

The middle plot shows the intensity distribution when viewed 
with a single wavelength of light (400 nm).

Figure 1. A stellar occultation with clear diffraction effects.

The rightmost plot shows what an observer viewing that star
through a telescope would record as star intensity versus time 
as the ground shadow swept past the telescope due to asteroid 
motion. In this case, the observer was exactly on the centreline 
of the shadow, so the record shows the shadow of both objects. 
Diffraction spikes and effects like the u-shaped bottom of the 
smaller object are readily apparent.

The Trester method [1] solves the Fresnel integral problem by 
making a critical change of variables, followed by the multiplication
of each point in the N×N discrete source plane by a quadratic 
phase factor that is a simple function of the coordinates of that 
point. The Discrete Fast Fourier Transform (DFFT) is then applied 
to that modified source plane to obtain the propagated e-field 
at the observation plane (which is the same size as the source 
plane). The final step is to calculate the observation plane intensity 
distribution by computing the absolute value of the e-field at 
each point.

Trester Method — High Level View
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Sinc Method — High Level View
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Sinc Method Optimisations



of-thumb equation, needs only 3767 points. The parameters of 
the two methods are:

TTTeeesssttt   111   ---   IIInnnfffiiinnniiittteee   KKKnnniiifffeee   EEEdddgggeee
There is a well-known analytic solution for diffraction by an 

infinite knife edge. In Figure 3, the Sinc solution is shown with 
the analytic solution overlaid. The agreement is excellent.

TTTeeesssttt   222   ---   PPPoooiiissssssooonnn   SSSpppooottt:::   CCCooommmpppaaarrreee   SSSiiinnnccc   MMMeeettthhhoooddd   aaannnddd   TTTrrreeesssttteeerrr
MMMeeettthhhoooddd   RRReeesssuuullltttsss

In this test, we apply both methods to the same problem, that 
of computing the Poisson spot produced by an object that is only 
a few Fresnel lengths in radius and compare the results.

     2026-2   I  JOURNAL FOR OCCULTATION ASTRONOMY14

occultation light curves, one only needs to deal with a single row 
at a time anyway.

Note: as opposed to the Trester method, we have freedom to 
pick the FOV that is needed to contain a given object, and we 
have control over the output resolution by choosing an 
appropriate NNN. Because our interest is usually in diffraction effects 
and those effects are on the order of the Fresnel length of the 
observation, I use 

      FOV
N  =  fresnelLength

        10

as a rule-of-thumb in choosing a good starting value for NNN. 
Applying this rule normally results in well-characterised diffraction 
effects. Figure 2 shows the Sinc method result obtained when this 
process is applied to the 100 km diameter main belt object (at 
3.0 au with a fresnelLength of 0.335 km @ 500 nm wavelength) 
that was intractable with the Trester method, but using the rule-

Figure 2. A 100 km main belt object (3.0 au distant) simulated with the Sinc method.

Figure 3. Infinite knife edge test of Sinc method.

Sinc Method — Validation Tests

MMMeeettthhhoooddd FFFOOOVVV   (((kkkmmm))) NNN kkkmmm   pppeeerrr   pppiiixxxeeelll
Trester 121.3 65535 0.335/181
Sinc 121.3 3767 0.335/10.5
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Figure 4 shows the Sinc method result and Figure 5 shows the 
Trester method result. The visual comparison is convincing, but 
the quantitative comparison of the two points at the peak of 
the Poisson spot is even more convincing. All 4 points have an
intensity value of 0.95092724. Considering the very different way 
that those values were calculated, the agreement to 8 decimal 
places is amazing.

TTTeeesssttt   333   ---   SSShhhooowww   SSSiiinnnccc   SSSiiinnngggllleee   RRRooowww   CCCaaalllcccuuulllaaatttiiiooonnn   MMMaaatttccchhheeesss   SSSiiinnngggllleee   RRRooowww
fffrrrooommm   FFFuuullllll   IIImmmaaagggeee

The single row optimisation that is available for the Sinc method 
is shown (visually) to match the same row extracted from a full 
image matrix in Figure 6. In addition, every corresponding point 
in the two rows was compared using the ‘nearly equal’ function 
provided in Numpy. The result of that test was that, within floating 
point precision, the two rows contain identical values.

.

.

This article presents a high-level description of the commonly 
used Trester method of simulating Fresnel diffraction and compa-
res it with a new method, the Sinc method, of accomplishing the 
same task. The advantages of the Sinc method over the Trester 
method are shown by examples. Several tests are presented to 
validate the use of this new method for stellar occultation analysis. 
A link to a GitHub repository containing Python code for both 
methods plus code used in generating figures for this article is 
provided [3].

Summary
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This project benefited from the encouragement and advice of 
Dr. Eliot F. Young of Southwest Research Institute (SwRI).

Thanks to Teddy Meissner for publishing [4] where he discusses 
the Sinc method. It provided the starting point for my own Sinc 
method explorations. While the code in these notebooks differs 
significantly from Meissner’s code, he provided a working example 
that saved me a lot of time.

Figure 6. Single row computation versus row extracted from full image.
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[2]  Anderson, Robert L., Sinc method for Fresnel diffraction computation
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Improvement in VAMOR Process to VAMOR+

Konrad Guhl · IOTA/ES · Archenhold Sternwarte · Berlin · Germany · kguhl@astw.de
Frank Schaffer · IOTA/ES · Haan · Germany · schaffer.mecdesign@t-online.de

ABSTRACT: In 2023, the authors presented the VAMOR (Validation of Asteroid Models by 
Occultation Results) method, in which the contact times of stellar occultations by minor planets 
are added to existing 3D models. The VAMOR process was created with an easy step to process 
the points from the fundamental plane to the asteroid. This step was a compromise to reduce 
the workload and streamline the process. Deeper analyses show this assumption is suitable only 
for spherical bodies. Many of the asteroids and their respective models are elongated, irregularly 
shaped and sometimes with non-convex zones. Therefore, the VAMOR method was improved to
VAMOR+. The results of both methods are presented using the models of the asteroids (22)_Kalliope 
and (24) Themis.

Introduction

Figure 1. Reduction of the occultation by (106) Dione from
1983 Jan 19 on the fundamental plane.
(L.K. Kristensen)

Determining the shape and size of minor planets has been an 
important area of solar system research for many years. However,
direct investigation by space probes or high-resolution imaging
using adaptive optics (AO) is only possible for a few objects. For 
the majority of asteroids, the objects‘ rotation light curves are
analysed to determine their shape, and the results from stellar 
occultations are used to determine their size. The idea behind
VAMOR is to use computer-aided design (CAD) software to apply
the observation data from the stellar occultations to a 3D model
of the celestial body.

Using 3D Models for Observation 
Reduction in the Past

Figure 2. Chords of observations with ellipse in the
fundamental plane, from Occult.

After data review of occultation observations, the results are
presented in the fundamental plane. This allows multiple obser­
vations obtained by several, spatially-separated observers to be
brought together. The times of disappearance and reappearance
(hereinafter referred to as data points) represented graphically in 
this way can be connected with a circle or an ellipse to find the
projected silhouette of the occulting asteroid. Such a graphical
solution was the first way to find the shape and dimensions of
asteroids by occultation observation. Figure 1 shows an early
example from 1984 [1].

Today, this graphical solution is possible with the software tool
Occult [2]. Figure 2 shows such a result as a preliminary data 
reduction with the best fit ellipse.
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At the beginning of our century Kaasalainen and Torppa [3]
introduced the light curve inversion method to find asteroid shape
models. This was the basis for the Database of Asteroid Models
from Inversion Techniques (DAMIT) [4]. Today, DAMIT contains
more than 16,000 models for at least 10,000 asteroids (for many
asteroids, there is more than one model). The typical model is not
scaled in size. If a 3D model, generated from light curves, exists
for the observed body, it can be projected onto the fundamental
plane. The correct view to the asteroid results from orientation of
the asteroid in space, and the rotation and position of the Earth.
Figure 3 shows such a fit of the data points to the shape model. 

As described in [5], VAMOR uses professional 3D CAD software
for positioning the observation times of disappearance and
reappearance (data points) on 3D models of asteroids. Therefore,
the 2-dimensional results in the fundamental plane are one
plane in the 3D space and can be connected with the correctly-
positioned 3D model (Figure 4).

Figure 3. View of the fundamental plane with the fit to the 
shape model.

The Original VAMOR Process

Figure 4. Relationships between fundamental plane (labelled yellow) and model in space.



The transfer of data points was done by transfer to a parallel
plane from the fundamental plane. This new plane is positioned in 
the centre of the body (3D model). This step was a compromise
to reduce the workload and streamline the process. Analyses
show this assumption is suitable for spherical bodies only. For 
the more elongated, irregular-shaped bodies or those with non-
convex zones such a data point transfer could not show the true
shape of the body because of the projection.

The projection of the shape model in the fundamental plane
comes from a 3D model. This projection is the maximum cross-
section along the perpendicular in the direction observer-body
(silhouette). The projection depends on shape, rotation phase
and inclination of the rotation axis. So, the ray from the observer 
may hit the body on uncalculated points or (depending on its
size) miss it. Only for a near spherical body are the contact
points positioned in a plane. For VAMOR+, rays are projected
from each data point perpendicular to the fundamental plane
to the 3D model. The transferred data points are positioned on 
the ray and movable along the ray to find the smallest distance 
between point and surface (body) (Figure 5).
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Improvement to VAMOR+ and
Test on the Model of (22) Kalliope

.

This allows the data point to be positioned on the body where
the event was most likely measured. The data points are not
positioned on the centre plane any more but can be freely
positioned up to the closest distance to the model. To test the
method, we selected (22) Kalliope as an elongated asteroid with
a well-known 3D model. This 3D model is based on light curve
analyses, AO-imaging, mutual occultation and transit events of
(22) Kalliope and its satellite Linus [6]. 

The 3D program allows the distance to the surface of the
model to be determined for each data point. The average of all
distances is shown in Table 1.

The model of the minor planet is of high quality (quality flag 4
in DAMIT). This means that the significantly smaller deviation of
the values from the body is an indication of the improvement
from VAMOR to VAMOR+.

DDDaaatttaaapppoooiiinnntttsss AAAvvveeerrraaagggeee   DDDiiissstttaaannnccceee RRRMMMSSS
VVVAAAMMMOOORRR 128 4.19 km 5.55
VVVAAAMMMOOORRR+++ 128 2.89 km 4.10

e.       




The greatest inaccuracy is the exact timing of the occultations.
On average, a time tolerance of 100 ms means a resolution of
approximately one kilometre on the asteroid.

With the new data point transfer method in VAMOR+ it is
possible to more accurately match observation results to the
3D-model surface. So, further investigation like symmetric and
asymmetric scaling or correction on the model shape are possible.
For nearly spherical objects, the less labour-intensive VAMOR
method can be used. A future task is to investigate at what level
of deviation from the spherical shape does VAMOR+ have to be
applied.
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We tested both methods on an object with a more spherical
shape. The selected asteroid is (24) Themis. The DAMIT model
5916 also has a quality flag of 4 and the 8 multi-chord occultation 
observations give 76 data points. Table 2 shows the results of
both methods.

With both methods the scaling of 100% gives the lowest average
distance of data points from the surface. The RMS value for the
100% scaling is the same for both methods.  The exact 3D-
model is fitted a little bit better by VAMOR+, but the VAMOR
result would also be acceptable because it is in any case within 
all possible tolerances.

Comparison of Methods
for Spherical Objects

SSScccaaallliiinnnggg   ooofff   DDDiiiaaammmeeettteeerrr 99% 100% 101%
VVVAAAMMMOOORRR         aaavvv...dddiiisssttt...///RRRMMMSSS 3.25 km/3.84 3.16 km/3.87 3.28 km/4.17
VVVAAAMMMOOORRR+++   aaavvv...dddiiisssttt...///RRRMMMSSS 3.16 km/3.77 3.14 km/3.87 3.30 km/4.23

Table 2. Average distance on DAMIT model 5916 of (24) Themis.

Conclusions

EEEvvveeennnttt DDDaaattteee TTTiiimmmeee CCChhhooorrrdddsss OOObbbssseeerrrvvveeerrr CCCooouuunnntttrrryyy
2 2006-11-07 19:48:00 6 M. Kashiwagura, S. Uchiyama, A. Yaeza, H. Sato,

H. Tomioka, H. Okita, M. Sato
JP

4 2011-11-22 02:42:00 4 B. Brinkmann, O. Klös, J. Mueller, M. Parl DE
5 2016-11-08 03:40:00 4 G. Baruffetti, D. Vizzoni, IT

íř CZ
6 2016-12-24 22:04:00 10 H. Kavi, S. Kamat/M. Gavali, P. Bhagat/N. Ghol, M.

Tembe/M. Gundecha, M. Petanka/K. Jogdel, S.
Deshpande/H. Kulkar, M. Inandar/T. Nirokh, P.
Maley/S. Gurjar, P. Nanivedekar/Ningole, S. Kulkarni,
V. Shende/S. Nondode, D. Khaimar/ V. Anjali

IN

8 2019-02-16 16:14:00 2 J. Broughton AU
9 2019-06-27 10:44:00 2 J. Broughton AU
14 2021-09-09 18:46:00 2 M. Ida, H. Watanabe JP
15 2021-12-14 09:24:00 3 D. Oesper, M. Loose, A. Olsen, J. Randolph US
16 2022-03-02 02:33:00 9 J. Barton, T. Blank, N. Carlson, D. Dunham, J. Dunham,

K. McKeown, P. Stuart, T. George, D. Kenyon, R. Jones,
C. McPartlin

US

17 2022-04-15 21:08:00 11 A. Leroy FR
R. Boninsegna BE
S. Kidd, W. Stewart, T. Haymes, P. Tickner,
P. Birtwhistle, D. Ward

UK

S. Sposetti, A. Ossola CH
P. Fini/G. Betti IT

18 2022-04-22 10:53:00 5 H. Tomioka, A. Hashimoto, H. Watanabe, A. Asahi JP
20 2023-03-19 13:19:00 2 J. Broughton, G. McKay, W. Hanna US
21 2023-04-20 11:47:00 11 K. Kitazaki, Hiroyuki Watanabe, H. Yamamura, A.

Asahi, M. Ida, Hayato Watanabe, Y. Ikari, H. Kishimoto,
H. Kasebe, M. Yamashita, M. Mizutani, G. Hashimoto

JP

Appendix A. Observers of the multi-chord events which were used for the investigation of (22) Kalliope.
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https://ui.adsabs.harvard.edu/abs/2023A%26A...676A..60B/abstract













EEEvvveeennnttt DDDaaattteee TTTiiimmmeee   UUUTTT CCChhhooorrrdddsss OOObbbssseeerrrvvveeerrr CCCooouuunnntttrrryyy
5 2015-04-30 08:20:00 3 T. George, E. Iverson, R. Wasson, P. Maley US
6 2015-09-24 12:07:00 2 J. Broughton AU
8 2016-07-31 02:13:00 4 R. Neuvirt, K. Halíř, T. Janík CZ

E. Frappa FR
9 2021-04-09 18:03:00 6 A. Asahi, M. ida, Y. Ikari, K. Isobe, T. Terada,

G. Hashimoto
JP

13 2021-08-01 14:44:00 2 H. Yamamura, Y. Ikari JP
14 2021-10-07 03:56:00 3 J. Barton, D. Eisfeld, E. Iverson US
15 2024-02-14 02:13:00 4 P. Maley, R. Harvey, R. McConnell, L. Dorsey US
16 2024-02-28 10:21:00 15 K. Kitazaki, Hiroyuki Watanabe, M. Ishida, M. Ida,

Y. Ikari, H. Yamamura, M. Takimoto, M. Ovada,
G. Hashimoto, H. Yoshihara, K. Isobe, M. Uno,
H. Watanabe, T. Horikawa

JP

Appendix B. Observers of the multi-chord events which were used for the investigation of (24) Themis.
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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 March 24, the Minor Planet Center listed 2044
Centaurs and 3816 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

(225088) Gonggong was discovered on 2007 July 17 by M. E. 
Schwamb, M. E. Brown, and D. L. Rabinowitz during a wide-field 
survey for distant Solar System bodies conducted with the 1.2-m 
Samuel Oschin Telescope at Palomar Observatory [1]. Following 
its initial identification, (225088) Gonggong was found on pre-
discovery images dating back to 1985, extending its observational 
arc by more than two decades.

The object’s naming followed a public vote organised by the 
discovery team, offering three mythological candidates. Gong-
gong was selected and formally approved by the International 
Astronomical Union on 2020 February 5. In Chinese mythology, 
Gonggong is a Chinese water god with red hair and a serpent-
like tail. He is known for creating chaos, causing flooding, and 
tilting the Earth; he is often depicted with the head of a human 
and the body of a snake. Gonggong is often attended by his 
minister, Xiangliu, a nine-headed poisonous snake monster for 
whom the satellite is named. The name reflects both the object’s 
reddish appearance and its remote, dynamically excited orbit in 
the outer Solar System.

Figure 1. Orbit of (225088) Gonggong as shown in the JPL Small-Body Database orbit viewer for the date 2026 May 15. The grid indicates
the ecliptic plane. (Source: https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html#/?sstr=gonggong&view=VOSPD)

The Orbit and the Dynamical Classification

(225088) Gonggong follows a highly eccentric and inclined orbit,
placing it among the dynamically excited populations beyond 
Neptune (Figure 1). Its approximate orbital elements at current 
epoch are a semi-major axis of about 67 au, an eccentricity of 
about 0.50, an inclination of about 31 degrees, a perihelion 
distance near 33 au, and an aphelion distance close to 101 au. 
The resulting orbital period is roughly 550 years.

These parameters classify (225088) Gonggong as a scattered-
disk object (SDO) [2],[3]. Its perihelion lies just beyond Neptune’s 
orbit, but the object is sufficiently detached to avoid strong 
present-day scattering. Numerical integrations suggest that 
(225088) Gonggong may reside near a weak or transient 10:3 
mean-motion resonance with Neptune. Objects in this region 
were likely scattered outward during the epoch of planetary 
migration [4], leading to long-term chaotic evolution. The large 
inclination of (225088) Gonggong’s orbit supports a history of 
strong dynamical excitation rather than formation in situ.

With an absolute magnitude of about H = 1.8 mag,
(225088)_Gonggong is one of the brightest and largest known 
scattered-disk objects, comparable in scale to (136472) Makemake 
and (136108)_Haumea, although dynamically distinct from the 
classical Kuiper Belt population. Given its size, (225088) Gonggong 
is considered a strong dwarf-planet candidate.

The Name
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The Physical Characteristics

Figure 2. These two images, taken a year apart, reveal a moon
orbiting the trans-Neptunian object 2007 OR10. Each image, taken
by the NASA/ESA Hubble Space Telescope’s Wide Field Camera 3,
shows the companion in a different orbital position around its
parent body. Credit: NASA, ESA, C. Kiss (Konkoly Observatory), and
J. Stansberry (STScI)

Infrared observations obtained with the Herschel Space Ob-
servatory, together with data from the Kepler K2 mission, initially 
suggested an effective diameter of approximately 1535_km, with 
uncertainties of +75 and -225 km, and a geometric albedo near 
0.09 [5]. Following the discovery of a satellite in Hubble Space
Telescope year 2010 images (Figure 2), these estimates were 
revised to a diameter of 1230 ± 50 km and a higher albedo of 
about 0.14 [6]. Earlier radiometric determinations covered a broad 
range of values, but the availability of satellite-based constraints 
significantly improved the reliability of the later results.

Light-curve observations indicate a slow rotation, with a 
preferred double-peaked period of approximately 44.8 hours 
[5], while a single-peaked solution with a period of about 22.4 
hours cannot be entirely ruled out; in either case, the rotation is 
unusually slow for a trans-Neptunian object of this size.

Early photometric observations showed (225088) Gonggong 
to possess a very red spectral slope, among the reddest known 
for large trans-Neptunian objects. Near-infrared spectra of 
(225088)_Gonggong exhibit broad absorption bands at ~1.5 
and ~2.0 µm that are characteristic of water ice on the surface, 
along with a very red spectral slope commonly interpreted as the 
presence of complex organic material produced by irradiation 
of surface ices. Some observations have suggested a weak 
absorption feature near ~2.27 µm that has been attributed to 
methanol or its irradiation products, although this identification 
remains tentative due to limited signal-to-noise in the available 
data [7]. 

Based on its large size and mass, and the likely presence of 
surface and/or subsurface ices, (225088) Gonggong could in 
principle sustain a very tenuous, transient atmosphere during 
epochs when it is closer to perihelion, although no such 
atmosphere has been detected to date; from Earth, any such 
atmosphere would most plausibly be detectable only through 
stellar occultation observations.

(225088) Gonggong has one known satellite. The discovery of 
its natural moon, Xiangliu, named after the nine-headed serpent 
who served Gonggong in Chinese mythology, was announced 
in 2016/2017 following a reanalysis of archived Hubble Space 
Telescope images acquired in 2010 [8]. Xiangliu orbits (225088)
Gonggong with a semi-major axis of approximately 24,000 km,
an eccentricity of about 0.3, and an estimated orbital period of 
roughly 25 days. These orbital parameters imply a total system 
mass of approximately 1.75 × 10²¹ kg. Assuming an effective 
diameter of 1230 ± 50 km for (225088) Gonggong, the 
corresponding bulk density of about 1.75 g cm⁻³ appears more 
plausible for an object of this size than densities below ~1 g cm⁻³
implied by earlier diameter estimates near 1535 km [6].

Moons and Rings

Based on dynamical considerations, the authors further conclude 
that the satellite is relatively small, with a diameter below 100_km,
and likely possesses a comparatively high geometric albedo
(pV_>_0.2).

No ring system is yet known, but to discover a potential ring 
(system) from Earth, this would only be possible during the 
observation of a stellar occultation.
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Figures 3, 4. Occultations by (225088) Gonggong on 2028-04-21 (left) and 2028-08-03 (right) as predicted by CORA. For the predictions,
a larger diameter of about 1470 km was still assumed, rather than the currently favoured value of approximately 1230_km for the 
primary, as discussed in the text.

Stellar Occultations
To date, no stellar occultation by (225088) Gonggong has been

successfully observed. The most recent dedicated campaign took
place on 2024 October 7, as described in a separate JOA article
in this issue, but did not yield a positive detection. Future efforts
to observe a stellar occultation by (225088) Gonggong are
highly valuable, as even a single multi-chord event could provide
decisive constraints on its size, shape, possible atmosphere, and
the presence of rings. On the CORA (Collaborative Occultation
Resources and Archive) website [9], predictions for TNO and
Centaur occultations are available. For (225088) Gonggong, only
two events (worldwide) are listed through 2029 December 31,
for stars brighter than 18 G-mag (Table 1).

DDDaaattteee TTT000   (((UUUTTT))) SSStttaaarrr   MMMaaaggg ΔΔΔMMMaaaggg MMMaaaxxx   DDDuuurrraaatttiiiooonnn MMMoooooonnn UUURRRLLL FFFiiiggguuurrreee

2028-04-21 10:37:46 15.15 6.36 75.6 s 18° (11%) 1 3

2028-08-03 20:48:24 16.75 4.71 59.4 s 41° (98%) 2 4

Table 1. Future occultation opportunities for (225088) Gonggong (stars brighter than 18 G-mag). T0 is the time 
of geocentric closest approach (c/a). The column ‘Moon’ indicates the elongation of the Moon to the star and the 
percent sunlit in ().
1: https://smallbodies.org/cora/occultations/acac3920-4098-11f0-4ed7-ceb7fde7adc2/

2: https://smallbodies.org/cora/occultations/acfdb480-4098-11f0-4ed7-13cbfde79f45/
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The Central Bureau for Astronomical Telegrams has
announced four further discoveries of satellites of asteroids,
made following the analysis of stellar occultation observations.
The discoveries are presented in the order in which they were 
announced..

On 2025 July 12, Josef Käser and Jonas Schenker observed
an occultation by asteroid (108968) 2001 PE40 using a 45-cm 
telescope from Switzerland. They recorded an occultation
duration of 1.10 s for the main body and 0.21 s for the satellite.
Martin Gutekunst in Germany was able to confirm the satellite
during the same event with an observation of 1.14 s and only
0.09 s, respectively. The discovery by the three observers was
announced with CBET 5589.

Figure 4. The lightcurve at the top shows Dave Gault’s
negative observation. Peter Nosworthy’s measurement shows 
the occultation by the main body of (60186) La Cruces (chord
2). The curve at the bottom presents the 3-frame-occultation 
by the satellite recorded by Hristo Pavlov (chord 3). The bright
red arrows mark the event time for the main body.

Figure 2. The lightcurves of the discovery of the satellite of 
(108968) 2001 PE40. Note the single data point drop by the 
satellite in Martin Gutekunst’s lightcurve.

Hristo Pavlov, Peter Nosworthy, and Dave Gault, Trans-
Tasman Occultation Alliance (TTOA), recorded an occultation 
by asteroid (60186) Las Cruces on 2025 June_26. Whilst Dave
Gault recorded a miss, Peter Nosworthy measured a positive
chord for the main body with a duration of 1.60 s. Hristo 
Pavlov recorded only a short occultation of 0.24 s by the
satellite in three frames. The discovery was announced with 
CBET 5629.

Figure 3. Profile of (60186) La Cruces and its satellite. Chord 4 
represents the predicted centre line.

Figure 1. Profile of (108968) 2001 PE40 and its satellite. Chords
1 and 2 were recorded by Martin Gutekunst while Josef Käser
and Jonas Schenker measured chords 4 and 5.



On 2024 April 25, George Viscome observed an occultation
by asteroid (7563) 1988 BC. He was able to measure two
consecutive occultation events with durations of 2.48 s and
0.25 s, respectively. The time interval between the two events
was 3.49_s. The single-observation-discovery was published
in CBET 5654.

Another single-observation-discovery was made by Simon
Kidd on 2025 December 03. Two events, each less than one
second, were recorded during an occultation by asteroid
(50142)_2000_AY129. The first event lasted only 0.13 s and was
followed 0.29 s later by a second occultation with a duration
of 0.53 s. The discovery of the satellite was announced in
CBET 5656.
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shown as chord 3.  

         


All plots are from Occult V4.

Access to the 50 most recent CBETs is available here:

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

(O. Klös)

.       
  


Figure 7. Profile of (50142) 2000 AY129 and its satellite.

Figure 8. The lightcurve of the discovery of the satellite of 
asteroid (50142) 2000 AY129 on 2025 Dec 03. The two events
are separated by only six data points.

http://www.cbat.eps.harvard.edu/cbet/RecentCBETs.html
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The SODIS team at IOTA/ES has introduced a new feature
on the SODIS portal: observers and reviewers can flag a
positive observation as a ‘Hot Case’ (HC).

A ‘HC’ refers to an unusual light curve, an unexpectedly
low drop, multiple occultations or similar occurrences. After
clicking the HC button on the SODIS page of the report, a
newly created “Hot Case Task Force (HCTF)”, comprising
experienced reviewers will analyse the light curve in more
detail. The new features for the SODIS users were presented
in a Zoom meeting.

The HCTF currently has eight members and is led by
Christian Weber. To date, 30 cases have been investigated;
the results will be reported in future journals.

(C. Weber, K. Guhl)

.





the observation will be flagged (see Figure 2).
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OOOccccccuuullltttaaatttiiiooonnn   OOObbbssseeerrrvvvaaatttiiiooonnnsss   wwwiiittthhh   SSSmmmaaarrrttt   TTTeeellleeessscccooopppeee   SSSeeeeeessstttaaarrr   SSS555000
AAA   FFFiiirrrsssttt   TTTeeesssttt   RRReeepppooorrrttt

Christian Weber (IOTA/ES) has published his test report on
occultation work using a ZWO Seestar S50. He investigated 
whether and how this smart telescope can be used to measure 
stellar occultations. In his 18-page document, he tested the 
Seestar S50 under several aspects, for example :

• The S50’s achievable limiting magnitude

• Recordable occultation events with the S50

• Timing measurements

A NEXTA (New EXposure Timing Analyser) was used to
analyse the accuracy of the timing measurements. In addition, 
tests with simulated occultations were recorded and the 
results were compared with the timing measurements of a 
QHY-174M-GPS.

The document is available here:

https://www.iota-es.de/seestar_report.pdf

(O. Klös)

The Trans-Tasman Occultation Alliance (TTOA), observing 
section for occultation phenomena of the Royal Astronomical 
Society of New Zealand (RASNZ), has a new webpage:

https://occultations.org.nz/website_d9bc6b2c/

The previous webapge was created in 1998 by Graham 
Blow and maintained by Steve Kerr, Director of the TTOA, to
keep it up to date. Thanks to Occult Watcher the distribution 
of predictions is no longer a main focus. The emphasis is now 
on results, guides (see example on the left) and information 
about meetings. Observers can share their experiences on a 
blog.

The old webpage remains available.

(O. Klös)

AAA   NNNeeewww   WWWeeebbbpppaaagggeee   fffooorrr   ttthhheee   TTTrrraaannnsss---TTTaaasssmmmaaannn   OOOccccccuuullltttaaatttiiiooonnn   AAAlllllliiiaaannnccceee

https://www.iota-es.de/seestar_report.pdf
https://occultations.org.nz/website_d9bc6b2c/
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IOTA OpenVTI with connections for power and video. The 
connector for the GPS antenna is on the backside.

)
The Laboratoire Temps Espace in Paris (formerly Institut

de Mécanique Céleste et de Calcul des Éphémérides, IMCCE)
publishes news about occultations among other astronomical
topics:

https://lte.observatoiredeparis.psl.eu/?lang=en

Additionally, you can subscribe to the IMCCE Newsletter
or read it in the online archive:

https://www.imcce.fr/lettre-information/

The IMCCE Newsletter is in French. Use the translation 
tool of your web browser to translate it into your preferred 
language.

(O. Klös)

.     
    


https://occultations.org.nz/website_d9bc6b2c/meetings/
https://www.nacaa.org.au/2026/register
https://lte.observatoiredeparis.psl.eu/?lang=en
https://www.imcce.fr/lettre-information/


 
 
 

     
  
      




    

 

     
  

  


    


    
    



)        
 
  

       
   


PPPhhhoootttooo:::   AAAdddrrriiiaaannn   WWWyyykkkrrroootttaaa

Invitation to ESOP XLV

Toulouse, France,
22. - 23. August 2025

Figure 3. Belesta Observatory  in Lauragais 
(Image: ESOP 45 LOC)

DDDeeetttaaaiiilllsss   aaannnddd   rrreeegggiiissstttrrraaatttiiiooonnn   hhheeerrreee:::

hhhttttttpppsss::://////eeesssoooppp444555...iiioootttaaa---eeesss...dddeee

Figure 2. Observatoire Midi-Pyrénées (OMP), site of the conference.
(Image: Sebastien Chastanet, OMP, (CC-BY-SA-4.0), https://
commons.wikimedia.org/wiki/File:Entr%C3%A9e_de_l%27OMP.jpg
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https://esop45.iota-es.de
https://commons.wikimedia.org/w/index.php?curid=38150216
https://commons.wikimedia.org/wiki/File:Entr%C3%A9e_de_l%27OMP.jpg
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As is traditional for ESOP, after the conference, additional 
excursions will be offered both in the historic city centre and its 
surroundings, showcasing beautiful landscapes, gardens, and 
museums. This 45th edition will also provide the opportunity to 
discover the great site of the City of Carcassonne (Figure 5), visit 
the Aeroscopia and Cité de l‘espace Museums, and explore Airbus 
industry facilities.

Figure 4. Pic du Midi Observatory (Image: ESOP 45 LOC)

On behalf of the Organising Committee, we invite the entire 
community interested in occultation phenomena to join the 45th

ESOP symposium. We will be delighted to welcome you in
Toulouse in person, but online participation via Zoom will also be 
available.

PPPaaassscccaaalll   AAAnnndddrrrééé
LOC ESOP 45

Figure 5. Aerial panorama of Cité de 
Carcassonne.
(Image by Chensiyuan, CC-BY-SA-4.0),
https://commons.wikimedia.org/wiki/
File:1_carcassonne_aerial_2016.jpg
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