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Detailed view of the flash spectrum. (a) The main emission lines 

are labelled with the elements that produce them. (b) Simplified 

view of the distribution of elements in the chromosphere (inspired 

by Mitchell, 1947). All elements are present, in measurable 

quantities, from the surface of the photosphere up to a certain 

height. (c) The photosphere generates an intense continuous 

spectrum (here just a thin line due to the last Baily's bead). The 

inner corona generates a ghostly diffuse spectrum. The mid and 

upper chromosphere only emits a few intense lines. The lower part 

of the chromosphere also emits a forest of faint lines besides the 

main intense ones, here predominately concentrated in the two 

lunar valleys of the last pair of Baily's beads. (K. Emmanouilidis, 

with permission by AAS)
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Now exactly 40 years ago, I got my first two positive asteroidal 
occultations, visually observed, of course. With an analogue 
stopwatch in hand and acoustic time beeps as a background 
sound, who could have imagined the great knowledge we would 
accumulate with the occultations. Thanks to occultations we not 
only determine with high precision the position, size and shape 
of the objects, but they have also allowed us to discover satellites 
of these asteroids, rings, atmospheres, and as a derivative the 
albedo and density, which help us to determine their composition.
Furthermore, occultations are almost the only viable source of 
characterisation for Trans-Neptunian Objects.

And let’s not forget that in the case of the Sun, the same 
occultation timing technique applied to the Baily’s Beads allows 
us to determine the solar radius. Or sometimes the surprise 
appears at the occulted star in the form of the discovery of 
unknown stellar components.

Forty years ago, even predictions of grazing occultations by 
the Moon were very inaccurate. I remember more than one 
expedition to the northern limit with a miss at all stations.

All the articles you can read in the present issue of JOA 
highlight these advances. They are efforts that do not go to the 
big headlines, but that help to do science in capital letters, and 
to discuss them with friends at every ESOP, like the next one in 
Granada.

Clear skies!

Carles Schnabel
IOTA/ES

https://ui.adsabs.harvard.edu/abs/1947ApJ...105....1M/abstract
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 at 1 au, with negligible wavelength dependency.   
        





Introduction

Figure 1. Sensitivity on the value of the eclipse solar radius Sꙩ at 1 au of the computed duration of totality for a location at the very edge 
of the umbral shadow path and for a corresponding location on the centreline. Data are for the 2017 August 21 total solar eclipse near 
the Oregon-Idaho border.
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Figure 2. Example of the evolution of the flash spectrum at the onset of totality. On the left, white-light images of the eclipse showing the
disappearing Baily’s beads, the chromosphere and hints of inner corona. On the right, the corresponding spectra, revealing finer details. 
White arrows indicate the last vanishing Baily’s bead and its photospheric continuum. The image is a composite but each pair white-
light/spectrum was recorded on the same image. Data collected during the 2013 November 3 annular-total solar eclipse in Gabon using
a Canon 5D Mark 1 with a 200 mm f/4 lens and a 100 lines/mm diffraction grating. (Credit: K. Emmanouilidis).

Method



and other related quantities. No approximating adjustments are
involved with these computations.
The simulated light curves are computed by integrating the

limb darkening function over the exposed area of the photosphere
(within a specific lunar valley) as depicted in Figure 4. The limb 
darkening function (LDF) describes the change in intensity of 
photospheric light by going from the centre of the Sun’s disc to
its periphery. The LDF also depends on wavelength [4]. The
precise computational eclipse model is relied upon to describe
the relative topocentric motion of the Sun’s centre with respect to
the Moon’s centre, the evolving topocentric radii of the Moon’s 
datum and of the Sun (based on the chosen value of the solar
radius Sꙩ at 1 au), and the topocentric view of the topography of 
the lunar limb. The integration region R changes with time and it 
has a rather complex boundary.
Several adjustments are needed to fit the synthetic light curves 

over the observed light curves. Because the video recording does 
not have a UTC timestamp but just the relative timing among 
frames given by the framerate and because the simulations are
naturally expressed using a UTC time base, a global time
translation of the observed light curves needs to be applied before
attempting a fit. Because the limb darkening function intensity is 
normalised and the observed light curves are expressed in arbitrary 
units, we need to apply a multiplicative scaling factor to the
synthetic light curves to be able to perform the comparison with
the observed light curves. The observed light curves do not go
exactly to zero during totality due to several factors like the
presence of diffuse background light and of residual light coming 
from the lowermost layers of the solar atmosphere. To account for
this, a small bias is added to the synthetic light curves. We could 
alternatively subtract this bias from the observed light curves.

Even if the observed light curves from the Baily’s bead before
C2 and the Baily’s bead after C3 are independent measurements, 
we constrained the fitting procedure to use the same time-shift, 
scaling factor and bias factor for both.

On both nights I see Doppler increase in brightness. Assuming a
rotation time of 50 hours would mean that on the second night, I
see exactly the other side of Doppler. I do not see any brightness
drop, which would point to an eclipse (Figure 6). My results are
to be sent to Pascal Descamps of the IMCCE in Paris, and Raoul
Behrend of the Geneva Observatory, just like with Kalliope in
spring 2017.
For the record, I was not the only observer of Doppler, especially
in the South of France there were also some who participated,
among others at the Observatoire du Haute Provence. That’s a
good thing too, because if all the discoveries of space had to be
done in the Netherlands, we would be back a century ago.
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Figure 3. On the left and on the right, shape of the flash spectrum 22 s before C2 and 9 s after C3. In the centre, simulation of the
mutual position of lunar and solar limb identifying the lunar valleys where the Baily’s beads occur.
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The observing location was south of Vale, Oregon, just a 
couple of hundred metres within the southern limit of the umbral 
shadow path. Its WGS84 geodetic coordinates are: λ = 117° 13’ 
09.8” W, φ = 43° 57’ 10.9” N, h = 711 m. The landscape was very 
arid and the sky was cloudless. There were traces of smoke from 
forest fires but they were mainly towards the north and the west 
and they were never an issue.

The flash spectrum video we recorded can be seen following 
this link:

https://www.youtube.com/watch?v=eTqblNG-BHw

The video shows the slow evolution of the flash spectrum, 
mainly the disappearance and the reappearance of the 
photospheric continuum of several Baily’s beads before second 
contact (C2) and after third contact (C3) with a brief period of 
totality in between. Figure 3 shows examples of the shape of the 
flash spectrum on the lead up to C2 and just after C3 and which 
lunar valleys generate the distinct thin bands of photospheric 
continuum.

If we focus on the duration of photospheric extinction, visual 
inspection of the video points to a duration no longer than 20 s, 
and possibly closer to 15 s. By referring to Figure 1, these durations 
of totality are quite incompatible with Auwers’ solar radius 
(959.63”) and more indicative of a higher value, towards 960”. 

The analysis of the flash spectrum video proceeds in several 
steps: extracting the light curves (from a narrow spectral region) 
of the last Baily’s bead before C2 and of the first Baily’s bead 
after C3, simulating synthetic light curves by integrating the limb 
darkening function in the lunar valleys that generate the Baily’s 
beads, fitting the solar radius Sꙩ to get the best agreement 
between the synthetic light curves and the observed light curves. 
The solar radius Sꙩ at 1 au directly determines the topocentric 
solar radius Σꙩ that is considered as the free parameter in the 
functional form of the limb darkening function.

Figure 5 shows the observed light curves (extracted from a 
spectral region around 580 nm, near the main Helium line) 
together with the synthetic light curves generated for three 
different values of the solar radius Sꙩ. The best agreement is 
achieved when Sꙩ = 959.95”. The other simulations provide an 
idea of the uncertainty of this estimate. Conservatively, we can 
say that the final estimate of the solar radius (at around 580 nm) 
is: Sꙩ = 959.95 ± 0.05)”. An important remark is that identical 
values for the multiplicative scaling factor and bias were used for 
the synthetic light curves when different values of the assumed 
solar radius Sꙩ were used to define the limb darkening function. 
It is important to clamp down on the degrees of freedom we can 
play with.

We repeated the fitting procedure for other spectral regions, 
namely 480 nm (near the Hβ line) and 640 nm (near the Hα line). 

Figure 4. Synthetic light curves
are generated by computing the 
integral of the limb darkening 
function over the exposed area 
of photosphere within the lunar 
valley generating the Baily’s
bead. The integration region R
changes through time due to
the relative movement of the 
solar and lunar limbs.

Observations Results



On both nights I see Doppler increase in brightness. Assuming a
rotation time of 50 hours would mean that on the second night, I
see exactly the other side of Doppler. I do not see any brightness
drop, which would point to an eclipse (Figure 6). My results are
to be sent to Pascal Descamps of the IMCCE in Paris, and Raoul
Behrend of the Geneva Observatory, just like with Kalliope in
spring 2017.
For the record, I was not the only observer of Doppler, especially
in the South of France there were also some who participated,
among others at the Observatoire du Haute Provence. That’s a
good thing too, because if all the discoveries of space had to be
done in the Netherlands, we would be back a century ago.
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Figure 6. Best fit of synthetic light curves onto observed light curves,
at different wavelengths. 

Discussion

The estimate of the eclipse solar radius we have obtained
Sꙩ_=_(959.95 ± 0.05)” is larger than the traditional standard value
Sꙩ_=_959.63” still used in most published eclipse predictions 
and it is in line with a growing body of measurements collected
in the recent past during total solar eclipses [3]. 



sensor data and will allow performing more accurate relative
photometry. Even if we can perform the fitting procedure without 
relying on UTC time-stamping, having time-stamping would 
eliminate a degree of freedom in the methodology and make it 
more constraining and robust. UTC time-stamping of the flash 
spectrum observations would also likely open up the possibility 
to investigate the accuracy of eclipse computational models [6] 
(see Appendix C). We are looking at using the QHY-174M GPS 
CMOS camera to achieve these two goals.
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Conclusion

Future Plans

Further Reading

https://link.springer.com/content/pdf/10.1007/s11207-012-9947-2.pdf
https://link.springer.com/content/pdf/10.1007/s11207-015-0787-8.pdf
https://www.youtube.com/watch?v=JI2AIRI9Prk
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He reports a perception of Jupiter’s moon IV as darker than 
usual. Marius explains this with a shadow (eclipse) cast by Moon 
II or III [1]. This observation is dated 1613 February 17. 
A check by N. Emelyanov of the Sternberg Astronomical 

Institute (SAI) in Moscow unfortunately revealed no such event 
for that day [2]. The conclusion that mutual eclipses of satellites 
are possible, published in [1], 1614 is an erratic conclusion for that 
time.

The first documented observation was made by the German
amateur astronomer Ch. Arnold in 1693. Christian Arnold
(1650-1695) was a farmer in Sommerfeld, a village near Leipzig.
He observed, among other things, the comet Halley, a Mercury
transit and also Jupiter moon occultations or eclipses. Secondary
literature [3] reports that Arnold saw the occultation of moon II
by III. This observation of 1.11.1693, as well as the observations of
Luthmer [4] and [5] of 1819, 1820 and 1822, happened to be made 
during Jupiter’s satellites observations. Both Arnold and Luthmer 
knew of their rarity and therefore published them. An analysis of
these observations with the IMCCE Internet program MULTISAT
[21] showed that they were very close conjunctions that could
not be resolved with the instruments of the time.

In the 2nd half of the 19th century more attention was paid to the 
observations of Jupiter’s satellite phenomena and also a PHEMU
was noticed: The observation of F. Jackson [6] was evaluated and
discussed by A.C.D. Crommelin in [7] with the help of Mr. Marth:
The graphics from [7] are reproduced in Figure 2.

 Crommelin came to the following conclusion: “It will be seen
that an error of 2” in the difference of the latitudes of the satellites,
as given by the Tables, would suffice to bring II partially within the 
penumbra of III. Such an error is larger than we should expect,
but perhaps not wholly inadmissible. I am, however, by no means
confident that an eclipse actually occurred; though, if not, the 
almost perfect agreement in time between this observation and
conjunction with the shadow would be curious coincidence.”

ntly.   

 
      









        

 


The First PHEMU Campaign in 1908
Konrad Guhl · IOTA/ES · Berlin · Germany · kguhl@astw.de

ABSTRACT: The observation of mutual phenomena of Jovian satellites in the PHEMU campaigns  
have been known since 1973. Research on such observations in the pre-internet era showed 
that, after random observations in the 19th century, the first international campaign on such 
events took place as early as 1908. The predictions published by Oudemans in 1906 were the 
basis for 11 observers from several countries to observe systematically. In the paper 17 observed 
events are compared with the modern simulation. The mean value of the O-C value of the visual 
observations of the campaign is -0.15 minutes.

Introduction

Early Observations

Figure 1. Simon Marius (1573 – 1624), (credit: Simag-ev)

First Analyses
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Figure 2. Simulation following analysis from Crommelin [7]

to notice a 0.45 mag drop in brightness.  

       
    


       








      
  

       
     









  



       


Figure 3.  J. A. C. Oudemans 
(credit: Wikipedia, public)
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On both nights I see Doppler increase in brightness. Assuming a
rotation time of 50 hours would mean that on the second night, I
see exactly the other side of Doppler. I do not see any brightness
drop, which would point to an eclipse (Figure 6). My results are
to be sent to Pascal Descamps of the IMCCE in Paris, and Raoul
Behrend of the Geneva Observatory, just like with Kalliope in
spring 2017.
For the record, I was not the only observer of Doppler, especially
in the South of France there were also some who participated,
among others at the Observatoire du Haute Provence. That’s a
good thing too, because if all the discoveries of space had to be
done in the Netherlands, we would be back a century ago.

No. Date
YYYY MM DD

Time Event Simulation Event  (UT)
YYYY MM DD HH MM SS – HH MM SS

Observer Source

 1 1693 11 01 10h47m local IIIOII Close conjunction Arnold  [3]
 2 1819 08 22 11h10m local IOII (?) Close conjunction Luthmer  [4]
 3 1820 11 12 From 07h00m local IIOI No result Luthmer  [4]
 4 1820 12 20 05h30m local IIOIII Close conjunction Luthmer  [4]
 5 1822 10 30 6h55m IIIOIV No result Luthmer  [5]
 6 1885 03 27 12h20m IIIOI Close conjunction Williams [10]
 7 1891 08 14 23h49m - 23h59m IIEI 1891  8 14  23 21 28  -  23 49 47    2E1 Comas Solà [10]
 8 1891 08 15 00h00m - 00h04m IIEI 1891  8 14  23 21 28  -  23 49 47    2E1 Williams [10]
 9 1896 03 30 21h20m IIIEII No result Jackson  [7]
10 1902 07 16 01h52m IIOIII 1902  7 16   1 49 53  -    1 59 30    2O3 Williams [10]
11 1902 07 16 01h54m50s IIOIII 1902  7 16   1 49 53  -    1 59 30    2O3 Nijland [11]
12 1902 09 03 21h51.5m IIOIII 1902  9  3  21 48  5  -   21 54 10    2O3 Worthington [20]
13 1902 10 07 20h16m IIOI 1902 10  7  20 13 38  -  20 18  9    1O2 Fauth  [8]
14 1902 10 23 19h07m03.5s IIOIII 1902 10 23 19   5 19   - 19   9 10    2O3 Fauth  [8]
15 1902 11 10 18h33m20s IIIOI 1902 11 10  18 29 52  - 18 37 42    3O1 Fauth  [8]
16 1902 12 24 17h24m30s IOIV 1902 12 24  17 22  4  - 17 27 59    1O4 Fauth  [8]
17 1903 01 14 17h02m (start) IIIOII 1903   1 14   17 12 35 -  17 32 32   3O2 Fauth  [8]
18 1908 01 24 00h51m +/- 5s IOII 1908   1 23  23 49 35 - 23 53 56   1O2 Fauth  [6]
19 1908 01 25 22h05m first contact IIOIII No result Whitmell [14]
20 1908 02 20 19h17m55s IIIOIIP 1908  2 20  19 15 50  -  19 20 46   3O2 Fauth [18]
21 1908 02 20 19h15m06s - 19h20m55s IIIOIIP 1908  2 20  19 15 50  -  19 20 46   3O2 Knopf [18]
22 1908 02 24 20h44.2m IOII 1908  2 24  20 43 50 -  20 47 23   1O2 Kostinsky [17]
23 1908 02 24 20h45m32s IOII 1908  2 24  20 43 50 -   20 47 23   1O2 Hartmann [19]
24 1908 02 24 20h45m23s IOII 1908  2 24  20 43 50 -   20 47 23   1O2 Innes [16]
25 1908 02 27 22m05m59s IIIOII 1908  2 27  22   4   7  -  22   7 48   3O2 Innes [16]
26 1908 03 14 20h43.8m IIOI 1908  3 14  20 40 36  -  20 45 56   2O1 Phillips [15]
27 1908 03 21 22h52m IIOI 1908  3 21  22 49 36  -   22 55 10   2O1 Phillips [15]
28 1908 03 29 00h03.8m IIOI 1908  3 29   1    1   6  -     1  6 57    2O1 Phillips [15]
29 1908 04 03 21h51.0m IEIIP 1908  4  3  21 49 14 -   21 53 27      1E2 Kostinsky [17]
30 1908 04 03 No dimming from 21h40m to 22h IEII 1908  4  3  21 49 14 -   21 53 27      1E2 Innes [16]
31 1908 04 08 18h25m52s IIEI No result Milowanow [12]
32 1908 04 08 No dimming IIEI No result Innes [16]
33 1908 04 08 16h26m29s IIOI 1908  4   8  16 23 49  -  16 30  9 2O1 Innes [16]
34 1908 04 15 18h46m18.4s IIOI 1908  4 15  18 42 42  -  18 49 26   2O1 Innes [16]
35 1908 04 22 21h07m20s IIOI 1908  4 22  21  5   6  -  21 12 17     2O1 Baranow [12]
36 1908 05 05 Observed, nothing notice IEIII 1908  5   5  19   8 25  - 19 15 11      1E3 Milowanov [12]
37 1908 05 07 18h37m03s IEIV 1908  5   7  18 26   0  -  18 32 15    1E4 Milowanov [12]
38 1908 05 07 18h37m43s IEIV 1908  5   7  18 26   0  -  18 32 15    1E4 Khowanski [12]
39 1908 05 07 Observed, not notice IIEIV 1908  5   7  18 33   1  -  18 42 46    2E4 Milowanow [12]
40 1908 05 08 19h03m16s IIIEIV No result Milowanov [12]
41 1908 06 01 18h10m19s IIOI 1908  6   1  18  3 33  -   18 16  9  2O1 Innes [16]
42 1908 06 17 20h32m GMT IIOIV 20h38m   by Oudemans Pidoux [13]
43 1908 07 03 19h52m GMT IIIOIV 19h58.5m by Oudemans Pidoux [13]

Remarks for Table 1:
Unless otherwise stated, the times given in the third column of the table are converted to longitude 0° (GMAT - Greenwich Mean 
Astronomical Time)  from the zone time or local time given by the observer. The events are uniformly designated O for Occultation 
or E for Eclipse. IEIII means moon I eclipses moon III. Where possible, the simulation has been calculated with [21]. Where this 
software did not find an event, it is assessed whether the observation can be explained by a close conjunction or whether there is a 
prediction by Oudemans [10]. If no close conjunction or phenomena of the moons could be found at the time of observation, "No 
result" is entered.

Table 1. Historical observations up to 1908
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Tab 1
no.

Date
YYYY MM DD

Observation time Calculated time
[21]

O-C in
minutes

Observer

10 1902 07 16 01h52m 01h 53m48s -1.8 Stanley Williams
11 1902 07 16 01h54m50s 01 h53m48s +1.03 Nijland
12 1902 09 03 21h51.5m 21h51m07s +0.38 Worthington
13 1902 10 07 20h16m 20h15m53s +0.12 Fauth
14 1902 10 23 19h07m03.5s 19h07m44s -0.67 Fauth
15 1902 11 10 18h33m20s 18h33m47s -0.45 Fauth
16 1902 12 24 17h24m30s 17h25m02s -0.53 Fauth
17 1903 01 14 17h02m (start) 17h12m35s -9.42 Fauth
18 1908 01 23 23h51m +/- 5s 23h51m45s -0.75 Fauth
20 1908 02 20 19h17m55s 19h18m17s +0.91 Fauth
21 1908 02 20 19h17m36s 19h18m17s +0.68 Knopf
22 1908 02 24 20h44.2m 20h45m57s -1.75 Kostinsky
23 1908 02 24 20h45m32s +/- 5s 20h45m57s -0.41 Hartmann
24 1908 02 24 20h45m23s 20h45m57s -0.57 Innes
25 1908 02 27 22m05m59s 22h05m57s 0 Innes
26 1908 03 14 20h43.8m 20h43m26s -0.37 Phillips
27 1908 03 21 22h52m 22h52m23s -0.38 Phillips
28 1908 03 29 00h03.8m 01h04m06s 0.3 Phillips
29 1908 04 03 21h51.0m 21h51m21s -0.35 Kostinsky
33 1908 04 08 16h26m29s 16h26m59s -0.5 Innes
34 1908 04 15 18h46m18.4s 18h46m04s  0.24 Innes
35 1908 04 22 21h07m20s 21h08m42s -1.34 Baranow
37 1908 05 07 18h37m03s 18h36m47s +0.27 Milowanow
38 1908 05 07 18h37m43s 18h36m47s +0.93 Khowanski
41 1908 06 01 18h10m19s 18h09m46s  0.55 Innes

The mean value of the O-C value of the remaining 24 measured
values is -0.55 min.  An astonishingly low value that speaks for 
the care and skill of the observers of visual astronomy.

Of the 25 observations in Table 2, 17 were carried out in the
"PHEMU08" campaign. The mean value for O-C for these
observations is -0.15 min.

International campaigns in observational astronomy were also 
successfully carried out in the pre-internet age. Modern simula-
tions allow us to check the accuracy of the above-mentioned
observations and to determine the value of visual observations of 
this era on the basis of the low O-C values.  This is an important 
indication for the evaluation of historical observations when no 
verifications are possible.  

Occultation Astronomy
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Accuracy of the Visual Observations

Table 2. O-C for usable observations from Table 1

Conclusion

For further evaluation, the above-mentioned unclear observa-
tions are not considered further and the evaluated observations
are listed in Table 2.
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A Collaborative Research for Occultations by NEAs
ACROSS (Asteroid Collaborative Research via Occultation Systematic Survey) is built on a team of
researchers and graduate students from Observatoire de la Côte d’Azur (OCA), France, and the
Aristotle University of Thessaloniki (Auth), Greece, with the support of ESA.

The ACROSS Project is driven by the breakthroughs in
occultations brought thanks to the Gaia catalogues. It is now
possible to start planning on a consistent basis events by Near
Earth Asteroids (NEA). We’ve already seen through the past few
years campaigns featuring occultations by (3200) Phaethon and
(99942) Apophis. The ACROSS project provides mainly support to
the Heramission targets. It will focus at first on the binary asteroid
(65803) Didymos and other Hera flyby targets. It will nonetheless
also include other NEAs.
More details can be found on the dedicated webpage

https://lagrange.oca.eu/fr/home-across. To contact the team,
please use the following address across@oca.eu.

The ACROSS team has defined 3 categories of targets, listed 
here by the ranking priority:

111...   DDDiiidddyyymmmooosss
The binary NEA (65803) Didymos is our main target throughout

this project. It is the target of the first planetary defence pro-
gramme through the missions DART (NASA) and Hera (ESA). The
kinetic impactor DART will impact Dimorphos (Didymos’ satellite) 
on 2022 September 26th at 23:14 UT, changing the mutual orbit 
of the system.
Our goal is to detect occultations by this system before and

after impact, while keeping in mind that very good opportunities
prior to impact are extremely rare. It should be stressed here that
Didymos is a small asteroid (diameter of ~0.8 km), and therefore
all of its events are sub-second in duration, with most having a
maximum duration around 0.2 s. Therefore, it is required that any
observer attempting these events has the equipment necessary
to go down to these durations for the exposure time. Only 
occultation-derived astrometry will allow us to better assess the 
effect of the impactor on the heliocentric orbit. This new derived 
astrometry will also be important for the Hera mission.

222...   OOOttthhheeerrr   HHHeeerrraaa   TTTaaarrrgggeeetttsss
Hera is expected to be launched in 2024, on its way to 

Didymos it will fly by a couple of other secondary targets. So far, 
9 targets have made it to the shortlist: (29886) Randytung, 
(42532) 1995_OR, (54212) 2000 HJ89, (88992) 2001 TJ72, (95802) 
Francismuir, (122764) 2000 SX69, (169549) 2002 EG105, (188708) 
2005 TR99, and (477416) 2009 WW1.

333...   OOOttthhheeerrr NNNEEEAAAsss
We have selected a list of other NEAs with a “good-enough”

orbital solution to predict occultations with “reasonable”
uncertainties for campaigns.

All our predictions will be available through our campaign page
https://lagrange.oca.eu/fr/prediction, and via the Occult Watcher

Our Targets

Figure 1. Figure showing the evolution of our 
knowledge on the eph. error. In scenario (d), 
we have finally reached “acceptable uncer-
tainties” for the prediction of occultations.

Cloud https://cloud.occultwatcher.net/
events/tagged/ACROSS. The highest pri-
ority campaigns will also be advertised 
through the different mailing lists.

https://cloud.occultwatcher.net/events/tagged/ACROSS


In the framework of the ACROSS collaboration we 
have access to several telescopes, that will be used 
for the astrometric follow-up of the targets.

In our campaigns we will distinguish between:
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The Predictions

Figure 3. Didymos event observable in Asia on 2022/09/20, less than one week before the DART impact! (Occult v4.12.16.0)

• Objects for which we have high accuracy
astrometry: For these objects, we will obviously 
be using our own improved orbital solution. That 
will be the case of Didymos, for example. Given 
that three members of the ACROSS team are also
involved in the DART/Hera mission, we are using 
data obtained by the DART Investigation Team 
to make our own high accuracy astrometry and 
therefore a refined orbital solution.

• For most of the targets, especially in the third 
category mentioned above, we will be using the 
published orbital solution.

Amongst our current collaborators we would like to mention 
the Lucky Star teams in Paris and Granada, as well Franck Marchis 
and the Unistellar Network.

The ACROSS team is reaching out to the International 
Occultation community through this announcement for a long, 
productive, and successful collaboration.

Clear Night Skies to all!
JJJoooãããooo   FFFeeerrrrrreeeiiirrraaa
ACROSS Team

Figure 2. Didymos event observable in North Africa and Iberia on 2022/08/25, 
less than one month before the DART impact. (Occult v4.12.14.4)

Besides the occultation-derived astrometry men-
tioned above, we aim at measuring the sizes and 
shapes of these objects. Furthermore, in the case of 
Didymos, we keep (for now) an open mind on the 
possibility of measuring (using stellar occultations) 
the optical depth of the plume due to the DART
impact.

Goals



20     2019-1  I  JOURNAL FOR OCCULTATION ASTRONOMY

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 2022 March 27, the Minor Planet Center listed 1426
Centaurs and 2902 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)

In this
Issue:

(174567) Varda

Christian Weber · IOTA/ES ...   

Berlin · Germany · camera@iota-es.de  

ABSTRACT: (174567) Varda (former designation 2003

MW12) is a binary Trans-Neptunian Object (TNO) located

in the Kuiper Belt (Kuiper Belt Object, KBO). Varda was 

discovered in 2006 on images dated from 2003 obtained

with the Spacewatch 0.9-m telescope at Kitt Peak. The 

secondary Ilmarë was discovered in 2009 using Hubble 

Space Telescope images. From the only known successful 

stellar occultation in 2018, Varda’s apparent diameter was 

derived at 766 ± 6 km. Ilmarë is about half the size of

Varda. Ilmarë’s orbit around its main object (period 5.75

days) has a semi-major axis of about 4809 km. By 2027, 11 

upcoming Varda stellar occultations are identified. 
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the stars and constellations.  She also set the vessels of the Sun      
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The Discovery

The Name

Figure 2. Hubble Space
Telescope image of Varda
and Ilmarë.
Credit: Wikimedia Commons
Author: Hubble Space
Telescope/Will Grundy;
Processing: D. Bamberger.
https://commons.wikimedia.org/
wiki/File:Varda.gif

Figure 1. Kitt Peak National Observatory. The Steward Observatory with the Spacewatch 0.9-m telescope is the first from the left.
Credit: Wikimedia Commons. Author: Joe Parks. Framing of https://commons.wikimedia.org/wiki/File:Kitt_Peak_National_Observatory_(1)_-_Flickr_-_Joe_Parks.jpg

Orbit and Classification

and Moon upon their appointed courses above the girdle of the 
Earth. Ilmarë is Varda's handmaid.” [4]. Figure 3 shows an artist’s 
rendition of Varda.

Varda’s orbit around the Sun (Figure 4) has an inclination of 
21.519 deg, a semi-major axis of 45.939 AU and an eccentricity of 
0.145 (Epoch: JD 2459600.5, 2022 January 21) [5]. Varda’s perihelion 
will be in 2094. Orbital classifications of TNOs are in some way 
ambiguous.  So, according  to  DES  classification  (Deep  Ecliptic 

Figure 3. Artist's rendition of Varda Elentári. Credit: Wikimedia 
Commons. Artist: Dominik Matus, own work.
https://commons.wikimedia.org/wiki/File:Varda_Elent%C3%A1ri.jpg

https://commons.wikimedia.org/wiki/File:Varda.gif
https://commons.wikimedia.org/wiki/File:Kitt_Peak_National_Observatory_(1)_-_Flickr_-_Joe_Parks.jpg


8) Haumea in only 6 years [12].   
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Figure 4. Varda’s orbit diagram. Credit: JPL Small-Body Database Lookup [5]

Physical Characteristics

Space Mission Designs

 different objects) with at least one positive chord [18].


       

      

         





     

     

    
   



     


       

         


Stellar Occultations

Varda's Stellar Occultation on 2018 Sep 10



Date UT Star Designation
Gaia EDR3

Star
Gmag

Max.
Drn.
[s]

Region Source Fig.

2022 Apr 30 21:54 4369535143805990528 18.5 0 Antarctica, S. Africa LckSt
2022 May 12 23:38 4369563151291377536 17.9 0 Arctic LckSt
2023 Mar 11 09:43 4370751517204786944 16.4 37.3 S. America B

2023 Mar 18 09:37 4370763817992674176
UCAC4 440-072597 15.0

58.2
Varda:

M. America,
Antarctica

Occ, B Fig. 6

30.1
Ilmarë:

Newfoundland,
S. America

Occ Fig. 7

2023 Jun 1 06:02 4371028594132614656 16.0 21.4 S. S. America B
2023 Jun 26 13:03 4369544631391968256 16.3 20.9 E. Asia B

2024 Jun 10 17:50 4370812780619225088
UCAC4 443-075612 14.9

28.2 Varda:
E. Asia, N. Africa Occ, B Fig. 8

14.6 Ilmarë:
Indonesia, Africa Occ Fig. 9

2025 Dec 24 05:48 4178436247629741312
UCAC4 438-075292 14.5

20.3 Varda:
Arctic Occ Fig. 10

10.4 Ilmarë:
No Earth crossing Occ Fig. 11

2026 Jun 17 05:57 4178905532937521280 16.8 20.7 S. America B
2027 Jul 2 14:35 4178938930601092480 17.0 20.9 S. Asia B
2027 Jul 17 18:01 4178847563759686400 16.6 22.5 Greenland, Canada B

pses.
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Future Stellar Occultations

Figure 5. Varda’s stellar occultation on 2018 September 10: 
Chords obtained in the USA. Credit: Occult v4.2022.2.2 [15]

Table 1. Upcoming stellar occultations by (174567) Varda through 2027. “LckSt” Lucky Star predictions [22], “Occ”
author’s predictions with Occult v4.2022.2.2 [15] using JPL Horizons ephemerides (solution #11 2021_July_9) and
Gaia EDR3 star data [29], “B” indicates M. W. Buie’s predictions [28].

(solution #11 2021 July 9) and Gaia EDR3 data [29] for stars up to 
Mv 16. The author’s predictions include Varda’s satellite. All
predictions suffer from large error ellipses.
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2025 Dec 24

2024 Jun 10

2023 Mar 18

Figure 11.Figure 10.

Figure 9.Figure 8.

Figure 6. Figure 7.

Figures 6 -11. Occultation maps according to Table 1. Credit: Occult v4.2022.2.2 [15]
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This research has made use of data and/or services provided 
by the International Astronomical Union's Minor Planet Center. 
This work has made use of data from the European Space
Agency (ESA) mission Gaia (https://www.cosmos.esa.int/gaia),
processed by the Gaia Data Processing and Analysis Consortium
(DPAC,_https://www.cosmos.esa.int/web/gaia/dpac/consortium).
Funding for the DPAC has been provided by national institutions,
in particular the institutions participating in the Gaia Multilateral
Agreement.

This research has made use of the VizieR catalogue access tool,
CDS, Strasbourg, France (https://doi.org/10.26093/cds/vizier). The 
original description of the VizieR service was published in 2000, 
A&AS 143, 23. This research has made use of IMCCE's Miriade 
VO tool (https://ssp.imcce.fr/webservices/miriade/).
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The 41th European Symposium on Occultation Projects (ESOP) 
will take place in Granada, Spain, from Saturday 10 to Sunday 11 
September 2022. Following the symposium we will offer a social 
programme including a visit to the Calar Alto Observatory,  
www.caha.es, near Almería.

ESOP will take place one week before the Europlanet Science
Congress (EPSC), to be held in Granada as well on 18-23 
September, where up to 1,000 both professional and amateur
astronomers from around the world are expected to participate, 
thus offering you the possibility to attend both conferences with 
a week of recreation in-between in the beautiful region of 
Andalucía. Moreover, this will be a good opportunity to enhance
the pro-am link in the domain of occultation astronomy.

Granada is the capital of the Granada province in Andalucía, 
Spain, and is located at the foot of the Sierra Nevada mountains. 
However, it is also only one hour by car from the Mediterranean 
coast and about 1.5 hours from the city of Málaga. Granada is 
also well known within Spain for the University of Granada which 
has about 80,000 students, forming a significant part of the total 
population of the city. Granada has a lot to offer in terms of 
infrastructure (accommodation, travelling), culture, food (tapas!), 
sightseeing, nature and science. 

DDDeeetttaaaiiilllsss   aaannnddd   RRReeegggiiissstttrrraaatttiiiooonnn   hhheeerrreee:::

                           hhhttttttpppsss::://////eeesssoooppp444111...iiioootttaaa---eeesss...dddeee

Credit: IAA-CSIC

https://www.caha.es


On both nights I see Doppler increase in brightness. Assuming a
rotation time of 50 hours would mean that on the second night, I
see exactly the other side of Doppler. I do not see any brightness
drop, which would point to an eclipse (Figure 6). My results are
to be sent to Pascal Descamps of the IMCCE in Paris, and Raoul
Behrend of the Geneva Observatory, just like with Kalliope in
spring 2017.
For the record, I was not the only observer of Doppler, especially
in the South of France there were also some who participated,
among others at the Observatoire du Haute Provence. That’s a
good thing too, because if all the discoveries of space had to be
done in the Netherlands, we would be back a century ago.

Occultation Astronomy
Journal for

JOURNAL FOR OCCULTATION ASTRONOMY  I  2022-2      23
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Currently, we are expecting that the symposium will take
place in person, but we are also planning to offer some virtual 
support like streaming of the lectures. Details about this hybrid 
mode will be available on the web page.

The exact venue of the conference is still under investigation 
and will depend on the pandemic situation as well as the
number of registered attendees, and will be announced as soon 
as possible on the webpage and by e-mail.

We are looking forward to welcome you in the wonderful city 
of Granada!

MMMiiikkkeee   KKKrrreeetttlllooowww
PPPaaabbblllooo   SSSaaannntttooosss---SSSaaannnzzz
IAA (LOC/SOC)

The German-Spanish Astronomical Center at Calar
Alto is located in the Sierra de Los Filabres (Andalucía,
Southern Spain) north of Almería. It is operated
jointly by the Junta de Andalucía and the Instituto de
Astrofísica de Andalucía (CSIC) in Granada/Spain.
Calar Alto provides three telescopes with apertures of
1.23 m (top), 2.2 m and 3.5m (left) to the general
community. A 1.5 m-telescope, also located on the
mountain, is operated under the control of the
Observatory of Madrid.
Credit of images Calar Alto: M. Kretlow
Credit caption: https://www.caha.es/about-caha 
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IOTA’s Mission

The International Occultation Timing Association, Inc was established to encourage and facilitate the  
observation of occultations and eclipses It provides predictions for grazing occultations of stars by the Moon 
and predictions for occultations of stars by asteroids and planets, information on observing equipment and 
techniques, and reports to the members of observations made.

The Journal for Occultation Astronomy (JOA) is published on behalf of IOTA, IOTA/ES and RASNZ and  
for the worldwide occultation astronomy community.

IOTA on the 
World Wide 

Web

Submission Deadline for JOA 2022-3: May 15

IOTA maintains the following web sites for your 
information and rapid notification of events:

www.occultations.org
www.iota-es.de
www.occultations.org.nz

These sites contain information about the organ-
isation known as IOTA and provide information 
about joining.
The main page of occultations.org provides links 
to IOTA’s major technical sites, as well as to the 
major IOTA sections, including those in Europe, 
Middle East, Australia/New Zealand, and South 
America.
The technical sites hold definitions and information 
about all issues of occultation methods. It contains 
also results for all different phenomena. Occulta-
tions by the Moon, by planets, asteroids and TNOs 
are presented. Solar eclipses as a special kind of 
occultation can be found there as well results of 
other timely phenomena such as mutual events of 
satellites and lunar meteor impact flashes.
IOTA and IOTA/ES have an on-line archive of all 
issues of Occultation Newsletter, IOTA’S prede-
cessor to JOA.
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(ISSN 0737-6766) is published quarterly in the USA 
by the International Occultation Timing Association, 
Inc. (IOTA) 
PO Box 20313, Fountain Hills, AZ 85269-0313
IOTA is a tax-exempt organization under sections 
501(c)(3) and 509(a)(2) of the Internal Revenue 
Code USA, and is incorporated in the state of 
Texas. Copies are distributed electronically.

Regulations
The Journal of Occultation Astronomy (JOA) is not 
covenanted to print articles it did not ask for.
The author is responsible for the contents of his 
article & pictures.
If necessary for any reason JOA can shorten an 
article but without changing its meaning or 
scientific contents.
JOA will always try to produce an article as soon 
as possible based to date & time of other articles 
it received – but actual announcements have the 
priority!
Articles can be reprinted in other Journals only if 
JOA has been asked for permission.
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