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Abstract

The observation of stellar occultations by solar system objects (SSOs) such as asteroids, Centaurs and TNOs
is a powerful method to study these objects with relatively simple instrumental means, often deployed by amateur
astronomers and/or by pro-am collaborations. The prediction and dissemination of occultation events, the collec-
tion of observations, and the archiving and accessibility of these data for the scientific community are essential for
advancing small body research applying this technique. CORA (Collaborative Occultation Resources and Archive)
is a modern web-based platform developed by us to meet these needs. Its core functions include providing predic-
tions of occultations by small solar system bodies, archiving and presenting collected observations (reports) in a
user-friendly manner, and offering rapid feedback to observers on their reports to enhance data quality and scientific
usability. CORA generates occultation predictions using JPL ephemerides as well as its own independent orbital
computations, ensuring a comprehensive and robust set of predictions for observers.

Introduction

The observation of stellar occultations by solar system objects (SSOs) such as planets, their moons
and small bodies 1s a powerful technique for obtaining information about these bodies. During a
stellar occultation event, the occulting object passes in front of the distant star from the observer’s
perspective, obscuring the star for some time, typically in the order of (tens of) seconds, depending
on the size, shape and apparent motion rate of the object. By measuring the occultation light curve
from one or more observers at different locations within this shadow path and combining them, fun-
damental physical parameter such as the size and (projected) shape of the solar system object with km
accuracy, its albedo, and a highly accurate (few milliarcseconds (mas) down to sub-mas) astrometric
object position within the Gaia reference frame can be derived [1]. Furthermore, the environment of
the occulting object 1s also probed during a stellar occultation, with the potential to reveal satellites
[2], rings [3] or an atmosphere down to the sub-microbar pressure level [4]. Although not the main
application of stellar occultations by SSOs (except for occultations of our Moon), the target star itself
may be the object to be studied [5] or the subject of a serendipitous discovery of its binary/multiple

nature [6].

Objectives

The prediction and distribution of occultation events, the collection of observations, and the archiving
and provision of these data and results to the scientific community are essential. CORA (Collabora-
tive Occultation Resources and Archive) 1s a modern web-based platform and data service to address

these needs. The main objectives of the CORA system are:

1. Compute occultation predictions of solar system objects and provide them in an easy-accessible

and modern way via a web portal.

2. Collect and archive occultation observations from various sources and existing systems.

3. Analyse observed occultations and present preliminary results in an automated way.
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User Interface

Figures 243 provide an (incomplete) impression of the user interface and the data provided by CORA.
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Occultation events / predictions Occultation Observations

Start Date: |2024-02-Ol Start date: ‘2023-12-01 ‘ (Start date, format: yyyy-mm-dd or yyyy-mm or yyyy or blank = start of db)

End Date: [2024-03-01

| (Start date, Format: yyyy-mm-dd or yyyy-mm or yyyy)

| (Ende date, Format: yyyy-mm-dd of yyyy-mm or yyyy) End date: ‘2023-12-31 End date, format: yyyy-mm-dd or yyyy-mm or yyyy or blank = end of db)

[
Datefilter: (If checked the date filter is active. Otherwise guery the whole db date range) Object: ‘ ‘ (Filter for number, name of asteroid / comet / planet or part of it)
Site Coord: | Ja6 | (Longitude Latitude in deg (Lng. > 0 to the East) OR MPC code (XXX)) Country: ‘ ‘ (Filter for country code like AT.DE FR.IT, efc.)
Site Name: | | (Free name, just for the header. Optional) Observer: : | | (Filter for observers name or part of it)
Min P1: |5 | (Show events with this minimum occultation probability 0-100% at observer site. See info below !) Comment: ‘ ‘ (Filter for a keyword (e.g. blink, flash) in the comment field)
Max Sun: [0 | (show events with maximum aftitude of the sun at observing site below this limit (for t0)) Detection: (Filter for occultation detection / resul)
Sitefilter: [ | (If checked the site filter constraints are active. If unchecked == "worldwide’) Method: (Filter for observing method)
Object: | | (Filter for object name: examples: (41), Pallas, 1997 RB7) Obs. DB: (Select observation db. Click submit for change)
Min Diam: |5 | (Show events with object diameter larger than this) Sort by: (Sort query results. Date is in descending order)
Max Smag: [ 16 | (show events down to this star magnitude)

Orb class: | CeTNO ~ (Constrain orbit class of objects)
Ssotags: | TNOs are cool ~ (Just objects with selected tag) _ UL . ~
1958 | 1959 | 1960 | 1961 | 1962 | 1963 | 1964 | 1965 | 1966 | 1967 | 1968 | 1969 | 1970 | 1971 | 1972 | 1973 | 1974 | 1975 | 1976 | 1977 | 1978 | 1979 |
Sort by: (Sort resulting table according to this criteria) 1980 | 1981 | 1082 | 1983 | 1984 | 1985 | 1986 | 1087 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1098 | 1999 | 2000 | 2001 |
2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |
(Depending on your input response may take some ten seconds!) 2024 |
Occultation predictions for site: worldwide 74 observations | 47 occultations | 47 objects (sodis db)
5 events found in DB Event Date Star Object Occ |Meth. | Instr. |CC Observer Dur. | OBS
To Object bi PO ™ Ref. it show | 2023-12-17 |TYC 1977-01925-1 |(18519) 1996 VH4 O- | VID |M280| ES | Oscar Canales show
Date ("] am | SMag | dMag | maxDur Sun oon Orbit Ref. | Orbit Class
2024-02-13 |15:46:02 |(447178) 2005 RO43 123km| 15.07 | 4.51] 65sec| 10| 128°| o90° 199)| IPLz19 CETNO Show | 2023-12-17 | UCACA 406-056795 | (1350) Rosselia Ot | VID |M350] DE | Gregor Krannich 049 |show
2024-02-16 [19:39:23 |(47932) 2000 GN171 190 km | 15.45 58| 1038sec| 69| 68°| 160° (529)| JPL19 CETNO show | 2023-12-17 | TVC 1977-01925-1 |(18519) 1996 VH4 O | VID | L70 | CZ | zdenek Sikac Show
2024-0220 |12:18:44 |(55638) 2002 VES5 262 km| 12.27 64| 1667 sec| 109 | 120° 22° (86 %) JPLilg CETND show | 2023-12-17 |UCAC4 475-040568 | (5972) Harryatkinson | O+ | VID |M305| FR | Yves Argentin 1.96 |show
2024-02-25 [1813:29 |(24835) 1995 SMs5 a05km| 124 | 821| 3888sec| 169 86°| 106° (999r)| IPLE27 CETNO Show | 2023-12-16 | UGACA 536009262 | (1200) Imperatrix O+ | VID |M250] SK | Peter Nosal 342 |show
show | 2023-12-16 |UCAC4 438-056275 | (615) Roswit ha O+ | VID |M280| ES |Oscar Canales 0.93 |show
2024-02-26 (02:45:27 |(202421) 2005 UQ513 564 km | 15.68 52| 2348sec| 37%| 57°| 1367 (98 %) JPL#22 CETNO
show | 2023-12-16 |UCAC4 657-021164 | (104212) 2000 ER117| O- | VID |M303| CZ | Jiri Kubanek show
TO (UT):Time of closest geocentric approach (C/A). This is not the occultation time at your site. Look at the ground track (interactive map) for site timings | SMag: Magnitude show | 2023-12-16 [HIP 113303 (366) Vincentina O+ | CCD |M235| ES | Deborah Smith 3.46 |show
tl ar | dMag: Estimated mag drop | maxDur: Estimated maximal occultation duration (sec) | P0: Occultation probability on central line | P1: Occultation probability at n ) -

R . show | 2023-12-16 |HIP 113303 (366) Vincentina O+ | VID |M150| ES | Mike Kretlow 3.47 |show
show | 2023-12-15 |UCAC4 560-040555 | (68026) 2000 YU24 O+ | VID |M230|CH | Alberto Ossola 0.80 |show
show | 2023-12-14 |UCAC4 367-009725 | (13006) Schwaar O- | VID |M230| CH | Alberto Ossola show
show | 2023-12-14 |UCAC4 524-031825 | (264144) 2009 UJ91 O- | VID |M230| CH | Alberto Ossola show
show | 2023-12-14 |UCAC4 593-037876 | (1768) Appenzella O- | VID |M200| ES | Ferran Casarramona show
J— clme1zer 1nnn mmane | oo | snm Liannnl e | moan maccecmmmooe

Figure 2: Starting points (index page) for the occultation predictions query (left panel) and the occultation observations
archive (right panel).

GUENNSey: . NIy
Occ by (470316) 2007 OC10 on 2022-08-22 P,gig Lxemb
Star = 15.55 G, Drop = 5.39 mag, Dur = 12.95 sec
RA=220833.0681 DE=-+120555.680(t0) | | &  Hhennes

Collaborative Occultation Resources and Archive (CORA)

Occultations - Favorites | Observations - Submit - Schedule | Reports - Tools | Info + Credits | JOA | Admin | Logout : mike
2024-01-10 /| UCAC4 582-041611 | (1240) Centenaria
#[oBs|  observer  [oce[Metn. [instr. [cc [Tsre| uma uT2 uT3 UT4 | UT2E | UT3E | Dur. | Chrd
1| show| Sven Andersson O+ | VID |M360|DE| GPS | 00:26:30 | 00:26:55.35 | 00:26:56.22 |00:27:31 | 0.085( 0.085 |0.87 | 12.4
2| show | Christian Weber O+ | VID | T203 |DE | GPS | 00:26:15| 00:26:55.54 | 00:26:59.06 |00:27:33(0.12 |0.12 |3.52| 50.3
3| show | Konrad Guhl O+ | VIS |L102 |DE| GPS | 00:26:50 | 00:26:57.000 | 00:27:01.000 | 00:27:05 | 1.0 1.0 4.00] 57.2
4| show | Nikolai Wuensche O+ | VID |M300|DE | GPS | 00:25:00 | 00:26:54.550 | 00:26:59.240 | 00:29:00 | 0.05 |0.05 |4.69| 67.1
5| show | Daniel Antuszewicz | O- | VID |M200|PL | NTP | 00:25:30 00:27:30
6| show | Michael OConnell O- | VID |M350| IE | GPS | 00:27:31 00:29:30
7| show | William Stewart O | VID [M279|GB| GPS | 00:27:11 00:29:11

UTL/UT4: Begin/End of observation | UT2/UT3: Begin/End of occultation | Dur: Reported duration in seconds | Chrd: Corresponding chord length in km | More
7 observations found in db: sodis

________ Available (probably) matching predictions (click on the link to switch):
JPL#56 : 9918a5c0-112d-4392-b7d6-bdb84ffae8df [db: asteroids]
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Palerm) Using prediction 9918a5¢c0-112d-4392-5706-bdb84ffae8dt for map and profile fit

Get observations as | CSV/PSV file | KML file | LaTeX tables | ADAM input | JOT input | SORA input |

Auto-Fit Result:

Size =73 x 57 km
a',b'=36.7, 28.6 km
X0,¥0 =-294.8, 19.8 km
Mean diameter = 65 km
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Figure 3: Example of an occultation prediction interactive map (left panel) and display of observations of an observed
occultation including an automatic ellipse fit of the projected object profile (right panel).

Conclusions

 CORA provides valuable and reliable occultation predictions including some that may be missed
by other tools and projects.

* CORA presents event predictions as well as reported/archived observations in a modern and user-
friendly browser-based web portal and adds visualization and data analysis capabilities.

e Since CORA orbits are currently computed manually, it 1s planned to improve the automation of
orbit calculations (rolling updates) and to increase the number of own orbit solutions for the pre-
diction of stellar occultations.

 CORA already has some ability to schedule occultation observations by creating observation plans
in the format of some well-known telescope control and camera acquisition programs with sched-
uler capabilities. However, this part 1s 1n an early and experimental stage and needs further devel-
opment.
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