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WP5	Ground	based	observations	
	
Objectives:	 WP5	 has	 the	 main	 objective	 to	 execute	 observations	 from	 ground-	
based	telescopes	with	the	objective	to	acquire	more	data	on	the	targets.	One	of	this	
observation	 is	 the	occultation	of	 a	 star	by	an	asteroid	or	TNO.	On	 this	particular	
point	 the	 main	 tasks	 are	 to	 coordinate	 observations	 and	 produce	 results	 on	
physical	parameters	of	the	asteroids	and	TNOs.		
	
Description	of	deliverable	D5.2	
List with potential occultation candidates for 2017  

		

	

	



Description	of	deliverable	
	
During	 the	 last	 year	 2016,	 a	 major	 data	 release	 from	 the	 GAIA	 mission	 was	
published	 (http://www.cosmos.esa.int/web/gaia/dr1).	 The	 coordinates	 and	
magnitudes	of	millions	of	stars	with	unprecedented	precision	were	published	in	a	
public	 survey.	 This	 catalogue	 is	 extremely	 useful	 in	 our	 field	 for	 refining	 the	
occultations	produced	by	asteroids	and	trans-Neptunian	bodies	(TNOs).		The	GAIA	
catalogue	does	not	have	positions	and	magnitudes	of	solar	system	bodies	but	has	
the	 positions	 of	 the	 to-be	 occulted	 stars	 with	 unprecedented	 precision.	 In	 this	
release,	the	astrometric	precision	of	the	position	of	a	star	(depends	on	magnitude)	
is	0.5	milli-arcsecond	(mas)	for	a	mag=6	star,	1.1	mas	for	a	mag=9	star,	3	mas	for	a	
mag=12	star	and	7	mas	for	a	mag=15	star.		
	
In	 a	 typical	 occultation	 of	 a	 star	 by	 a	 solar	 system	 body,	 the	 error	 in	 the	
determination	of	the	shadow	path	on	the	surface	of	the	Earth	is	determined	by	the	
error	in	the	determination	of	the	star	position	and	the	error	in	the	determination	
of	 orbit	 of	 the	 solar	 system	body.	With	 the	GAIA	 catalogue,	 the	 error	 in	 the	 star	
position	 is	 lowered	 to	 less	 than	 10	mas,	 in	most	 of	 the	 cases.	 For	 the	main	 belt	
asteroids,	1	mas	 corresponds	 to	2	kilometres	 in	error	 in	 the	shadow	path	on	 the	
surface	of	the	Earth.	In	the	case	of	the	TNOs,	1	mas	corresponds	to	30	km	in	error	
in	the	shadow	path.	Uncertainty	of	the	shadow	path	is	about	150	mas	for	a	typical	
asteroid	orbit	and	about	450	mas	for	a	TNO	orbit.		
	
So,	 in	 conclusion,	 the	 predictions	 of	 the	 occultation	 of	 bright	 stars	 (magnitudes	
lower	than	14)	by	an	asteroid	or	TNOs	is	improved	and	now	the	shadow	path	can	
be	determined	with	a	few	kilometres	of	error	on	the	surface	of	the	Earth.		The	main	
error	is	now	the	error	in	the	determination	of	the	orbit.	To	improve	this	source	of	
error	 it	 is	needed	to	conduct	more	astrometry	 for	 the	asteroid	and	especially	 for	
the	TNOs.	A	positive	occultation	is	the	ultimate	way	to	diminish	this	error,	as	 for	
that	moment	the	asteroid/TNO	has	the	exact	position	of	the	star.			
	
One	clear	example	 is	 the	one	of	 the	 last	occultation	of	a	star	by	Pluto.	The	 initial	
predictions	-	relying	on	ground-based	measurements	of	the	star	-	put	the	shadow	
centrality	sweeping	over	mid-Europe	(Fig.	1),	but	with	uncertainties	as	large	as	50	
mas,	 equivalent	 to	 about	 1500	 km	 when	 projected	 onto	 Earth's	 surface.	 This	
situation,	 which	 was	 common	 to	 many	 occultation	 events	 before	 the	 Gaia	 data	
release,	makes	the	task	of	choosing	the	telescopes	that	will	look	at	the	event	much	
more	difficult,	with	the	risk	of	missing	some	relevant	observations.	Pluto	subtends	
a	mere	100	mas	diameter	on	the	sky	while	being	one	of	the	largest	TNO.		
		
The	 release	 of	 the	 star	 position	 by	 the	 Gaia	 project	 drastically	 improved	 that	
accuracy,	down	to	a	 few	mas,	and	corresponding	to	 less	 than	100	km	on	ground.	
This	release	was	combined	with	an	improved	Pluto	orbit	solution	based	on	radio	
tracking	of	the	New	Horizons	spacecraft	that	also	reached	an	accuracy	of	≈100	km.	
This	placed	the	central	path	of	the	event	over	the	Middle	East	and	northern	Africa,	
and	triggered	alerts	in	Israel,	Morocco	and	the	Canary	islands	(Fig.	2).	
	



				 		
Figure	1:	Early	July	2016	prediction	of	Pluto	occultation.		
	
	
	
Accurate	predictions	are	 the	main	difficulty	 for	a	successful	campaign	to	observe	
an	occultation	produced	by	a	main-belt	asteroid	or	TNO.	
	
In	 conclusion,	 using	 the	 software	 to	 produce	 the	 predictions	 of	 the	 future	
occultations,	 and	 using	 the	 GAIA	 catalogue	 we	 can	 identify	 the	 occultations	 by	
asteroids	 and	 TNOs	 during	 year	 2017	 with	 higher	 accuracy	 (compared	 to	 D5.1	
Occultation	candidates	for	2016).	
	
The	 following	 table	 of	 occultations	 of	 bright	 stars	 for	 the	 two	 geographical	
positions	 where	 we	 have	 a	 dense	 net	 of	 telescopes	 (Spain	 and	 Argentina)	 is	
produced	with	the	GAIA	catalogue.	In	the	table	we	listed	all	asteroids	 larger	than	
50	 km	 in	 diameter	 which	 produce	 occultations	 of	 stars	 brighter	 than	 mag	 16,	
visible	for	these	two	locations.		
	
For	the	case	of	TNOs,	the	selection	is	less	restrictive,	and	only	for	TNOs	larger	than	
400	km,	as	we	can	only	select	the	occultations	passing	above	the	Earth’s	surface.	As	
the	event	is	getting	closer	in	time,	improvements	in	the	prediction	are	done	and	we	
can	discard	or	select	the	preferred	one.	This	list	is	NOT	definitive.	For	the	TNOs,	a	
similar	list	as	for	the	MBAs	is	not	useful,	as	the	predictions	change	1	month	before	
the	 event.	The	error	 is	usually	 larger	 than	 the	Earth	 radii,	 and	only	 a	 short	 time	
before	the	event	we	can	refine	the	shadow	path.	Selected	lists	of	events	are	shown	
at	the	end	of	this	document.		
	



	
	
Fig.	2:	Prediction	using	Gaia	star	position	and	New	Horizons	ephemeris	
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