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Pleiades	occultation	by	the	Moon,	19	mars	1972
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2013

2020

2016	(Gaia	1st release)

what	is	a	stellar	occultation?	à
a	body	hides	a	star	as	it	moves	in	the	sky
e.g.	here	the	Centaur	object	Chariklo
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temporal	resolution	
equivalent	to	<	1km	

the	object		is
not	resolved
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LibertéEgalité

Fraternité

Voyager,	July	1989
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typical uncertainty
in	the	1980’s	~	0.5	arcsec
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Pluto	at	best HST	resolution
details	~	500	km	at	best

Earth's	Moon	at	the	same
resolution

http://pluto.jhuapl.edu/Participate/community/What-We-Know.php?link=Making-Maps

Occultations:		highly	efficient	method
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Pluto	at	best HST	resolution
details	~	500	km	at	best

Earth's	Moon	at	the	same
resolution

http://pluto.jhuapl.edu/Participate/community/What-We-Know.php?link=Making-Maps

Occultations:		highly	efficient	method

spatial	resolution ~	fraction	of	km
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Pluto	at	best HST	resolution
details	~	500	km	at	best

Earth's	Moon	at	the	same
resolution

http://pluto.jhuapl.edu/Participate/community/What-We-Know.php?link=Making-Maps

Occultations:		highly	efficient	method

spatial	resolution ~	fraction	of	km
sensitivity	to	atmosphere	~	a	few	nanobars
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Chariklo occultation
Namibia	April	9,		2017

©	Mike	Kretlow



Pluto	occultation
Mt	John,	New	Zealand
June	2006



San	Pedro	de	Atacama	50-cm,	Chile	
4	May	2011,	Alain	Maury

Quaoar,
a	dwarf planet
beyond Pluto

(58s	occultation)
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www.skyandtelescope.com/astronomy-news/observing-news/
antiope-occultation-yields-double-bonanza/

Antiope occultation
Kelly	Beatty	Sky	&	Telescope
9	Sept.	2011

from	F.	Colas,	F.	Marchis with	
US	and	European	amateurs
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Houston,	we have
a	problem!

we need three orders of
magnitude	improvement



a	stamp viewed at	150	km

Pluto

Charon

Eris

Makemake

Titan
quaoar

10-7 radian
~20	mas	à
very small !!



Charon	occultation,	
Paranal,	Chile
July	2005



Bruno	Sicardy	- exploring	outer	solar	system	with	stellar	
occultation- IAU330s	NIce,		27	April	20017

an	example:	Pluto’s	atmosphere
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the	August	21,	2002	Pluto	occultation:
a	reconstruction	of	what happened

gravity waves!

gravity waves!



shadow	center

shadow	
southern	limit

The	July	19,	2016	Pluto	occultation
our	prediction	as	of	early	July

green	dots:	sites	involved	in	the	campaign	(not	all	got	data!)	



The	prediction	using	the	GAIA	“DR0”	catalog (one	star!)	
+	the	New	Horizons-updated	ephemeris

shadow	center

shadow	
southern	limit

shadow	
northern	limit

green	dots:	sites	involved	in	the	campaign	(not	all	got	data!)	



The	July	19,	2016	Pluto	occultation
post-occultation	reconstructed	path	(what		really	happened)

shadow	center

shadow	
southern	limit

shadow	
northern	limit

green	dots:	sites	involved	in	the	campaign	(not	all	got	data!)	
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The	Pluto	July	19,	2016	stellar	occultation	
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blue=	simultaneous	fit	to	the	data	using	a	Pluton	atmospheric	model

residuals

The	Pluto	July	19,	2016	stellar	occultation	
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N2	 condensation
N2	 sublimation

very	tenuous atmosphere	(few	µbar)	à
in vapor	pressure	equilibrium	with	surface

New	Horizons/LORRI	14	July	2015
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paradoxical	increase of	pressure (factor
~	2.8)	but	~	24%	decrease of	insolation	in	
22	years
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www.skyandtelescope.com/astronomy-news/
plutos-atmosphere-confounds-researchers-032520166

Pluto’s	atmosphere	confounds	researchers
Kelly	Beatty,	Sky	&	Telescope	25	March	2016	



summer
hemisphere

winter
hemisphere

~120	mas
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Gaia	allows to	make “meteorology“ of	Pluto’s atmosphere

Spunik planum
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central	flashes



Pluto 29	June 2015	occultation
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tweaking to	get
into central	line
at	the	right	time

flight	path adjusted in	
“real	time“	from astrometric
updates

flight	of	the	NASA	plane	SOFIA
to	catch	Pluto	central	flash	on	
June 29,	2015	(MIT	team)
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center	line
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primary		image
greatly	enhanced

secondary	image Pluton



Abe	et	al.
MNRAS	(2013)

micro-lensing
phenomenon
“Einstein	arcs”	

source

primary image

secondary image



Abe	et	al.
MNRAS	(2013)

micro-lensing
phenomenon
“Einstein	arcs”	

source

for	Pluto,	observer
must	go	<	50	km
from center	~	2	mas

primary image

secondary image



Titan	occultation
Namibia
November	2003



2.2	µm

0.89	µm

same place,	strong chromatic effect!

Titan	stellar occultation	of	14	Nov.	2003
South	Africa Astron.	Observatory



central	flash	from
a	spherical and
transparent	
atmosphere!

Pluto	29	June	2015	stellar	occultation
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Bootes-3	(T60cm)
NZ	professional

Dunedin-3	(T35cm)
NZ	amateur

Sicardy	et	al.	ApJ Lett.	2016
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discovery	of	rings



Jupiter
1979

Saturn
1610

Uranus
occultation

1977
Neptune

occultation
1984

Chariklo
occultation 2013
(not	on	scale!)

…	first	rings	ever discovered around
a	body	other than a	giant planet
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Nature,	3	April	2014	issue
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on June 3, 2013  



20	seconds	that changed our conception	of	rings…		

Danish 154cm-telescope,	La	silla,	Chile

Braga-Ribas et	al.	2014
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an		extra-ordinary object:
first	planetary rings	ever observed

outside giant planets

an	artist view…



an		extra-ordinary object:
first	planetary rings	ever observed

outside giant planets



Chariklo’s ephemeris,	pre-GAIA



Chariklo’s ephemeris,	a	bootstrapping	approach	using	GAIA

size	of	Chariklo’s
ring	system

Bruno	Sicardy	- exploring	outer	solar	system	with	stellar	
occultation- IAU330s	NIce,		27	April	20017

see the	talk	by	Josselin	Desmars (next
session)	and	poster	by	Julio	Camargo
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Gaia	+	p.m.	from UCAC4	+	
Chariklo NIMA11

The	Chariklo occultation
of	April	9,	2017,	Namibia



Mike	Kretlow preparing
the	Chariklo occultation	
of	April	9	,2017	at
Weavers Rocks	(Namibia,
« m2 »	50-cm	telescope)
©	jean-Luc Dauvergne



ring
ring

The	occultation	by	Chariklon,	Namibia April	9,	2017
(see the	talk	by	Diane	Bérard	next session)
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portable	T50cm	“M2“	telescope,	
Weaver	Rocks,	obs.		Mike	Kretlow
analysis Jean-Luc	Dauvergne

main	body



length >	250	km
~		maximum	possible	à
very close	to	diametric

ring
ring

The	occultation	by	Chariklon,	Namibia April	9,	2017
(see the	talk	by	Diane	Bérard	next session)
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portable	T50cm	“M2“	telescope,	
Weaver	Rocks,	obs.		Mike	Kretlow
analysis Jean-Luc	Dauvergne
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~	80	mas

Gaia	accuracy will
allow to	optimize
the	ring	coverage
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~	80	mas

Gaia	accuracy will
allow to	optimize
the	ring	coverage
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topographic	features
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Yunnan	(China)

Thai National	(Thailand)

the	stellar occultation	of	November 15,	2014
by	the	Plutino object 2003	AZ84

Dias-Oliveira	et	al.	AJ	(2017),	submitted

gradual disappearance!
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the	stellar occultation	of	November 15,	2014
by	the	Plutino object 2003	AZ84

Dias-Oliveira	et	al.	AJ	(2017),	submitted
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detection of	topographic features
on	2003	AZ84’s		surface

Dias-Oliveira	et	al.	AJ	(2017),	submitted



Iapetus equatorial ridge

Cassini image

20	km	~	2	mas	at
Charilklo’s distance
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Formation	of	rings	around Saturn’s moon Iapetus
W.-H.	Ip,	Geophys.	Res.		Letters (2006)
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Iapetus equatorial ridge

Cassini imageBruno	Sicardy	- exploring	outer	solar	system	with	stellar	
occultation- IAU330s	NIce,		27	April	20017

mobile
stations
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the	Triton	occultation	of	October 5,	2017	

typically ~	5	mas



Conclusions

Since July	19,	2016,	we have	observed 4 occultations	with prediction accuracies
at	a	few	mas	levelà thank you Gaia!

In	the	near future,	we foresee to:

discover new	ring	systems

discover atmospheres around the	biggest TNO’s

study shape and	geology of	those bodies

an	ERC	project:


