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Lyot	Coronograph	

Bernard	Lyot	at	Pic	du	Midi	(1939)	



Solar	corona,	High	AlPtude	Observatory,	30/5/2018	



Besides	the	SDO	images,	the	CME	was	also	observed	by	SOHO	using	2	coronagraphs	
where	the	bright	sun	is	blocked	by	a	disk	so	it	does	not	overpower	the	fainter	corona.	

Ejeção	de	massa	coronal	

May	1,	2013	



h7p://www.esa.int/Our_AcPviPes/Space_Science/
The_Sun_has_a_great_idea	

Máximo	do	
ciclo	de	
a-vidade	solar:	
~	3,5	por	dia	
	

Mínimo:	aprox.	
1	cada	5	dias.	
	
5x1012		kg	a	
5x1013	kg	
	
v	~	400	km/s	a	
1000	km/s	
	
Com	flares:	40%	
	
Com	proeminência	
solar	erupPva:	70%		

Ejeção	de	massa	coronal	



What	about	coronography	in	stars?	

h7p://science.sciencemag.org/content/350/6256/39.full	



Larger	telescopes	are	limited	by	the	
Earth’s	atmosphere	

First	we	need	to	apply	AdapPve	OpPcs!	

h7p://w.astro.berkeley.edu/~gduchene/	



Image	of	a	point	source	by	a	circular	
aperture	(telescope)	due	to	diffracPon:	

Airy	funcPon	



CorrecPons	with	
AdapPve	OpPcs	



h7p://w.astro.berkeley.edu/~gduchene/	



GPI	imaging	of	the	planetary	
system	HR	8799	in	the	near-
infrared	K	band,	showing	3	of	the	
4	planets.	(Planet	b	is	outside	the	
field	of	view	shown	here,	off	to	
the	lel.)	These	data	were	
obtained	on	November	17,	2013	
during	the	first	week	of	operaPon	
of	GPI	and	in	relaPvely	
challenging	weather	condiPons,	
but	with	GPI’s	advanced	adapPve	
opPcs	system	and	coronagraph	
the	planets	can	sPll	be	clearly	
seen.	Credit:	ChrisPan	Marois	
(NRC	Canada),	Patrick	Ingraham	
(Stanford	University)	and	the	GPI	
Team.	



GPI	spectroscopy	of	planets	c	and	d	in	
the	HR	8799	system.	While	earlier	work	
showed	that	the	planets	have	similar	
overall	brightness	and	colors,	these	
newly-measured	spectra	show	
surprisingly	large	differences.	The	
spectrum	of	planet	d	increases	
smoothly	from	1.9-2.2	microns	while	
planet	c’s	spectrum	shows	a	sharper	
kink	upwards	just	beyond	2	microns.	
These	new	GPI	results	indicate	that	
these	similar-mass	and	equal-age	
planets	nonetheless	have	significant	
differences	in	atmospheric	properPes,	
for	instance	more	open	spaces	
between	patchy	cloud	cover	on	planet	
c	versus	uniform	cloud	cover	on	planet	
d,	or	perhaps	differences	in	
atmospheric	chemistry.	These	data	are	
helping	refine	and	improve	a	new	
generaPon	of	atmospheric	models	to	
explain	these	effects.	©	Patrick	
Ingraham,	Mark	Marley,	Didier	Saumon	
and	the	GPI	Team.	



Sphere	at	the	VLT	



Planetary	
system	HR	8799		

Gemini	GPI	K	band	

VLT	Sphere	K2	band	

VLT	Sphere	J	band	



Spectrum	of	the	planet	HR	8799d	(Y,	J,	H	bands	
with	Sphere/VLT;	K	band	with	GPI/Gemini)	





Gemini	/	GPI	configuraPons	
Only	1	band	at	a	Pme:	
-	Non-coronographic	mode:	imaging	or	polarimetric	imaging	
-	Coronographic	mode:	spectroscopy	or	polarimetric	imaging	

Resolving	power	

*K2	throughput	is	significantly	lower	than	K1	and	with	significantly	higher	skies	the	performance	in	K2	
can't	be	guaranteed,	i.e.	ANY	K2	observaPons	is	in	shared	risk	mode	with	no	guarantee	of	performance.		



Must	select	1	band	at	a	Pme:	Y,	J,	H,	K1	or	K2	
Have	to	select	one	mode:	1)	non-coronographic	imaging,	2)	non-
coronographic	polarimetric	imaging,	3)	coronograph+spectroscopy,	
or	4)	coronograph	+	polarimetric	imaging	



GPI	Strehl	

Plot	of	the	simulated	GPI	H-Band	Strehl	performance	as	
funcPon	of	AO	Guide	Star	I	magnitude	

h7ps://www.gemini.edu/sciops/instruments/gpi/instrument-performance/strehl-0	



Spectroscopy	at	GPI	is	IFU			
Data	product	of	the	
IFS	is	a	data	cube	
consisPng	of	slightly	
more	than	200x200	
spaPal	locaPons,	
each	with	typically	18	
spectral	channels	in	
spectroscopy	mode	
and	two	spots	in	
each	posiPons	for	the	
polarimetric	mode.	
	
The	FOV	is	2.8”	on	a	
side,	with	14	mas	
sampling.		





Sphere	at	VLT:	SAXO	(AdapPve	OpPcs),	IFS	(IFU	
spectroscopy	in	Y,	J,	H	bands),	IRDIS	(imaging	+	

spectroscopy),	ZIMPOL	(polarimetry)		





Figure	15:	IRDIS	DBI	H2H3	contrast	curves	obtained	on-sky	for	a	bright	target	(H=0.2),	in	average	
condiPons	(seeing	~1.0”),	with	an	ADI	field	rotaPon	of	30	degrees.	The	plot	shows	the	PSF	profiles	
(black)	and	coronagraphic	profiles	(green)	in	the	H2	and	H3	filters,	the	1σ	contrast	curve	for	ADI	on	the	
H2	data	(red),	and	the	1σ	contrast	curve	for	SDI+ADI	on	the	H2	and	H3	data.	For	the	ADI	and	SDI+ADI	
analysis,	the	algorithm	throughput	is	taken	into	account	and	compensated,	assuming	a	T8	spectral-
type	for	the	planet	in	SDI.	

Sphere	contrast	in	H	band	



GPI			vs			Sphere	

•  Both	are	state-of-the	art	
powerful	instruments	

•  Sphere	is	faster	(in	1	
shot	Y,	J,	H	spectra	AND	
photometry	in	K	band)	


