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(*)	In	the	proposal,	the	Exoplanet	Data	Challenge	(EDC)	was	called	Community	Data	Challenge	(CDC)	

Exoplanet	Data	Challenge*	

Exoplanet	Data	Challenge	#1:	Test	spectral	retrieval	using	syntheFc	planet	spectra	with	
instrumental	noise.	This	exercise	will	help	reveal	model-dependent	interpretaFons	of	noisy		data.	It	
is	led	by	Sergi	Hildebrandt	and	Maggie	Turnbull.	Cycle	1:	2016-17.	Cycle	2:	2017-18.	
	
Exoplanet	Data	Challenge	#2:	Test	post-processing	and	source	extracFon	techniques	with	spectral	
image	cubes	containinng	only	a	star	and	planets,	processed	with	a	simple	instrument	model.	This	
exercise	is	intended	as	pracFce	to	begin	developing	the	techniques.is	led	by	Maxime	Rizzo	and	Aki	
Roberge.	Cycle	1:	2017-18	
	
Exoplanet	Data	Challenge	#3:	Add	astrophysical	background	sources	to	the	data	cubes,	processed	
with	the	project’s	WFIRST	instrument	model.	
	
Exoplanet	Data	Challenge	#4:	Add		interplanetary	dust	for	a	complete	exercise	in	harvesFng	
scienFfic	results	from	realisFc	simulated	data	



Exoplanet	Data	Challenge	

Exoplanet	Data	Challenge	#1:	Test	spectral	retrieval	using	syntheFc	planet	spectra	with	instrumental	
noise.	This	exercise	will	help	reveal	model-dependent	interpretaFons	of	noisy		data.	It	is	led	by	Sergi	
Hildebrandt	and	Maggie	Turnbull.		
	
Cycle	1:	2016-17.	Simple	planet	atmospheres	and	simple	WFIRST	IFS	instrumental	models.		
	
Cycle	2:	2017-18.	More	realisFc	atmospheres	and	latest	available	WFIRST	IFS	and	CGI	instrumental	
models.	
	
	
	
	
The	Exoplanet	Data	Challenge	is	possible	thanks	to	a	collaboraFve	effort	of	many	people	across	
several	insFtuFons.	
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Exoplanet	Data	Challenge	



Methodology	of	the	atmospheric	retrieval	data	producFon	and	analysis:	
	
•  Data	created	for	different	signal	to	noise	raFos:	SNR=5,	10	and	20	
•  For	different	spectral	resoluFon:	R=20,	50	and	70	
•  Blind	analysis:	only	planet	spectra,	mass	and	orbital	phase	given.	
•  Results	for	two	Jupiter-like	planets	(super-Neptune	in	cycle	2)	
•  Data	analyzed	with	different	atmospheric	models	(one	cloud,	two	clouds,	one	cloud	

and	haze,	two	clouds	and	haze)		

Exoplanet	Data	Challenge:	Cycle	1	

PS:	SNR=10	and	R=50	may	now	be	the	maximum	values	for	WFIRST.	SFll	results	from	the	
cases	with	R70	and/or	SNR20	remain	highly	informaFve.	
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•  High	ResoluFon	spectra	from	Renyu	Hu	(JPL),	resampled	at	lower	resoluFon	by	Jake	LusFg-Yaeger	
(UW)	

•  AddiFon	of	instrumental	noise	and	binned	into	WFIRST	resoluFon	by	Tyler	
Robinson	(USC)	

Rayleigh	scagering		

This	is	the	product	given	to	
the	EDC	parFcipants	

Exoplanet	Data	Challenge:	Cycle	1	
Sample	of	simulated	data	

AbsorpFon	lines	



Mark	Marley,	Roxana	Lupu	and	Mikey	Nayak	(NASA/AMES)	

EDC	data	points	

Best	fit	soluFon	

+/-1σ	contours	

Jupiter-like:	Planet	Ups	And	e	(R=70,	S2N=20)	
	

Exoplanet	Data	Challenge:	Cycle	1		
Results	

Obtaining	results	for	one	atmospheric	model	is	computaFonally	expensive	(order	
of	1	week,	64	core	machine).	Some	Fmes	bad	fits	happen,	and	the	fit	needs	to	be	
resubmiged.	



Planet	Ups	And	e	(R=70,	S2N=20):	
1.6	MJ,	1	RJ,	SMA=5.25	AU	around	a	
star	with	Teff=6213	K,	1.64	RSUN	at	a	
distance	of	13.5	pc.	

Mark	Marley,	Roxana	Lupu	and	Mikey	Nayak	(NASA/AMES)	

Exoplanet	Data	Challenge:	Cycle	1		
Results	



Good	recovery	of	CH4:	within	1	sigma	of	the	input	
value.	

If	planet	radius	and	mass	are	
freed	up,	no	much	constraint	

Exoplanet	Data	Challenge:	Cycle	1		
Results	



Pat	Irwin,	Ryan	Garland	and	Jo	Eberhardt	(NEMESIS	team,	OXFORD	UNIVERSITY)	

Jupiter-like:	Planet	HD150706b:	
2.5	MJ,	1	RJ,	SMA=6.7	AU,	Sun-like	star	at	28.2	pc	
Blue:	R=70	,	S2N=20,	one	cloud	
Red:	R=20,	S2N=20,	two	clouds	and	haze	
	

Exoplanet	Data	Challenge:	Cycle	1		
Results	



R70	(blue):	Good	recovery	of	NH3,	H20	and	CH4:	
within	1	sigma	of	the	input	value.	
R20	(red):	CH4	good	precision,	but	bad	accuracy	
(bias).	NH3	and	H20	barely	constrained	

Radius	(mass	is	given	to	
the	teams)	good	
precision,	but	
significantly	biased	(8σ)	

Exoplanet	Data	Challenge:	Cycle	1		
Results	



	
-  Very	valuable	informaFon	for	WFIRST.	

-  Really	helpful	comparison	among	different	retrieval	teams:	
absorpFon	line	tables,	numerical	simplificaFons,	integraFon	
methods,	simplified	retrieval	model	versus	forward	model.	

-  If	the	planet	mass	is	known,	R70	has	enough	informaFon	for	2	
clouds	to	be	detected	with	reasonable	results	(Jupiter-like	planet	
around	a	Sun-like	star	at	6.7	AU	and	28.2	pc).		

	
-  Even	if	the	planet	mass	is	known,	R20	is	complicated	for	more	

informaFon	than	just	a	haze,	but	not	a	cloud	and	a	haze.	Enough	
informaFon	for	1	cloud	with	reasonable	results	on	CH4,	H2O,	NH3	
and	the	radius.	(Jupiter-like	planet	around	a	Sun-like	star	at	6.7	AU	
and	28.2	pc).		

-  Jupiter-like	planet	around	slightly	brighter	star	than	the	Sun	at	13.5	
pc	can’t	determine	radius	and	mass,	though	CH4	is	well	determined.	

	
-  Precision	vs	accuracy:	important	aspect	to	pay	agenFon	to.	

Exoplanet	Data	Challenge:	
Cycle	1	Summary	



Exoplanet	Data	Challenge:	Cycle	2	

•  Cycle	2:	2017-18.	More	realisFc	atmospheres	and	latest	available	WFIRST	IFS	
and	CGI	instrumental	models	

•  Planets	to	be	considered:	
	

•  1	JUPITER-LIKE	PLANET	
•  1	SUPER-NEPTUNE	

•  No	Super	Earth	unFl	the	results	from	these	two	planets	are	obtained	

•  Impose	expected	SNR	and	ResoluFon	Power	from	Mission	specs	

	
	Example:	Jupiter-like	planet,	with	1	MJ	and	1	RJ	in	quadrature	at	3	AU	from	a	G0V	

star.	Data	for	the	planet	flux	produced	by	Larry	Sromovsky	(SSEC).	Other	
parameters:	
	
Uniformly	mixed	cloud	from	0.1	to	0.2	bars:	single-scagering	albedo	=	0.99,	opFcal	depth	=	5,	Methane	
vmr	=	1E-3	(nCH4/nH2=1.197E-3),	nHe/nH2	=	0.19585,	isothermal	atmosphere	at	T=140K,	NQUAD=16	
hemisphere,	NAZIMUTH=16	for	radiaFon	transfer,	ngauss=ntcheb=18	for	disk-average	integraFon,	
RESOLVING	POWER	=	70,	number	of	wavelengths=170,	Collision-induced	AbsorpFon	assumes	Equilibrium	
H2,	Atmosphere	has	57	log-spaced	layers	from	5E-4	to	40	bars,	Surface	albedo=0.0,	gravity	=	20	m/s^2.	



Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	



Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	

Credit:	Maxime	Rizzo	(GFSC).		
PS:	RDI	=	Reference	DifferenFal	Imaging	(for	PSF	subtracFon	and	flux	esFmaFon)	

Planet	flux	data	are	then	processed	through	the	WFIRST	IFS	simulator	

QE	loss	bias	



Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	

We	may	add	photometric	points	from	the	CGI,	in	addiFon	to	the	IFS,	
measurement	using	some	relaFvely	small	porFon	of	the	IFS	integraFon	Fme.	



Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	

Bijan	NemaF	(Univ.	of	Alabama	in	Huntsville)	has	wrigen	the	very	complete	
WFIRST	Coronagraph	Yield	Calculator	(Excel	and	Matlab	versions	are	available).	



Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	

•  I	have	enhanced	it	by	adding	the	possibility	of	considering	planets	with	an	
Albedo	that	may	depend	on	wavelength	and/or	orbital	phase	(unFl	now,	the	
albedo	was	a	constant	value	across	the	spectrum).		

•  The	WFIRST	Coronagraph	Yield	Calculator	can	handle	any	combinaFon	of	
cases	for	an	arbitrary	number	of	planets	provided	by	the	user	and	quickly	
return	the	results	for	the	integraFon	Fmes,	planet	flux,	contrast	and	
geometric	albedo.	

•  In	the	following,	I	will	show	the	results	for	the	planet	considered	in	this	
presentaFon.	

	



Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	

Results	from	the	enhanced	WFIRST	Yield	Calculator:	IntegraFon	Fme	as	a	
funcFon	of	the	distance	to	the	exoplanet	and	the	SNR	to	be	achieved.		

Maximum		
Working		
Angle	

Minimum		
Working		
Angle	

Over	integraFon	Fme	limit		
(10	hours	for	display	only)	



Focus	on	a	system	at	10	pc	(same	assumpFon	as	in	the	IFS	simulaFon)	

Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	



Exoplanet	Data	Challenge:	Cycle	2	
Simulated	data	



Exoplanet	Data	Challenge:	Cycle	2	
Sample	of	simulated	data	to	be	delivered	for	

blind	analysis	of	atmospheric	retrieval	
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Thank	you!	
	

Maggie	(turnbull.maggie@gmail.com),	Sergi	(srh.jpl.caltech@gmail.com)	



Exoplanet	Data	Challenge	

BACKUP	SLIDES	



Exoplanet	Data	Challenge	

Cycle	1	created	simulated	data	for:	
•  5	exoplanets:	2	hot	giants,	1	super-Neptune	and	2	Earth-like	
•  Different	signal-to-noise	raFos:	SNR=5,	10	and	20	
•  Different	resolving	powers:	R=20,	50	and	70	

PS:	SNR=10	and	R=50	may	now	be	the	maximum	values	for	WFIRST.	SFll	
results	from	the	cases	with	R70	and/or	SNR20	remain	highly	informaFve.	



Exoplanet	Data	Challenge	

From	the	proposal:	



Exoplanet	Data	Challenge	
Next	Cycle	2	



•  Specific	set	of	simulated	data	to	be	
delivered	to	the	EDC	parFcipants.	

•  List	of	specific	challenges	that	need	to	
be	resolved.	

•  What	can	realisFcally	be	done	this	
year	for	a	community	challenge?	

Exoplanet	Data	Challenge	

Sergi	&	Maggie	have	put	together	a	list	of	
quesFons,	suggesFons	and	ideas	for	the	next	
cycle	2:	

					SHARED	GOOGLE	DOC	




