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Why	Are	Observa(ons	Needed?	

Planet	Confirma-on	
Prove	that	the	thing	
causing	the	event	is	

a	planet	

Planet	Detec-on	
Show	me	there	might	
be	a	planet	there	

System	Characteriza-on	
Tell	me	everything	

about	the	planet	and	its	
host	star	
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Transit	Discovery	
Robo(c	small	telescope	surveys	

KELT	

SuperWASP	 HATNet	/	
HATSouth	

Wide	fields,	small	apertures,	hundreds	of	discoveries	

•  OGLE	
•  XO	
•  TrES	

NGTS	 Evryscope	

QES	

MASCARA	

PD	
SC	 PC	



Transit	Discovery	
Targeted	transit	surveys	

MEarth	

TRAPPIST	

•  Narrow	fields,	medium	
apertures	

•  Monitor	hundreds	to	
thousands	of	stars	

•  Target	high-priority	
stars,	most	M	dwarfs	

•  Handful	of	high-impact	
discoveries	

Cluster	/	Field	surveys	
•  SWEEPS	
•  STEPSS	
•  EXPLORE-OC	
•  PISCES	

PD	
SC	 PC	



Transit	Discovery	
Space-based	transit	surveys	

Kepler	

CoRoT	

•  1,000s	to	100,000s	of	candidates	

TESS	

PD	
SC	 PC	
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Transit	Confirma(on	

•  Real	astrophysical	transit/eclipse	vs.	false	alarm	
–  Photometric	confirma-on	with	original	or	new	telescope	
–  Required	if	pushing	SNR	limits	
–  Verify	ephemeris	
	

PD	
SC	 PC	



Planet	Confirma(on	–	False	
Posi(ves	

• 			Target	is	an	EB	with	a	large	MS	primary	and	a	
small	MS	secondary,	or	a	giant	star	with	a	MS	
secondary	

1%	
flux	

PD	
SC	 PC	



Planet	Confirma(on	–	False	
Posi(ves	

•  Target	is	a	grazing	
eclipsing	binary	

1%	flux	
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Planet	Confirma(on	–	False	
Posi(ves	

• 		Target	is	an	EB	
blended	with	a	
line-of-sight	or	
hierarchically	
bound	star		

1%	
10%	flux	

PD	
SC	 PC	



Planet	Confirma(on	–	False	
Posi(ves	

• 		Target	is	a	single	star	blended	with	an	EB	
either	line-of-sight	or	hierarchically	

1%	
10%	flux	

PD	
SC	 PC	



Planet	Confirma(on	–	False	
Posi(ves	

•  Transit	/	eclipse	of	the	expected	star	
–  Verify	signal	is	not	coming	from	a	nearby	(or	distant)	EB	

Brown,	T.	2003,	ApJ,	593,	125	 O’Donovan,	F.	T.,	et	al.	2006,	ApJ,	644,	
1237	

Torres,	G.,	et	al.	2006,	ApJ,	644,	1237	

PD	
SC	 PC	

The	Pioneers	



Planet	Confirma(on	-	
Observa(ons	

Transit	/	eclipse	of	the	
expected	star	

–  Verify	signal	is	not	
coming	from	a	nearby	
(or	distant)	EB	

PD	
SC	 PC	



Planet	Confirma(on	

Transit	/	eclipse	of	the	expected	star	
–  Verify	signal	is	not	coming	from	a	nearby	(or	distant)	EB	
–  Warnings	and	Caveats	from	RV	Surveys	

“MARVELS-1:	A	Face-on	Double-lined	
Binary	Star	Masquerading	as	a	
Resonant	Planetary	System	and	

Considera-on	of	Rare	False	Posi-ves	
in	Radial	Velocity	Planet	Searches”	

	
Wright,	et	al.	2013,	ApJ,	770,	119	

	
AstroWright	Blog:	MARVELS-1:	A	
Case	Study	in	Healthy	Paranoia	in	

Science	

“A	Cau-onary	Tale:	MARVELS	Brown	
Dwarf	Candidate	Reveals	Itself	to	be	a	
Very	Long	Period,	Highly	Eccentric	

Spectroscopic	Stellar	Binary”	
	

-	Mack,	C.	E.,	2013,	AJ,	145,	139	

PD	
SC	 PC	

“Don’t	underes<mate	the	ability	
of	Nature	to	screw	with	you!”	
-	David	Ciardi	



Planet	Confirma(on	

•  Verifying	that	the	transi-ng	/	eclipsing	body	is	
planetary	mass	(Mp	<	13	MJ)	

Kuhn,	et	al.,	MNRAS,	459,	4281		

RV	measurement	of	
planetary	orbit	

•  M	sin(i),	and	then	M	

PD	
SC	 PC	



Transit	Time	Varia-ons	
•  (TTVs)											Mp	

Planet	Confirma(on	

•  Verifying	that	the	transi-ng	/	eclipsing	body	is	
planetary	mass	(Mp	<	13	MJ)	

RV	measurement	of	
planetary	orbit	

•  Mp	sin(i),	and	then	Mp	
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Planet	Confirma(on	

•  Verifying	that	the	transi-ng	/	eclipsing	body	is	
planetary	mass	(Mp	<	13	MJ)	

RV	measurement	of	
planetary	orbit	

•  Mp	sin(i),	and	then	Mp	

Doppler	Tomography	+	RV	orbit		
•  Minimum	Mp	from	orbit	
•  Projected	spin-orbit	alignment	

Transit	Time	Varia-ons	
•  (TTVs)											Mp	

Zhou,	et	al.,	2016,	AJ,	152,	136	

PD	
SC	 PC	



Planet	Confirma(on	

Typical	Set	of	Observa-ons:	

PD	
SC	 PC	

Photometric	
Confirma-on	of	Transit	

Spectroscopic	Analysis	
of	Host	Star	

RV,	TTV,	or	DT	Planet	
Confirma-on	

The	order	and	choice	
of	observa-ons	
depends	on	the	

nature	of	the	survey	
and	availability	of	

follow-up	resources.	

•  Reconnaissance	
•  Precision	/	Orbit	
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System	Characteriza(on	

Star	
•  Mass	
•  Radius	
•  Teff	
•  Age	
•  Luminosity	
•  Distance	
•  Metallicity	
•  Rota-onal	velocity	
•  Rota-onal	inclina-on	
•  Radial	Velocity	/	3-D	

mo-on	

Planet	
•  Mass	
•  Radius	
•  Orbital	period	
•  Semimajor	axis	
•  Eccentricity	
•  Orbital	inclina-on	
•  TTVs	/	other	planets	in	

the	system	
•  Equilibrium	

Temperature	

PD	
SC	 PC	



System	Characteriza(on	

•  Neighbor	not	in	the	
aperture,	but	with	flux	
bleeding	in	

•  Neighbor	in	the	aperture,	
but	dis-nguishable	by	PSF	
modeling	in	the	survey	

•  Neighbor	fully	blended	in	all	imagery,	but	detectable	if	the	target	is	an	SB1	

Know	thy	neighborhood,	or	On	the	Varie<es	of	Binarity	Experience	

•  Neighbor	fully	blended	in	the	survey,	but	
dis-nguishable	in	seeing-limited	images	

•  Neighbor	fully	blended	in	survey	and	seeing-
limited	images,	but	resolvable	by	AO	

•  Neighbor	fully	blended	in	all	imagery,	but	
detectable	as	an	SB2	of	the	target	

You	need	to	know	all	stars	within	1000	arcsec	to	1	μas	of	your	target!	

Multiplicity 

PD	
SC	 PC	



Transit	Confirma(on:		False	
Posi(ves	

• 		Target	is	an	EB	
blended	with	a	
line-of-sight	or	
hierarchically	
bound	star		

1%	
10%	flux	

Characterizatio
n 

1%	

0.1%	

a giant 
planet 

Fibbin
g 
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System	
Characteriza(on	

Star	
•  Mass	
•  Radius	
•  Teff	
•  Age	
•  Luminosity	
•  Distance	
•  Metallicity	
•  Rota-onal	velocity	
•  Rota-onal	inclina-on	
•  Radial	Velocity	/	3-D	

mo-on	

Planet	
•  Mass	
•  Radius	
•  Orbital	period	
•  Semimajor	axis	
•  Eccentricity	
•  Orbital	inclina-on	
•  TTVs	/	other	planets	in	

the	system	
•  Equilibrium	Temperature	

Observables	
•  Time-series	photometry	
•  Single-epoch	spectrum	
•  Mul-ple	spectra	across	orbit	
•  Single-epoch	photometry	
•  Parallax	

	

Doppler	Tomography	
Asteroseismology	

Stellar	Popula-on	Analysis	

PD	
SC	 PC	



Related	Considera(ons	

•  Expense	in	-me	and	money	
•  Priori-zing	candidates	for	confirma-on	

–  Is	it	being	done	based	on	scien-fic	value	or	ease?	
•  Rapidity	of	confirma-on	

–  Loss	of	ephemeris	(especially	for	TESS)	
– Make	available	for	par-cular	facili-es	(HST,	Spitzer,	Swis,	
JWST),	especially	in	eras	of	poten-ally	declining	budgets	
(KPNO,	UKIRT)	

PD	
SC	 PC	

Watch	for	SAG	#17	Report	–	January	2018	AAS	
David	Ciardi,	Joshua	Pepper,	Knicole	Colon,	Stephen	Kane	



Related	Considera(ons	
What	have	we	(mostly)	not	observed	with	transits?	
High	cadence,	high-precision,	decent	baseline	to	the	point	

of	demographic	analysis	
	 •  Fast	rotators	

•  Young	stars	
•  Stars	with	IR	excess	and	disks	
•  Subgiants	
•  Red	giant	stars	
•  Supergiants	
•  Hot	(OBA)	stars	
•  White	dwarfs	
•  Neutron	stars	

•  Flare	stars	
•  Late	M	dwarfs	
•  LTY	dwarfs	
•  Globular	cluster	members	
•  Halo	stars	
•  Extragalac-c	stars	
•  Binary	secondaries	
•  Medium	binaries	(not	-ght,	
not	wide)	

PD	
SC	 PC	



Final	thoughts,	ques(ons	
•  Terminological	agreement	

–  confirma-on/characteriza-on,	reconnaissance/precision	
•  Do	we	need	to	confirm	all	candidates?	

–  Either	yes,	or	we	need	a	representa-ve	observa-onal	
survey	of	the	candidate	hosts	

•  What	is	the	responsibility	of	discovery	groups	to	the	
theorists	and	those	who	calculate	demographics?	
–  Is	informa-on	being	irretrievably	lost?	

•  If	so,	is	that	so	bad?	
•  Confirma-on	and	characteriza-on	for	large	surveys	
is	not	being	conducted	exclusively	by	single	teams.		
How	much	coordina-on	is	needed?	

PD	
SC	 PC	

Thank	You!	

~600,000	candidates	from	TESS	FFIs	


