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Gautam	Vasisht	(JPL)	



Planets	present	weak	signals	

There’s definitely a planet hiding under  
this muck 

•  Planet	detec2on	
stresses	capabili2es	
of	instruments	and	
their	detectors	

•  Transits	
•  Imaging	
•  Astrometry	
•  Radial	Velocity		



Transits:	How	well	can	we	do	the	photometry?	

Clanton+2012	using	H2RG	Contrast	(1/SNR)	needed	to	detect	the	atmosphere	of	
an	Earth	around	an	M	star	



Spectroscopy	requires	1	ppm		

Earth	2.0	orbi2ng	an	M4V	star	 Werner+2016	(LUVOIR)	
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Planet	Imaging	&	PSF	Reconstruc2on		

P1640	IFS	



Astrometry:	measure	posi2on	of	
target	rela2ve	to	background	stars	

Image:	E.	Bendek	



Narrow	Angle	Astrometry:	Sensor	
Calibra2on	at	JPL	

Map	of	irregulari2es	in	pixel	loca2on	
	
Image:	I.	Hahn,	C.	Zhai	
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						RV	measures	reflex	velocity	of	the	star	
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10%	mass	precision:	~	
1	cm/s	

For	a	future	flagship	direct	
imaging	mission,	will	we	know	a	
priori	where	and	when	to	look?	
Either	way,	we	s2ll	need	mass	for	
characteriza2on!	

Discovery,	mass	and	orbit	characteriza2on	of	planets.	The	ul2mate	
prize	is	to	find	Earth-mass	exoplanets	orbi2ng	nearby	Sun-like	stars	

Plavchan+2018	



10	cm/s	is	a	small	shii	in	the	focal	plane		

•  Centroid	to	a	frac2on	~10-5	of	a	line	width		
•  In	a	R=100,000	spectrograph	with	3	pixel	
sampling:	
– 1	km/s	=	1	pixel	
– 10	cm/s	=	10-4	pixel	=	18	Å		
– HgCdTe	lamce	block	=	~7	Å	
	



Worrying	effects	in	HxRGs	

•  Strange	pixels	
– Get	good	at	iden2fying	and	masking	these	pixels	

•  Pixel	response	func2on		
– QE,	higher	moments,	pixel	loca2ons	

•  Non-linearity	related	changes	PSF	size	
•  Variable	inter-pixel	capacitance		

– Part	of	PSF	for	signal	only	
•  Image	memory	



Two	kinds	of	RV	spectrographs	

Telescope	+	
ADC	

Fiber	
Coupling	

High	Res.	Echelle	
Spectrograph	

Mechanical	
Agitator	

CCD	camera	

Telescope	+	
ADC	

Fiber	
Coupling	

High	
Res.	

Echelle	
Spectr
ograph	

MMF	transport	

SMF	transport	

Tradi2onal	HARPS-style	arrangement	

Higher	
Order	AO		

Diffrac2on-limited	design	with	AO	

NIR	camera	

Metrology	

Metrology	

PARVI		(Palomar	5m)	
iLocator	(LBT)	
HISPEC		(Keck)	



PARVI	System	

CASS	CAGE	

Laser	
Comb	

SM	Fibers	

SM	Fiber	

Spectrograph	
FIU	

200”	Telescope	

Adap=ve	Op=cs	



PARVI	System	

CASS	CAGE	

Laser	
Comb	

SM	Fibers	

SM	Fiber	

Spectrograph	
FIU	

200”	Telescope	

Adap=ve	Op=cs	

Laser	Frequency	Comb	
•  Stable,	fine-resolu2on	

wavelength	reference	
•  Team:	JPL	(PARVI)	



PARVI-OFC	

PARVI	uses	an	EOM	comb	with	a	highly	non-linear	fiber	for	“octave	spanning”	to	enable		
f-2f	self-referencing.			

PARVI	OFC	jumble	



Yellow	(LFC)	=	Channel	to	Channel	
Spacing		
PURPLE	(Con2nuum)	=	Order	to	
Order	Spacing	
RED	(Con2nuum)	=	All	Traces	

Order	to	Order	Spacing	

Channel	to	Channel	Spacing	

Modulate	10	GHz	

OFC	Metrology	“Full-Tooth	Scanning”	



Error	Budget	

Aier	calibra2on	of	thermal	mechanical	effects	with	the	
OFC	metrology,	the	error-budgets	are	dominated	by	the	HxRG	



EarthFinder:	EPRV	from	space	

Payload		

1.5	m	telescope	

Op2cal	Spectrograph	(R	~150,000)	
Near	IR	Spectrograph	(R	~	150,000)	
Near	UV	Spectrograph	(R	=	200,	4000)	

L2	Orbit,	5	year	mission	

Survey	70	stars	for	Earth	mass	planets	

NASA	has	funded	the	Astrophysics	Probe	
Study	(<	$	1B);	Plavchan	et	al.	

Image	credit:	Ball	Aerospace	



500nm	 1μ
m	

1μm	 2.6μm	

Smette et al. (2015) 

Why	Space?	
Tellurics:	Atmospheric	lines	

Figure	from	Sharon	Wang	

From	the	ground,	may	Introduce	RV	errors	up	to		
~10	cm/s	in	the	visible,	&	up	to	~1	m/s	in	the	NIR	
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Why	Space?	
Cadence	from	L2	orbit		

Credit:	Ball	Aerospace	



Stellar	Ac2vity	
Approaches	under	explora=on	for	
ac=vity	mi=ga=on	are	all	available	
from	space:	
Cadence		
Wavelength	coverage	
R~200k	resolu2on	
Line-by-line	analysis	
Simultaneous	photometry	

2
1	



		
	
Many	errors		
are	eliminated	or	
heavily	improved		
by	going	into	space	

But	the	remaining	
errors	are	dominated	
by	the	CCDs	and	H4RGs	!!	

Based	on	Halverson+2016	



Thanks	


