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Primary	 science	 driver:	 RV	
follow-up	 of	 transi9ng,	 temperate,	
and	 terrestrial	 planets	 that	 are	
feasible	 targets	 for	 atmospheric	
spectroscopy.	
	
Goal:	σ	=	1	m	s-1	in	30	min	for	a	late	
M	dwarf	at	20	pc	(V=17.0).	
	
Approach:	 a	 highly-stabilized,	
fiber-fed	spectrograph	covering	500	–	
900nm	 at	 R=80k	 with	 simultaneous	
calibra9on	feed	and	pupil	slicing.	
	
Currently:	 Spectrograph	 delivered	
to	 Chicago	 November	 2016;	 further	
integra9on	 and	 tes9ng	 ongoing;	
commissioning	in	4th	quarter	2018.	

New	Radial	Velocity	Instrument	
for	M	Dwarfs	at	Gemini-N	

See	Seifahrt+	2016a	for	an	overview	
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Transi9ng	Exoplanet	Survey	Satellite	

NASA	Explorer	Mission,	
2018	–	2020	
	
Searching	200,000+	stars	over	
90%	of	the	sky	
	
Will	discover	hundreds	of	sub-
Jovian	size	planets	ideal	for	
atmospheric	characteriza9on	
	
	Ricker+	2015	



Sullivan+	2015	
Based	on	Kepler	sta9s9cs	from	
Dressing	&	Charbonneau	2015		

MAROON-X:	Why	(on	a	large	telescope)?	

TESS	Yield	Simula9ons	



Sullivan+	2015	
Based	on	Kepler	sta9s9cs	from	
Dressing	&	Charbonneau	2015		

--	GJ	1214	values	in	red	--	
	
Reminder:	HARPS	RVs	of	GJ	1214	yield	
3.5	m	s-1	precision	in	45	min.	

MAROON-X:	Why	(on	a	large	telescope)?	

TESS	Yield	Simula9ons	



Precise	NIR	RVs	from	CRIRES	

MAROON-X:	Heritage	

Ammonia	gas	cell	

Bean+	2010a	



Limita9ons	of	CRIRES	+	NH3	cell	approach	

• Telluric line contamination 

• Small spectral coverage 
• Lack of image scrambling 
•  Instrument not stabilized 
• Gas cell calibration imperfect and inefficient 
• K-band (2.3µm) not at the peak of the SED, nor the max 

RV information content 



Towards	New	Instruments:	Other	Issues	
• Detectors: CCD vs hybrid CMOS 

• Size 
• Cost 
• Operating temperature 
• Read out noise 
• Dark current 
• Oddities 

•  Instrument temperature 
• Fiber modal noise 
• Calibration 
• Use of AO 
• Heritage 
• Sky background 

Green:	advantage	op9cal	
Orange:	advantage	NIR	



calcula;ons	benchmarked	on	real	spectra	

MAROON-X:	Wavelength	Coverage	

See	also:	Reiners+	2010,	Rodler+	2011,	Bonom+	2013,	Figueira+	2016	

Seifahrt+	2016a	



MAROON-X:	Kiwispec	R4-100	

Timeline:	
•  June	2014	–	PDR	(thanks	to	Andy	Szentgyorgyi	&	Francesco	Pepe!)	
•  July	2015	–	Signed	contract	for	purchase	of	single	arm	spectrograph		
•  August	2015	–	FDR	
•  September	2016	–	Final	integra9on	and	first	light	in	the	lab	
•  January	2017	–	Installa9on	of	spectrograph	in	U.	Chicago	lab	
•  Late	2018	–	Commissioning	at	Gemini	

1.2m	
2.1m	



MAROON-X:	First	Light!	



MAROON-X:	Pupil	Slicer	

GZ470476ZAC  j-fiber 
         Jena  1 von 1 

 

GZ470476ZAC_PROTOCOL_GEOMETRY.DOC          
 

 
 

fiber length :   15 m 
core dimensions :   57 x 146,6 µm² 
cladding diameter :  299,6 µm 
coating diameter :  382 µm 
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Seifahrt+	2016b	

For	an	astronomical	
spectrograph:	

R:	spectral	resolving	power	
d:	beam	diameter	on	the	
gra9ng	
θ:	incidence	angle	
s:	sky	projected	slit	size	
D:	diameter	of	the	telescope	



MAROON-X:	Pupil	Slicer	

Seifahrt+	2016b	



MAROON-X:	Wavelength	Calibra9on	

Stürmer+	2016b	



MAROON-X:	Wavelength	Calibra9on	

Astro	Etalon	 ThAr	

Stürmer+	2016b	



MAROON-X:	Wavelength	Calibra9on	

rubidium	gas	cell 	 	confocal	etalon 	 	astro	etalon	

Stürmer+	2016b	



MAROON-X:	Wavelength	Calibra9on	

Stürmer+	2016b	



MAROON-X:	Wavelength	Calibra9on	

Astro	Etalon	13	cm/s	dris	
per	day	

Stürmer+	2016b	



MAROON-X:	Wavelength	Calibra9on	

Stürmer+	2016b	



MAROON-X:	Fiber	Characteriza9on	

Sutherland+	2016	

Classical	scrambling	gain	metric:	

dinput:	shis	of	image	at	the	fiber	input	
doutput:	shis	of	the	image	at	the	fiber	
output	
Dinput:	fiber	size	
Doutput:	near-field	image	size	



MAROON-X:	Fiber	Characteriza9on	

Sutherland+	2016	

*New*	scrambling	gain	metric:	

doutput:	shis	of	the	image	at	the	fiber	
output	
Dinput:	fiber	size	



MAROON-X:	Spectrum	Simulator	

Simula9on	by	Julian	Stürmer	



sky	fiber	

3x	sliced	stellar	spectra	

simultaneous	
calibra9on	fiber	

One	
echelle	
order	

Simula9on	by	Julian	Stürmer	

MAROON-X:	Spectrum	Simulator	



MAROON-X:	First	Light	



MAROON-X:	Performance	



MAROON-X:	Adventures	in	PPE	



See	our	recent	papers…	
MAROON-X	overview:	Seifahrt+,	arXiv:1606.07140	
Pupil	slicer:	Seifahrt+,	arXiv:1606.07139	
Fiber	scrambling:	Sutherland+,	arXiv:1607.02490	
Non-symmetric	fibers:	Stürmer+,	arXiv:1607.02494	
Astro	etalon:	Stürmer+,	arXiv:1607.05172	


