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GMT Telescope Mirrors

Doubly segmented mirror sets

 M1 - 8.36m 7 segments

 M2 - 1.06m 7 segments

 M1/M2 segments are conjugate

M2 segments of two types

 Fast-steering Secondary 

Mirrors (FSM, will support 

First light operation)

 Adaptive Secondary Mirrors 

(ASM, will provide AO 

capability to defeat 

atmospheric seeing)
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FSM Overview and Scope 

7 mirrors fabrication
- 1 mirror (on-axis) .

- 6 mirrors (off-axis)

Spare: 2 mirrors fabrication (TBD)
- 1 mirror (on-axis)

- 1 mirror (off-axis)
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FSM Design - Mirror and Cell 

On-axis mirror
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FSM Plan Review at GMTO
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IGRINS Characteristic Feature
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IGRINS Physical Size



11KASI OIR Technology Group Activities     22 Mar 2017     Subaru International Partnership Workshop

VLT CRIRES Physical Size
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IGRINS Optical Layout
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IGRINS Optical Bench Assembly
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IGRINS at McDonald Observatory

 High resolution in a single exposure : R=45,000 full coverage of H & K bands

 At McDonald 2.7m Telescope : Mar 2014 ~ July 2016 total 374 nights operated

▲ H band 25 orders                             TW Hydrae                            ▲ K band 22 orders
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IGRINS at McDonald Observatory

 High resolution in a single exposure : R=45,000 full coverage of H & K bands

 At McDonald 2.7m Telescope : Mar 2014 ~ July 2016 total 374 nights operated

▲ IGRINS at McDonald                       ▲ Slit-viewer image                            ▲ H band 25 orders
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IGRINS at DCT 4m Telescope

 Discovery Channel Telescope run by Lowell Observatory Flagstaff AZ

 DCT schedule : Oct 2016 ~ Feb 2017 : >50% nights assigned for IGRINS

 8m Gemini South Commissioning scheduled in March 2018

▲ IGRINS installed at DCT                          ▲ First Light Slit-viewer and H & K band Spectra
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Keck NIRSPEC vs. IGRINS 

Mace et al. 2012
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Unmatched Spectral Grasp of IGRINS 

This page is for Greg’s SPIE poster. 

 

Title: Three-dimensional Shock Structure of Orion KL Outflow with IGRINS 

Authors: Heeyoung Oh (KASI) and IGRINS Team 

 

 

Figure 1. Channel maps of H 2 1-0 S(1) λ2.122 μm line obtained from 13 consecutive slit                

positions at Orion peak 1. The intensity is integrated every 10 km s -1 interval at -140 < V LSR <                   

+100 km s -1 . The centeral velocity is marked at the bottom of each channel map. The radial                 

velocity increases from top-left to bottom-right. The identified fingers are marked with blue             

and red solid lines. Numbers represent finger numbers. The intensity is displayed in             

square-root scale. 

 

gmace@utexas.edu	

Stars	and	their	Environments	
	at	High-Resolu on	with	IGRINS	

Gregory	Mace,	Daniel	Jaffe,	Kyle	Kaplan,	Benjamin	Kidder,	Heeyoung	Oh,	Christopher	Sneden,	Melike	Afşar	

This	work	used	the	Immersion	Gra ng	Infrared	Spectrograph	(IGRINS)	that	was	developed	under	a	collabora on	between	the																														
University	of	Texas	at	Aus n	and	the	Korea	Astronomy	and	Space	Science	Ins tute	(KASI)	with	the	financial	support	of																																																			

the	US	Na onal	Science	Founda on	under	grant	AST-1229522,	of	the	University	of	Texas	at	Aus n,	and	of	the	Korean	GMT	Project	of	KASI.		

The	current	version	of	the	IGRINS	Pipeline	Package	(wri en	in	Python,	maintained	by	Dr.	Jae-Joon	Lee,	and	available	on	GitHub)	op mally	extracts	
the	flux	and	OH	wavelength	solu ons.	Standard	pipeline	extrac ons,	with	each	spectral	order	marked	by	an	alterna ng	color,	is	shown	above.	

Wavelength	(μm)	

H	band	

K	band	

CO	Bandhead	Mg	

Gl	576	(K8V)	

Gl	752	(M3V)	 Gl	285	(M4.5V)	

GJ	1243	(M4V)	

IGRINS,	the	Immersion	GRa ng	INfrared	Spectrometer,	is	on	the	Cassegrain	port	of	the	2.7m	Harlan	J.	
Smith	 Telescope	 at	 McDonald	 Observatory.	 Employing	 a	 silicon	 immersion	 gra ng,	 IGRINS	
simultaneously	covers	the	H	and	K	bands	(1.45-2.5	μm)	with	a	resolving	power	of	R~45,000.	The	
straigh orward	op cal	design	of	IGRINS	provides	excep onal	throughput.	In	good	weather,	IGRINS	
spectra	across	the	en re	H	and	K		bands	are	comparable	to	those	from	Keck/NIRSPEC	with	similar	
exposure	 mes.	As	a	result	of	a	fixed	op cal	path	(no	cryogenic	mechanisms),	flexure	in	the	system	is	
less	than	0.1	pixels	in	a	one-hour	exposure,	and	less	than	a	pixel	across	the	sky.	Commissioning	
performance	is	discussed	in	detail	by	Park	et	al.	(2014,	SPIE,	9147)	and	a	performance	update	of	the	
first	300	nights	of	science	will	be	presented	later	this	month	at	the	SPIE	mee ng	in	Edinburgh.			

Kaplan	et	al.	(2016,	in	prep.)	reveal	the	results	of	a	single	deep	poin ng	on	the	Orion	
Bar.	This	bright	photo-dissocia on	region	(PDR)	is	dense,	nearby,	and	edge-on.	The	
IGRINS	slit	alignment	probes	the	gradient	across	the	PDR,	where	the	molecular	gas	is	
exposed	to	UV	radia on	from	the	massive	OB	stars	in	the	Trapezium	cluster.	Over	80	
different	H2	rovibra onal	transi ons	were	detected	in	the	Orion	Bar	thanks	to	the	large	
simultaneous	wavelength	coverage	and	resolu on	of	IGRINS.	

Oh	et	al.	(2016	in	prep.)	analyze	the	three-dimensional	shock	structure	of	Orion	KL	
ou low	with	IGRINS.	Channel	maps	of	H2,	from	the	1-0	S(1)	λ2.122	μm	line,	were	
obtained	from	13	adjacent	slit	posi ons	on	the	Orion	KL	peak	1.	The	intensity	is	
integrated	in	10	km/s	intervals	of	-140	<	VLSR	<		+100	km/s.	The	central	velocity	is	
marked	at	the	bo om	of	each	channel	map.	Ou low	streams	are	marked	with	blue	
and	red	solid	lines.	In	the	right	figure,	the	stream	distribu on	along	the	line	of	sight	
direc on	in	two	and	three	-dimensions	are	shown.		

The	high	spectral	resolu on	of	IGRINS	enabled	us	to	iden fy	31	ou low	fingers.	The	
inclina on	angles	of	ou lows	were	es mated	from	the	observed	bow-shock	line	
profiles,	which	have	mul ple	peaks	with	low-	and	high-velocity	components	around	
VLSR	=	8km/s.		

Afşar	et	al.	(2016,	ApJ,	819,	103)	present	the	u lity	of	IGRINS’	broad	
spectral	coverage	in	measuring	abundances	in	stellar	atmospheres.	
IGRINS	spectra	of	the	first	CO	overtone	bandhead	in	the	field		red	
horizontal-branch	star	HIP	54048	(blue)	and	the	bright	very	metal-
poor	halo	giant	HD	122563	(black)	are	shown	above.	By	co-adding	
lines,	we	can	measure	abundances	to	0.01	dex.	The	different	colors	
show	0.3	dex	steps	in	model	C	abundance.	

Examples	of	five	posi on-
velocity	diagrams	for	H2	

rovibra onal	emission	lines	
detected	in	the	Orion	Bar.		
The	flux	density	in	posi on-

velocity	space	of	the	
brightest	line,	1-0	S(1),	is	

used	as	a	weighted	
template	(colored	contours	
on	the	le )	for	extrac ng	
the	flux	of	the	other	lines.	

Dr. Jae-Joon Lee (KASI) - https://github.com/igrins/plp
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G-CLEF Instrument Overview

The GMT-Consortium Large Earth Finder (G-CLEF) properties:

• Fiber-fed optical echelle spectrograph

• General purpose instrument

• Precision radial velocity (PRV) capable

• The first light science instrument for the GMT

• Passband is 3500Å  – 9000Å  (Spec) / 9500Å  (Goal)

• Operates in 4 resolution modes

• Has an interface to MANIFEST for MOS operation

PRV: Precision Radial Velocity Mode

NS-PRV: Non-scrambled PRV Mode

MR: Medium Resolution Mode

HT: High Throughput Mode
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G-CLEF Collaboration
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Harvard-Smithsonian Center for Astrophysics
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Pontificia Universidad Catolica de Chile
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Korea Astronomy and Space Science Institute
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G-CLEF Location on GMT

Gravity-Invariant
Azimuth Platform

G-CLEF Fiber Optic
Run

G-CLEF Spectrograph
In Thermal Enclosure
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G-CLEF System Design

G-CLEF Front End Assembly (GCFEA)

G-CLEF spectrograph (GCSPECT)

Multi-Object Spectroscopy feed (MANIFEST)

Calibration Light Source (GCCLS) 

Science fiber feed assembly (GCSFIB)

Calibration fiber feed assembly (GCCFIB)
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Spectrograph Vacuum Enclosure
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Spectrograph Mounted in Vacuum Vessel

G-CLEF is vacuum enclosed to insulate the spectrograph thermally and 

stabilize the index of refraction of the immersing medium to maximize radial 

velocity measurement precision. Vessel is made of aluminum.



26KASI OIR Technology Group Activities     22 Mar 2017     Subaru International Partnership Workshop

Front End Telescope Interface

The GMT guide itself exquisitely 

(< 0.2 arcsec over the observable sky)

The telescope guide systems (AGWS) 

& G-CLEF fiber interface are not co-

located

Telescope flexure requires that G-

CLEF has a dedicated Flexure Control 

System

Fiber feed and flexure control system follows 

last relay optic in the front end

Flexure Control Camera subsystem guides out 

telescope flexure

Capability to accommodate wafefront sensor 

for adaptive optics control
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Calibration Light Subsystem at Azimuth Platform
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Dichroic Mirror Mount Assembly

Double blade flexures, mount bezel, tip-tilt for alignment



29KASI OIR Technology Group Activities     22 Mar 2017     Subaru International Partnership Workshop

OIR Tech Group Activities

GMT Development 

Activities by KASI

Instrument

Technology

Telescope

Technology

FSM GMTNIRSG-CLEF

IGRINSFSM-P



30KASI OIR Technology Group Activities     22 Mar 2017     Subaru International Partnership Workshop

GMTNIRS Design Concept

GMTNIRS is a high resolution AO-fed spectrograph for the infrared

covers all of the 1.12-5.3 micron range in a single exposure through an

85 mas slit with 4 pixel sampling.  R= 50,000 at JHK and 90,000 at LM



31KASI OIR Technology Group Activities     22 Mar 2017     Subaru International Partnership Workshop

GMTNIRS Design Concept

 International collaboration similar to IGRINS: KASI-UT (Carnegie-KHU)

 JHKLM five modular design - one spectrograph per band

 Subunits packaged separately for easier alignment and thermal management
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An immersion grating for IGRINS

G
ra

ti
n
g
s

Immersion Grating Fabrication
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