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Launch	date	late	2030s?	
	
LUVOIR	and	ELTs	overlap.	
ELTs	have	long	life@mes.	
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TMT Partnership and timescale 

Project	formed	in	2004	–	CELT,	GSMT,	VLOT	
Q2	2014	–	Construc@on	Phase	
Q2	2018	–	Heavy	Construc@on	
Q4	2026	–	Science	Opera@ons	

?	

Construction activities continue. 
All major and critical systems are 
construction ready (FDP or PDP). 
Aggressive effort to finalise site. 
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Detailed Science Case 2015 by TMT 
International Science Development Teams 
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Reference:	Skidmore	et	al.	2015,	Research	In	Astronomy	and	Astrophysics	(RAA),	Volume	15,	Issue	12,	ArBcle	id.	1945	
hEp://www.tmt.org/sites/default/files/documents/applicaBon/pdf/tmt-dsc-2015-release-2015apr29-s2.pdf	

Cosmology	
Early	Universe,	Galac@c	Evolu@on,	SMBHs	

Stellar	Abundances	and	Evolu@on	
Star	and	planet	forma@on,	Exoplanet	Characterisa@on	

	Solar	System	Surfaces	&	Atmospheres	
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System Architecture 
Ritchey-Chrétien optical design 
f/15 final focal ratio, 20” FOV 
2.62m diameter focal plane 
0.00046”/µm platescale 

3.1m convex hyperboloid 
secondary mirror 

30m hyperboloid f/1 primary 

Flat 2.5m x 3.5m tertiary 

Science 
instruments 
mounted on 
Nasmyth 
platforms 

+1° to +65° 
Zenith angles 

Remote PI led and queue scheduled 
observations, eavesdropping if needed 

Cross partner large programs 
Small programs 

Adaptive 
optics system 

Rapid 
response 

                   
Flexible scheduling 

TMT	resolu*on	at	1µm	is	7	mas	
7	mas	=	200m	at	5Mkm,	25	km	at	5	AU	(Jupiter)	

0.035	AU	at	5	pc	(nearby	stars)	,	0.034	pc	at	1	Mpc,	300	pc	at	z~2.5	
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A Powerful Development Model  
– 2005/6 Studies 

HROS-CASA	

IRMOS-UF	WFOS-HIA	

HROS-UCSC	
MIRES	

IRMOS-CIT	

IRIS	

PFI	

More than 200 scientists and engineers at 48 
institutes across North America and Europe 

International partners have also been 
developing science cases and conducting their 

own instrument studies 

On-going “community explorations”  
(e.g., workshops, testbeds, studies)  

leading to new concepts (MICHI, SEIT, HROS, 
NIRES, MODRES) and instruments (RAVEN) 

Observing programs, requirements, concepts, 
performance, etc.  
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 Nasmyth Configuration:  
Full Instrumentation Suite 

HROS	

WFOS	

IRMOS	

MIRAO/	
MIRES	

APS	

PFI	

NFIRAOS	

IRIS		
(bo[om	port)	

IRMS	

NIRES-B	(side	port)	
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0.8-2.5μm	4.5”	FOV	IFU	
34”	FOV	Broad	Band	Imager	
50	micro	arcsec	astrometry	0.31-1.0μm	40”2	Imager	
200	objects,	R	up	to	16000	
0.95-2.5μm	2’	Imager	
46	objects,	R	up	to	5000	
mulBple	3”	FOV	IFUs	
0.8-2.5μm,	5’	field	
8-18μm	R~100,000	
10”	Imager	
1-2.5μm	R~100	IFU	
>108	contrast,	1”	IWA	

1-5μm	R~100,000	
Facility	AO	fed	

0.31-1.1μm	R	up	to	50,000	
0.8-5μm	Imager	
30”	FOV,	R~5	to	100	

TMT Planned Instrument Suite 

50μ	arcsec	astrometry	
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TMT First Light Instrument Suite 

Possible	instruments	within	TMT	
instrument	roadmap.	A	call	for	2nd	
genera@on	instruments	will	be	
released	in	2017	(TBC)	

Part of Observatory Construction Q4 2026 

2x2	16.4”x16.4”	

Up	to	200	objects	

50μ	arcsec	astrometry	
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An ELT Instrumentation  
“Equivalence Table”   

Type of Instrument GMT TMT E-ELT 
Near-IR, AO-assisted Imager + IFU GMTIFS IRIS HARMONI 
Wide-Field, Optical Multi-Object 
Spectrometer 

GMACS WFOS MOSAIC-
HMM 

Near-IR Multislit Spectrometer NIRMOS IRMS MOSAIC-
HMM 

Deployable, Multi-IFU Imaging 
Spectrometer 

IRMOS MOSAIC-
HDM 

Mid-IR, AO-assisted Echelle 
Spectrometer 

MIRES METIS 

High-Contrast Exoplanet Imager TIGER PFI ELT-PCS 
Near-IR, AO-assisted Echelle 
Spectrometer 

GMTNIRS NIRES HIRES 

High-Resolution Optical Spectrometer G-CLEF HROS HIRES 
“Wide”-Field AO-assisted Imager WIRC/IRIS 

(Imager) 
MICADO 

Cheat	sheets	for	
E-ELT,	GMT	and	
TMT	capabili@es	
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Steps Towards Future  
Instruments 

Board	

SAC	 IDO	

SAC	 IDO	

IDO	

Board	 IDO	

IDO	

IDO	

Community	

SAC	 IDO	

Community	 Takes	about	10	years	
Plan	to	start	in	2017	(TBD)	
			-	Groups	are	ready	

~2.5	yr	cadence	for	~6	instruments	
and	~2	AO	upgrades	
			-	Final	instrument	delivery	in	early	2040s!	
Community	ExploraBons	and	SAC	
PrioriBzaBon	ensure	flexibility	
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TMT International Science  
Development Teams 

 ~215 individuals in 9 teams 
 Early Universe, Galaxy Formation and the IGM 
Exoplanets 
 Formation of Stars and Planets 
 Fundamental Physics and Cosmology 
 Milky Way and Nearby Galaxies 
 Solar System 
 Stars, Stellar Physics and the ISM 
 Supermassive Black Holes 
 Time Domain Science 
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TMT International Science  
Development Teams 

 All volunteers (no financial assistance) 
 Annual renewal of membership/calls for new members 

 Coordinated by TMT SAC members Tommaso 
Treu and Mark Dickinson 
 Varying levels of self-organisation up to organising 
topical conferences 

 Activities 
 All input for 2015 Detailed Science Case from ISDTs 
 Proposals for Cross-Partner Key Programs 

 Several dozen proposals for ~15 years of telescope time! 
 Updated science requirements flowdown 
 WFIRST/TMT synergies 
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Summary 
  TMT will be a general purpose observatory with all 
major forms of instrumentation 
  Q4 2026 Science operations 

  1st light instruments under development 
 Work horse capabilities, broad use cases 
 Near IR AO fed IFU, imager and MOS 
 Optical wide field MOS 

  ~2.5 yr cadence for new instruments and AO 
  Concepts are actively being developed 
  Decision and development process is defined 

 Flexible on the timescale for LUVOIR overlap 

  TMT International Science Development Teams 
  Can provide science input if needed 

  CHEATSHEETS – TMT, E-ELT and GMT 
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Backup slides 
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TMT First Light AO System 

Narrow Field IR AO 
System (NFIRAOS) 

–  LGS, multi-conjugate AO  

–  6 laser guidestar WFSs 
–  Two Piezostack DMs 
–  Tip/tilt stage 
–  Order 60x60 correction 
–  800Hz update rate 
–  Fast (< 5 min) switch 

between targets with 
same instrument 

Tip/tilt/focus Infrared NGS 
WFSs in client 
instruments IRIS, IRMS 

–  Science detector “On 
Detector Guide 
Windows” 

M2	

M3	

M1	

IRMS 

IRIS 

Third port future 
instrument 

NFIRAOS 

Laser	Launch	
Telescope	

Laser 
System 
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TMT First-Light Science  
Instruments on the Telescope 

•  Ritchey-ChréBen	
opBcal	design	

•  30-m	f/1	primary	

•  3.1-m	convex	
secondary	

•  2.5	m	x	3.5	m	flat	
terBary	

•  f/15	final	focal	raBo	

•  20ʹ	Field	of	view	is	
2.62m	in	diameter	

•  Science	instruments	
mounted	on	
Nasmyth	plalorms	
(fixed	gravity	vector)	

NFIRAOS 

Wide-Field Optical 
Spectrograph 
(WFOS) 

M2	

M3	

M1	

InfraRed Multi-Slit 
Spectrometer (IRMS) 

Third port future 
instrument 

InfraRed Imaging 
Spectrometer 

(IRIS) 
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Future Instrumentation  
Development Plan 

Instrument 
Development Office  
Coordinates AO and 

Instrument development 
and sourcing 

development funding 
4+ FTEs ~$12M/year 
Forming late 2016 
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Future Instrumentation  
Development Plan 

To inform prioritization 
by SAC 
Coordinated through 
SAC and Observatory 
 - Workshops  
 - White papers 
 - Unsolicited proposals 
 - 1st call 2017 (TBC) 
 
Technical/scientific 1 
year $100K mini-studies 
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TMT	resolu*on	at	1µm	(λ/d)	is	7	mas,	4	mas	pixels	
7	mas	=	200m	at	5Mkm,	25	km	at	5	AU	(Jupiter)	

0.035	AU	at	5	pc	(nearby	stars)	,	0.034	pc	at	1	Mpc,	300	pc	at	z~2.5	

Diffraction limited observations 
with AO on TMT 

!
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Future Instruments:  
Feasibility Studies? 

  Feasibility studies for future instruments: Why now? 
  Very strong interest across partnership 
  Updated and/or new instrument concepts 
  Updated technical information required (e.g., cooling requirements)  
  Updated cost and schedule estimates for development budget 
planning 
  Foster new collaborations and involve new groups into our 
instrumentation effort – important at this critical time for TMT 

  A possible plan: 
  ~3-4 studies with 1.5 year duration 
  Modest cash contributions leveraging larger in-kind contributions 

  MICHI team produced a very impressive feasibility report with NSF ATI funding and 
Japanese contributions 

  Call for proposals in 2017Q1 (see proposed timeline) 



22 

Future Instruments Studies:  
A Proposed Timeline 



23 

Science Instrument Status 

  IRIS: Preliminary Design Phase started in April 2013 and 
scheduled for completion in November 2016 

  WFOS:  
  Conceptual Design Handover Workshop held in October 2013 
  A 1-year “mini-study” phase with participants from 15 institutes 
across the TMT partnership was completed in April 2015 
  An “Opto-Mechanical Design and Requirements” (OMDR) phase 
was initiated in January 2016 and is scheduled for completion in 
January 2017 

  IRMS:  
  A 2013 mini-study showed IRMS to be a viable option for TMT
+NFIRAOS 
  Mini-studies are under discussion 

  Future instruments: Call for Feasibility Study proposals in 
early 2017 under discussion 
 



GMT First Generation Instrument Status 

Jacoby	-	GMT	
InstrumentaBon	 SPIE	—	June	30,	2016	 2

4	

Instrument)/)Mode Capabilities λ)Range,)
μm Resolution Field)of)View

G>CLEF)/"NS,"GLAO,"
NGSAO

Optical"High"Resolution"
Spectrograph"/"PRV 0.35"– 0.95 19,000"– 108,000 7"x"0.7,1.2”"fibers

GMTIFS /"LTAO,"
NGSAO NIR AOLfed"IFS"/"Imager 0.95"– 2.5 5,000"& 10,000 10"/"400"arcsec2

GMACS /"NS,"GLAO" WideLField"Optical"MultiL
Object"Spectrograph 0.35"– 0.95" 1,000"– 6,000

(8K"with"MANIFEST) 7.5’ diameter

ComCam /"NS,"GLAO Optical"Imager 0.34"– 1.0 0.06"arcsec/pix 6"x"6"arcmin

GMTNIRS /"NGSAO,"
LTAO"

JHKLM"AOLfed"High"
Resolution"Spectrograph 1.1"– 5.3 50,000"/"75,000

(JHK"/ LM) 1.2”"longLslit

MANIFEST / NS,"GLAO Facility"Robotic"Fiber"Feed 0.36"– 1.0 20’"diameter
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Additional information 
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TMT Instrument – InfraRed Multi-object 
Spectrograph 

IRMS	

Very	close	copy	of	
Keck’s	MOSFIRE	
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WFOS first light instrument 

WFOS		
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IRIS Focal Plane: 
Imager + 2 IFUs + 3 Guide Stars 

Lenslet	and	Slicer	IFUs	
0.84	-2.4µm,	R	=	4000-8000	

	

Imager	
16″.4×16″.4	field	(on-axis)	

w/	0″.004	pixels	
(JHK	+	Narrow-bands)	

Three	Probe	Arms	
4″	FoV	w/		

0″.004	pixels	
(control	plate	scale	and	

astrometry)	

	
2	Coarse	Scales	(Slicer)	
1″.13×2″.20@0″.025	
2″.25×4″.4@0″.050	

2	Fine	Scales	(Lenslet)	
0″.45×0″.51@0″.004	
1″.01×1″.15@0″.009	

2	arcmin	

Imager 16”.4x16”.4 

Deployed	
Slicer	Pickoff		
and	max	field	
(4”.4x2”.25)	

Fixed	
Lenslet	Pickoff		
and	max	field	
(1”.01x1”.15)	

1”.2	

34”	
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From Science to Subsystems 

IRIS	

and will hopefully determine general classes of galaxies that
OSIRIS is capable of distinguishing between on the basis of ob-
served two-dimensional velocity information. In the future the
ability to draw such distinctions may allow us to test the predic-
tions of hierarchical formation theory by quantifying the relative
star formation rates in massive disks versus in protogalactic
mergers at high redshift.

3.5. H! Morphologies and Photometry

In addition to providing valuable kinematic information,
OSIRIS stands to provide high-quality broadband, narrowband,
and emission-line morphologies and photometry of galaxies both
at high redshift and in the local universe. Since roughly 80% of
the wavelength range covered by the instrument is free of atmo-
spheric OH emission, it will be possible to sum only those spec-
tral channels free of contamination to reach effective backgrounds
up to 3 mag fainter (in theH band) than is possible with standard
photometry. Narrowband photometry will thus in a sense come
‘‘free’’ with kinematic studies, and during postobserving the ob-
server will be free to use the data cube to create any of a number
of desirable data products. Since for photometric purposes all
emission in a given lenslet can be summed regardless of small
velocity shifts, photometry of z ! 2 2:6 star-forming galaxies
will be possible on scales of at least 50 mas, and possibly below.
Such photometric and morphological data will present comple-
mentary information to the kinematic data and will likely be of
use in interpreting kinematic results.

4. PHYSICAL LIMITATIONS

Having explored the scientific promise of OSIRIS for the
z ! 2 galaxy sample, we extend our discussion to consider basic

design specifications for an arbitrary ground-based telescope
and their impact on possible targets for integral-field spectros-
copy. As the range of parameter space is too broad to cover fully,
we restrict ourselves to considering an OSIRIS-like IFS with
mechanical and electrical specifications as detailed in x 3.1. This
study is therefore specific to OSIRIS-type spectrographs and
Mauna Kea–like atmospheric conditions but indicates general
trends.

4.1. Limiting Line Fluxes: Sampling Scales

We begin by considering the limiting line fluxes that Keck
OSIRIS will be able to detect at the 5 " level in 1 hr of inte-
gration. Were detector noise negligible, then for a ‘‘large’’ and
uniformly bright extended source (i.e., a source for which strehl
and PSF losses can be neglected) this line flux density would be
roughly independent of lenslet sampling scale, since both sky
background and line flux scale with the area a2 of sky subtended
by a lenslet. However, as demonstrated previously in Figure 2,
detector noise dominates the noise budget at most wavelengths,
so while line flux still decreases with the lenslet area, the noise
within a given lenslet remains approximately constant. As indi-
cated in Figure 9, the limiting line flux therefore tends to increase
dramatically as lenslet size shrinks. Unsurprisingly, this increase
in limiting flux is less rapid for unresolved point sources.

4.2. Limiting Line Fluxes: Telescope Aperture

Increasing telescope aperture for an AO-enabled telescope
affects the limiting line flux both by increasing the photon col-
lection area and by concentrating the PSF of the diffraction-
limited image, effectively increasing the signal in proportion to
the primary mirror diameter asD4. The net effect as a function of

Fig. 8.—(a) HSTACS B-band image of BX 1332 from the GOODS-N survey. Panel b reproduces the S/N ratio map for spectroscopic detection of the galaxy, and
panels c and d respectively show the velocity profiles reconstructed from simulated observational data for rotating disk and bimodal velocity structures. Panels c and d
plot only data from those lenslets with greater than 3 " detections of emission-line flux and for which the recovered velocity is within 1000 km s"1 of the systemic
redshift.

STRATEGIES FOR INTEGRAL-FIELD SPECTROSCOPY 79No. 1, 2006

Galaxy/metallicity evolution 
High-z dynamics/morphology 
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IRIS Mounted on NFIRAOS 
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Planet	
FormaBon	
Instrument	

From Science to Subsystems 
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HROS	
(W=11m,	H=4m,	L=10m)	

MIRES	
(W=2.2m,	H=6.1m,	L=2.6m)	

NIRES	

From Science to Subsystems 
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Mid-IR spectroscopy - Solar System 

Physics	and	Chemistry	of	Cometary	Atmospheres	–	mid-IR	requires	low	PWV	and	MICHI	

CO(2-1)	emission	and	dust	conBnuum		
from	Comet	Hale-Bopp	at	1’’	resoluBon	
with	with	IRAM	
	
Submm+opBcal	=	nucleus	albedo	and	size		
	
(Figure	40	-	“Science	with	ALMA”	Document)	

DetecBon	of	parent	volaBles	in	Comet	Lee	(C/1999	H1)	at	R=20,	000.	
TMT/NIRES	will	allow	diffracBon-limited	observaBons	at	R=100,000	
over	the	range	4.5	-	28	µm	
	
Look	for	“chemical	families”	as	probes	of	the	Oort	Cloud	
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From Science to Subsystems 

NFIRAOS				fast	
switching	
science	fold	
mirror	

ArBculated	
M3	for	fast	
instrument	
switching	

Fast	slewing	and	
acquisiBon	

+X	Nasmyth	
structure	

-X	Nasmyth	
structure	

10	minute	maximum	
system	response	Bme	


