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Imaging at TMT



Seeing-limited observations and observations of resolved sources

Background-limited AO observations of unresolved sources

High-contrast AO observations of unresolved sources
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The Importance of 
Adaptive Optics
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Packaging Capabilities -
TMT SRD Instrument Suite

Instrument ! (!m) 
Field of view/ 

Slit length 
Spectral 

resolution 
Science Cases 

InfraRed Imager and 
Spectrometer 

(IRIS) 

0.8 – 2.5 
0.6 – 5 
(goal) 

<3"" IFU  

>15""imaging 
> 3500 

5-100 (imaging) 

• Assembly of galaxies at high z 
• Black holes/AGNs/Galactic Center 
• Resolved stellar populations in crowded 

fields 

Wide-field Optical 
spectrometer and imager 

(WFOS) 
0.31 – 1.0 

>40 arcmin2 
>100 arcmin2 (goal) 

Slit length>500"" 

1000-
5000@0.75"" slit 

>7500 @0.75"" 

(goal) 

• IGM structure and composition at 2 < z < 6 
• Stellar populations, chemistry and 

energetics of z > 1.5 galaxies 

InfraRed Multislit 
Spectrometer (IRMS) 

0.95 – 2.45 

2 arcmin field, up to 
120"" total slit length 

with 46 deployable slits 

R=4660 @ 0.16 
arcsec slit 

• Early Light 
• Epoch of peak galaxy building 
• JWST follow-ups 

Deployable, multi-IFU, 
near-IR spectrometer 

(IRMOS) 
0.8 – 2.5 

3"" IFUs over >5" 

diameter field 
2000-10000 

• Early Light 
• Epoch of peak galaxy building 
• JWST follow-ups 

Mid-IR AO-fed Echelle 
spectrometer (MIRES) 

8 – 18 
4.5 – 28 
(goal) 

3"" slit length 

10"" imaging 
5000-100000 

• Origin of stellar masses 
• Accretion and outflows around protostars  
• Evolution of gas in protoplanetary disks 

Planet Formation 
Instrument 

(PFI) 

1 – 2.5 
1 – 5 (goal) 

1"" outer working angle, 

0"".05 inner working 

angle 

R!100 

• 108 contrast ratio (109 goal) 
• Direct detection and spectroscopic 

characterization of exoplanets 

Near-IR AO-fed echelle 
spectrometer (NIRES) 

1 - 5 2"" slit length 20000-100000 

• IGM at z > 7, gamma-ray bursts 
• Local Group abundances 
• Abundances, chemistry and kinematics of 

stars and planet-forming disks 
• Doppler detection of terrestrial planets 

around low-mass stars 

High-Resolution Optical 
Spectrometer (HROS) 

0.31 – 1.1 5"" slit length 50000 

• Doppler searches for exoplanets 
• Stellar abundance studies in Local Group 
• ISM abundance/kinematics 
• IGM characteristics to z~6 

“Wide”-field AO imager 
(WIRC) 

0.8 – 5.0 30"" imaging field 5-100 
• Precision astrometry (e.g., Galactic Center) 
• Resolved stellar populations out to 10 Mpc 



Instrument ! (!m) 
Field of view/ 

Slit length 
Spectral 

resolution 
Science Cases 

InfraRed Imager and 
Spectrometer 

1IRIS2 

0.5 6 7.8 
0.9 6 8 
1goal2 

;3"" IF>  

?18""imaging 
? 3800 

8-100 1imaging2 

! CssemblF of galaGies at high I 
! Jlack holesLCMNsLMalactic Center 
! Resolved stellar populations in croRded 

fields 

Side-field Tptical 
spectrometer and imager 

1SFTS2 
0.31 6 1.0 

?40 arcmin7 
?100 arcmin7 1goal2 

Slit length?800"" 

1000-
8000V0.W8"" slit 

?W800 V0.W8"" 

1goal2 

! IMM structure and composition at 7 ; I ; 9 
! Stellar populationsY chemistrF and 

energetics of I ? 1.8 galaGies 

InfraRed Multislit 
Spectrometer 1IRMS2 

0.98 6 7.48 

7 arcmin fieldY up to 
170"" total slit length 

Rith 49 deploFable slits 

R[4990 V 0.19 
arcsec slit 

! EarlF ]ight 
! Epoch of peak galaGF building 
! ̂ SST folloR-ups 

DeploFableY multi-IF>Y 
near-IR spectrometer 

1IRMTS2 
0.5 6 7.8 

3"" IF>s over ?8" 

diameter field 
7000-10000 

! EarlF ]ight 
! Epoch of peak galaGF building 
! ̂ SST folloR-ups 

Mid-IR CT-fed Echelle 
spectrometer 1MIRES2 

5 6 15 
4.8 6 75 
1goal2 

3"" slit length 

10"" imaging 
8000-100000 

! Trigin of stellar masses 
! Cccretion and outfloRs around protostars  
! Evolution of gas in protoplanetarF disks 

Planet Formation 
Instrument 

1PFI2 

1 6 7.8 
1 6 8 1goal2 

1"" outer Rorking angleY 

0"".08 inner Rorking 

angle 

R!100 

! 105 contrast ratio 1109 goal2 
! Direct detection and spectroscopic 

characteriIation of eGoplanets 

Near-IR CT-fed echelle 
spectrometer 1NIRES2 

1 - 8 7"" slit length 70000-100000 

! IMM at I ? WY gamma-raF bursts 
! ]ocal Mroup abundances 
! CbundancesY chemistrF and kinematics of 

stars and planet-forming disks 
! Doppler detection of terrestrial planets 

around loR-mass stars 

High-Resolution Tptical 
Spectrometer 1HRTS2 

0.31 6 1.1 8"" slit length 80000 

! Doppler searches for eGoplanets 
! Stellar abundance studies in ]ocal Mroup 
! ISM abundanceLkinematics 
! IMM characteristics to Ic9 

dSidee-field CT imager 
1SIRC2 

0.5 6 8.0 30"" imaging field 8-100 
! Precision astrometrF 1e.g.Y Malactic Center2 
! Resolved stellar populations out to 10 Mpc 
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Packaging Capabilities -
TMT SRD Instrument Suite



Instrument ! (!m) 
Field of view4 

Slit length 
Spectral 

resolution 
Science Cases 

InfraRed Imager and 
Spectrometer 

(IRIS) 

0.8 – 2.5 
0.6 – 5 
(goal) 

<3"" IFU  

>15""imaging 
> 3500 

5-100 (imaging) 

! Assembly of galaxies at high z 
! Black holes/AGNs/Galactic Center 
! Resolved stellar populations in crowded 

fields 

Wide-field Optical 
spectrometer and imager 

(WFOS) 
0.31 – 1.0 

>40 arcmin2 
>100 arcmin2 (goal) 

Slit length>500"" 

1000-
5000V0.75"" slit 

>7500 V0.75"" 

(goal) 

! IGM structure and composition at 2 < z < 6 
! Stellar populations, chemistry and 

energetics of z > 1.5 galaxies 

InfraRed Multislit 
Spectrometer (IRMS) 

0.95 – 2.45 

2 arcmin field, up to 
120"" total slit length 

with 46 deployable slits 

R=4660 V 0.16 
arcsec slit 

! Early Light 
! Epoch of peak galaxy building 
! ̂ WST follow-ups 

Deployable, multi-IFU, 
near-IR spectrometer 

(IRMOS) 
0.8 – 2.5 

3"" IFUs over >5" 

diameter field 
2000-10000 

! Early Light 
! Epoch of peak galaxy building 
! ̂ WST follow-ups 

Mid-IR AO-fed Echelle 
spectrometer (MIRES) 

8 – 18 
4.5 – 28 
(goal) 

3"" slit length 

10"" imaging 
5000-100000 

! Origin of stellar masses 
! Accretion and outflows around protostars  
! Evolution of gas in protoplanetary disks 

Planet Formation 
Instrument 

(PFI) 

1 – 2.5 
1 – 5 (goal) 

1"" outer working angle, 

0"".05 inner working 

angle 

R!100 

! 108 contrast ratio (109 goal) 
! Direct detection and spectroscopic 

characterization of exoplanets 

Near-IR AO-fed echelle 
spectrometer (NIRES) 

1 - 5 2"" slit length 20000-100000 

! IGM at z > 7, gamma-ray bursts 
! Local Group abundances 
! Abundances, chemistry and kinematics of 

stars and planet-forming disks 
! Doppler detection of terrestrial planets 

around low-mass stars 

High-Resolution Optical 
Spectrometer (HROS) 

0.31 – 1.1 5"" slit length 50000 

! Doppler searches for exoplanets 
! Stellar abundance studies in Local Group 
! ISM abundance/kinematics 
! IGM characteristics to z~6 

“Wide”-field AO imager 
(WIRC) 

0.8 – 5.0 30"" imaging field 5-100 
! Precision astrometry (e.g., Galactic Center) 
! Resolved stellar populations out to 10 Mpc 

!
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Packaging Capabilities -
TMT SRD Instrument Suite



Instrument ! (!m) 
Field of view/ 

Slit length 
Spectral 

resolution 
Science Cases 

InfraRed Imager and 
Spectrometer 

(IRIS) 

0.8 – 2.5 
0.9 – 5 
(goal) 

<3"" IF>  

>15""imaging 
> 3500 

5-100 (imaging) 

• Assembly of galaxies at high I 
• Jlack holes/AMNs/Malactic Center 
• Resolved stellar populations in crowded 

fields 

Wide-field Optical 
spectrometer and imager 

(WFOS) 
0.31 – 1.0 

>40 arcmin2 
>100 arcmin2 (goal) 

Slit length>500"" 

1000-
5000V0.75"" slit 

>7500 V0.75"" 

(goal) 

• IMM structure and composition at 2 < I < 9 
• Stellar populations, chemistry and 

energetics of I > 1.5 galaxies 

InfraRed Multislit 
Spectrometer (IRMS) 

0.95 – 2.45 

2 arcmin field, up to 
120"" total slit length 

with 49 deployable slits 

R=4990 V 0.19 
arcsec slit 

• Early Light 
• Epoch of peak galaxy building 
• JWST follow-ups 

Deployable, multi-IF>, 
near-IR spectrometer 

(IRMOS) 
0.8 – 2.5 

3"" IF>s over >5" 

diameter field 
2000-10000 

• Early Light 
• Epoch of peak galaxy building 
• JWST follow-ups 

Mid-IR AO-fed Echelle 
spectrometer (MIRES) 

8 – 18 
4.5 – 28 
(goal) 

3"" slit length 

10"" imaging 
5000-100000 

• Origin of stellar masses 
• Accretion and outflows around protostars  
• Evolution of gas in protoplanetary disks 

Planet Formation 
Instrument 

(PFI) 

1 – 2.5 
1 – 5 (goal) 

1"" outer working angle, 

0"".05 inner working 

angle 

R!100 

• 108 contrast ratio (109 goal) 
• Direct detection and spectroscopic 

characteriIation of exoplanets 

Near-IR AO-fed echelle 
spectrometer (NIRES) 

1 - 5 2"" slit length 20000-100000 

• IMM at I > 7, gamma-ray bursts 
• Local Mroup abundances 
• Abundances, chemistry and kinematics of 

stars and planet-forming disks 
• Doppler detection of terrestrial planets 

around low-mass stars 

High-Resolution Optical 
Spectrometer (HROS) 

0.31 – 1.1 5"" slit length 50000 

• Doppler searches for exoplanets 
• Stellar abundance studies in Local Mroup 
• ISM abundance/kinematics 
• IMM characteristics to Ic9 

dWidee-field AO imager 
(WIRC) 

0.8 – 5.0 30"" imaging field 5-100 
• Precision astrometry (e.g., Malactic Center) 
• Resolved stellar populations out to 10 Mpc 

!

Packaging Capabilities -
TMT SRD Instrument Suite



Instrument ! (!m) 
Field of view/ 

Slit length 
Spectral 

resolution 
Science Cases 

InfraRed Imager and 
Spectrometer 

(IRIS) 

0.8 – 2.5 
0.6 – 5 
(goal) 

<3"" IFU  

>15""imaging 
> 3500 

5-100 (imaging) 

! Assembly of galaxies at high z 
! Black holes/AGNs/Galactic Center 
! Resolved stellar populations in crowded 

fields 

Wide-field Optical 
spectrometer and imager 

(WFOS) 
0.31 – 1.0 

>40 arcmin2 
>100 arcmin2 (goal) 

Slit length>500"" 

1000-
5000@0.75"" slit 

>7500 @0.75"" 

(goal) 

! IGM structure and composition at 2 < z < 6 
! Stellar populations, chemistry and 

energetics of z > 1.5 galaxies 

InfraRed Multislit 
Spectrometer (IRMS) 

0.95 – 2.45 

2 arcmin field, up to 
120"" total slit length 

with 46 deployable slits 

R=4660 @ 0.16 
arcsec slit 

! Early Light 
! Epoch of peak galaxy building 
! JWST follow-ups 

Deployable, multi-IFU, 
near-IR spectrometer 

(IRMOS) 
0.8 – 2.5 

3"" IFUs over >5" 

diameter field 
2000-10000 

! Early Light 
! Epoch of peak galaxy building 
! JWST follow-ups 

Mid-IR AO-fed Echelle 
spectrometer (MIRES) 

8 – 18 
4.5 – 28 
(goal) 

3"" slit length 

10"" imaging 
5000-100000 

! Origin of stellar masses 
! Accretion and outflows around protostars  
! Evolution of gas in protoplanetary disks 

Planet Formation 
Instrument 

(PFI) 

1 – 2.5 
1 – 5 (goal) 

1"" outer working angle, 

0"".05 inner working 

angle 

R!100 

! 108 contrast ratio (109 goal) 
! Direct detection and spectroscopic 

characterization of exoplanets 

Near-IR AO-fed echelle 
spectrometer (NIRES) 

1 - 5 2"" slit length 20000-100000 

! IGM at z > 7, gamma-ray bursts 
! Local Group abundances 
! Abundances, chemistry and kinematics of 

stars and planet-forming disks 
! Doppler detection of terrestrial planets 

around low-mass stars 

High-Resolution Optical 
Spectrometer (HROS) 

0.31 – 1.1 5"" slit length 50000 

! Doppler searches for exoplanets 
! Stellar abundance studies in Local Group 
! ISM abundance/kinematics 
! IGM characteristics to z~6 

“Wide”-field AO imager 
(WIRC) 

0.8 – 5.0 30"" imaging field 5-100 
! Precision astrometry (e.g., Galactic Center) 
! Resolved stellar populations out to 10 Mpc 

!

Pac%aging Ca+abi-ities 1
TMT SRD Instrument Suite
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Feasibility studies 2005-6
 (concepts, requirements, performance,…)

HROS-
CASA

IRMOS-UFWFOS-HIA

HROS-
UCSC

MIRES

IRMOS-CIT

IRIS

PFI
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 Nasmyth Configuration: 
First Decade Instrumentation Suite

HROS

WFOS

IRMOS

MIRAO/

MIRES

APS

PFI

NFIRAOS

IRIS (bottom port)

WIRC

NIRES-B



Dual conjugate AO system:
– Order 61x61 DM and TTS at h = 0 km

– Order 75x75 DM at h = 12 km

– Better Strehl than current AO systems

Can feed three instruments

Completely integrated system

– Fast (< 5 min) switch between targets with same instrument

> 50% sky coverage at galactic poles
11

Narrow-Field IR AO System (NFIRAOS):
TMT’s Early-Light Facility AO system

                                 Strehl Ratio Band 

SRD (120 nm) Baseline (177 

nm) 

Baseline + TT 

R 0.313 0.080 0.052 

I 0.411 0.145 0.105 

Z  0.566 0.290 0.236 

J 0.674 0.424 0.366 

H 0.801 0.617 0.569 

K 0.889 0.774 0.742 

(WIRC)

NFIRAOS
IRMS

(NIRES)

IRIS
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# %Rebirth- of #strometry

30 micro6arcsecs in densely populated fields=

> ?eneral Relativity at the ?alactic center

> Distance to the ?alactic center

> Star forming regions= accurate determination of the Initial Mass 

Function Gith cluster membership 

" milli6arcsecs in very sparse fieldsH i.e.H Ghere only Gavefront sensor guide 

stars are available=

> Magnetar proper motions to establish velocity imparted during 

progenitor eJplosion

> Kinary starLplanet orbits to measure stellarH compact object and 

planet masses

> #strometric microlensing to measure accurate stellar masses

> ?ravitational lensing to probe darN matter substructures

> Kinary Ouiper Kelt Pbjects
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InfraRed Imager and Spectrometer
3IRIS4

IM67ER

Fold ; <

Pupil masA 3<BB4

3CDfilter Eheel

Detector 
3HA I HA4

SPECTRL7R6PH

DeEar

Relay Lptics 
3H sets D 1 

shoEn4

fO110 slicer 
reimaging 

optics

7rating Eheel

Double TM6
Renslet collimator S 
combined camera

Fold ; 1

T. RarAin 3VCR6W PI4W 6. Moore 3CaltechW coDPI4W X. Xarton 3VCIW PS4W SuYuAiOZonishiO
Vsuda 3SubaruW imager4
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IRIS Top-+evel Requirements
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IRIS Top-Level Requirements



16

#IRC Top-Level Requirements
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#$%& (op-,eve/ %e01irements



Unprecedented ability to investigate objects on small scales. 
  

             0.018 9 : ;U < 3> ?m    (AovianBs and moons)

   : pc < 0.0: ;U   (Nearby stars – companions)

   100 pc < 1 ;U     (Nearest star forming regions)

   1 ?pc < 10 ;U   (Typical Galactic Objects)

   J.: ?pc < J: ;U      (Galactic Center or Bulge)

   1 Mpc < 0.0: pc   (Nearest galaxies)

   20 Mpc  < 1 pc       (Virgo Cluster)

   z<0.: < 0.0S ?pc (galaxies at solar formation epoch)

   z<1.0 < 0.09 ?pc (dis? evolution, drop in SFR)

   z<2.: < 0.09 ?pc (ZSO epoch, H!!"#!$!%&#'(

   z<:.0 < 0.0S ?pc (protogalaxies, ZSOs, reionization)

1J

Motivation for IRIS

)"*&#!+"*,!&#!-./01&2/'!343566!
70"'!89:33!;<(!8=&>"#*-?,!/*!&14(

@"7,!0/'?,"A*!7&1&B24!C"B/1?!&0/!343DE!?>&1/!
834:5!;F>(4!!G&0>H2?!/*!&14($/>;!IJ!"<&7/?

=:K!GL17/!+"*,!34KE!70"'!8M0&,&<!/*!&14(
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#o &it) *+*,#-#.

Simulations of Io .upiter-facing hemisphere in H band. :courtes; of Franck Marchis?

 

!"! $%&'()*+', -* ./) +& 0/-& 1 234/ -* 356 78)9+*%$:

7;<;=356 -* 39>? ,%-$@A &*-$&:
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Resolved Stellar Populations 
in Virgo



TMT.INS.PRE.09.001.REL03 20

Overall Field Geometry

1"#

!"ri% 30, 2009
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Point Source Sensitivities

Spectroscop0 for S23 per spectral channel of 109 bet;een 
<H lines9 assuming an aperture of ! @!2DB

Imager for a S23 of 100 assuming an aperture of ! @!2DB

Filter Scale 

(mas)

E0p. Time 

(secs)

4umber of 

Frames

Magnitude 

(=>) 

D 4 900 4 !G.I

H 4 900 4 !G.J

K 4 300 1! !4.!

Filter E0p. Time 

(secs)

4umber of 

Frames

Magnitude 

(=>)

D 900 4 !I.3

H 900 4 !M.!

K 900 4 !G.G



2"

In%raRed M-lti1slit Spectrometer
8IRMS a9a MOSFIRE=



IRMOS (deployable MOAO IFUs) deemed too risky and too 
expensive for first light

    => IRMSB clone of Deck MOSFIREF Step 0 towards   

         IRMOS
– Multi-slit NIR imaging spectroB

 46 slits,WB160R mas, LB2.5”

– Deployed behind NFIRAOS

 2Y field

 60mas pixels

 EE good (80[ in D over 30”)

– Spectral resolution up to 5000

– Full ], J, H, D spectra

Imager as well

Whole 120” field

IRMS R NFIRAOS

Slit width
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#$%&'()*+,-.-/'$-0123-4-567
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#ide Field *+ti-al S+e-trometer
 3#F*S4

5. 7ernstein 3:;S;< =I4< ;. Steidel 3;alte-?< =S4< 7. 7igeloA 3:;S;< =B4
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#F%S Top-,evel Re1uirements
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#F%S (op+,evel 0e1uirements
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#$%&-(%)*E 
Ec.ellette 2esi5n

&pect8al :ootp8int in .i5.e8 
<ispe8sion mo<e - >?? slits space< 
!@?? apa8tA :iBe o8<e8s

!O#$E can trade multi2le3ing 
for e32anded wa8elength 
co8erage in its higher 
dis2ersion mode

#ernstein et al; <==>? SA$E 
<==>

(i88o8

C(C $ocal
Dlane

&in5le :iel<A Elue an< 8e< a8ms
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WFOS-MOBIE 
Science Field Geometry

Multi-ob;ect mask making simulation
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 Stellar *rcheology in 
the 2ocal 3niverse
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6 This 8ill allo8 us to test 
theories of structure 
formation on sub=galactic 
scales.

6 ?y comparison 8ith 
modelsB one can infer the 
merger history of nearby 
galaCies.
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#$I 'op*+evel Re0uirements
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MIRES Top-Level Requirements
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MIRES Top-Level Requirements
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MIRES Imaging: 
Protoplanetary Disks
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MIRES Imaging: 
Debris Disks



Merging galaxies often hidden behind gas and dust 
forming stars – need mid-IR to penetrate extinction

High spatial resolution separates black hole region from 
host galaxy contamination

TMT/MIRES will put JWST observations in context as done with 
Spitzer and today’s 8m telescopes

– At z=0.5, JWST resolution = 1.5 kpc and TMT = 330 pc

11
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www.tmt.org/foundation-docs/index.html

 Detailed Science Case

 Science-based Requirements Document

 Observatory Requirements Document

 Observatory Architecture Document

 Operations Concept Document

 TMT Construction Proposal

TMT Foundation Documents
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