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Summary of TMT Science

Objectives and Capabilities

Theme

Science Objectives

Observations

Requirements

Capabilities

Cosmology and Fundamental
Physics (Dark energy, dark
matter, physics of extreme
objects, fundamental
constants; DSC Section 3)

Mapping distribution of dark matter on large and
small scales (CFP-[1,2,3,4], GAN-[3,4], GCT-1)
General Relativity in new mass regime*
(GAN-[4,D], SSE-4)

Very precise expansion rate of Universe (CFP-2)
Mapping variations in constants over
cosmological timescales

Physics of extreme objects * (SSE-[2,3,D])

Proper motions in dwarf galaxies
Wide-field optical spectroscopy of R =

24.5 galaxies
Microarcsecond astrometry

Transient events lasting > 30 days
High spectral resolution observations of

quasars and GRBs

»=0.31-0.62um, 2-2.4um
R =1000 - 50000

Very efficient acquisition
0.05 mas astrometry stable
over 10 years

Field of view > 10"

SL/WFOS
SL/HROS
MCAO/IRIS/WIRC
MCAO/ NIRES

The Early Universe (First Detection of metal-free star formation in First Multiplexed, spatially-resolved L=08-25um MCAO/ IRMS/IRIS
objects, IGM atz>7; DSC Light objects® (GAN-2, GCT-4) spectroscopy of faint objects R =3000 - 30000 MOAOQO/ IRMOS
Section 4) Mapping topology of re-ionization (GCT-4) High spectral resolution, near-IR F=3x10-20ergs s'em?A"  MCAO/ NIRES
Structure and neutral fraction of IGM atz > 7 spectroscopy Exposure times > 15e’s
(CFP-1, GCT4)
Galaxy formation and the IGM  Baryons at epoch of peak galaxy formation® Optical/near-IR multiplexed diagnostic 2=0.31-25um SL/WFOS
(DSC Section 5) (CFP-1, GAN-1, GCT-[1,2]) spectroscopy of distant galaxies & AGNs R = 3000-5000, 50000 SL/HROS
2D Velocity, SFR, extinction & metallicity maps of Optical/near-IR multiplexed Very efficient acquisition MCAO/IRIS/IRMS
galaxies at z = 5-6* (CFP-3, GAN-1, GCT-[1,2]) identification spectroscopy of extremely ~Multiplexing factor > 100 MOAO/ IRMOS
IGM properties on physical scales < 300 kpc*® faint high redshift objects (to R~27)
(GAN-1, GCT-2) Spatially-resolved spectroscopy
Extragalactic supermpassive Demographics of black holes over new ranges in  Spatially-resolved spectroscopy of L=08-25um MCAOI/IRIS
black holes (DSC Section 6) mass and redshift® (GAN-4, GCT-3) galaxy cores R =3000-5000 MOAO/ IRMOS
Dynamical measurements out to z = 0.4* Precise positioning
(GAN-4,GCT-[1,3])
Scaling relations out to z = 2.5 and masses at
z>6* (GAN-4, GCT-[1,3])
Galactic Neighborhood (DSC  Abundance of oldest stars in Milky Way (CFP-4,  High spectral resolution optical and % =0.33-0.9, 1.4-2.4 pm SL/HROS
Section 7) GAN-[2,3], SSE-2) near-IR spectroscopy R =4000, 40000-90000 MCAO/ NIRES
Chemical evolution in Local Group galaxies® High-precision photometry in crowded Photometry precision of 0.03 MCAO/IRIS/WIRC
(GAN-2) fields mag at Strehl = 0.6 SL/WFOS
Diffusion and mass loss in stars (GAN-1, SSE-1)
Resolved stellar populations out to Virgo cluster®
(GAN-[2,3])
Planetary Systems and Star Origin of mass in stars (GAN-[1,2], PSF-1) High-precision, crowded field rA=1-25um MCAOI/IRIS
Formation (physics of star Architecture of planetary systems (PSF-[2,3,D]) photometry R =4000, 30000-100000 MIRAO/ MIRES
formation,proto-planetary Deposition of pre-biotic molecules onto Diffraction-limited, high spectral Low telescope emissivity MCAO/ NIRES
disks, exoplanets; DSC protoplanetary surfaces (PSF-2) resolution mid-IR spectroscopy Dry site (PWV < 5 mm) SL/HROS
Section 8, Section 9) First direct detection of reflected-light Jovians Very high Strehl AO-assisted imaging:  Fixed gravity vector and ExAO/PFI

(PSF-2)
Characterization of exo-atmospheres (e.g.,
oxygen) (PSF-[3,4,D])

precise wavefront control

High spectral resolution optical and

near-IR spectroscopy

thermal control
Very efficient acquisition
Contrast ratio of 10°~10°

Our Solar System (outer parts,
surface physics and
atmospheres; (DSC Section
10)

Composition of Kuiper Belt Objects and comets
(PSF-2)

Monitoring weather, (cryo-) vulcanism and
tectonic activity®

Spatially resolved spectroscopy of

objects in solar system

Transient events (hours to years)

A =1-10 ym

R =1000 - 100000
Non-sidereal tracking
Fast response time

MCAO/IRIS/WIRC
MCAOQO/ NIRES
MIRAO/ MIRES
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TMT Planned Instrument Suite

Field of view/ Spectral
Instrument A (um) Slit length el Science Cases
_ = Assembly of galaxies at high z
St | S <3" IFU > 3500 « Black holes/AGNs/Galactic Center
pe(lRlS} (g oal) >15"Imaging 5-100 (imaging) | = Resolved stellar populations in crowded
fields
' 2 1000- * |GM structure and compositionat2<z <6
Wide-field Optical >40 arcmin 5000@0.75" slit | « Stellar populations, chemistry and
spectrometer and imager | 0.31-1.0 >100 arcmin® (goal) >7500 @0.75" energetics of z > 1.5 galaxies
(WFOS) Slit length=500" (goal) ’ )
- 2 arcmin field, up to _ = Early Light
goraRed MULSIt | 095-245 | 120" total sitiength | R=4660 @ 016 1. £pocn of peak gataxy buiding
pect RS with 46 deployable slits « JWST follow-ups
Deployable, multi-IFU, " ‘ = Early Light
near-IR spectrometer | 0.8 25 3 d.'FU5t°"‘f"' :15 2000-10000 | » Epoch of peak galaxy building
(IRMOS) T e « JWST follow-ups
‘ 8-18 o * Origin of stellar masses
:‘"d'c'tf ofncét—fe?d[&%gls"s 45-28 iofl::r:g"igm 5000-100000 + Accretion and outflows around protostars
pe (goal) aing = Evolution of gas in protoplanetary disks
Planet Formation 126 1" outer working angle, » 10" contrast ratio (10” goal)
Instrument 1_5 ’ al 07.05 inner working R=100 » Direct detection and spectroscopic
(PFI) (goal) angle characterization of exoplanets
*|GM at z > 7, gamma-ray bursts
= Local Group abundances
MNear-IR AO-fed echelle " ok » Abundances, chemistry and kinematics of
spectrometer (NIRES) 1-5 2" sit length 20000-100000 stars and planet-forming disks
» Doppler detection of terrestrial planets
around low-mass stars
* Doppler searches for exoplanets
High-Resolution Optical B e « Stellar abundance studies in Local Group
Spectrometer (HROS) | 021~ 1 ¥ sk lengh 30000 - ISM abundance/kinematics
= |GM characteristics to z-6
“Wide"-field AD imager 0.8—50 30" imaging field 5-100 * Precision astrometry (e.g., Galactic Center)

(WIRC)

» Resolved stellar populations out to 10 Mpc
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TMT Planned Instrument Suite

Field of view/ Spectral
Instrument A (pum) Slit length e Science Cases
_ = Assembly of galaxies at high z
InfraRed imager and 08-25 <3" IFU > 3500 « Black holes/AGNs/Galactic Center

Spectrometer

Wide-field Optical
spectrometer and imager

—— :
Spectrometer (IRMS)

>15"Imaging

>40 arcmin®
>100 arcmin® (goal)
Slit length>500"

5-100 (imaging)

1000-
5000@0.75" slit
>7500 @0.75"

» Resolved stellar populations in crowded

* |GM structure and compositionat2<z <6
= Stellar populations, chemistry and
energetics of z > 1.5 galaxies

spectrometer (NIRES)

High-Resolution Optical
Spectrometer (HROS)

5" slit length

0.95-245 120" total slit length bt slill = Epoch of peak galaxy building
with 46 deployable slits « JWST follow-ups
%gglfﬁgﬁglﬁég 08-25 2" 1Ll ovar > 2000-10000 | = Eg::'gnLth;eak galaxy building
(IRMOS) diameter field « JWST follow-ups
‘ 8-18 » Origin of stellar masses
Mid-IR AO-fed Echelle
45-28 .t . . . retion and outflows around protostars
Speciamsier (MISES) (goal V|S| b I e See' Ng- L| m |ted lution of gas in protoplanetary disks
Planet Formation 1_28 0" contrast ratio (10” goal)
Instrument 1-5 . al 07.05 inner working R=100 » Direct detection and spectroscopic
(PFI) (goal) angle characterization of exoplanets
*|GM at z > 7, gamma-ray bursts
» Local Group abundances
Near-IR AO-fed echelle 1-5 2" slit length 20000-100000 | *Abundances, chemistry and kinematics of

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

* Doppler searches for exoplanets

« Stellar abundance studies in Local Group
* |SM abundance/kinematics

« IGM characteristics to z~6 9

» Resolved stellar populations out to 10 Mpc
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InfraRed Imager and
Spectrometer
(IRIS)

WFOS

TMT Planned Instrument Suite

08-25 = Assembly of galaxies at high z
065 <3" IFU > 3500 * Black holes/AGNs/Galactic Center
(goal ) >15"Iimaging 5-100 (imaging) | » Resolved stellar populations in crowded

fields

5000@0.75" slit
>7500 @0.75"

= Stellar populations, chemistry and
energetics of z > 1.5 galaxies

Slit length>500"

viid-IR AU-Ted Echelle
spectrometer (MIRES)

. 2 arcrin field, up to _ = Earty Light
s Infra:gzgt:u 'IUR?IP\I:S 095-245 120" total slit length R";?fgegﬁ‘w = Epoch of peak galaxy building
pect ( ) with 46 deployable slits « JWST follow-ups
Deployable, multi-IFU, " ' = Early Light
near-IR spectrometer | 0.8 25 3 d.'FUSt"“f"’ :15 2000-10000 | » Epoch of peak galaxy building
ST T « JWST follow-u

Planet Formation
Instrument

Near-IR AO-fed echelle
spectrometer (NIRES)

High-Resolution Optical
Spectrometer (HROS)

“Wide"-field AQ imager

3 ) 5 st lengt T e AL
45-28 " LI = Accretion and outflows around protostars
(goal Evolution of gas in protoplanetary disks
- Near-IR, AO-assisted E5pron ooz npene
1 _5_ .ai ™ er working “ = Direct detection and spectroscopic

«|GM atz > /., 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

1=5 2" slit length 20000-100000

. - Stellar abundance studies in Local Group
5" sklenghh * |SM abundance/kinematics

* Precision astrometry (e.g., Galactic Center)
« Resolved stellar populations out to 10 M

30" imaging field
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Field of view/ Spectral
Instrument A (pum) Slit length el Science Cases
_ = Assembly of galaxies at high z
St | S <3" IFU > 3500 « Black holes/AGNs/Galactic Center
pe{IRIS} (g oal) >15"Imaging 5-100 (imaging) | = Resolved stellar populations in crowded
fields
) 2 1000- * |GM structure and compositionat2<z <6
Wide-fisid Opticas 4{) arcivin 5000@0.75" slit | « Stellar populations, chemistry and
spectrometer and imager | 0.31-1.0 >100 arcmin® (goal) >7500 @0.75" energetics of z > 1.5 galaxies
WFOS; Slit length=500" ’ '
i . (goal)
- 2 arcmin field, up to . = Early Light
. '“"aRe"tM” 'IUF?II\I:S 0.95-245 | 120" totalslitlength | R=4660 @ 0.16 | £rony of peak galaxy building
Deployable, multi-IFU. High-Contrast AOF -y tignt
near-IR spectrometer 08-25 N— J-T = Epoch of peak galaxy building
(IRMOS) — « JWST follow-ups
8-18 T * Origin of stellar masses
M"HR AO-fed Echelle 45-28 iofl:’:r:igt 5000-100000 * Accretion and ou_rﬂows around protostars

Planet Formation 1" outer working angle, = 10" contrast ratio (10" goal)

Instrument ’ 07.05 inner working » Direct detection and spectroscopic
gle characterization of exoplanets

» Local Group abundances 7 _
‘spoctrometer (NIRES) | 1-5 2" st length 20000-100000 | oo g ks

» Doppler detection of terrestrial planets

around low-mass stars

* Doppler searches for exoplanets
High-Resolution Optical B e « Stellar abundance studies in Local Group
Spectrometer (HROS) Sl =11 o e ienge 30000 . :gﬂ abundance,;kinema%cs ,

. characteristics to z
“Wide"-field AD imager 3 i S * Precision astrometry (e.g., Galactic Center)

(WIRC) 08-60 90" imaging fieid 5-100 » Resolved stellar populations out to 10 Mpc
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Field of view/ Spectral
Instrument A (pum) Slit length e Science Cases
_ = Assembly of galaxies at high z
St | S <3" IFU > 3500 « Black holes/AGNs/Galactic Center
pe ' >15"Imaging 5-100 (imaging) | - Resolved stellar populations in crowded
(IRIS) (goal) fields
) 2 1000- * |GM structure and compositionat2<z <6
Wide-fisid Opticas 4{) arcivin 5000@0.75" slit | » Stellar populations, chemistry and
spectrometer and imager | 0.31-1.0 >100 arcmin® (goal) >7500 @0.75" energetics of z > 1.5 galaxies
(WFOS) Slit length=500" ; )
- . : i Light
Spectrometer (IRMS) ’ ST follow-ups
Deployable, multi-IFU, 3" IFUs over >5' « Early Light o
near-1R trometer 08-25 rer Tik) 2000-10000 . Ech k alaxy building

Mid-IR AC-fed Echelle |, 5 3" siit length :
spectrometer (MIRES) . 10" imaging 5000-100000 Accretion and outflows around protostars

= Evolution of gas in protoplanetary disks

Instrument

1_5 : | 0".05 inner rking R<100 » Direct detection and spectroscopic
(PFI) =9 (goal} angle characterization of exoplanets
*|GM at z > 7, gamma-ray bursts
» Local Group abundances
MNear-IR AO-fed echelle " ok » Abundances, chemistry and kinematics of
spectrometer (NIRES) 1-5 " s longn 20000-100000 stars and planet-forming disks

» Doppler detection of terrestrial planets
around low-mass stars
* Doppler searches for exoplanets
i « Stellar abundance studies in Local Grou
0.31-1.1 5" sit length 50000 lirenpirhes s e P
« IGM characteristics to z~6 8
“Wide"-field AD imager

3 i : * Precision astrometry (e.g., Galactic Center)
(WIRC) 08-60 90" imaging fieid 5-100 » Resolved stellar populations out to 10 Mpc

High-Resolution Optical
Spectrometer (HROS)
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nfraked Imager and
Spectrometer
(IRIS)

<3" IFU
>15"Imaging

> 3500
5-100 (imaging)

TMT First Light Instrument Suite

Science Cases

. Blck hoIesJAGcn'c Center
» Resolved stellar populations in crowded
fields

Wide-field Optical
spectrometer and imager
(WFOS)

>40 arcmin®
>100 arcmin® (goal)
Slit length>500"

1000-
5000@0.75" slit
>7500 @0.75"
(goal)

* |GM structure and compositionat2<z <6
= Stellar populations, chemistry and
energetics of z > 1.5 galaxies

InfraRed Multislit
Spectrometer (IRMS)

0.95-245

2 arcmin field, up to
120" total slit length
with 46 deployable slits

Us over >

R=4660 @ 0.16
arcsec slit

« Early Light
= Epoch of peak galaxy building
« JWST follow-ups

near-IR spectrometer | 0.8 25 . 2000-10000 | » Epoch of peak galaxy building
(IRMOS) diameter field « JWST follow-ups
‘ 8-18 o * Origin of stellar masses
;""d'c'tf o?ncéffei‘](fﬁggg 45-28 iofl:’:r:nigth 5000-100000 + Accretion and outflows around protostars
pe (goal) aing = Evolution of gas in protoplanetary disks
Planet Formation 126 1" outer working angle, » 10" contrast ratio (10” goal)
Instrument 1_5 ’ al 07.05 inner working R=100 » Direct detection and spectroscopic
(PFI) (goal) angle characterization of exoplanets
*|GM at z > 7, gamma-ray bursts
» Local Group abundances
MNear-IR AO-fed echelle " ok » Abundances, chemistry and kinematics of
spectrometer (NIRES) 1-5 2* sitlength 20000-100000 stars and planet-forming disks
» Doppler detection of terrestrial planets
around low-mass stars
* Doppler searches for exoplanets
High-Resolution Optical B e « Stellar abundance studies in Local Group
Spectrometer (HROs) | 021~ 11 ¥’ sk length 20000 « ISM abundance/kinematics
« |GM characteristics to z~6 9
“Wide"-field AD imager 0.8—50 30" imaging field 5-100 * Precision astrometry (e.g., Galactic Center)

(WIRC)

» Resolved stellar populations out to 10 Mpc
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An ELT Instrumentation

TMT kL 2 1
THIRTY METER TELESCOPE EqUIvaIence Table

Type of Instrument GMT T™MT E-ELT
Near-IR, AO-assisted Imager + IFU GMTIES IRI HARMONI
Wide-Field, Optical Multi-Object GMACS MOBIE OPTIMOS
Spectrometer
Near-IR Multislit Spectrometer NIRMOS IRMS
Deployable, Multi-IFU Imaging IRMOS EAGLE
Spectrometer
Mid-IR, AO-assisted Echelle MIRES METIS
Spectrometer
High-Contrast Exoplanet Imager TIGER PFI EPICS
Near-IR, AO-assisted Echelle GMTNIRS NIRES SIMPLE
Spectrometer
High-Resolution Optical G-CLEF HROS CODEX
Spectrometer
“Wide”-Field AO Imager WIRC MICADO




> Defining Capabilities in the

TMT TMT Discovery Space

106 T rr T 1T 1 11 I LI S |
| ExAO/AO/ MOAO | GLAO SL
| Protoplanetary |
: Exopla ets/
1 05 I Disks ]ISM IGﬁ |
o | .
o ' 3w ,...,‘.-"-‘ P
= | GRBs/IGM/ l: vﬁw
"5 | Exoplanets IR E :l "
‘_0. 104 I MI o -
@ |
5 IISGtMustx:uctur%/
— e o Aaie ellar| pops .
T I 2 ) Epoch of Galaxy
= 1000 ‘ LC{ ! 5 Formation :z > lq E
0 =L B | :
2, wive By BN
73] Galaxy Assembly | ;
100 SMBHs/AGNs | :
planet Imaging | '
10 WM S

10 100 1000

Spatial Resolution (milliarcseconds)
TMT.INS.PRE.13.037.RELO1 11



> Defining Capabilities in the

TMT TMT Discovery Space

106 LI | T 1 T 11 I T 1 rrrg
| ExAO/AO/MOAO | GLAO SL
| Protoplanetary

IExop la et
= I
= | GRBs/IGM/ ! [
= Exoplanets | | ]
= 40t L ! (NIRES) | | ]
g | . f
~ l | :
- I
+ IIGM stquctur%/
Q | |Stellar pops :
o | z > 1. g -
100 I(WFOS)l
I
Exoplanet Imaging | |
(PFI ,
10 1 L1 1 1 1 L 1 1l 1 l [ T | J
10 100 1000

Spatial Resolution (milliarcseconds)
TMT.INS.PRE.13.037.RELO1 12
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Catc

M

as a

n Agile

elescope:

ning The "Unknown Unknowns”

-26 |-
24 -
-22_
-20 -
-18 L
-16
-14
-12
10}

M (mag)

1T

GRB afterglows

-

0.01

0.1

|

T

LGRB Orphan
Afterglows

CCSNe

F*allbadk
Supernovae

\

SGRB
la [Orphan

N%cro Novae

1

Classical Novae

10

Decay Time (days)

Afterglows |~ " 7"

—

Luminous
Supernovae

SNe'la 1igg | —
Disruption
\ Flares |~

1
l

Luminous
Red Novae

100

Source: Figure 8.6, LSST Science Book
TMT.INS.PRE.13.037.RELO1

TMT target
acquisition time
requirement is 5
minutes

(i.e., 0.0034 day)

TMT Is the only
agile extremely
large telescope



Start
acquisition

DroCess

Instrument Systems:
LGS IRIS Acquisition Sequence

LGS IRIS, IFU mode

Baseline acquisition scenario using
the acquisition camera: 289 s (~4.8

minutes)*
Alternative scenarios:

- Blind acquisition scenario: 219 s
(~3.6 minutes)*

-Spiral acquisition scenario: 224 s
(~3.7 minutes after 2 steps)*

LG54 - Close DM HO Loops *assuming 3 minutes for telescope setup

LGS.1 - Slew to target
- Configure AO and
instrument (NFIRAOS
instrument selection mirror
in IRIS position)

LGS.2.1 - Propagate
asterism to sky

LGS.2.2 - Perform
Rayleigh calibration

LGS.2.3 - Close BTO
FSM loops

LGS.3 - Telescope blind
Er e e e e e e e e e e e e e e e e e e e e e e e e o offset
G5.5- Spobd OO, ACGL1 - ACQ.2.1 - Take and process - Correct differential errors
onall IR no LGS.5.1.1 - Open DM HO LGS.5.1.2 - NFIRAOS Automatic yes » quisition image > with TTF WFS and TWFS
: Loops ISM in ACQ position offset 2 and compute telescope probes
.................................... offsets - Move NFIRAOS instrument
selection mirror in IRIS
position
Vis
no
ACQ.2.2 - Take and display
LGS.6 - Close TT loops acquisition camera image,
and optimization and guide star selection by user
background loops and compute telescope
U.1 - Check IFU.2.3 - Compute offsets - A i
wcionce dota > yos w|  [FU21 - Acauire and o ol o T Source: ‘Observation
? copley sl lentimese while AO loope closed Workflow for the TMT”

Document,
TMT.AOS.TEC.07.013

A°

End
acquisition
¥
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T™MT From Science to Subsystems

THIRTY METER TELESCOPE

t.. (minutes since GRB trigger)
2 4 6 810 20 40 60
T T LN

Transients - GRBs/
supernovae/tidal flares/?
Fast system response

time

R B 1 Lo 1alal
4 6 810 20 40 60 80100
., (mMinutes since GRB trigger)

NFIRAOS .
fast switching Qrélc;g:a}fg[
science fold o

mirror o
switching

Fast slewing
and acquisi{ié)n
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Re-ionization

T Synergies I. First Light and

Penetrating the Early Universe with ionized bubbles

Redshift | Bubble Radius | Physical (kpc) | Half-angle (arcsec)
(comoving Mpc)
10 03-25 27 - 227 6.5-54
8 06-6.0 66 — 666 13-138
7 0.5-20.0 63 - 2500 12-478

JWST: Detection of sources

Source: IRMOS Caltech Feasibility Study

TMT: (1) Source spectroscopy with IRIS/IRMS and (2) Mapping topology of bubbles around
JWST detections with IRIS/IRMS or IRMOS deployable IFUs

ALMA: Imaging of dust continuum up to z = 10 for complete baryon inventory
TMT.INS.PRE.13.037.RELO1
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R’mag

RS

Spectroscoplc limits (Padovam 2011)

22 T

ra (8/10 m telescogeS; ~

10h)

26

hoto—-z's witﬁSST?

E-ELY (50, 44h)

£ like

{wpcs 1

#Hydfa A-like

0.01 0.1 1 10 100
radio flux density (1.4 GHz) [microly]

1000

’.RELO1

Synergies |l. SKA

The “Square Kilometer Array” will
probe the so-called Dark Ages

It will also survey sources at the
microjansky and nanojansky
levels

Expected to be optically very
faint

It will be possible with ELTs+SKA
to study star formation rates and
feedback from active galactic
nuclei in normal galaxies out to z
=6

17
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THIRTY METER TELESCOPE

B TMT PFI:

106 @ 30 mas IWA
(Taurus Jovians)

108 @ 50 mas IWA
! (Reflected light
i Jovians)

Figure 31
“Science with ALMA”
Document

Simulation of a protoplanetary system with a tidal gap created by a Jupiter-like planet at
7 AU from its central star as observed by ALMA

TMT's Planet Formation Instrument (PFI) will allow detection of the planets themselves
that are responsible for the gaps and thus enable measurements of mass, accretion rate

and orbital motion. TMT.INS.PRE.13.037.RELO1 18
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T™T Synergies V. TESS

THIRTY METER TELESCOPE

“Transiting Exoplanet Survey
Satellite”

Survey area 400 times larger
than Kepler’s

2.5 million of the closest and
brightest stars (G, K types)

2,700 new planets including
several hundred Earth-sized
ones

Planned launch: 2017

TMT.INS.PRE.13.037.RELO1

19
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T™MT Synergies VI. Solar System

THIRTY METER TELESCOPE

Physics and Chemistry of Cometary Atmospheres

N Wy 20
1 1 ﬁ
r f 15
. 1)
= | (/!/if n 10
; - 28 5
| = o
b | - S8 e
‘ . 5 2
w o
=3

CO(2-1) emission and dust continuum ¢
from Comet Hale-Bopp at 1" resolution 3330 3320 3310 3300 3290
with with IRAM Wavenumbers (cm™)

Detection of parent volatiles in Comet Lee (C/1999 H1) at R=20,
000. TMT/NIRES will allow diffraction-limited observations at

mm-+optical = nucl I nd siz
Sub optica ucleus albedo and size R=100,000 over the range 4.5 - 28 pm

(Figure 40 - "Science with ALMA™ Document) | ook for “chemical families” as probes of the Oort Cloud

TMT.INS.PRE.13.037.RELO1

20



RS

TMT  Synergies IV. Proto-Star Formation

THIRTY METER TELESCOPE

Relative Flux

Low-resolution Spitzer spectrum shows
exceptionally strong molecular absorption.
HCN and CO suggests gas originates in
an outflow

TMT/MIRES will measure molecular
abundances to determine the launch point

of the wind
TMT.INS.PRI

Normalized flux

High-velocity outflowing gas in CO towards
protostar SVS13 (Keck/NIRSPEC)

TMT/MIRES will measure warm, dense
molecular gas to probe the base of

outflows in a large number of low-mass
protostars

1.00

0.95

o
©
o

o
o)
3

'l’\ A "-“I‘n

"IL y v\VAﬂ i V‘M

ML l"" ' ]
Fﬂ \\\ HCN VW “:

hotband \

|
HCN

Csz |

14.0 14.5 15.0
Wavelength [um]

21



TI% Synergies VIl. Space/IR

THIRTY METER TELESCOPE an d A L I\/I A

(TMT capabilities are shown in red)

L L | LR | ot —~ RERN! Tt L | AL
10713 Michelle = 097 JWST ]
e o g i ]
10_14 Spitzer TF.XF,&,-.(mmml "3 0.2 e DT J
° S 0.1 JWST MIRES .
~15 0 C IRMOS ]
0 MIRES 005 e ‘
6 JWST . b i ]
10 ° 2,0.02 | IRIS/WIRC ALYA |
10_17 Lol 1 1 11111114 1 1 11111115 1 T | 5 0.01 rl Lol Lo vl Lol
1000 10 10 1 10 100 1000
Spectral Resolution Wavelength (microns)
TMT/MIRES will have comparable The angular resolution of TMT
spectral line sensitivity (NELF) to instruments nicely complements that
infrared space missions with a much of JWST and ALMA

higher spectral resolution TMT is a “near IR ALMA”I

TMT.INS.PRE.13.037.RELO1



3B Feasibility studies 2005-6
TMT (concepts, requirements, performance,...)

THIRTY METER TELESCOPE

43m
Alternate Gratings
On Turret

Common reimager
camera lens

ichroic Tree:
31 optics divide light
into 32 spectral bins

Foreoptics:
- Derotator WaveCal
-ADC Lamp
- Stops and 4
Baffles Collimator
- FP Reimaging
Optics
J n 4

Acquisition
Camera
at Exit
Fiber Optic Integral Guide Camera
Field Unit (FIFU) Pickoff
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B> Feasibility studies 2005-6
TMT (concepts, requirements, performance,...)

THIRTY METER TELESCOPE

“““““ »HROS-UCSC

4.3 m

Alternate Gratings
On Turret

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

Common reimager
camera lens

New international partners have also been
developing science cases and conducting their
own instrument studies

©

On-going ‘community explorations”
(e.g., workshops, testbeds, studies)
are leading to new concepts (MICHI, SEIT,

1l
WA
1
X
L YLl
= {4ty
’—' -
e
T -
, A
/4 Y
™
.
b

CTMT-HROS) i
b - L By
< \

IRMOS-UF




Tbﬁ? Nasmyth Configuration:
Planned Instrumentation Suite

NIRES-B

IRIS @®ottom porty HROS
WIRC
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THIRTY METER TELESCOPE

Planet Formation Instrument (PFI)
Top-Level Requirements

Requirement
Number

Description

Requirement

[REQ-1-ORD-4510]

Wavelength Range

1-2.5um, one band at a time. Goal is
1-4um.

[REQ-1-ORD-4515]

Field of View

0.7 arcsec radius, goal 2 arcsec
radius (applies to all requirements
for PFI)

[REQ-1-ORD-4520]

Planet Detection Contrast (1<8) @
Inner Working Angle with 5x rms
noise, for a two hour integration

10® @ 50 mas, goal 10° @ 100 mas

[REQ-1-ORD-4525]

Planet Detection Contrast (H<10)
@ Inner Working Angle with 5x
rms noise, for a two hour
integration

10° @ 30 mas, goal 2x10” @ 30
mas

[REQ-1-ORD-4530]

Spatial Sampling

Nyquist sampled at H band, goal J
band.

[REQ-1-ORD-4535]

Spectral Resolution, full FOV, IFU

R =50, goal 100

[REQ-1-ORD-4540]

Spectral Resolution, partial FOV,
IFU

R =500, goal 1000

[REQ-1-ORD-4545]

Polarimetry

Simultaneous dual channel to detect
polarized light (e.g. from scattering
off circumstellar dust) at a level of
1% of the residual stellar halo, and
measure absolute polarization to an
accuracy of 10%

26
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™T Planet Formation Instrument

THIRTY METER TELESCOPE ( P I I )

Source: 2006 PFI Feasibility
Study Report Vol. 1,

TMT.IAO.CDD.06.005

Diffraction

Starlight Suppression
System Niiiitial IFU

Beamsplitter
WFS1_ Vi \- B
Dichroic o DM2
Beamsplitter

Reject
Controller 1 Li:ﬁc
(bright
beam) T WFS2

Offset vector (calibration) I

Controller 2 27
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TMT PF| Solar Neighborhood Survey

THIRTY METER TELESCOPE

I Number of TMT/PFI Number TMT/PFI Gemini/GPI
(mag) Tarqets of Planets Detection Detection
9 9 detected Fraction (%) Fraction (%)
<5 150 62 38 13
<7 1872 244 13 7

Table notes: Solar Neighborhood Survey (d < 50 pc; all ages). Integration time:
1 hour; 50 detection threshold. Column 5 shows that TMT/PFI finds 2-3 times
as many planets as the Gemini Planet Imager instrument on Gemini, primarily

because of TMT's smaller Inner Working Angle (IWA)

TMT.INS.PRE.13.037.RELO1




3 Second Earth Imager for TMT

LL LI (SEIT)

® Collaboration between NAQOJ, JAXA, ISAS, Hokkaido U., U. of
Tokyo and NIBB led by T. Matsuo (NAQOJ)

@ High-contrast imager optimized for Inner Working Angle rather

than contrast ratio
® 108 @ 0".01 (i.e., 1.5MD @ 1 um) Matsuo et al., SPIE 2012,

® Science drivers 8447-57)

@ Earth-like planets in habitable zone of K- and M-type stars
® Earth-like planets outside habitable zone of F- and G-type stars

> :*Bright* interference light

ﬁ TOPFI — :*Dark* interference light

E1+E2 W'P% E1+E2

— (reference)

— W) E1-E2 |
E E

From TMT E1-E2

PFIAO Nulling interferometer Pupil (science)

with polarization Remapping
Imager Camera 29

TMT/SEIT (uncooled)



NS
™T HROS Top-Level Requirements

THIRTY METER TELESCOPE

Requirement

Description Requirement
Number
IR OO0l \éV:rYgeée”gth 0.31 — 1.0um (required) 0.3 — 1.3um (goal).
[REQ-1-ORD-4745] | Field of View 10 arcseconds
[REQ-1-ORD-4750] [ Length of slit 5 arcseconds, with this separation between orders
[REQ-1-ORD-4755] | Image Quality < 0.2 arcsec FWHM at detector

[REQ-1-ORD-4760] | Spatial Sampling < 0.2 arcsec per pixel
[REQ-1-ORD-4765] Spectra_l . R=50,000 (1 arc-sec slit)
Resolution (slit)
[REQ-1-ORD-4770] | Spectral
Resolution (image | R=90,000

slicer)
[REQ-1-ORD-4775] ki Must maintain 30m aperture advantage over
Sensitivity e de e
existing similar instruments.
[REQ-1-ORD-4780] Long term stability required to achieve radial velocity
Stability measurement repeatability and accuracy of 1 m/s

over time spans of 10 years.

Two HROS concepts were competitively studied as part of the TMT

instrument feasibility study phase in 2005 - 2006. One concept (‘MTHR")

originated from the UC Santa Cruz (PI: S. Vogt) , and the other concept (“CU-

HROS") was proposed by a University of Colorado team (PI: C. Froning).
TMT.INS.PRE.13.037.RELO1
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TMT HROS “MTHR” Concept (UCSC)

THIRTY METER TELESCOPE

CAMERA MIRROR CCD
\ ' DOUBLET CORRECTOR
RED SIDE X-DISPERSER
— =
coLL wa— fi———————— ]
L — TRANSFER MIRROR
COLL #1 -~ ——— == | ECHELLE
ODUBLET LENS RED SLIT o £ i~ H
i room ; Py classic” echelle design
A0C Iz CELL / / ™ pIcHROIC ® 10m x 11m x 4m
IMAGE ROTATOR PUPIL /BLUE SLIT ® 1.6m off-axis parabOIiC
\ - 1 collimators
f ® 1.4m camera lenses
® Echelle:
—3x8 mosaic of gratings
BLUE SIDE “mx35m
— 4000 kg
20 LAYOUT
%E%BE%BQ%BT L CELT MTHR SPECTROMETER
SCALE: ©.2lo0 200020 MILLIMETERS |LcOoLIch. OBSERUATORY
' UJCO/LICK OBSERVATORY
CNZEMAXNLENSESNMTHRIPRIBE | ZMX
CONFICURATION: ALL 1@




>
T™MT CU-HROS Concept

THIRTY METER TELESCOPE

Completely new concept, using high performance dichroics

Dichroic Tree: Spectrograph Benches:
31 optics divide light 32 similar benches analyze
into 32 spectral bins narrow spectral slice
A— l|
o 1
Foreoptics: WaveCal l’_ %: II D =g Ay P A AVE.
- Derotator REESE ' i 0 frr AWH bbb A L s Flight filter FGO6W
-ADC Lamp —— 2= oz iy bl o L B ,
St d - b~ o B A W A Rejected filter
= SthpstaD Collimator }:—> A SN AR
Baffles - > 3~ § | 5 S A e R
-FP Reimaging = I 1 0 0 Bl
Optics — =l ; P
[ :
< ]

01 i S B0Bw-3 i 1
X H 3 { i +_spel $ H
o 14 2 ¥ : H
B0 475 500 580 675 600 625 650
wvelangth (nm)
' .

Acquisition :
Camera i:

at Exit Pupil s o

Fiber Optic Integral Guide Camera - ek,

Field Unit (FIFU) Pickoff ’
T — 1| Transmission of actual Barr
¢ laapiaer filter for ACS is ~95%
Boundary ,
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MIRES Top-Level Requirements

THIRTY METER TELESCOPE

Requirement
Number

[REQ-1-ORD-4400]

[REQ-1-ORD-4405]

[REQ-1-ORD-4410]
[REQ-1-ORD-4415]

[REQ-1-ORD-4420]

Description

I_ Wavelength Range

Field of View of
acquisition camera

Field of view of
science camera

Slit Length

Spectral Resolution

Requirement

| 8um- 18y, goal 4.5-28um

10 arcsec, Nyquist sampled at 5um (0.017 arcsec pixels)
This camera is assumed to be needed for accurate
positioning of the science object onto the diffraction-
limited slit. The images should be of scientific quality (low
distortion, good uniformity, etc). This camera can work in
K band.

A goal is to incorporate a science camera with the same
sampling and field as above, operating in the N band, at
least, to be used with narrow band filters. As an additional
goal, this camera shall be used as the acquisition camera.
3 arcsec, sampled at 0.04 arcsec/pixel. Slit or IFU
5000=R<100,000 (with diffraction-limited slit). R=50-100K
is the prime scientific region

Single exposures at R=100,000 should give continuous
coverage over the orders imaged, 8 - 14um

[REQ-1-ORD-4425] | High Throughput | High priority _
— The instrument and AO system should not increase the N
[REQ-1-ORD-4430] background band background by more than 15% over natural sky +
telescope background (assume 5% emissivity at 273K).
17 mas / pixel
[REQ-1-ORD-4440] | Sampling Discussion: Maximum detector size is likely to be
bounded by 2Kx2K
Sensitivity should be limited by photon statistics in the
[REQ-1-ORD-4445] @ Sensitivity background, and not limited by any systematic errors, in

observations up to an 8 hr long integration

33
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TMT Mid-InfraRed Echelle Spectrometer

THIRTY METER TELESCOPE

MIRAO DM and relay

detectors

05/23109 003.0RF 34
| | 1.5 meters



2> Mid-Infrared Camera High-Disperser

TMT & IFU spectrograph (MICHI)

® Collaboration between Kanagawa
U., Ibaraki U., U. Hawaii and U. Packham et al., SPIE 2012, 8447-

Florida 287)
® Diffraction-limited with MIRAO
(O " . 08 @ 10 um) Insertable flat to Walai / s et
® Imaging: S
® 73-13.8pumand 16 — 25 um M'f"‘“““s
® 287.1x28".1FoV - B, l—..,
<0_L:Ux’):‘-. | tosli EE }g iy
® R~10-100 J
® [FU: Bl i
® 7-14pum o
® 5"x 2" FoV . p T) - HRS FPA
® R~ 250 et . TP
@ Long-slit, moderate/high
resolution:
® 7.3-13.8umand 16 — 25 um
® 28".1x(07.1-0".3) 35

® R~810 - 1100 or R~60,000 — 120,000



"ﬁ? Infrared Multi-Object Spectrograph

THIRTY METER TELESCOPE ! I R M O S !

Deployable IFU spectrometer fed by Multiple Object AO

® NIR: 0.8-2.5um

FoV: IFU heads deployable over 5 arcmin field

Image quality: diffraction-limited images, tip-tilt <0.015 arcsec rms

Spatial sampling
— 0.05x0.05 arcsec pixels, each IFU head 2.0 arcsec FOV, 2
10 IFU units
@ Spectral resolution
— R=2000-10000 over entire J, H, K bands, one band at a time

— R=2-50 for imaging mode

Two IRMOS concepts were competitively studied as part of the TMT

instrument feasibility study phase in 2005 - 2006. One concept (“TiPi") originated
from Caltech (PI: R. Ellis) , and the other concept ("UF") was proposed by a
University of Florida team (PI: S. Eikenberry).
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T™MT TiPi Pickoff Concept

THIRTY METER TELESCOPE

Innovative tiled array of mirrors at a relayed, partially compensated
focal plane feeds 16 optical trains (with MEMS DMSs) to integral field
spectrographs

Flat 3-axis

— steering mirrors

MEMS-DMs

Tiled
MOAO
focal-plane

TMT.INS.PRE.13.037.RELO1
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THIRTY METER TELESCOPE

Ry IR

MOS-UF

Pickoff Concept

@ [ndividual probes feed individual spectrographs, each
probe contains a miniaturized MOAO system

| - = JAlC Y alves
| >~
— ———

TMT.INS.PRE.13.037.RELO1
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THIRTY METER TELESCOPE

UF/HIA IRMOS: MOS Probes

® 20 probe arms

for 5-arcmin
field

® “Slice of Pie”

patrol strategy
® Each includes:

ADCs
Tip/tilt mirror
Woofer DM
Tweeter DM

To Deep Freeze

Tweeter DM

ADC—‘

Tip-Tilt A—"Fold
Mirror—|

£=H=:7 Woofer DM
s ‘ Short Probe
Joint 2 i Segment

MOS Pickoff MOS Collimator e

Mirror Doublet < B n

| : | Joint 1
| |
[
Long Probe Segment
From TMT

TMT.INS.PRE.13.037.RELO1 10
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NIRES-B Top-Level

THIRTY METER TELESCOPE R e q u i re m e n tS
Sequirement Description Requirement
Number
[REQ-1-ORD-4650] | Wavelength
Range Tum- 2.5um
[REQ-1-ORD-4653] Aberrations uncorrectable by an order 60x60 AO
Image quality system should not add wavefront errors larger than

30 nm RMS

[REQ-1-ORD-4660]

Length of slit

Up to 2 arcsec, and/or IFU

[REQ-1-ORD-4665]

Field of View of
acquisition camera

10 arcsec, Nyquist sampled at 0.004 arcsec

[REQ-1-ORD-4670]

Spatial Sampling

Nyquist sampled (1/2D) (0.004 arcsec)

[REQ-1-ORD-4675] | Spectral
T IS 20000<R<100,000
[REQ-1-ORD-4680] | High Throughput High priority
[REQ-1-ORD-4683] Stabili Stability sufficient to enable, e.g., Doppler searches
ability f
or planets
[REQ-1-ORD-4690] it The instrument shall not increase the background by
background more than 5% (TBC) over the sum of: inter-OH sKky,
telescope and NFIRAOS background.
[REQ-1-ORD-46935] Detector dark current and read noise should not
Detector increase the effective background by more than 5%

for an integration time of 2000 s.

e~

LR N R A Ll AL LI TR WSSy O gy
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T™MT NIRES

wmeamso @ Weather on brown dwarfs
Figure 3.16: Upper row: Simulated H-band images of weather patterns in an L dwarf with a dusty atmosphere
having Te = 1,900K, and clear patches with Teg= 2,100K. Models supplied by P. Hauschild (priv. comm.) show
that average absorption-line strengths of all species are enhanced by a factor ~4 in the clear patches, which
cover 3.5% of the stellar surface and yield a 0.015-mag photometric modulation at H. Lower row: The resulting
rotationally broadened profiles generated with the St Andrews Doppler tomography code have v sin i = 60 km
s~' and S/N = 1,000. They show clearly that the rotation profiles are strongly distorted by the clear patches in 41
the cloud deck, but the equivalent width remains roughly constant. Middle row: The image reconstructed

from the synthetic data recovers the locations and sizes of the clear patches reliably in the hemisphere
facing the observer.

Source: 2006
NIRES
Feasibility Study
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T™MT NIRES-B Schematic Layout

THIRTY METER TELESCOPE

bNIRES

NFIRAOS Output
Focal Plane
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Source: 2006 NIRES Feasibility Study Report,
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“ﬁ? Wide-field Infrared Camera
(WIRC)

Requirement

NiirEer Description Requirement
[REQ-1-ORD-4835] \Q’:r:’geée”gth 0.8 — 2.5 um, goal 0.6-5um
Aberrations uncorrectable by an order 60x60 AO
[REQ-1-ORD-4840] | Image Quality system should not add wavefront errors larger than
30 nm RMS
[REQ-1-ORD-4845] | Field of View 30 arcsec diameter (contiguous, imaged all at once)

[REQ-1-ORD-4850] | Spatial Sampling Nyquist sampled (2./2D) (0.004 arcsec)

Spectral fu :
[REQ-1-ORD-4859] Becolishon R=5-100 (narrow and broad band filters)
High; must preserve telescope aperture advantage
[REQ-1-ORD-4860] | Throughput compared to similar instruments on smaller

telescopes

Over the 30arcsec field of view, WIRC shall deliver
precise astrometric measurements with at most a
[REQ-1-ORD-4865] | Astrometry 10% degradation of the acheivable

performance on NFIRAOS feeding an idealized
perfect instrument.

Must allow mosaicing of multiple fields together with

IREEN-ORD-A0EA | Slabiliyy; ficxuie no significant loss of image quality or precision.

The instrument and AO system of this configuration
[REQ-1-ORD-4875] | Background shall not increase the inter-OH optical background by
more than 15% over sky and telescope background.

Some WIRC sciéﬁéé c':"dﬁl'cllnb“e'a'd'he with IRIS



5 Selection of First-Light

T™T
Instruments

@ Our early-light instruments were selected at the December
2006 SAC meeting in Vancouver

@ This downselect was very successful because

— It was primarily science-driven, but it also paid attention to technical
readiness, cost and schedule

— Extensive information from the instrument feasibility studies
— SAC did a lot of “groundwork™ ahead of the December meeting

® Balance between fundamental observing modes: seeing-
limited vs AO, visible versus infrared, and imagers vs
spectrometers

® Workhorse capabilities and synergy

We need to use this “success of our past” as a template for the
future - And all TMT partners will make it even stronger!



5 Selection of First-Light
EEEEEEEEEEEEEEEEEEEE Instruments

Selection reaffirmed by TMT SAC
following partner-wide instrument

workshop in 2011

TMT.INS.PRE.13.037.RELO1



D TMT Global Participants —

TMT Science Instruments

USTC, Beijing

NAQOJ/Canon, Tokyo HIA, Victoria DI. Toronto
(MOBIE AGWEFS) ’

IRIS imager, MOBIE _
( 2 (IRIS OIWFS) (IRIS Science,

cameras) 52 B NSCU)

TIPC, Beijing  « o | A
[ (Cooling) el  ri e “
) UCSC, Santa Cruz}

CSEM, Neuchatel
(IRMS CSU)

I.k

1 (MOBIE)

IUCAA, Pune
(IR readout
electronics)

?Z
UCLA/CIT

(IRIS, IRMS)

lIA, Bangalore
(IR-GSC) [ NIAOT, Nanjing UH IfA, Hawaii

(MOBIE AGWFS) (MOBIE detector
v readout electronics)

TTNJ.T TN, L -0




NN Future Instrumentation

TMT Development

® Community explorations (e.g., workshops, testbeds, studies)
® Extensive SAC discussions of instrumentation options and requirements

® SAC prioritizes AO systems and science instruments and makes
recommendations to TMT Board — This is the cornerstone of our program!

@® Board establishes guidelines (including scope and cost targets) for
studies and TMT issues a call for proposals

Two ~one-year competitive conceptual designs for each instrument
SAC makes recommendations based on outcome of studies (scientific
capability, priorities, options, etc.)

® Project (and Board) will negotiate cost and scope of instrumentation
awards, considering partnership issues

® TMT will provide oversight, monitoring and involvement in all instruments:
— To ensure compatibility with overall system
— To maximize operational efficiency, reliability and minimize cost
— To encourage common components and strategies
— To ensure that budget and schedules are respected



NS . .
™T Community Explorations

THIRTY METER TELESCOPE

@® \Where new instrumentation ideas for TMT are born!
— Would ideally be a “constant stream”
® Meant to inform the prioritization of desired instrumentation
capabilities by SAC
— Science, technical readiness and risks, rough cost and
schedule
- Draft initial science requirements and their rationale
® Coordinated through SAC and Observatory

@ Consultations:
— Workshops
— White papers
— Open to unsolicited proposals

TMT.INS.PRE.13.037.RELO1
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TMT Community Explorations (cont.)

THIRTY METER TELESCOPE

® “Mini-studies”
— <1 year duration, ~$100k

— Joint decisions between SAC and Observatory on which
studies to fund

— TMT would also support teams requesting external funding
from their agencies, e.g., letters

@ Types of mini-studies:
— Study of science potential of a new instrument capability

— Technology testbeds such as new coronographs,
wavefront sensors, control algorithms, etc. etc.

— Full instrument feasibility studies

TMT.INS.PRE.13.037.RELO1



NN SAC Instrumentation

TMT Prioritization

@® Cornerstone of the instrumentation development program

@ Clearly science-driven but must also factor in all available
Information on technical readiness, schedule, cost and overall
mix of commissioned and planned instrumentation

— This was a key ingredient in the selection of our early-light
Instruments in 2006 - it must be preserved

® Balance between AO systems and science instruments:

— Comprehensive metrics required for science and technical
assessment

— New capabillities versus upgrades to existing systems

TMT.INS.PRE.13.037.RELO1



> Competitive Conceptual

TMT Design Studies

@® Competitive: Often produce different designs in response to
same top-level requirements (e.g., IRMOS, HROS)

— More thorough exploration of system design trade-offs
@® Scope and funding established by the TMT Board
— ~1.5-2 year duration, ~$1-2M range
@ |[nitiated through a formal Call for Proposals:
— Every ~3 years
— ldeally two instrument concepts to be studied per cycle
— Two studies per instrument concept
@ Studies to be reviewed by external, expert review panels

® Recommendations made to the Board from SAC and
Observatory Directorate



SRS ildi
T™T Building Instrgment
Partnerships

@ Each TMT instrument will be built by a multi-institution
consortium

@ Strong interest from all partners in participating in
Instrument projects:

— Primarily driven by science interests of their respective science
communities

— Large geographical distances and different development models
— Broad range of facilities and capabillities

@ Significant efforts are already under way to fully realize
the exciting potential found within the TMT partnership

® Goal is to build instrument partnerships that make sense
scientifically and technically while satisfying partner
aspirations
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Visitor Instruments

THIRTY METER TELESCOPE

@® A TMT instrument represents a very sizable investment of
money and time

@ If a consortium is able to muster resources for such an effort
outside the TMT development process and then offers it for
use at TMT, should TMT accept this visitor instrument?

@® SAC supports visitor instruments at TMT under the following
conditions:

Must be approved by SAC. Early dialog between the instrument
team, SAC and the Observatory is therefore important to avoid
creating false expectations

Instrument be fully compatible with TMT

Visitor instruments will be considered only once TMT is
operationally stable

The Observatory deems support costs to be acceptable
Instrument should be available to all TMT partners



> Post-Delivery

TMT Instrumentation Support

@ Intent is to keep original instrument teams involved in the post
delivery instrument support (maintenance and upgrade)

— TMT does not plan to keep large, in-house teams for this
— Builders remain the best source of expertise

— Keeps good teams engaged in long-term health and
performance of the instruments

® Depends on having stable instrument teams

— Not a concern given that teams had to be stable to mount
large instrumentation efforts in the first place

® Upgrades will take place as part of “servicing missions™:
— Contingent of expert staff to be sent to Observatory
— To work in “burst mode”
— This model is in use at Keck



> [nstrumentation Development

L LI Office (IDO)

@ Joint AO and science instrumentation engineering team that
provides oversight for all instrumentation activities (except
routine support):

— Initially primarily occupied with early-light instruments
(WFQOS, IRIS, IRMS, NFIRAOS) and associated AO
systems with increasing shift of effort towards support for
future instruments and AO systems

— Example: AO group develops AO requirements, leads
performance analysis and coordinates/manages all
subsystem and component development

— Will play a central role within our diverse partnership

@ Core staff of 4 FTEs in current operations plan - additional
staff to be added as needed by number of on-going projects

@ Baseline instrumentation development budget of ~$12M/year
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T™MT Development Funding

THIRTY METER TELESCOPE

@ Rationale

— Only funds for early-light AO systems and science
Instruments are included in the TMT construction budget

— TMT science community has clearly stated that new
capabilities are needed as soon as possible after Early
Light
— Must be able to provide complex, ambitious instruments
@ Justification of funding levels based on

— Phasing scenarios based on current TMT instrument
concepts (discussed later)

— Escalation of costs from one instrument generation to the
next on Keck, Gemini and especially VLT (to be done)

® Funding profile must also modulate arrival rate of instruments
at Observatory to ensure a realistic commissioning plan
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@ Base funding

— TMT partners will contribute a total of $12M / year to a
base instrumentation development fund

— To be kept separate from observatory operations budget

— Depending on procurement model, it may only be
sufficient to fund smaller instruments and/or seeding
concept studies

@® Proposed supplemental funding
— Base funding will need to be supplemented

— Total required appears to be $6M-$20M / year depending
on procurement model and phasing scenario

— Commitments to this funding could be adjusted and

renewed on a regular basis (~5 years say)
TMT.INS.PRE.13.037.RELO1



%> Possible Sources of Funding

Ll (Cont.)

@ External funding opportunities

— Truly large projects will likely come from specific initiatives at
the level of the partners’ funding agencies

— The TMT instrumentation development program should
encourage and support such applications

— But they must still be vetted by SAC and Board

— However, overall TMT program should not be made to rely
heavily on such funding:

e Hard to maintain funding continuity

e Difficult to incorporate SAC involvement in establishing
priorities, true competition among teams and adequate
TMT oversight - One solution here Is to use work
package agreements to convert value to observing share



> Instrument

TMT Phasing Scenarios

@® Meant to illustrate the funding profiles required to bring into
operations an instrumentation suite as capable as the
proposed TMT Instruments

— Two important variables are the sequence of instruments
and the times at which they are delivered to TMT

@® Best source of available cost and duration information
remains the 2006 instrument feasibility studies

@ Costs of development phases (CDP/PDP/FDP) are included

@ Nine phasing scenarios were studied looking at science
priorities, total costs, total funding required prior to first light,
and annual funding after first light

® A SAC preferred scenario was adopted in March 2011

TMT.INS.PRE.13.037.RELO1



>  March 2011 SAC Preferred

TMT Instrument Phasing Scenario

@ Eight instrument capabilities (not “set in stone”):
High-Resolution Optical Spectroscopy (HROS-UC-2)
High-Resolution, Near-IR Spectroscopy (NIRES-B)

Multi-IFU, Near-IR Spectroscopy (IRMOS-N + AO upgrades)

. Adaptive Secondary Mirror (AM2)

Mid-Infrared, High-Resolution Spectroscopy (MIRES)
High-contrast imaging (PFI)

Multi-IFU, Near-Optical Spectroscopy (VMOS + AO upgrades)
8. High-Resolution, 5-18um Spectroscopy (NIRES-R)

@® One new capability every 2.5 years on average
@ Starts in 2016 and ends in 2038
@ Total cost of $405M at a rate of $21M/yr after first light

TMT.INS.PRE.13.037.RELO1

N o bk wwbdhRE



RS

™T

THIRTY METER TELESCOPE

Instrument
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> TMT Instrumentation and
EEEEEEEEEEEEEEEEEEEE Performance Handbook

® 160 pages covering planned instrumentation suite
(requirements and designs), instrument synergies, and
Instrument development

® Updated information on first-light instruments

@ All instrument feasibility studies were combed
systematically to extract all available science
simulations, and tables of sensitivities/limiting
magnitudes/integration times

Available at http://www.tmt.org/documents
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® TMT has a powerful suite of planned science instruments
and AO systems that will make the Observatory a world-
class, next-generation facility

® Work on first-light instruments is progressing well

® Many elements of the instrumentation development
program are being defined and discussed including the
SAC prioritization process and the instrument phasing
scenarios

@® TMT instruments will offer a wide range of opportunities
to all TMT partners!
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