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Motivation ]
O Responding to the questionnaire at TMT Webinar #1.

TMT project update 26/39 (67%)

, 2. SEDIILF—CHELNCE (EHEmED)
® [ Expected Audience ]
© Group/Individual who is considering use of TMT.

TMT instruments 22/39 (56%)

o Group/Individual who needs new capabilities of TMT instruments.
© Group/Individual who is interested in TMT instrument development.

@ [ Plan ]
O TMT Instruments Overview (TMT Webinar #3)
O TMT First-Light Instrument #1 (TMT Webinar #4 [TBC])
© TMT First-Light Instrument #2 (TMT Webinar #5 [TBD])
© TMT First-Light Instrument #3 (TMT Webinar #6 [TBD])

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am
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‘e Telescope: “3” Mirrors reflection

o Primary Mirror
e 30m hyperboloidal mirror with 492 segments

o Secondary Mirror

e 3.1m convex hyperboloidal mirror
o “Steerable” Tertiary Mirror

e 2.5m X 3.5m mirror

o Nasmyth hosts Science Instruments

FoV: 20arcmin (Unvignetted 15arcmin)
Wavelength: 0.31--28um (UV-enhanced coating)
Diffraction Limit: 8mas @1um
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TMT: The BestAtmosy

~ : Site Characteristics E-ELT
| (Median values, unless (Units) TMTORM Armazones

stated) (Spain) (Chile) Campanas
(Chile)

Altitude of site meters

Fraction of yearly usable time
considering all adverse weather
conditions

Seeing at 60 m above ground arcsec
Best atmospheric conditions

For AO image correction

Isoplanatic angle arcsec

Atmospheric coherence time

Precipitable water vapor % time < 2mm

Mean nighttime temperature °C

)
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E-ELT: 82%

DR MORFEO | NFIRAOS
coverage, 30 degrees zenith
angle
Strehl ON AXIS in K band 0 o 0
in LGS AO mode >0% 70% >0%

K-band

50% Strehl

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am

70% Strehl

50%

trehl

TMT: 90%

2

Py
S

GMT: 70%




IR
T™MT

Thirty Meter Telescope

@ First-Light Instruments
O NFIRAOS: Facility 15t Gen. Adaptive Optics System
O IRIS: Infrared Workhorse
© WEFOS (previously called MOBIE): Optical Workhorse
O MODMHIS (replaced IRMS, Keck/MOSFIRE copy): Exoplanet Focused

® First-Decade (second Generation) Instruments

o Community explorations started in Sep. 2017
® White Papers received through Mar. 2018.

O Mixture of existing concept instrument and brand-new idea

® Process hasn’t been concluded yet.

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am
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Community
Explorations

SAC Prioritization

Call for Proposals

Competitive Conceptual
Explorations

External Reviewers
+ SAC recommendations
Explorations

Instrument Contract
Awards

Team Formation
+ Procurement Model

Preliminary Design
Phase

l

Final Design Phase
Fabrication

Assembly/Integration/Verification
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Science Observations
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Instru'mc?nt and A Range Spectra! Field of View
Description (nm) Resolution

NFIRAOS/Narrow Field

Infrared Adaptive Optics 0.8-24
System

IRIS/Diffraction-Limited

NIR Imager and IFS 0.84-2.4
WFQS/Wlde Field 031-1.0
Optical Spectrometer

MODHIS/Multi-

Objective Diffraction- 0.98 -
Limited High-Resolution 2.46

Infrared Spectrograph

N/A

Z,Y,J, H, K, bandpass
filters and multiple

narrower band filters.

4,000 and 8,000
(some modes to
10,000)

1,500 and 3,500 using
0.75” slits. Goal of
5,000 currently
achieved and higher R
available with
narrower slits.

> 100,000 with 30
cm/s (goal 10 cm/s)
Doppler velocity
precision
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NGSAO,
LGS MCAO

NGSAO,
LGS MCAO

Seeing-limited
GLAO

NGSAO,
LGS MCAO

Nasmyth -

LGS MCAO 2.0’

Imager: 34” x 34” @ 0.004”/pix
IFU with two slicing techniques
Lenslet: 0.512” x 0.512” @
0.004” /spaxel

Slicer: 2.25” x4.4” @
0.050”/spaxel

25 (8.3 x 3)-arcmin?

500” total slit length (up to 60
targets with 8” slits)

Imaging: full field @ 0.05”/pixel

4" diameter field of regard with
positionable diffraction limited
fiber bundle (target, sky,
speckle, spare, calibration).
6'"x6" imaging guider.
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Instrument and A Range Spectral Resolution Field of View
Description (um)

GLAO/Ground Layer
Adaptive Optics

(feeds WFOS and HROS)
MIRAO/Mid-Infrared
Adaptive Optics

(feeds MICHI)

PSI PFI/Planet Formation
Instrument

MICHI MIRES/

Mid-Infrared Echelle
Spectrometer

HROS/High-Resolution
Optical Spectrograph

IRMOS/IR Multi-Object
Spectrograph

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am

0.31-1.0

4.5-28

0.6-5.3

3.4-13.8

031-1

0.8-2.5

N/A

N/A

(fiber fed) High resolution
R > 100K

(IFS) Medium resolution

R > 5,000

(IFS) Low resolution R > 50

Imager < 100, IFS 600—
1,000, Spectrometer
120,000

Single Object: 100,000 &
50,000 (fibers)

40,000 & 20,000 (slits)
Multi-Object: 25,000

2,000 -10,000

GLAO

LGS MIRAO,
high contrast

ExAO

MIRAO

Seeing-limited
GLAO

MOAO

nstrumentisut:

r b i

Large enough to cover
WEFQOS

>10” (1’ goal)

2-5.3 um only:
1.2” x1.2” (low resolution)

0.15” x 0.15” (medium
resolution)

Imager: 28.1” x 28.1” @ 11
mas/pix N band

IFU: 0.175” x 0.07” (35
mas/spaxel)

> 10” in diameter (single
object mode)

10'-20’ diameter (multi-
object mode)

> ten 3” IFUs deployable
within a 5’ diameter field

B A — S ——— [\
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TMT First-Light Instruments TMT First-Light & First-Decade Instruments

Thirty Meter Telescope ‘

= "v L] L L] L L II L L] L] L] L L] L] II L] J L] L] L] L] L] L] -I L] L] L] L L] L L] -I

- . 10°F

g MODHIS F ;
g ~ [
5 10 3 S 10°F
3 : N C
< <
(S e
c c
09 3 O-o- 3
- - - 1
A5 10 "
0 o)
n 2]
Q Q
o~ o~
S 102 4 T 102
) L )
O] 1 )
0 0
Qo o
) A

10 10
2 2 a3 2l 2 2 2 s 3 3 21 2 2 2 3 2 2 32 31 2 2 2 PRI | \
0.3 1 3 10 0.3 1 3 10
Wavelength [um] Wavelength [um]

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am \




1>
T™MT IMT Instrument GapabilitiessiDetails

Thirty Meter Telescope d |
\ PR———
Spectral Resolution FoV & Spatial Sampling
' 1000 — . -
' HROS MODHIS MICHI HR Spectrograph ] -
IRMOS Multi-IFS
100 s - WFOS Imager
@ Imager and MOS ]
S A O—2 % %
S 10tf PSI Medium Res 1 g 10} MICHI Imager WFOS IFUs
2 7777777z, Z 3
o) SIS IS SIS ; 1 = 0
g IRIS IFS > 4l O MICHI Spectrographs HROS
Q MICHIIFS| '© @ 3
' ZZZZ2ZzZzZzZzZzzZzzZZZZ; -
MICHI Longslit i 0.1} PSI Spectrographs 4
PSI Low Res 1
[ WFOS Imager RIS Imager A ;o) \mager | ' MODHIS
102_W 0.01 . . B . 2 @8 e B g g g
0.3 5 10 1 10 100 1000
Spectral Range (um) Spatial Sampling (mas)

\
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> TMT Instrument Gapabilities:

T MT | . _Comparison againstEsElNan 20305_ ‘

Spectral Resolution FoV & Spatial Sampling
: : o o 1000 ¢ . . : : . -
10°F ‘ A S - : f \
: ANDES MODHIS METIS ; | - ] /
. . T 196 ] IRIS WFOS Imager E
MOSAIC MOS  MICADO Single Slit : | ) imager g s f
.5 ’8‘ s METIS Imager 1
5 HARMONI { 8 10} O 0 i/
§ IFS ] 8 HARMONI IFS N :
- 13 | . 1N\
© ] \
g ME]IS | A - METIS IFS 1/
o ———//////0/////// [ ] /
B 10°k WFOS MOS i 3 | ]
; ] N IRIS IFS 1\
] 0.1+ 1
IRIS Imager ] ; ] //
WFOS Imager MICADO Imager METIS Imager ; i !MODHIS. ]
2 — 0.01 e E— s
1023 1 ' T 1 10 100 1000
Spectral Range (um) Spatial Sampling (mas)
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™T Science'Case Developmenti&RequirementiEIowzDowns
Thirty Meter Telescope | g : " qQ

Fundamental Physics and Cosmology

e Early Universe, Galaxy Formation and the IGM [DeSIgn REQ]
. i * Supermassive Black Holes e \‘»,,
International Science «  Milky Way and Nearby Galaxies 0 g'l \
Development Team * Stars, Stellar Physics and the Interstellar Medium IRIS /
[|SDT] * Formantion of Stars and Planets ,
* Exoplanets WFOS (

e Qur Solar System

* Time Domain Science M 0 D H IS

SRD
OpsRD

Detailed Science and Subsystem
Science Case . Operations Level
Big Questions Observing Science and System Level Subsystem
Science Cases Programs Operations Observatory Architecture Requirements

Science Capability Matrix Requirements Document

Requirements

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am
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Thirty Meter Telescope
Detailed Science Case: 2007

TMT Science Advisory Committee

Thirty Meter Telescope
Detailed Science Case: 2015

International Science Development Teams

T™T

T
Detailed Science Case 2022
& TMT Science Advisory Committee

TMT.PSC.TEC.07.007.CCRO3

Thirty Meter Telescope International
Observatory Detailed Science Case

| TMT CoDR I

| TMT NSF PDR | | TMT NSF FDR |
'y 4 i link
1 Rubin Observatory (link)
US._ELTP Key new science
Science Programs\ JWST new 7
2018 NAS Exoplanet & | | | | sclence 1
tr02010 xoplanet ' Astro2020 X /)
\‘ As‘trobiology Report ' - \\ l,
\ ~ \ ’ \ /
\\\ \\ \\\ I‘ ,/ \\ ,I
2007 TMT 2015 TMT 2022 TMT 2024 TMT
Detailed Detailed Detailed Detailed
Science Case Science Case Science Case Science Case
-7 ' Pk - T i
- I —— - vV
2006 2013 established
Instrument ! International Science
Concept Studies |

Development Teams
U

T™T SA(; (inc. US IS DT

representation)

- I
TMT Key Science Programs ."

IRIS Science Case and |
Operations Concept
1 \
WFOS Science Case and |
Operations Concept
[Japan] TMT Webinar #3, 2026/03/10 10::

\
\
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\
MODHIS Science Case
and Operations Concept
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First-Light Instruments:iDevelopmentiStatus

e —— = x z —x ——

IRIS FDR-1 Design

~ @ |RIS (R. Suzuki@NAOJ+)

O [2025 Dec] Passed (system level) FDR-1
® Gained the System Level Design matuarity for its fabrication readiness.

® WFOS (for IFU; S. Ozaki@NAOJ+)

O [2025 Aug] Passed PDR-1
® WFOS IFU Endorsed. Design effort is being planned in NAOJ.

® MODHIS (for HISPEC; T. Kotani@ABC+)
0 [2025 Sep] Passed CoDR (CoDR-3)

® Spectrograph location baselined on Nasmyth platform.

MODHIS Top-End Design
® Spectropolarimetry (y,J,H) endorsed.
® Now in PD Phase.

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am
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® MODHIS ® WFOS

Exposure Time Calculator (ETC) link: o ETC link (still under development): 0 No ETC prepared yet. \

) 1 i N i . . . . . \
https://www.tmt.org/etc/iris http://specsim.astro.caltech.edu o Sensitivity information:

i e MCDHIS 22, https://www.tmt.org/page/ ,

"T:: IFS is serial behind the imager. Light passes through the imager filter and into the O Extended Source Signal-to-Noise Ratio (SNR) Calculator f N t S t \
' WT10S-sensitvl 3
O Imager [4mas/pix] @ Magnitude [Vega]
O Integral Field Spectrograph Observing Moda ’
& & O Fluxdensity [erg/s/cmn2/A] Off-axis - /
FStode Grating /
O Integrated flux over bandpass [erg/s/cm*2] Object Properties /
On-axs Object Temperature (k)
7400 <
Spectrum Wavelength [microns] Line width invelocity [km/s]
Plate Scale Filter
On-as Object Magritude (Vega) !
v v 5.383 s \
Field of View ‘Spatial Elements Off-axis Object Temperature (K) (200-12000}
900 <
Exposure Expected Performance and Atmospheric Conditions O obieetonitde (ess)
194 <
Point spread functions (PSF) are defined in each bandpass with varying atmospheric
Calculation Number of Frames ditions, AO guide star th angle, and field positi the
@ signal-to-noise IRIS focal plane and used to i di Vaini of Off-axis Oject (kms) \
3479 < .
Atmospheric Conditions
O Total Integration time [s] Signalto-noise The ic conditi lculated from
three years of ste testing at the TMT site at Mauna Kea 13N. For each profile, the AO Anguiar Separation Batwasn Objecs (as)
wave front error (sum of fitting, bandwidth and isoplanatic error terms) is found and 1743 <

profiles are sorted by this wave front error. The representative profile for a given
percentile X% is then defined as the average of all profiles in the range [X-5:X+5]%.
Exposure time [5] per frame O Good - 25% atmospheric conditions Filter for Object Magnitude Definition
@ Average - 50% atmospheric conditions e
O Bad- 75% atmospheric conditions

2mass-J -

Instrument & Sky Setting
Mode of AO

Point Spread Function Location Zenith Angle [degrees]
‘The spectrograph PSF is always on-axis auto -
Users canspecifyfed locations across  3° N 0 Star Proparties (dafaut assumas host tar praperts)
‘the four imagers.
default -
v Hmospharic Conditions
Good -
Zanith Angle Georess)
30 -
P () (1501
15 <

Exposure Setting

Exposure Time (5)

900 ®

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am
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e — g 7 R g

{N) ® MODHIS ® WFOS

o [As of 2023 Apr] 41 members, o [As of 2025 Aug] 49 members, o [As of 2024 Jun] 18 members,
5 from Japan 5 from Japan 2 from Japan

Etienne Artigau (U de Montréal) Quinn Konopacky (UC San Diego) Chuck Steidel (Caltech)

David Andersen, TMT Matthias Schoeck, TMT

Lee Armus, IPAC/Caltech
Aaron Barth, UC Irvine

Luc Simard, NRC-Herzberg
Warren Skidmore, TMT

Shashi Pandey, India Nainital ~ Annapurni Subramaniam, Indian lofA

Jeffrey Cooke, Swinburne Smitha Subramaniam, India lofA
Pat Coté, NRC-Herzberg Arun Surya, UCSD

Tim Davidge, NRC-Herzberg Ryuji Suzuki, NAOJ

Katherine de Kleer, Caltech Jonathan Tan, U. Florida

Tuan Do, UCLA Hiroshi Terada, NAOJ
Christoph Dumas, TMT Tsuyoshi Terai, NAOJ

Andrea Ghez, UCLA Tommaso Treu, UCLA

Satoshi Hamano Chao-Wei Tsai, NAOC

Lei Hao, Shanghai Paolo Turri, Berkeley

Yutaka Hayano, NAOJ Takahiro Uchiyama, JAXA
Matthew Hosek, Berkeley Andrey Vayner, Johns Hopkins
James Larkin, UCLA Gregory Walth, Carnegie
Michael Liu, U Hawaii Mike Wong, Berkeley

Jessica Lu, Berkeley Shelley Wright (PS), UCSD
Shude Mao, NAOC

Christian Marois, HIA

Anne Medling, Caltech

Anna Nierenberg, UC Irvine

Nils-Erik Rundquist, UCSD

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am

Ravinder Banyal (l1A)

Thomas Beatty (U of Arizona)
Chas Beichman (Caltech/JPL)
Bjorn Benneke (U de Montréal)
Geoff Blake (Caltech)

Adam Burgasser (UC San Diego)
Gabriela Canalizo (UC Riverside)

Guo Chen (Purple Mountain Obs.)

Richard Dekany (Caltech)
Tuan Do (UCLA)

Greg Doppmann (WMKO)
René Doyon (U de Montréal)

Courtney Dressing (UC Berkeley)

Min Fang (Xiamen U.)

Mike Fitzgerald (UCLA)

Tom Greene (NASA Ames)
Greg Herczeg (KIAA Peking)
Lynne Hillenbrand (Caltech)
Andrew Howard (Caltech)
Nem Jovanovic (Caltech)
Stephen Kane (UC Riverside)
Tiffany Kataria (JPL)

Eliza Kempton (U of Maryland)
Heather Knutson (Caltech)

Takayuki Kotani (ABC / NAOJ)
David Lafreniére (U de Montréal)
Chao Liu (NAOC)

Dimitri Mawet (Caltech)

Stan Metchev (Western U.)

Max Millar-Blanchaer (UC Santa Barbara)
Shogo Nishiyama (Miyagi Education U.)
Gajendra Pandey (lIA)

Peter Plavchan (George Mason U)
S.P. Rajaguru (Il1A)

Paul Robertson (UC Irvine)
Colette Salyk (Vassar)

Bunei Sato (Tokyo Inst. of Tech.)
Everett Schlawin (U of Arizona)
Sujan Sengupta (lIA)

Thirupathi Sivarani (l1A)

Warren Skidmore (TIO)
Motohide Tamura (Osaka-U)
Hiroshi Terada (NAO)J)

Gautam Vasisht (JPL)

Jason Wang (Northwestern)

Ji Wang (Ohio State)

Hui Zhang (Nanjing U.)

Eric Peng (NOIRLab, USA)

Erica Nelson (Colorado, USA)

John O’Meara (Keck, USA)

Crystal Martin (UCSB)

Khee-Ghan Lee (IPMU, Japan)
Kimihiko Nakajima (Kanazawa-U, Japan)
G. C. Anupama (llA, India)

Vivek M (llA, India)

Roberto Abraham (Toronto, Canada)
Ting Li (Toronto, Canada)

Michael Balogh (Waterloo, Canada)
Evan Kirby (Notre Dame, USA)

Mansi Kasliwal (Caltech)

Guo Chen (PMO, China)

Yong Zheng (UCB)

Karen Meech (Hawaii)

Casey Papovich (Texas A&M, GMACS)
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Key diake AWays

Vi For TMT-FL Users:

© Check your science by using the IRIS/MODHIS ETC (or WFOS sensitivity info)
O Stay tuned for the upcoming Webinar(s).

® For TMT-FL/FD Requesters:
O Reach out to any science team members with your request/question (FL)
O Check the latest Detailed Science Case Document.
O Consider participating in TMT ISDT (FD)

® For “Potential” TMT Instrument Developers:
O Please contact me (terada@naoj.org) or any TMT Project members.

[Japan] TMT Webinar #3, 2026/03/10 10:30-11:00am 1‘§
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