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<>  TMT End-term Evaluation Report, Aug. 21, 2023 ﬁiﬁ\@-’

TMT Working Group on Large Scientific Research Projects, Council for Science and Technology L
— Ministry of Education, Culture, Sports, Science and Technology (MEXT) (1/2) Observatory of Japan

» In the annual plan previously submitted, the project was scheduled for start of 9-year-long
construction in FY2013 with completion in FY2021. However, due to unforeseen
circumstances for the executing institution, on-site construction have been stalled
since April 2015. Please note that, based on the understanding that heteronomous
factors have delayed the project, the WG reviewed the executing institute’s role and
achievement in accordance with criteria defined related to the evaluation of management.

» Despite delays in the entire project due to a series of unexpected events, NAOJ has
steadfastly assumed the responsibilities for its in-kind work to the extent possible.

» The WG acknowledges that NAOJ has significantly contributed to the overall project.
NAQOJ introduced such measures for improving TIO’s operational structure as a shift of the
headquarters to Hawai‘i and a reshuffle of its Hawai‘i engagement team. Furthermore,
starting with relocation of NAOJ TMT Project Manager and other staff members to Hawaifi,
NAOJ’s broad range of activities have helped to gain the local communities’ understanding
of the project.
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TMT Working Group on Large Scientific Research Projects, Council for Science and Technology S B
THIRTY METER TELESCOPE Ministry of Education, CUIture, Sports, Science and TeChnOIOgy (MEXT) (2/2) Observatory of Japan

» The WG recognizes NAOJ’s key role in advancing the project has strengthened the
nation’s trust and presence. NAOJ has been fully participating in the project, taking the
initiative in strengthening TIO’s governance and reorganizing the project management
structure, as well as assigning some staff members to Hawai'i to actively carry out the
community engagement activities to deepen trust and to continuously help with the
communities’ needs.

» Notwithstanding the suspension of on-site construction work, the TMT project remains
academically significant. It is expected to deliver scientific results which will be
critical not just for astronomy but also for other areas of physics and Earth and

planetary science.

» The issues surrounding the construction site in Hawai‘i are not project-specific
matters, but has a major impact on consideration of the role of science in the
society. The WG hopes lessons learned from this project will be widely shared with
other large-scale projects under international collaboration.
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document screening. As a
result,12 projects are
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Roadmap 2023.
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THIRTY METER TELESCOPE

TMT is selected as top priory in Astro2020

US-Extremely Large Telescope(ELT) Program, which e

i i i Pathways to Discovery in Astronomy
includes TMT, was selected as the top_ priority D S
among all ground-based telescope projects. p—

nap.edu/astro2020 . AV

The survey highly evaluated TMT's unparalleled

capabilities across a wide range of fields in astronomy US-ELT Program
and astrophysics, along with its level of technical poroant e for the U.S. communty n at least one and dealy bath of o two
maturity. Metor Teesoapo, wilh & atget lovelof at least 25% of the ime.on each t6loscope, If

both projects are viable, then that time should be distributed across the two proposed
telescopes. If only one project proves to be viable, the NSF should aim to achieve a
larger fraction of the time, in proportion to its share of the costs and up to a maximum
of 50 percent

All projects previously ranked as the top priority in Participation in both projects fs the optimal outoome
past Decadal Surveys—such as ALMA, James Webb j;“]:jﬁ:::sz"c s vailabl (1504t o)

Space (JWST), and the Vera C. Rubin Observatory— + exploit complementary inirumeniaton

If circumstances preclude participation of one observatory (financial, site

have proceed ed tO COﬂStrU Cthﬂ and nOW |n availability) goal should be to obtain as large a share on the other as
. available
SUCCGSSfu I Opera“ on. This is the survey’s top priority MREFC recommendation due to the

timeliness and transformative potential

G S AR
The National Academies of
SCIENCES - ENGINEERING - MEDICINE




How We Got Here NSF Large FaC|I|t|es Over the Decades

Ms. Jean Toal Elsen (AURA) for Commlttee on Astronomy and Astrophysics FaII Meeting, Nov. 8,2024
“VLBA -~ Gemlnl . . ALMA Rubin ' USELT

Very Large
Array

\stronomy and
Astrophysics
l(n the 1970\

H rtof tl
vey Commit

Astronomq and A@trophqsrcq |
in the New Millennium J| Pathwaysto Discovery in

Astronomy ; . i :‘»,,; =' orlck, Astronomy and Astl;op:\ysrcs
and Astrophysics abie % or the 20205
for the 19805

THE DECADE OF DISCOVERY IN ,

- ASTRONOMY

AND

ASTROPHYSICS

Decadal 1972

Operational 1980

4 NATIONAL RESEARCH COUNCIL

1982 1991 2001 2011
1993 1999, 2001 2011 2025

Photo Credits: Background: International Gemini Observatory/NOIRLab/NSF/AURA/J. Chu; VLA: W. Grammer, NRAO/AUI/NSF; VLBA: NRAO/AUI/NSF;
Gemini: Gemini/NSF/AURA; ALMA:C. Padilla, NRAO/AUI/NSF; Rubin:RubinObs/NOIRLab/SLAC/NSF/DOE/AURA



National Astronomical
Observatory of Japan

TMT - Canada Long Range Plan 2020  NAC)J

THIRTY METER TELESCOPE

Supported by Canada

§ response to the recommendation by the Canadian

Astronomy Long Range Plan of the Canadian
Astronomical Society (2000, 2010, 2020)

. ' Recommended Ground-Based Facilities: Large (>$30M) Investments In Near-Term Projects

: Discovery at the Cosmic Fron&uer A% \ i, " Priority Project Anticipated Cost to Canada Estimated Operational Date
X , (New Construction/Operations)
(/ar] ‘lCI ] tlrl ASt)r()rlom -7’ VLOT (TMT):8 TBD [ US$7M18 per year 2033 or later
L()ng R‘lnge I lan T T VLOT: Very Large Optical Telescope

B T

2020-2030

https://casca.ca/wp-content/uploads/2021/05/L RP2020 final EN.pdf 10
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Thirty Meter Telescope

1. Top-level science goals

We aim to address humanity’s fundamental questions:

» Is there life elsewhere in the universe?
» What are the origins of planetary systems and the solar system?
» What are the characteristics of the first stars and galaxies?

» What drives the expansion of the universe?
» What is the origin of matter in the universe?

by constructing and operating the Thirty Meter Telescope . TMT at
Maunaka in'Hawail'i as an international collaboration involving Japan,
Canada, India and the US.

Credit - NAOJ




<>  The 30-meter optical-infrared telescope TMT &iaé
TMT O OTmeTErop P NAC.
. Science Investigations Observatory of Japan

THIRTY METER TELESCOPE

Location: Summit of Maunakea, Hawai‘i (ideal for ground-based observation)
Members: Japan/NINS, Caltech, University of California, Canada/NRC, India/DST, (NSF/AURA)
Japan’s Responsibilities: Telescope structure, primary mirror, science instruments

exceptional clarity JWST (6.5m) 8-10m

» 5x sharper than JWST
» 3x sharper than 8-10m class telescopes

extremely sensitive

» 20x more sensitive than JWST
» 100x more sensitive than 8-10m telescopes

e.g.,
» TMT completes a 10-hours Subaru Telescope

observation in just 3 minutes.
» TMT can observe ten explosive events annually,
compared to JWST's once per decade.

Courtesy TMT International Observatory 1 2



- TMT’s Uniqueness over JWST NACJ

National Astronomical
THIRTY METER TELEScore  D. Originality and International Competitiveness Observatory of Japan

MIRI/F1550C image: NASA/ESA/CSA, A Carter (UCSC), the ERS 1386 team, and A. Pagan (STScl).

» JWST will continue to play an important role in capturing Wi gl oy C Maros, (VRO
gaseous planets relatively far from the central star. Planctli & | N
» TMT, with its high spatial & spectral resolution capabilities, -

will directly image and study the atmospheric composition
of rocky earth-orbit planets close to the central star.

Earth orbit (1au)

F1550C

» Higher Angular Resolution » Higher Spectral Resolution » Higher Sensitivity in NIR

_ Point source, line spectroscopy
R = 6,000 JWST/ 8-10m 551" Diffraction limited observation

T |

-16.51-

-17.01-

o

log (Line Flux)[erg/s/cm?2]

‘ -17.51
| ' 180}
- P R. Guhathakurta (UCSC)
Wright et. 2014, Do et al. 2014) 0.0l L P b o [
. 4115 4120 4125 4130 4135 4140 0.4 1 3 5
Wavelength (angstroms) Wavelength [um]
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. 'ﬁz TMT Provides High Spectral Resolution (\J y

L —— 4. Instruments and Data to be Returned 5. Originality and International Competitiveness Observatory of Japan

TMT instruments are equipped with a wide range of spectral resolution, as
high as R~10°, allowing observations of a wide range of astronomical targets.

First light instruments Second generation instruments

et MODHIS 1 1 | DIFROSINEEEE

i : ; NIRES ;

4 3 3 2\ oy

+ 3 o+ [ 1
= : =

3103 ¢ 3 10% F

Q : D 3

o i o MICHI :

© 102 ¢ © 102 | 3

+ 3 + 3

(& F [3) -
o S

03 1 3 10 0.3 i 3 10
Wavelength [um] Wavelength [ um]
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THIRTY METER TELEScore  D. Originality and International Competitiveness

TMT’s Uniqueness over E-ELT/GMT

EuxEws eJ

National Astronomical
Observatory of Japan

» The only ELT in the northern hemisphere

» Critical for follow-up observations of transients discovered by Subaru wide-field imaging
» TMT with E-ELT/GMT can follow a target for many hours because they are at different longitudes

» Local group, Virgo cluster, and the Andromeda galaxy are in the North

» Widest FOV (9x than E-ELT) and highest efficiency (~1.2x than E-ELT), wide-field MCAQO system,

and wide-field visible MOS.

» Quick instrument switching time (<10 min), which is a significant advantage for rapidly decaying

ToO sources such as neutron star mergers, initial phases of supernovae explosion

» AO-assisted at 1St Ilght providing diffraction limited resolution from early science

Courtesy TMT T R L A gredn
International : - - 7 SO
Observatory’ . o §
7 b -\ ——— 2 > N
/%

it:GMTO corporation

TMT GMT E-ELT
M1 30m f/1 24.5m 39m /0.87
M2 3.1m 1.1mx 7 4.1m
# of mirrors 3 2-3 5
Efficiency 0.92 0.92-0.95 0.79
FOV 20’ 20’ 10°

(15’ unvignetted)

(5’ unvignetted)

GMT : Giant Magellan Telescope, E-ELT : European Extremely Large Telescope 15




IR TMT has the best site conditions
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THIRTY METER TELEScore  D. Originality and International Competitiveness

BIrxszs

NAC)J

National Astronomical
Observatory of Japan

» High altitude of Maunakea

— advantage in UV and IR observations
» Large isoplanatic angle and coherence time
— preferable conditions for AO observations

Red: best among the three sites

Site characteristics Maunakea Armazones Las Campanas
(TMT) (E-ELT) (GMT)
Altitude (m) 4050 3064 2415
Seeing at 60m above ground (arcsec) 0.50 0.50 0.50
Isoplanatic angle (arcsec) 2.55 2.05 2.05
Atmospheric coherence time (ms) 7.3 5.0 5.0
Precipitable Water Vapor (PWV) (% time < 2mm) 54 50 23
Mean nighttime temp (deg) 2.3 7.5 13
Fraction of Clear night 0.72 0.86 0.75

Ref. (1) CATAC report Apr. 16, 2017 (draft), (2) TMT.PSC.TEC.16.008.DRFO1, (3) https://www.tmt.org/page/site, (4) Schdck et al. 2009, PASP 121, 384

16



S Top-level Science Objectives NAC)J

THIRTY METER TELESCOPE

. . . National Astronomical
2. Science Objectives Observatory of Japan

1. Search for in

Direct imaging of habitable zone rocky planets earth-size planet
» Targets: Earth sized planets around low-mass stars \

Stellar spectrum
e, 1IN

Size of Earth’s orbit

I
~
% N

Investigate molecules related to life (e.g., O,, O3, CH,) q’- NV Star
in earth-like exoplanets through spectroscopy. “\_.\\' f

(M dwarfs). Expect 1-20 sources.

Spectrum of the
- - atmosphere

» Requires > 20 transits (need a few yrs for a detection) Foson ot

» High R is required to separate telluric absorption C. Marois (NRC)
2. Detection of light from the Gas douds
Detect Helium Il (1640 A) from first stars and constrain Wide-field survey EaiAgalisios ﬂ
the formation, their nature, and role in galaxy formation. ’ @ '
, @ e
» JWST/NIRSpec has tentatively detected Hell from the @@ g Growih of stars,

galaxies and blackhole

halo of an exceptionally luminous galaxy at z=10.6 ‘
(Maiolino et al. 2024).

» Assuming top-heavy IMF, TMT will detect Hell (S/N~ 5:
~10 hours) in compact primordial galaxies up to z~14.

10Gyr /' peak of cosmic star formation

Subaru JWST ALMA T™T 13.8 Gyr / Now



ﬂﬁ? Top-level Science Objectives (\J J

THIRTY METER TELESCOPE 2. Science ObleCtlves Observatory of Japan

138 60 $E§(?Eﬁﬁ Gl%zﬂg) 12
dark ene rgy | sEzmsmosAEmELT
3] ‘:En /\5 [

Directly measure the expansion of universe by the redshift drift »
of intergalactic matter and constrain the nature of dark energy.

« >

DR (FARBOZILENE)

o

» Expected redshift drift at z~2 is ~3 cm s in 10 years.
-1 -1/2

a =35 cms (S0 (Mase) / (L Zase)

' 3350 30 3 Liske et al. (2008)

» Stack many QSO absorption lines to gain S/N.
» Requires a stable high-dispersion spectrograph with R~100,000 (i.e., HROS)

'
=y

1065 EIDFRSRIZZ(L [109]

TMTH BN ZE0H g
5 \

25 Pian et al. (2017, Nature)

Multi-messenger astronomy QO/M
|t

Obtain optical-infrared spectroscopy toward gravitational wave or
neutrino events, and explore physics in extreme environments and

origins of heavy elements.

Spectrum decays
in the order of 10
days. Prompt
optical/NIR follow-
up by TMT is
essential.

Flux

E-S3AR0E TN
Jil

» Inthe TMT era, GW telescopes will be more sensitive and will reach up to D ~

200 Mpc. Number of binary neutron star merger events will increase to ~10/year. .-
» Subaru/HSC, LSST, Roman will follow-up and search for optical counterpart.
» TMT (WFOS/IRIS) will study the spectral evolution.

5,000 10,000 15,000 20,000 25,000 1 8
Wavelength (A)
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TMT + Subaru 2-3: A Powerful Partnership at Maunakea NA@J

National Astronomical
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HIRTY METER TELESCOPE 2" Science Objectives, 3. Science Investigations Observistory of Japen
Exoplanet Search for Earth-like exoplanets by indirect method Direct imaging/spectroscopy of Earth-like exoplanets
::ijent-léylng an((dj.c;h?rac;ten;lng ta' varlgty of Earth-like exoplanets. planet ol o Ef’ . Search for molecules related to life by
roviding candidates for direct imaging. ! \., o 3?;'},_ ALY transmission spectroscopy
- VAR W A T
Size of Earth’s ' HO
orbit BE (S00>)

Virtual Planet Laboratory (VPL) simulation

Galaxy C. Marois (NRC)
formation Search for first galaxy candidates by wide-field survey Detection of light from first stars
Exploring the era of rapid evolution of galaxies about 10 billion Detecting the light from first stars (helium emission) to
years ago. Infrared survey of early galaxies with ULTIMATE that is constrain the timescale of first star formation and their
impossible by optical instruments. 1] v ‘ nature.
" NASAESA'
(Multi- iy . o . )
messenger Identifying optical/infrared counterpart of gravitational Spectroscopy of counterparts of GW/neutrino sources
wave/neutrino sources by quick wide-field survey
astronomy
Following up a variety of gravitational wave sources to investigate Exploring the explosion mechanisms and synthesis of elements in the
synthesis of heavy elements. Identifying origins of high-energy "'» Universe by spectroscopy for objects identified with Subaru etc.
events including neutrino sources.
\ y
Dark matter Indirect measurement of the Universe’s expansion by Direct measurement of Universe’s expansion
Dark energy Wwide-field surveys . L

B SRORIEMELT
FUZNICHR S
—

(1 Constraining the nature of dark energy that causes expansion of

the Universe by a fully new approach.
(1]

Constraining the nature of dark matter and dark
energy. Determining the mass of neutrino.

TMTHEEAASHEE
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“ﬁ?’ Strong Synergies with ALMA 2-3 NAC 3

THIRTY METER TELESCOPE

Both TMT (in NIR) and ALMA (in submm) achieve 0.01” resolution

Exo-planets and planet formation

ALMA and TMT (Forming planets): observe multiple
emission lines and dust continuum in proto-planetary and
circum-planetary disks at high angular resolution.

2. Science Objectives, 3. Science Investigations e Rare oF T

ALMA

MUSE/VLT

TMT (Mature Earth-like planets) : directly image Earth-like
planets and study their atmospheres through sensitive
high-resolution spectroscopy.

Credit: ALMA (ESO/NAOJ/NRAQO) A. Isella

Distant Universe @ = RNz
ALMA (relatively early star-forming galaxies) : resolved
structure and detection of gas emission lines and dust
continuum from forming young galaxies

4 L .- o
TMT (first galaxies and source of reionization) : Umehata et al. (2024)| ¢
resolved structure of rest-frame UV to optical lines in 1® Sthiicicd BE—— 1223 galay, with Ha
first/young galaxies unobscured by dust ALMA [CII] from a 2=3.1 redshifted into TMT K-band

massive galaxy (from DSC2024, Wright et al. 201420



2. Science Objectives, 3. Science Investigations
THIRTY METER TELESCOPE

Synergies with the Habitable World Observatory ﬁ@ g

National Astronomical
Observatory of Japan

TMT and HWO share a common goal -- "detecting exoplanets"

TMT’s role

HWO'’s role

Image exoplanets in the habitable zones of abundant
low-mass stars (M-type stars), which are relatively
faint in visible but bright in infrared. Observations with
ground —based ELT are necessary steps for HWO.

Image terrestrial planets in the habitable zones of the
nearest Sun-like stars (around 100 targets) through
reflected light and perform spectral characterization
of their atmospheres.

Hotter Stars

Sun-LikeStars
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Cooler Stars
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From Pathways to Discovery in
Astronomy and Astrophysics for the
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“‘ﬁ? TMT is an international collaboration NA@ J

THIRTY METER TELESCOPE 3. Science InveStigations Observatory of Japan

TMT International Observatory (TIO) was established in 2014 for TMT's construction and operation.
Member countries are responsible for manufacturing assigned components and/or paying their share.

Secondary and
Tertiary mirrors

Mirror Segments

Telescope
Structure

e 2

» FOV:20 arcmin (15 arcmin unvignetted)
» f/15 (Primary mirror: f/1)

» Focal length: 450m

» Operating A: 0.31~28um

» Laser guide star system

» Diffraction limit: 0.008 arcsec at 1ym

Science v Adaptive
Instruments Optics




"‘ﬁo Japan’s in-kind contribution and schedule (\J J

THIRTY METER TELESCOPE 3. Science Investigations Observatory of Japan

1. Telescope structure 3. Science instruments

Responsible for design, \ Responsible for all Responsible for the,,1
development and o 574 mirror blanks IRIS imager. g
and 175 polishing.

installation.

* Resume onsite construction

« Design and development of science instruments

» Fabrication of mirrors, telescope structure, and instruments
Fy2028-2033 | ¢ Telescope assembly in Hawal'i

woHgrhEA=tE| © Test observations with 40 segments

« Complete installation of all segments

v + |Installation of 1st light instruments

FY2034~ | « Start science operations (open use)
« Operate TMT for 50 years, updating science instruments.

~FY2026

23



THIRTY METER TELESCOPE

6. Current Status

Japan’s In-kind Contributions to TMT

Buxws

‘['
National Astronomical
Observatory of Japan

Telescope Structure (STR)

Hitz
H tachi Zosan
Ready for Fabrication
* Passed FDR on Nov. 2019
» Passed three Production Readiness
Reviews (PRR) in Mar. 2020 and Feb
2023
* Reduced manufacturing risk through
. i .

Roboti segment
mirror handling s

Primary Mirrors (M1)

;g* > Blank

Fabrication started and ready to resume

mass production

+ 356 Blanks (62%) Delivered

» 33 Aspheric Polishing (19%)

+ Fabrication Readiness for Hexing & SSA
mounting

1st Light Science Instruments
IRIS = TV

IFU
Spectro-graph
(UCIiA/CIT)

W aw
Surface quality (~6nm)
Off-axis Aspheric Mirro

Ready for Fabrication
+ Passed FDR1 in June 2021
* Reduced risks through extensive analysis,

modeling, prototyping

WFOS & MODHIS

+ In-kind contributions of Optical,
Mechanical, Control system design works
and managements

* MODHIS PM is a NAOJ faculty member.

N

.Fa
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ety merer Teescore. 3+ INStruments and Data to be Returned

TMT Operation Plan

BIrxss

‘('
National Astronomical
Observatory of Japan

Once operations begin, the TMT Observing time will become

available to all members of the Japanese science community.

» TIO is responsible for the telescope operation, scheduling,
observations, and archive of raw data. The archived data will

become available to the world after a certain proprietary period.

» TMT partners are responsible for processing proposals and
science data reduction and archive. Tools and software
developed for the US-ELTP will be available to partners.

» NAOJ will operate and manage the open use of the Japanese
time. The idea is to operate TMT and Subaru under a common
system for proposal management, data analysis support and
archive, facilitating unique science with the two telescopes and
increasing the operation efficiency at the NAOJ.

Users

Application
Reviewer

Preparation

Analysis
Publication

}

}

{

NAOJ

Proposal submission

v

Proposal review

$
TIO

Observation scheduling

v

Observation preparation

{

Observation

v

Data archive

¥
NAO)

Data reduction

v

Archive of reduced data

25



Trﬁ? Significant Progress Achieved in Hawai‘i N"\S\/ y

THIRTY METER TELESCOPE 6. Current Status Observatory of Japan

Building trust for Maunakea Astronomy and TMT

» TIO reviewed problems of the activities in Hawai'‘i leading up ¢ \" o ) ad
to the protest in 2019. Reorganized the engagement team. & qT . .

» NAOJ Project Director, TIO PM and the TIO team engaged \. p s b “ ‘
in direct dialogues with the (then) protestors and education i |

. . ‘ )
activities in the local community. 'm L
» Significant improvement in the local atmosphere ) -

New authority to reflect opinions of the local community including Native Hawaiians on Maunakea

management Panel discussion by

MKSOA members in the
AAS meeting (Jan. 2023).
The MKSOA members
received a standing
ovation from more than
700 participants for their
experience of building
trust and understanding
each other’s stance.

» Establishment of the Maunakea management organization
MKSOA involving Native Hawaiians

» Currently in transition period and co-management with UH.
Transition will complete in 2028.

» Online meetings are being held every month.

» MKSOA is welcomed by the Native Hawaiians as it
provides opportunities to discuss issues.

» Astronomy community in the US also expressed interest.

26



THIRTY METER TELESCOPE

6. Current Status

Buxws

Consensus Building in Hawai‘l / NSF Process Underway NA@J

National Astronomical
Observatory of Japan

Decommission of Aging Maunakea telescopes

» Long-standing issue: reduce the number of
telescopes on Maunakea e

» Two aging telescopes (CSO, Hoki Ke'a) have £ .ot
been removed and site has been restored S

Prospects to obtain consensus through the NSF process

July, 22
» Environment Impact Statement (EIS) NSF's Process :
» National Historic Preservation Act in Hawail
(NHPA) section 106
» Community Engagement Plan (CEP)
» Completed by 2026

PDR |
March, 23

A4
NSF’s process _ . v'
for MREFC Preliminary Desig 1
Approval of MKSOA is necessary for  funding —

|

|

TMT construction. Review and recommendation by I
|

external panel led by NSF (Sep 24)

EIS, NHPA élnd CEP

I
| NSF

\ -]

|

Hoku Ke‘a

NSF’s approval of EIS and MOU

\ 4
Construction >

Record of Decision
Director
Decision FDR
v v
Final Design
Phase

1 Preparation Budget
for budget’ approval by
request congress

MREFC

27
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THIRTY METER TELESCOPE 8' ProjeCt organization

Collaboration with the industry & community is essential ﬁ@ J

National Astronomical
Observatory of Japan

NAQOJ oversees the
implementation of Japan's in-kind
contributions, collaborating with
domestic companies to
manufacture the telescope's main
structure and primary mirror.

.

BiIIX%s

‘['
National Astronomical

Observatory of Japan

Project lead : TMT Project/ATC

Collaboration: Hawaii Observatory, ALMA Project, ADC

The development, design, and
technological advancement of the
second-generation observational
instruments are being carried out
in collaboration with domestic and

international universities.

J

Collaboration

Joint Research

Industry
p

Telescope structure/Mirrors

Second Generation Instruments

Canon
Kanadevia =
Mitsubishi Electric
Ohara

Okamoto Optics

I IORIR A
L Credit MELCO, NAOJ

Y | The first-light
instruments are being
developed by the
NAQOJ ATC.

After completion, the
NAQOJ TMT project in
collaboration with the
Hawaii Observatory
(Subaru) will operate
TMT and Subaru under
J | a unified scheme.

Universities

Ve

Hokkaido University

Kyoto Sangyo University

Kyoto University

Okayama University of Science
RIKEN

Tohoku University

University of Texas at Austin
University of Tokyo

~

g
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THIRTY METER TELESCOPE 8' ProjeCt organization

=5 Collaboration with the industry & community is essential ﬁe J

National Astronomical
Observatory of Japan

NAOJ

Construction |34 FTE

Currently 18FTE

Need 34FTE once construction in
Japan resumes

Need >40FTE once on-site
construction resumes

90 scientists | = Development of

and science/operation plan
engineers « Science advisory committee
» Working groups

« Engineering collaborations

Operation 67 FTE

Open-use (partially including
Subaru open-use): Astronomers
including post-docs 27

Research Administrators 5
Administration 25

Support for TIO operation (incl. in-
kind contribution): Engineers &
Technicians 10

120 « Scientific research through
scientists open-use
and * Instrument development

engineers * Proposal evaluation

* Development of
science/operation plan

» Science advisory committee

« Engineering collaborations

We plan to develop a common system for the operation of TMT (Japanese time) and Subaru, including proposal
management, data analysis support and archive.



"ﬁ? TMT Promotes Young Scientists & Engineers @ J

THIRTY METER TELESCOPE 8. Project organization Observatory of Japan

» Workshop organized by young scientists and engineers: —

TMT ACCESS: TMT eArly Career Centered, Engineers-Scientists Synergy:
a workshop organized by young scientists and engineers (Sept, 2023 in
Pasadena, June 2024 in Sendai).

» TIO’s workshop: TMT Early Career Initiative (TECI)

T10O held three international workshops so far to educate young scientists
and engineers. 22 students postdocs and engineers participated from Japan.

» Development at universities

Enhancing young generations’ activities and skills through instrument

development by international collaborations. TMT ACCESS (Sept. 2023, June 2024)

» The Optical Society of Japan, Optics
Design Award (2018)
Toshihiro Tsuzuki (NAOJ)

» The Laser Society of Japan,
Encouragement Award (2019)
Ryuji Suzuki (NAQOJ) TECI (2018, Pasadena)

Toshihiro Tsuzuki Ryuji Suzuki 3 O

L
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& - - - p |
-, TMT is Built on the Strength of Community Support NA@ J

THIRTY METER TELESCOPE 9. Why NAOJ? Observatory of Japan

» The need for an extremely large telescope in the northern hemisphere has been
expressed repeatedly by the Japanese optical-infrared astronomy community
(GOPIRA).

» Strong recommendation for TMT from the Japanese society for planetary sciences,
and the Astronomical Society of Japan.

» Construction/operation of TMT is fully aligned with NAOJ’s Mission Statement.

m https://www.nao.ac.jp/en/about-naoj/organization/philosophy.html

O To develop and construct large-scale cutting-edge astronomical research facilities and promote their open

access aiming to expand our intellectual horizons.

O To contribute to the development of astronomy as a world leading research institute by making the best use

of a wide variety of large-scale facilities.

O To bring benefits to society through astronomy public outreach.
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@ International Collaboration, Industrial Growth, and Fostering Young Talent a
T g Young Talent NAQ® g

wrrvmerertecescore 10 Collaboration and spillover effects outside astronomy

National Astronomical
Observatory of Japan

International Collaboration Cutting-Edge Technology

» TMT is realized through strong international collaboration,
uniting the cutting-edge technologies of participating

countries.

NINS, Caltech, University of California, NRC/Canada, DST/India, AURA

» Japan leverages its experience of building advanced

telescopes like Subaru and ALMA.

Scientific Research Industrial Growth

Canon
Hitachi Zosen

S i

NAOJ Academia

Industry

Mitsubishi Electric
Ohara
Okamoto Optics

» Telescope system technology
» High-resolution adaptive optics
» Primary mirror control sensors

P Segment exchange system
» Optical system manufacturing
» Precision processing and vibration control

Courtesy TMT International Observatory

¥¥  » Biomedical microscopes
» Advanced precision manufacturing
» Ultra—precise pharmaceutical measurements

» Robotics
» Space optical communications
» JAXA's large-scale deep-space antennas

Broad basic science fields and Japan’s industrial foundation

Globally Active Talent Technology

» Participation as a major partner provides an excellent
opportunity for Japan’s young researchers and engineers
to learn from and collaborate with leading global
scientists, engineers, and project managers.

» NAOJ supports the active participation of young
university researchers and graduate students in

developing next-generation instrument components.
4

\ e

Collaboration with Tohoku University

Hokkaido University
Institute of Science Tokyo
Kanagawa University
Kurume University

Kyoto Sangyo University University of Texas at Austin
Kyoto University University of Tokyo
NS

~

Osaka Electro-Communication University
Okayama University of Science

RIKEN

Tohoku University
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