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® 30m aperture
® Filled segmented
primary
- @ Active and adaptive
~optics
| @ 1400t
- @ 0.31-28um
@ CalTech, UC,

Canada, (JPN)
@ Hawaii or Chille
® 2018 FL
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T™T Adaptive Optics(AO)

THIRTY METER TELESCOPE

Enlargement with HST

@® Angular resolution

. 0.6—0.015arcsec
i oo (2.2um)

' | o ® sensitivity upgrades
by lorder

® Several thousand
elements

@® Much higher
resolution than HST

@ 5 times higher
resolution than JWST

® Almost all the TMT
NIR observation will
use AO In TMT.

HST

The same with a 30 meter telescope
& Adaptive Optics




Tﬁ@rg High spatial resolution wW/TMT/AO

THIRTY METER TELESCOPE

® AO on TMT provides unprecedented ability to investigate

objects on small scales. Essentially no images exist on
these scales for direct comparison.

0.01"@5AU =36km (Jovian’s and moons)
5pc =0.05AU (Nearby stars — companions)
100 pc =1 AU (Nearest star forming regions)

1 kpc =10AU (Typical Galactic Objects)
8.5kpc=85AU (Galactic Center or Bulge)
1 Mpc =0.05pc (Nearest galaxies)

20 Mpc =1 pc (Virgo Cluster)
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z=0.5 =0.07 kpc (galaxies at solar formation epoch) Keck AO image
z=1.0 =0.09 kpc (disk evolution, drop in SFR) of Titan with ap’
z=2.5 =0.09 kpc (QSO epoch, Ha in K band) overlayed 0.05

z=5.0 =0.07 kpc (protogalaxies, QSOs, reionization) grid (~300 km)
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High-z galaxy image
superimposed on a
TMT IFU with 50-
100pc spatial
resolution
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Keck AO image of M31 Bulge with 0.1 grid
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T™MT Synergy w/JWST

THIRTY METER TELESCOPE
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T™T vs. JWST

THIRTY METER TELESCOPE

Comparative performance of JWST with a 30m GSMT and Spitzer

-

s B

3

-
-

ules) swi |

Time Gain (JWST / 30m GSMT)

<
-

o
2

¢ : e
Wavelength (microns)



RS
T™MT Synergy w/JWST

THIRTY METER TELESCOPE

® JWST advantages
— Full sky coverage & high observing efficiency
— 0.6-28.5um
— High sensitivity for BB IR photometry
— Stable PSF with time and FOV

® TMT advantages
— High sensitivity in optical (0.3-1um) over wide FOV(>10")
— High sensitivity in high-angular/spectral resolution spectroscopy
— Short response times for ToO
— Flexible and upgradable
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T™T vs. SPICA In MIR
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T™T Telescope

THIRTY METER TELESCOPE




Tﬁ'@l? 30m RC Telescope
(CAD drawings)

LGSF launch telescope\ M2

LGSF beam transfer N/

Elevation journal

Nasmyth
platform

Laser room Azimuth cradle
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@® 492 parabolic off-axis segment mirrors, D=1.44m
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>
™T Segment Support

wrme Assembly (SSA) Design

CORPORATION

® Seven Segment
Assembly — Bottom
View

N

@ Real time control of flexure change
@® 10000 degrees of freedom
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T™T

THIRTY METER TELESCOPE




Instruments

T™T

THIRTY METER TELESCOPE




“ﬁ? Nasmyth Configuration: First Decade
Instrument Suite

® Platform 7 m below elevation axis

@® Articulated M3 — facilitates quick instrument change

® Addressable regions: -28° to 6° and 174° to 208° for small FOV
WIRC

= :
c.----— 2

MIRESNIR \\“1‘1,
MIRAO Q
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~ TMT Early Light Instrument Suite

Instrument Spec.Res. Science Case
Near-IR DL Spectrometer @ Assembly of galaxies at large redshift
& Imager <4000 @ Black holes/AGN/Galactic Center
(IRIS) ® Resolved stellar populations in crowded fields
Wide-field Optical ® IGM structure and composition 2<z<6
Spectrometer 300 - 5000 | @ High-quality spectra of z>1.5 galaxies suitable for measuring
(WFQOS) stellar pops, chemistry, energetics
Multi-slit near-DL near-IR o _ _ _
Spectrometer 2000 - 10000 :Jl\\ll\e;:r{_n;”sgectroscoplc diagnostics of the faintest objects
(IRMS) Wup
Mid-IR Echelle 5000 - @ Physical structure and kinematics of protostellar envelopes
Spectrometer & Imager 100000 @ Physical diagnostics of circumstellar/protoplanetary disks: where
(MIRES) and when planets form during the accretion phase
EXAO | 50 - 300 ® Direct detection and spectroscopic characterization of extra-solar
(PFI) planets
High Resolution Optical 30000 - @ Stellar abundance studies throughout the Local Group
Spectrograph 50000 @® |ISM abundances/kinematics, IGM characterization to z~6
(HROS) @ Extra-solar planets!
MCAO imager 5 - 100 @ Galactic center astrometry
tellar populations to pc
WIRC @ Stell lati 10M
@ Precision radial velocities of M-stars and detection of low-mass
Near-IR, DL Echelle
5000 - 30000 | planets

(NIRES)

@ IGM characterizations for z>5.5




ISR IRIS

TMT Infrared imaging spectrometer

@® 0.8 - 2.5 microns

F 2Kx2K
. OV )\ detectors p
U W Hawaii-2RG

— DL imaging 30" x 30" w/4mas

@® Spec. R: 4000 over entire
J, H and K bands, one

Alternate

band at a time Continen
n lurre
@® Lenslet IFU Common
— 128X128p|X 'L%ﬂéa}gée'{ens Focal plane layout
— 4 and 10mas scale
@® Image slicer
— 90 slices
— 25 and 50mas o o
FI5A0 =  Wheels

Focus



ISR MOBIE
T™T

Infrared iImaging spectrometer
® 0.31 - 1.1 microns blue ***’;I\\ .
@® 1500 objects over g

40.5sgmin FOV Red
® R=300-7500 e S—— g

® Echellette design provides |-
up to 5 orders

® Full wavelength coverage ey ,
. SN S
® Low resolution mode for 7 N
. e RN /
max. multiplex advantage. B N
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IR IRMS

TMT Infrared multislit spectrometer

® 0.8 - 2.5 microns
® 2.3 arcmin FOV
@ 0.06arcsec sampling

H

® 46 movable slits, 2.”4 arcsec

® Adjustable plate scale:
4,9, 22 and 50 mas

|

® R=4600 over entire Y, J, H
and K bands i {

@® Copy of
Keck/IMOSFIRE

24
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TMT Site

THIRTY METER TELESCOPE
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T™T Site testing

THIRTY METER TELESCOPE

—

® Armazones (Chile) 2'8f — ——— 1 2% 1/"’4‘
and MaunaKea er /7 1 S8 7 :
(Hawaii) are et/ 1 ERF E
selected as best ”‘EJ/ B B[ S B N

. 0 0.5 1 1.5 2 2.5 0 0.5 1 1.5
Sites. DIMM seeing [osc] MASS seeing [osc]
. - =100 E |

@ Site decision Kot ! e

expected July 2009 ¢ &f : n
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@® Schoeck et al. 0 Mauna Keg

PASP, April, 2009
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™T Mauna Kea vs. Armazones

THIRTY METER TELESCOPE

TMT Mauna Kea

Best high-
altitude seeing

4200 m




In the case of Mauna Kea

TMT
‘ ..... ” 452 Keck
—HE t
rer t
SMA

CSO
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T™T Japanese Contribution

THIRTY METER TELESCOPE

® ELT#{HEZ=REZE ! on April 2009



™T Current activities

THIRTY METER TELESCOPE

® TMT has been authorized as one of two future large
projects (cf. SPICA) by Japanese community

® Agreement between TMT and NAOJ
@® Goals & Contributions
@® Equal partner (25 %)
® Operations
® M1 segments: Glas Blanck: OK (OHARA)
@® M1 segments: Polishing: R&D phase
@ Instrumentation: IRIS & WFQOS, 2"d instruments
@ Infrastructure
@ Others (e.g., Adaptive M2, Data archive)

30
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TMT  Current Activities: Instrumentation

EEEEEEEEEEEEEEEEEEEE

® |IRIS: Imager Design & Science. Promotion is still on going.
® WFOS: Possibilities to join the team (e.g., optics)
@ Four 2" Instruments design works are on going:
@ Optical High Dispersion Spectrograph (W.Aoki+)
R=60,000 w/ 0.27 slit, Image slicer, etc. — HROS

® Mid-IR Low-resolution Spectrometer (Y.Okamoto+)
R=several 100~1000, additional option of MIRES

@® NIR High Dispersion Spectrograph (N.Kobayashi+)
R~100,000 w/ Immersion Gr. (ZnSe & Si) «— NIRES

@® NIR Multi IFU spectrograph with MOAO (M.Akiyama-+)
R~3000, FOV=4~15’, >20 objects «— IRMOS

32



< Current Activities: Instrumentation

Mirrors rearranged.to have different tilt
angles (3°). ~
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Material Candidates for NIR Immersion
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TMT Science Cases

THIRTY METER TELESCOPE

HR 8799 Planetary System
(Sept. 2008)

0.5 orcsec
20 AU




> Expand current frontiers

T™T .
— deeper, finer, and much more —

@ Direct imaging of exoplanets:
separation 0.2arcsec—0.02, contrast 10°—10
@® Search for metal poor stars:
Galactic halo—local group
@ Star formation history of nearby galaxies:
Red giants—MS, 5mag fainter
@ Distant SNe:
z=1.5—z=2-4

@® Kinematics and chemical structure of galaxies:
2=2,3—7=6

@® Chemical evolution, IGM metallicity:
10-2—2x104Z accuracy

@ Co-evolution of BH and galaxy:
20—100Mpc or Mg,,=10"—10M



IR Open new frontiers

™T
THIRTY METER TELESCOPE - Next Astronomy -

@ Structure and composition of atmosphere, weather,
volcanic activity, crustal activity in the solar system.

@ Detection of organic molecules of H,0O, O,, O5 In
exoplanets.

® IMF dependence of mass and environment by MIR obs.
for young stars in dense molecular clouds.

® Direct observation for the shape of protostar core and
iInflow/outflow from PP-disk.

® Measurement of stellar orbits around the BH in Galactic
center.

@® 3D mapping of IGM evolution.

@® The first star/galaxy/QSO.

@® Redshift drift/ time evolution of physical constants.
@® Miscellaneous



n?irD Planetary atmosphere

THIRTY METER TELESCOPE

@® Absorptions due to molecules in the transiting planetary
atmosphere are superimposed on the spectrum of the host star.

@ 3hrs integ. (snr=30000, 6km/s)of TMT/HROS for O, of Mstar
® MIR high. res. Spec. for organic hydrocarbon molecules

-4
To Earth . ' .
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“ﬁ? IGM tomography

THIRTY METER TELESCOPE

® TMT R=10,000 mode: lim.mag.=24mag

@ Not QSO but Galaxies are dominant in number density (2/arcmin?)
@® Space correlation <300kpc scale
® 3Dmap of HI-metal+star-DM
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Thﬁ?/ Redshift drift

THIRTY METER TELESCOPE

. Acceleratlon / Deceleratlon Of 0 :’__ '_“* | :O
the universe causes observed |~ .- '

redshift as a function of time. © | = NN .
Z= (l +Z)HU —H(Z) ;: _1'_ *‘J N S \ R ?
@® 6¢cm/s per 10yrs @z=4 5 3 NS

@® High S/N and R obs. for ~20 : B
Lya forests with 4000hrs of N
TMT over 20yrs D T W

@® Direct and model-
Independent measure of the
expansion history.

[
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T™T Synergy w/SPICA

THIRTY METER TELESCOPE
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THIRTY METER TELESCOPE

Poplll detection

@ Hell 1640A is a characteristic
signature of poplil.

® Tiny (<30mas) & faint sources
TMT can detect Hell at z<14.
JWST: detection of sources

L
L
® SPICA: Ha, H, detection
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T™T

THIRTY METER TELESCOPE

® 2D mapping of SFR,
velocity, extinction,
and metallicity.

TMT will gain 10-100
In sensitivity and >3-5
In angular resolution

over current facilities.

Understand the
Internal dynamics and
complex baryonic

processes within a DV |

halo.

SPICA: dust,
obscured AGN@z<3

® ALMA: molecular gas
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Tﬁ@rb SFH of nearby galaxies

THIRTY METER TELESCOPE

® Deep CMD for nearby galaxies can be drawn even in crowded
regions. In the case of M32, TMT will reach to the MS turnoff.

® TMT R~4000 spec. for RGB stars will constrain SFH.

® SPICA: dustdlstrlbutlon feedback from act|V|ty merglng
Gemlnl WS~ Sl el

0.5 1.0




Tp%b Protoplanetary disk

THIRTY METER TELESCOPE

® TMT MIR R~100000 spec. for
protostellar cores to reveal structure
and kinematics of infalling envelopes
/jets/winds.

® H,0O, CO as diagnostics to map T/p/v
at <1AU

® MIRES will be able to image
protoplanetray disks at <lau

. SPICA_ H2 ﬂux’ HzOlce PMaar-lR VLT intzrizromziry  (sub-)mm inizrizro
Micl1i2 VLT int2rifo Sy
® ALMA: outer molecular clouds

Quter disk

Dust Habitabl
Magn.sph. . : abitable zone
accretion innerrim 0.5-2AU

0.02 AU 0.07 AU
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