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™T TMT Fast Facts
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® 30m aperture

® Filled segmented primary

@ Active and adaptive optics

@®0.31-28um

® CalTech, UC, Canada

@® t+tJapan, China, India, ..

® Total construction cost: 130B yen (JPN1/4)
® Hawaii, Mauna-Kea

® Three First Light instruments+AQO

®2019 FL



IR vS. Subaru
EEEEEEEEEEEEEEEEEEEE X13 sensitivity, x4 resolution

Why we want larger telescope?

® To see more distant objects
® To see more detailed structure
@® To see in shorter time
@® To see more objects
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T™T Adaptive Optics(AO)

THIRTY METER TELESCOPE

Enlargement with HST

@® Angular resolution

. 0.6—0.015arcsec
A B T (2.2um)

' ' i | @ 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




TI:% High spatial resolution w/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)
8.5 kpc=85AU  (Galactic Center or Bulge)
1 Mpc =0.05pc (Nearest galaxies)
20 Mpc =1 pc (Virgo Cluster)
z=0.5 =0.07 kpc (g_aIaX|es at.solar forr_naﬂon epoch) of Titan with an
z=1.0 =0.09 kpc (disk evolution, drop in SFR) overlayed 0.05”
z=2.5 =0.09 kpc (QSO epoch, Ha in K band) grid (~300 km)
z=5.0 =0.07 kpc (protogalaxies, QSOs, reionization)
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Keck AO image of M31 Bulge with 0.1” grid

High-z galaxy image
superimposed on a
TMT IFU with 50-
100pc spatial
resolution

. 2




RS
™T vs. JWST

THIRTY METER TELESCOPE

Comparative performance of JWST with a 30m GSMT and Spitzer
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nﬁ? TMT advantages

THIRTY METER TELESCOPE

® High spatial resolution 0.015arcsec
— more detalled structure
® High spectral resolution R~100,000
— more accurate physical measurements
® High sensitivity in optical (0.3-1um) over wide FOV(>10’)
@ Short response times for ToO
@® Flexible and upgradable
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T™MT Synergy w/Space-IR and ALMA

THIRTY METER TELESCOPE
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“Cﬁb 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

S g e i S =

MIRES \\_.w_-.;\x\,;gj

MIRAO \\i
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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
(I\/lOBlE) stellar pops, chemistry, energetics
Multi-slit near-DL near-IR o , , ,
Spectrometer 2000 - 10000 :JI\\IAe/:r_I-_I:)”sopviztroscoplc diagnostics of the faintest objects
(IRMS) P
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
ExXAO | 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
(HRQOS) @ Extra-solar planets!
MCAO imager 5 - 100 @ Galactic center astrometry
(WIRC) @ Stellar populations to 10Mpc
@ 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
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™T TMT Instrument Lineup Summary

THIRTY METER TELESCOPE

@ First Light Instruments (FLE[REXTIZH T &2ET S, BRENOTFEHNDK)
® RIS - Keck/OSIRIS®D 14 #
® WFOS ----- Keck/DEIMOS® i ik
® IRMS ----- Keck/MOSFIREZMDEF

(LLTFIXFLLUBIERIL S EIFonTLKW P SH2nd genFiE, FTEITEEEMN S, )
@ First Decade Instruments (06FBFICTMTEERFEL TREISNI=2D)
(NIRES) — J-NIRES&merge

(MIRES) — J-MIRES&mergel TMICH]

IRMOS

HROS

PFI

WIRC

®J TMT Instruments

(J-NIRES) ----- Subaru/IRCSD £ f#*

MICHI - Subaru/COMICS M 4 i

(J-IRMOS) ----- Subaru/MOIRCS M {4 i

(J-HROS) ----- Subaru/HDS ) # i 12
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FL instrumentation



RS IRIS

TMT Infrared Imaging spectrometer
® 0.8-2.5um
® R<4000 22K
® Lenslet IFU

— 128x128pix

— 4 plate scales( 4-50mas) I

@® Image slicer
— 90 slices w/25 and 50mas

Alternate
Gratings
On Turret

. FOV Common
reimager
10
camera lens Focal plane layout
- <2"IFU

— DL imaging 17” w/4dmas
® Imager: designed by Japan

. Imager
® P|: James Larkin (UCLA) I | <A
— Co-I: Anna Moore (Caltech), PS: Betsy Focus
Barton (UCI), Others: UCS, 14

Japan,U.Tolonto



RS MOBIE
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Optical MOS Spectrograph
®0.31- 1.1 Hm t:-lu'tam / | *Blue cam
® ~140 multiplicity over 9.6’
® R=300-8000 et

® 5 order Echellette
@® Full wavelength coverage

@ Low resolution mode for max. YT
multiplex advantage. ‘

® PI: Rebecca Bernstein (UCSC)

— PM: Bruce Bigelow (UCSC),PS.:
Chuck Steidel (Caltech)




RS IRMS
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Infrared multislit spectrometer
®08-25um
® 2.3 arcmin FOV
® 0.06arcsec sampling
® 46 slits
® plate scale: 60 mas

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

@® Clone of
Keck/MOSFIRE

@® Step O towards
IRMOS

i
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J-TMT Instrumentation



TMT KIZB+5EE): EEBEH
BADTMTEERFE2ADH

® E—HHNEEDRRE -S{EICEEN SN
® RIS EETHAVEHAIUADKRET
® MOBIE/IRMS: E£E ATV RT IL—T~DMAE#HE

® F_HBAEEZAATETHRAE -HE-£ia
® RS T E S Ew/(EARIEN)
® hERIMED R Sezs (RARIZH)
@ ERNE SRS JEER (DRIEHY)
® SR ZRKADFHES WIFU+MOAO (FRLLIZEAY)
® RN EREERERBEE (REEH)
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T™MT KIZHEITAHEE): EERF
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@ E2HRERFERTP1—I)L(TBD THEFKRIZKD):
® 2008 May: TMT-] REIRRSE (4 EZEDILE)
@ 2008-2011 :FHiEEDEMMEELRRD, RERFT=
http://jelt.mtk.nao.ac.jp/tmtinst/
® TMTDCIPICXT U CTLIK DHDITEZERETZ TMTAIESR
@® 2012-2014: TMT Design Review process
® 2020-: O=wv>3—>7. X ¥R
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TMT  NIR High Dispersion Spectrograph

THIRTY METER TELESCOPE

® R=40,000 (80,000max)
® Short arm (0.9-2.5um) [& long arm (1.9-5.5um) |
@® Slit: 0.”02 x 0.5-1" (option: long slit ~30”, MOS?)
® J-20, H~20, K~19.5 (100) R~50,000, 1hr '
® Key sciences
® IGM at 2.5<z<6(metallicity), and z>6(reionization)
® Atmosphere of exoplanets
@ collaborations with UH NIRES team (Rayner/Tokunaga)
@® Prototype WINERED and IRCS-HDU
® ZnSe immersion grating
@® Molecular gas cell, Laser comb.
@ ..
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TMT Mid-IR Imager & Spectrometer(MICHI)

THIRTY METER TELESCOPE

® Imaging & Spectroscopy in N- and Q- bands, FOV=30"-1’
® 0."08@10um, 0.”16@20um w MIR AO i Y
® R=100-100,000 @7.5-13.5um & 16-25um g S ———
® Options: IFU, polarimetry y
® Key sciences
® Dynamics and chemistry of PP disk
® High-R spec. for bio-markers

n
Example idea = ®]_ msseron
Yy

@ collaborations w/ UH & Florida MIRES otk = o
(Tokunaga/Packham) g o

® R&Ds .
® Image slicer -
® Internal cold chopper —
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T™T Wide field NIR IFU spectrograph

THIRTY METER TELESCOPE

® NIR IFU spectroscopy of 10-20 objects simultaneously (cf. IRMOS)
® FOV 5arcmin w/MOAO, spatial resolution 0.”"02@2um
@® 20 IFU units, R=1,000-20,000
® Key sciences
@® Search for galaxies in formation-phase at 7<z
® Physical properties of galaxies in growing-phase at 2<z<7
@® collaborations w/ MOAO team of U.Victoria, HIA . 200um
® R&Ds ==
It
® large stroke MEMS-DM
. Ly Crystal silicon Crystallized amorphous
@ tomography algorithm 05 / *9 o op e

nfiqnl wafer

@® Fiber IFU L/ /
2
. Ellec‘crode :
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TMT Optical High Dispersion Spectrograph

THIRTY METER TELESCOPE

® They used to study an “all-purpose” spectrograph (e.g.
HIRES/Keck, HDS/Subaru), but now they turned to investigate an
“ultimate” spectrograph focusing on the accuracy and stability (e.g.
CODEX, ESPRESSO)

® Key sciences
@® Detection of terrestrial exoplanets around solar-type stars
@® Direct measurement of cosmic expansion

® Required accuracy of radial velocity ~10cm/s (e.g. 1m/s accuracy
Is attained with ESO/HARPS )

® Als (experiments with 1.8m telescope and Subaru)
@® Stabilities of inst. Temperature, air pressure, opt. alignment
@® Laser comb.

® ..
24
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TMT Second-Earth Imager for TMT (SEIT)

THIRTY METER TELESCOPE

@ Contrast requirements : 10°® @0".01, 10° @0".03

® Inner working area: 0”.01 (2I/D at 0.08um)

® Pupil densified coronagraph(BER$ZE# L > Xa 05455 7)+
High-contrast visible imaging by pupil remapping (RIff&3 > 5
A MRBREE)

® 0.8-1.2um

® FOV 0.1

® Key science: Direct detection of earth-like exoplanets

® Requires EXAO

25
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@ First Decade Instruments (06%£
ELTREISNT=1D, )
® (NIRES) — J-NIRES&merge

J-HROS vs. HROS (UC Santa Cruz,
J-PFI vs. PFI
WIRC

Na ERFHEE U TEIRA,

Heoeeoeeoee

(MIRES) — J-MIRES&Emergel TMICHI
J-IRMOS vs. IRMOS (Caltech, U.Florida)

U.Colorado)
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