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TMT |RIS:InfraRed Imaging Spectrograph NACS

THIRTY METER TELESCOPE Observatory of Japan
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Spatial sampling Field of view Resolution Min/Max wavelength
Mode e Bandpass
[mas] [arcsec] [A/dA] (um]
Imager 4mas 34 x 34 Set by filter 0.84-2.4 Variety of
bandpasses

Slicer IFS 50 mas 4.4X2.25 4000 8000 0.84-2.4 20%, 10%
88 X 45 Spaxels 25mas 2.2x1.125 ’ 0.84-2.4 20%, 10%
Slicer IFS 50 mas 2.2X2.25 4000 - 10000 0.84-2.4 209%, 10%, H+K
44 X 45 Spaxels 25mas 1.1 X1.125 0.84-2.4 209%, 10%, H+K
Lenslet IFS 9 mas 1.01 X1.15 4000 0.84-2.4 5%
112 X 128 Spaxels 4 mas 0.45 X 0.51 0.84-2.4 5%
Lenslet IFS 9 mas 0.144 x 1.15 4000 - 10000 0.84-2.4 20%, H+K
16 X 1128 Spaxels 4 mas 0.064 X 0.51 0.84-2.4 20%, H+K

F2.2.1: TMT/IRISOE—F
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TMT WFOS:Wide-Field Optical Spectrometer NACJ

THIRTY METER TELESCOPE
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TMT WFOS:Wide-Field Optical Spectrometer NA!
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MODHIS:Multi-Object Difraction-limited High- ... ~

T™T resolution near Infrared Spectrometer N"\Am/m"

THIRTY METER TELESCOPE Observatory of Japan
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Mechanism
1020mm
Parameter Specification

Wavelength coverage Y to K (0.95 to 2.4 microns)
[Resolving power (R) =100,000 (goal 150,000)
# Channels =3
[Fiber feed type Single-mode fiber feed from Keck AO then TMT-NFIRAOS, eventually PSI,

coronagraphic capabilities
Stability <10 cm/s (goal 2 cm/s)
Calibration [Laser Frequency Comb, gas cells, Tungsten lamp, Laser lines
[Design approach IDiffraction-limited design
Optical efficiency 50% spectrograph only, ~10% in K band with Keck AO and TMT-NFIRAOS 7




<% MODHIS:Multi-Object Difraction-limited High- @nme
T™T resolution near Infrared Spectrometer = enass J J

TMT-MODHIS exoplanet discovery space
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Instrument Fl.eld iyl Sl Spectra'l Wavelength range (um) Sensitivity
pixel scale resolution
Planetary System Instrument | ~q~ outer working angle, IFU ~5000
PSI Contrast 10-8@2\/d (max 10mas inner working Imager <100 1-5
10-9) angle
bMICHI - mid-IR AO Fed Imager: (L&M bands) Imager & spectrometer
spectrometer imager IFU 24.4x24.4” @0.011” /pix 10-100 & P 0.1lmJy@8um gives
(N band) 3.4-14 (L, M, N) 10sin 1hr
MIRES 28.1x28.1” @0.028” /pix ' T
Spectrometer: low res 28.1” 3x10-19 W/m2@8um
length, high res 2” length 600 & 120,000 | (16-25QTBD) gives 10s in 1hr
IFU (7.3-13.8 N only) 5x2” 1000 7.3-13.8
. . . texp=6 hr, S/N=100 per
HRos | High-Resolution Optical 5”slit >0,000to 0.31-1.1 (1.3 goal) channel@R=100,000,
Spectrometer >90,000
M=18.9
Multi-object near-IR >'.cen 3 |ng over >5 texp=1000s, S/N=10 per
spectrometer (IRMOS) diameter field element. R=3270
IRMOS | Either slit based or multi-IFU | or 2000-10,000 0.8-2.5 iy
T - - Y=23.4,)=23.0, H=22.7,
~2’ diameter field with ~50
. K=21.2
slits
Near-IR AO-fed Echelle texp=1 hr, S/N=100 per
NIRES | Spectrometer [AO feed 2" slit 20000-100000 | 1-5 element, R=50,000 Y=17.4,
from NFIRAOS] J=17.2, H=17.0, K=16.6
I ing 5'x5” @0.1” /pixel
Astronomical Rapid Imager |?L?g@lor2)g1";(pixf)l [pixe Broadband to
ARISE d Spect larimetri . 0.31-4.8
B oPorOPOTRIMENE 1710 Ha full frame >15000
P 100 Hz windowed
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B> HROS: @nxz‘se
TMT  High-Resolution Optical Spectrometer iy B

Observatory of Japan

#gllE—FR
@ standard Mode (3) MOB (Z X&)

R:50K R: 25K
fiber slicing:1.2”sky, 0.4”sampling, Single Fiber / 0.5”sky
7 fibers/Seeing 9 objects
@ High Resolution @ High Throughput
R=100,000 R: 40K
Fiber Slicing 1” sky/0.2”sampling /19 Slit /0.5”x5” /On-Axis FOV
fibers/Seeing

0.6 ” sky/0.2”sampling /7 fibers/GLAO

= (7]
- Blue
§Z’w ? . . i jio | VPH grating > Camera N Detector
S|t o | 8 collimator
= I 400- I VPH grating Camera Detector
— 7 Collimated 485nm X-disperser | (f/1.22) 1 6kx7.5k
g = beam Collimated
D: Transfer beam -g VPH grating N Camera
RE echeHZélme collimato TDr;m’ “E % 660nm X-disperser (f/1.22) —
grating r 8" <
disperser o 665- VPH grating Camera
1100nm X-disperser (f/1.22)

Red
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THIRTY METER TELESCOPE

3-14um (8-18um)
R~600 long slit with polarimetry
R~100,000-120,000

R~1000 N-band IFU, 2x5 0.035" spaxels
24.4"-28.1" FOV imager (10"), 0.012"/pixel@L,M,

0.028"/pixel@N (0.17") with polarimetry
w/MIRAO:MIR adaptive optics

bMICHI- mid-IR AO Fed spectrometer imager IFU

BxExs 6-,

National Astronomical
Observatory of Japan

echelle

4

light from MIRAO @

Packham et al. 2020

slit wheel

N
~_
detecto rs
relay optics (4)—=
QQ\

sky chopping mirror

“cold pupil

cr oss-disperser

Requirement | Value Requirement | Value Requirement Value
Operational . | L (3.4-4.1 um), Imager field 24.4x24 4 at L&M, | Imager plate 11.9 mas pixel'at
range M (4.6-4.8um), of view 28.1x28.17 at N scale L&M,

N (7.3-13.8um) 27.5 mas pixel! at N
Long-slit 11.9 mas pixelat Long-slit R~600 L, M, & N Long-slit 28.1” length
spectrometer | L&M spectrometer bands spectrometer
plate scale 27.5 mas pixel! at | resolution slit length

N
High-res. 11.9 mas pixelat High-res. R~120,000 at L&N, | Slit length 2” length (but highly
spectrometer | L&M spectrometer | R~100,000 at M dependent on array
plate scale 27.5 mas pixel! at | resolution (see §7)

N
IFU N band (only) I[FU R~1,000 IFU ~0.175” (length) x
spectrometer 10 spaxels spectrometer spectrometer ~0.07” (width): 35.0
(baseline) resolution field of view mas per spaxel
Polarimetry L, M,N Polarimetry Imaging & long-slit
(baseline) modes spectrometry
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IRMOS: Buxss 4
TMT  NIR Multi-IFU imaging spectrometer NAASGJ

TTTTTTTTTTTTTTTTTTTT Observatory of Japan

 0.84-2.4um (0.8-2.5um)

e R=4000-10,000, full Y,J,H or K
bands at 4000 (2000-10,000)

e 2'patrol field (>2'), >10 IFUs,
0.5"@0.012"/spaxel,
1.06"@0.025", 2.1"@0.05
(3"x3"@0.05")

e >50% EE in 0.05", overall
efficiency 40% (>30%)

LTV R

Galaxy formation, early
universe, stellar populations,
etc. 13




"ﬁ? PSI: Planetary System Instrument NAQC)J

Nt nal Astronomical
TTTTTTTTTTTTTTTTTTTT vator! ngp

¢ 0.6-5.3(-13)um (1-2.5um) with coronagraph

* Contrast~10° @ 1-2A/D

* R=50-5000 IFU/imager with polarimetry (<100)
e R~100,000

/PSI-BIue \ ﬁl Red
xxo  Common Path AO
Vis WFS
U s s 0y O e
. /
Exoplanets, biomarkers =T
Solar system at HR 0618
. R =50 IFU :
Star/planet formation R EE
Compact objects, AGNs qu : Qf' LP
MODHIS
0.6-0.95 pm { 0.95-2.4 um J [ 2.8-5.3 pm J
R = 100k R =100k R =100k
High-res. High-res. High-res.
Spectrograph Spectrograph Spectrograph

14



= ARISE: Astronomical Rapid Imager : NAC)
T _and Spectropolarimetric Explore etz

TTTTTTTTTTTTTTTTTTTT Observatory of Japan

 0.31-4.8um simultaneous, R>15000

 5'FOV imaging @0.1"/pixel inu, g', r',
iz, J,H, K, L, M

e 10 Hz full frame, 100 Hz windowed

e 1.1-4.8um polarimetry

e 0.31-1um IFU

v i s 2 -

Transient/ToO astrophysics
(GRBs, FRBs, SNs, GW) and high
time-resolution observation
down to 0.01s
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National Astronomical
THIRTY METER TELESCOPE Observatory of Japan

TMT GMT ELT (Subaru)
Near-IR AO-assisted Imager + IFU IRIS GMTIFS |HARMONI
Wide-Field, Optical Multi-Object Spectrometer WFOS GMACS |MOSAIC [FOCAS/PFS
Near-IR Multi-IFU Imaging Spectrometer IRMOS NIRMOS
(Near-IR Multislit Spectrometer) (IRMS) MOIRCS
Mid-IR, AO-assisted Echelle Spectrometer bMICHI METIS (COMICS)
High-contrast exoplanet imager PSI GMagAO-XPCS SCExAO
Near-IR, AO-assisted Echelle Spectrometer MODHIS ‘GMTNIRS HIRES IRD
High-resolution Optical Spectrometer HROS G-CLEF HDS
Wid-field AO imager WIRC MICADO
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