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® Multiconjugate Laser AO system

® Qutputs 2 arcminute corrected
field to three output ports

® 6 Laser WFSs with 60x60 spatial
sampling at 800Hz sampling

® Two deformable mirrors

® Cooled to-30 C for thermal
background

® C(Client instruments have their
own infrared wavefront sensors:

o 1 Tip/Tilt/Focus and 2 Tip/Tilt.
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® First Light Imager and Spectrograph working in parallel at the

diffraction limit of the Thirty Meter Telescope.
© Wavelength Range 0.81-2.4 microns %
© RMS Wavefront Error < 40 nm in fine scales
© High Order Atmospheric Dispersion Correction
® On-Instrument wavefront sensors (OIWFS).
o Three sensors to measure tip/tilt, focus and distortion

across field.
o Near infrared sensors to gain from NFIRAOS AO correction.

® “Wide-Field” Imager (60+ filters)
o 34 arcsec field of view (2x2 grid of H4RG-15 Teledyne
Detectors)
0 4 mas plate scale (Nyquist @ 1.15 um)
® |ntegral Field Spectrograph (H4RG-15 Teledyne Detector)
o IFS with Four Plate Scales ( 4, 9, 25 and 50 mas per sample)

® Upto 16,433 individual, simultaneous spectra.

o Spectral Resolutions of 4000, 8000 and 10,000 (14 gratings)
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Keck AC H-band TMT IRIS H-band
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® Solar system
Extrasolar planets

Stellar structure &
evolution with
microlensing

Star formation Jupiter

Galactic Center u T BOACLATRIS/TMT

SDP.81
Gravitationally-lensed Galaxy z=3

® Nearby galaxies &
stellar populations

A
#

® Supermassive black holes
High-redshift galaxies
First light galaxies

https://arxiv.org/pdf/1608.01696.pdf 6
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Imager and spectrograph FoV

Imager 16°4x16"4

Deployed
Slicer Pickoff
and max field
(4”.4x2".25)

Fixed

Lenslet Pickoff
and max field
(17.01x1”.15)

1”2 | |¢—
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Infrared Imaging Spectrograph

DESION

® |mager serves as reimaging optics of spectrograph.
® Both can sit at the center of AO correction.

® AO can correct non-common path optical aberations
in both simultaneously.

® Major cost reduction with common ADC, filters, pupil
stops.

® Allows dewar to be easily separated into imager and
spectrograph for integration in Japan and California.
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Slicer Pick-off Mirror (deployed) Slicer Pick-off Mirror (retracted)

p— - \1 3 ~ \
IMG Detector | -

Lenslet Pick-off Mirror (fixed)
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Slicer Fold Mirror B
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= Upper RIO IMG Camera Optical Bench
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... Lenslets v

——— r ——

® lenslet arrays (e.g. OSIRIS, GPI) are excellent for finest plate
scales

© Easy to expand spatially to >100x100 to sample most of the PSF
even at 4 mas scale.

o Intrinsically low wavefront error since lenslets sample image plane.

® OSIRIS has undetectable image degradation at ~¥25 nm rms WFE
® GPl selected lenslets and existing camera has <25 nm of WFE.

® Slicer IFUs (e.g. SINFONI, NIFS) are excellent for coarser
plate scales

© Easy to expand wavelength coverage once sufficiently large field is
achieved in coarse scales.

© Generally easier data reduction and calibration.

11
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® 128 x 128 elements each with 500 spectral elements
o 0.45”x0.51” @ 0.004” scale
0 1.01”x1.15” @ 0.009” scale

® Or 16 x 128 elements each with almost 4000 spectral elements
® Spot sizes set primarily by diffraction
® 98% Fill factor

AO Reimaged
Focus Micropupil
@F/272 or F/603 Plane

12
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Field Raw Lenslet Spectra
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® 88 slicer mirrors reformat field of view into pseudoslit for spectrograph.
® Slices are 25 or 50 mas wide for 2.2” or 4.4” widths.
® |engthsare 1.125” or 2.25” long.

_ 1 45
Slicer Stack Result of | " | o
Slicer mirror set
2 46|
—> a3 a7
1,2,3,..88 3 47| At pseudoslit
| 4 26 ?pectrograph
input
4 48|
|41 — -
88 Slicer mirrors ® ® ~
(Sgge\;ﬂgk) a : : 2000
35 2mm 29 | 66| spectral channels
- | 23 | 67
igure 62 - A model of the IRIS 88-mirror, slicer stack (SS) 14 /




Thirty Meter Telescope Infrared Imaging Spectrograph

Slicer:Spectrog,

® 88 slicer mirrors reformat field of view into pseudoslit for spectrograph.
® Slices are 25 or 50 mas wide for 2.2” or 4.4” widths.
® |engthsare 1.125” or 2.25” long.

| 45 |
Slicer Stack  Rasult of
Slicer mirror set 88
46|
—> &7
1,2,3,..88 47 | At pSEUdOSIit
86 Spectrograph
input
48|
88 Slicer mirrors |
(Skcer stack) 5 ~4000
35.2mm 66 | spectral channels
Fi 62-A t:of\h IRIS 88-mirror, slicer stack (SS) | 67

15/
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® Final Slicer IFU was designed by Winlight System

© They will fabricate and align.

16/
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RAWISPECHE

Field (4.400"x 2.250") Raw Spectra

-2000 =1500 -1000 =500 0 500 1000 1500 2000

88 Slices

WIRIS

Infrared Imaging Spectrograph

Zemax Model

Slit Trace for all modes
Filters + Grating + Scale
Instrument PSFs

17



Monitoring lo’s volcanism with IRIS

* |RIS simulation

— Imaging of lo using IRIS 0.004” scale in 2 seconds!

Rundquist et al., in prep












Monitoring Enceladus cryo-volcanism
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IRIS and Adaptive Optics tracking solar system
targets

* Observing moons of Saturn (e.g. Enceladus)

Enceladus Plume TMT Simulation
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IRIS can observe 8 maser sources
(VLA astrometry) simultaneously with
central stars orbiting GC black hole.
Dramatic improvement to astrometric
accuracy in this field.

Black hole here

~ TMTIRIS

T Do + IRIS tearﬁ- -
20 se'cond exposure'
50:000 sources to K= 24mag.
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Nearby Virgo Cluster — 53 million light years away
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Keck Adaptive Optics Thirty Meter Telescope

AGB plus upper stars on the RGB allow for

Only very bright AGB stars are detectable. _ Vs |
age and chemical composition directly.

Simulated image from region of 22 mag/sq arcsec 23



Tpﬁ'} RIS williresolveh Jnd]nJ]wJ,J.JJ WIRIS
moymearscre S StaioNMNUNEVIONS e o
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® |RIS is 2" generation and learns from past IFUs like
OSIRIS and SINFONI. Coarse scales are optimized for
low surface brightness work.

® Simulation is coarsest 0.050” scale with slicer.

24
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® Resolved spectroscopy of
a 900 Myr stellar
populationin a z=2.6
galaxy. The thumbnail is
2"x2" region of a
simulated galaxy using
the IFS 50mas scale at H-
band.

Number of Photons

AR UMYErSe

3.0x<10"
2.5x10"

2.0x10"

NRIS

Infrared Imaging Spectrograph

Fir——

Total Number of Photons for a Region of G24919 in H band
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Composite Spectrum of 30 Galaxies Spectrum ofa Smgle Galaxy

Compared to stacked
Keck spectrum from
MOSFIRE of 30 z~2

0.5
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KBSS-LM! LRIS-B+R Composite

galaxies.

ST ?hi‘t}e'!* 1! IH afi il E H H
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Keck- 10m (Steidel et al., 2016) TMT- 30m
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Observational planning on
gravitationally-lensed galaxies




NFIRAOS and OIWFS
field of view




IRIS imager and IFS
field of view
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8-hours

ALMA 1.0 mm

With combination of gravitational lensing and IRIS resolution, we get 10 pc
source plane sampling of this z=3.04 galaxy. Image is extrapolation of stellar

light including A, of 3.
Wright et al. 2016 29
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® |RIS needs to be ready well

before TMT first light in

order to integrate with

NFIRAOS.

® Officially in final design
phase (Started Oct, 2017).
® Four formal final design

reviews (Level C):
® Science Cryostat 28, 29 May 2021
® Data Reduction Software 5 May 2021
® Support Structure, Rotator, OnInstrument WFS 19 May 2021
® |mager and IFS— 21, 22 June 2021

30/
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Zygo Interferometer

i
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Mirror deformatlon measurement

Radiation shield
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Infrared Imaging Spectrograph
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Cryostat

Transmission sphere

CaF, window
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> Large amoynts of prototypingland
TMT lifetime testing

Thirty Meter Telezscope

ORIS

Infrared Imaging Spectrograph
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Grating Piston Stage

Prototype TMA Mirror from AOS
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® |RIS will be a revolutionary diffraction limited
instrument for TMT.

® Sequential, hybrid design yields high performance
and efficiency.

® Dedicated and very active science team. Advanced
simulator and data reduction pipeline.
o https://oirlab.ucsd.edu/IRIS sims.html

® We are at end of final design phase.

® For more read our past papers (SPIE), the OCDD and
thousands of pages of documents!

36
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