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TMT-System Architect

Ritchey-Chrétien Optical Design

3.1m convex 
hyperboloidal 
secondary mirror

30m hyperboloidal f/1 primary 
mirror (492 segments)

Flat 2.5m x 3.5m 
tertiary mirror

Aplanatic configuration 
with 20 arcmin field of 
view 2.62 m diameter 
(15 arcmin unvignetted)
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TMT is funded by a global public-private partnership

¡ Private: all-cash partners
§ Caltech, U. of California System 

(thanks to contributions from the 
Gordon & Betty Moore 
Foundation)

¡ Public: in-kind and cash 
government contributions
§ Japan’s NINS/NAOJ;
§ India’s DST/DAE;
§ Canada’s NRC 
§ China: NAOC, CAS Institutes, 

Universities

¡ US: NSF/AURA (TBD) potential 
all-cash partner in USELTP

Hawai’I (MK)

La Palma 
(ORM)
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Project Organization: Experienced Team Members
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Project Control Using Signed Work Packages and 
Earned-Value Management  

¡ Signed written Work 
Package (WP) 
Agreements define 
and agree to all tasks 
in construction phase;

¡ Earned-Value 
management to 
measure 
performance, to 
identify issues early
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All Enabling Technologies Are In Hand

¡ Segmented Primary Mirror System architecture 
§ Keck heritage with TMT improvements

¡ Alignment and Phasing System 
§ Keck heritage with TMT improvements implemented at Keck 

¡ NFIRAOS Multi-Conjugate AO system architecture 
§ led by experienced individuals from prior large telescope AO systems,
§ NFIRAOS deformable mirrors already in production
§ NFIRAOS Real Time Controller (RTC) is in fabrication
§ NFIRAOS VCAM high-order detectors are commercial off the shelf Sony detectors
§ Sodium lasers—commercial from TOPTICA/MPBC: superior performance/proven 

reliability 
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Design Is Mature

82% of the Total System is in Final Design, Production 
Readiness or Production as measured by Cost 
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Enclosure Is Ready For Fabrication
(Dynamic Structures Inc.)

¡ Passed Production Readiness Review (PRR-1) on 1/30/2020; PRR-2 (2/18/2020) on Safety

¡ Extensive analysis, modeling, simulation and prototyping; technical risks addressed for MK, lower 
seismic risk for ORM
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Telescope Structure Is Ready for Fabrication

¡ Passed Final Design Review (FDR) on 11/15/2019; PRR-1 (long-lead elements) on 3/11/2020

¡ Extensive analysis, modeling, prototyping; technical risks addressed for MK, lower seismic risk for 
ORM
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Primary Mirror Segments Are In Production
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356 Ohara Blanks (62%) Are Delivered / In Processing
(~4 year polishing supply, or filling 24m with spares) 
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¡ Canon 
polished 30 
roundels; 

¡ Shiba 
started hex-
cutting;



is under fixed-price contract for polishing, 
Hex-cutting 
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Arizona Optical 
Systems (AOS) 
final metrology 
system



Multi-Segment Integration and Test Facility (MSIT) 

¡ In TIO laboratory to test assembly and installation procedures, control elements for risk reduction;

¡ Shown are seven segments (production SSAs + Al dummy mirrors) installed, capacitive edge 
sensor housings across gap.
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Facility MCAO System NFIRAOS 
Is Ready for Fabrication at NRC

• Passed FDR in 2018; Passed Optics Fabrication Readiness Review (FRR) in 2019;

• Large performance margins supported by extensive analysis, modeling, simulation and prototyping; 

Canada-NRC completed a large I&T facility for NFIRAOS (investment outside of TMT cost book)
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First-Light Science Instrument 
IRIS is completing Final Design in May, 2021

• Completed PDR in late 2017; UCLA+Caltech+NAOJ+China+Canada

• Risk addressed with large performance margin, extensive analysis, modeling, simulation, prototyping

• To be integrated and tested with NFIRAOS at NRC before shipping to the site.
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First-Light Science Instrument
MODHIS in Conceptual Design

• Selected in 2019 to enhance TMT’s exoplanet capability; Caltech+UCSD+UCLA+Canada+Japan;

• Single mode fiber fed, diffraction-limited spectrograph, size independent of telescope aperture; 

• Heritage from similar PARVI instrument operating on Palomar, with an upgraded instrument under 

consideration for Keck
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First-Light Science Instrument WFOS is Completing 
Conceptual Design in May 2021

• UCSC+Caltech+China+India+Japan;

• Completed a thorough design optimization in 2018; 

with on-axis FOV, efficient layout, gravity invariant 

configuration and reduced complexity

• Completed Optomechanical, Requirements, 

Operational Concepts Conceptual Design Review 

(CoDR) in  5/2020; 

• Final CoDR in May, 2021. 
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Already Delivering Observatory Software Subsystems
¡ Common Software (CSW) subsystem already 

delivered; backbone for all TMT software

¡ Executive Software (ESW) subsystem passed 
PDR May 2019; FDR in 2021

¡ Data Management Software (DMS) Guide Star 
Catalog is being prototyped now

¡ Software Test and Integration Laboratory (STIL) 
running for all TMT software test/verification.
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TMT Mauna Kea Site Preferred
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TMT is under contract and shovel ready
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Roque de los Muchachos Observatory (ORM): 
TMT Alternate Site
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TMT stands ready for geotechnical 
study on-site, followed by full civil work.
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Closing Remarks

¡ TMT technical maturity is high, shovel-ready pending site access;

¡ The partnership is working hard to advance design and fabrication;

¡ TMT is excited to be part of USELT: leveraging international public-private 
partnership to offer the US astronomy community all sky access to an 
extraordinary next generation optical/infrared astronomy.
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https://noirlab.edu/public/projects/useltp/


