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ABSTRACT 

 
The Maunakea Spectroscopic Explorer is designed to be the largest non-ELT optical/NIR astronomical telescope, 
and will be a fully dedicated facility for multi-object spectroscopy over a broad range of spectral resolutions. The 
MSE design has progressed from feasibility concept into its current baseline design where the system configuration 
of main systems such as telescope, enclosure, summit facilities and instrument are fully defined.  This paper will 
describe the engineering development of the main systems, and discuss the trade studies to determine the optimal 
telescope and multiplexing designs and how their findings are incorporated in the current baseline design. 
 
Keywords: Calotte, enclosure, telescope, multi-object spectrograph, wide field corrector, atmospheric dispersion 
corrector, seismic upgrade, site redevelopment, Maunakea 
 

1.  INTRODUCTION 
 
The concept of upgrading the Canada-France-Hawaii Telescope (CFHT) to a dedicated, 10 meter class, wide-field, 
fiber-fed multi-object spectroscopic facility was first proposed by Côté[1] in 2010 as a white paper entitled The Next 
Generation CFHT submitted to the Canadian Long Range Plan decadal review for astronomy and consequently 
started the grassroots movement for the next generation CFHT (ngCFHT) project. Following the ngCFHT feasibility 
study in 2012 led by McConnachie[2] and Szeto[3], their findings unequivocally demonstrated the scientific 
importance and technical viability of the project. Once completed, the Maunakea Spectroscopic Explorer (MSE), 
previously known as ngCFHT, will be the largest ground based optical telescope in its class and occupy a unique 
and critical role in the emerging network of astronomical facilities planned for the coming decade. Essentially, MSE 
is the only 10 m class spectroscopic facility under development to follow-up current and next generations of multi-

                                                           
1 Email: szeto@cfht.hawaii.edu; Telephone: 808-885-3188; Fax 808-885-7288 
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The current MSE subsystems include: 
• Observatory Building and Facilities 
o Outer building enclosure pier 
o Inner telescope pier 

• Calotte Enclosure 
• Telescope 
o Telescope Structure 
o M1 System 
o Global Metrology System 

• Top end systems 
o Hexapod System 
o Wide Field Corrector/Atmospheric 

Dispersion Corrector (WFC/ADC) 
o Instrument Rotator 
o Positioner and Metrology System 
o Telescope Optical Feedback System 

 Guide cameras and wavefront sensors 
• Fibre Transmission System 
• Low/Moderate Resolution Spectrographs 
• High Resolution Spectrographs 
• Science Calibration System 
• Observatory Software and Control System 

 

 
Figure 1 Cross-section of outer building and Calotte enclosure showing 
the MSE subsystems 

2.  BASELINE DESIGN DEVELOPMENT 
 
2.1 Design Constraints  

The baseline design of MSE follows the Office of Mauna Kea Management Comprehensive Management Plan[6] 
(CMP) which allows the redevelopment of CFHT provided the new facility does not exceed a 10% increase of the 
current three dimensional “footprint”. Based on considerations for the CMP, we impose a 10% increase limit on the 
overall building height and enclosure radius while reusing the current telescope and enclosure piers. 
 
Secondly, we do not intend to use connectors in the fiber transmission system between the fiber positioner units and 
spectrograph inputs in order to maximize throughput and preserve spectrograph stability and repeatability. This 
imposes additional considerations on placement of structure support and servicing procedures for installation and 
removal of the fiber positioner system together with the fiber transmission system. The MSE system level 
requirements and budgets, including throughput, are described in a companion paper by Mignot[7] and throughput 
optimization is presented in a companion paper by Flagey[8]. 
 
2.2 Enclosure Pier Seismic Upgrade 

As reported in the previous SPIE proceeding[9], the technical feasibility study found two structural deficiencies in 
meeting the current seismic load requirements. The outer building enclosure pier steel bracing and, potentially, site 
soil bearing capacity are insufficient for the new enclosure and telescope. After further discussion with the structural 
civil engineer who performed the feasibility analysis, the soil capacity was deemed to be sufficient but, as a 
safeguard, independent geotechnical work is scheduled on-site for summer 2016 to confirm the latest soil capacity 
assessment. 
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2.3.1 External Optical Design Review 

To ensure the MSE optical baseline design is suitable, we conducted a design review of the AAO PF configuration 
with a four member external review panel. The panel members were asked to: 

• Provide an assessment on whether the current telescope optical design meets the stated requirements for MSE 
and if it is a reasonable engineering solution within the available design space and sufficiently mature to be 
selected as the telescope baseline optical design. 

• Assess if there are any specific areas in need of further development prior to becoming the telescope baseline 
optical design. 

• Identify any programmatic, technical and/or manufacturability risks, and provide corresponding mitigation 
strategies. 

The review panel found the optical design to be a reasonable engineering solution that meets the design 
requirements and commented the biggest risk of the baseline design is the feasibility of manufacturing in the areas 
of polishing and anti-reflection coating of the WFC/ADC optics, Figure 6. To mitigate the manufacturing risk, the 
review panel suggested to investigate design variations to ease the polishing challenges and, in parallel, retain the 
service of an independent consultant to engage potential vendors to explore optimal manufacturing options. 
 
The MSE optical design, including the compensating lateral ADC functionality, is reported in a companion paper by 
Saunders and Gillingham[12]. 
 

 
 

Figure 6 MSE WFC/ADC design. The focal surface is on the right and L1 is on the left, it is the largest lens with clear 
aperture of 1300 mm. L3 and L5 are PBM2Y; all other lenses are silica. Surfaces marked with a * are aspheric. 

2.4 Developing the Baseline Enclosure and Telescope Structure Configuration 

Given the following constraints: the Calotte enclosure dimensions; telescope optical layout; telescope-mounted 
payloads and their locations; access and servicing requirements for instrument and telescope and enclosure 
components; geometry and load capacities of the enclosure and telescope piers, etc., Dynamic Structure (DS) in Port 
Coquitlam, BC, Canada was contracted to develop a baseline geometry. The baseline geometry is a coherent Calotte 
enclosure and Alt-Az telescope structure configuration that is geometrically compatible to form the baseline for 
conceptual design. In other words, the objectives of the DS work was to provide a structurally credible and 
geometrically consistent enclosure and telescope structure configuration that enforces operational safety and ensures 
efficient access for servicing at the observatory level within the stated constraints. 

The initial DS telescope structure concept is based on the Keck telescope which is a 10 m segmented mirror 
telescope of similar to MSE. Recognizing the aforementioned design constraints, DS developed a structural-
mechanical solution compatible with the handling procedures envisaged and requires minimal facility modification, 
e.g. the telescope weight is within the capacity of the inner pier. The baseline configuration established by DS is 
shown in Figure 7. 
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The MSE telescope structure is similar to the 
Keck design but deviates in several key aspects. 
The deviations are driven by differences in the 
optical layout, payloads, handling procedures, 
geometric limitations of the Calotte enclosure. 
For the telescope elevation structure, the most 
significant differences are the compression leg top 
end structure support, larger elevation journals 
and the replacement of the monocoque elevation 
ring of Keck with an open space truss to facilitate 
mirror and dome flushing. The azimuth structure 
is substantially different from Keck, employing a 
compact box structure, as opposed to the larger 
space truss design for Keck, matching the inner 
pier diameter.  
 
The design motivations for the baseline design are 
as follows: 

 
Figure 7 MSE telescope structure baseline design. 

• Maximize clearance within the enclosure 
• Maximize stiffness, while minimizing the overall telescope height, with a low profile azimuth structure 

o Achieve through a direct load path to the pier, and by increasing the diameter of the elevation journals. 
• Achieve a direct load path by matching the telescope azimuth track diameter with the inner pier 
• Improve prime focus components and handling with non-pretensioned top end support structure 
• Achieve a minimum weight design with space-truss structure, rather than monocoque structure 

o Optimize the distribution of structural mass based on stiffness and elevation structure mass balancing 
o The total telescope mass budget is 300 metric tonnes. 

A Calotte configuration was selected for the enclosure in earlier design studies due to its compact design and 
structural efficiency. These features give it the best possibility of closely matching the fundamental requirements for 
MSE such as the existing CFHT enclosure size and mass but with an aperture opening that is over three times wider. 
Additional benefits of the Calotte enclosure include balanced rotational mechanisms and a circular aperture opening 
to provide wind protection of the telescope top-end.  

The DS Calotte concept is based on the following requirements: 

• Not to exceed combined structure height of 42.0 m, enclosure plus facility building,  
• Maximum enclosure radius of 18.4 m 
• Aperture opening of 12.5 m and maximum observing zenith angle of 60 degrees 
• Total mass limit of 510 tonnes 
• Deployable dome crane for instrument handling, capacity 10 tonnes 
• Provision for enclosure-mounted mirror segment handling crane, capacity 0.5 tonnes 
• Top-end servicing  platform to provide access to the top-end with the telescope horizon pointing 
• Ventilation modules on the rotating base to facilitate mirror and dome flushing  

The most noteworthy design feature is the rotating base fixed shutter which eliminates a separate shutter track and 
drive system. In operation, the cap rotates over the shutter to close the enclosure aperture. Structurally, the shutter is 
supplementally supported by the cap via a pintle bearing and hard-stop assembly which limits the bending force at 
base attachment points under survival wind and seismic conditions by load sharing with the cap structure, Figure 8. 
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Figure 8 MSE Calotte enclosure concept with fixed shutter structure. 

 
2.4.1 Safety Clearance Zone between Enclosure and Telescope Structure 

Since the geometric relationship between telescope and enclosure is tightly coupled, a safety clearance zone of 0.3 m 
is enforced for collision avoidance between the enclosure stay-out envelope and telescope stay-in envelope, Figure 
9. To maintain optimal clearance, the enclosure spherical center is coincident with the telescope center, i.e. the 
intersection point between the azimuth and elevation axes. 

 

Figure 9 Dimensions of the enclosure geometry, safety stay-in and stay-out zones. The dome crane for instrument 
handling stows within the enclosure stay-out radius and the top end servicing platform in deployed position.  
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After examining all feasible combinations, six conceptual design studies including one for each different positioner 
technology are selected for conceptual design development and the work was divided among the international design 
team: 

• Phi-Theta positioner system design 
o Dedicated 3468 fiber bundles feeding the LR/MR and HR spectrograph system separately 
o Additional Theta stage option to feed the HR spectrograph system with 1156 fiber bundle without requiring 

fibre switches 
• Echidna positioner system design 

o One 3468 fiber bundle feeding the LR/MR spectrograph system 
o One 1156 fiber bundle feeding the HR spectrograph system 

• Low and moderate resolution spectrograph design 
o Modular design with a total of 3468 spectra capacity 

• High resolution spectrograph design 
o Modular design with a total of 1156 spectra capacity 

• Optical switch study (feasibility study only) 
o Ability to switch from 3468 fiber inputs to 1156 fiber outputs 

• Fiber transmission system design 

We believe at the completion of these design studies an optimal multiplex configuration fully meeting the SRD 
requirements will be identified as the multiplexing baseline design.  

2.6 Additional Design Development 

2.6.1 Science Calibration System 

A companion paper by Flagey[13] describes the current status of the science calibration development and the 
associated challenges and proposed solutions in meeting the calibration requirements as dictated by the SRD.  Once 
this work is complete, the calibration solutions will be implemented by incorporating them in the telescope structure 
design. 

2.6.2 System Budgets 

A companion paper by Mignot[7] describes the current status of the system budgets development using the bottom-
up approach to understand and capture the “complex” relationships between requirements and maintain traceability 
to Level 0 requirements from the SRD, Figure 15. Once this work is complete, the system budgets will be 
incorporated in the Observatory Requirements Document (ORD) and then flow down to the level 2 system design 
requirements documents, Figure 16. 
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Figure 15 KAOS semantics to illustrate pictorially the inter-relationships among the different system budget items. Left - 
Requirement flow-down from Sensitivity to IQ (partial diagram). The refinement links indicate that the target 
requirement is only met if all the source requirements are satisfied. Right - Requirement flow-down from Relative 
spectrophotometry to IQ (partial diagram). 

 

 

Figure 16 Requirements flow down for level 2 system design requirements. 

2.6.3 Observatory Software Architecture 

A companion paper by Vermeulen[14] describes the current status of the observatory software design development. 
The MSE software design will be led by the Project Office and partitioned among the international design team with 
a goal to build on the success of the existing remote observing software from CFHT and other observatories with 
large survey programs, by reusing and redeployment where appropriate. 
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Figure 17 MSE software control architecture diagram 

 
3.  SUMMARY 

 
With the system decomposition of the observatory fully described and the baseline design of the major systems 
defined the MSE project is progressing into the conceptual design phase. We plan to complete the enclosure and 
telescope structure conceptual design in early 2017. The multiplexing baseline development is underway supported 
by three competing positioner systems designs, LMR and HR spectrograph designs, and fibre switch and 
transmission system designs. We will finalize the multiplexing baseline design by the end of 2016 after down-
selecting to one positioner technology. 
 
Parallel design development of science calibration, system budgets, level 2 system requirements and observatory 
software are also underway with a goal to complete a system level conceptual design review in 2017. 
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