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The Big Idea: CFHT redevelopment
Mauna Kea Master Plan 
• Allowed to redevelop the CFHT site

• Keep within the same 3-D footprint

• must not harm the ground beyond what 

has already been done

• the next generation of the CFHT will stay 

within the same envelope

• the less work done at the summit, the 

better (e.g., keep the building and pier if 
possible)


• MSE is the first project to recycle a 
telescope on Maunakea
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Redevelopment of CFHT is not a new idea 
• e.g. SAC Working Group on the Future of 

CFHT (1996)

• Resulted in “CFH 12 - 16m Telescope 

Study”, Grundmann (1997) [right]


• CFHT 3.6m weighs 266 tonnes

• Keck is 270 tonnes



[ Original ] Defining Concept
MSE will:
• obtain efficiently very large numbers (>106) of low- (R ~ 2 000), moderate- 

(R ~ 6 500) and high-resolution (R > 20 000) spectra 
• for faint (20 < g < 24) science targets 
• over large areas of the sky (103 − 104 sq.deg ) 
• spanning blue/optical to near-IR wavelengths, 0.37 −> NIR (J or H band)
• At the highest resolutions, it should have a velocity accuracy of <<1 km/s 

• At low resolution, complete wavelength coverage should be possible in a 

single observation

• Unique science cases of MSE stemming from: 
• 10 m class aperture 
• Operation at a range of spectral resolutions  
• Dedicated Operations, producing stable, well-calibrated and characterised data  
• Long lifetime 

• Each element is essential and sets MSE apart from other efforts in wide-field MOS

• Natural path from 4m-class facilities (DESI, WEAVE, 4MOST, HERMES...) and 8m class 

instruments (Subaru/PFS, VLT/MOONS) to MSE



The MSE Project Office
• MSE started life as ngCFHT in 2010. Grassroots team prepared Feasibility Study (on a 

shoestring) and led effort to promote concept internationally. MSE is a distinct project 
that builds on CFHT infrastructure that requires a new international collaboration


• Board approved establishment of Project Office, February 2014 (ngCFHT—> MSE)

Project Manager: Rick Murowinski; Project Scientist: Alan McConnachie; (Interim) Project 
Engineer: Derrick Salmon —> Kei Szeto (April 2015 onwards) 
• Produce a Construction Proposal, 2014 - 2017, to inform decision to proceed

• Lead/coordinate technical, scientific and partnership development

• 2014: Further building of partnership; laying foundation and infrastructure for PO; 

ramping up effort in Waimea and internationally 



• China (Contact Scientist: Eric Peng; 
AG representative: Xiangqun Cui) 
• Recently signed MOU with CFHT 

has China contributing FTEs to MSE 
PO for duration of design phase

• India (Contact Scientist: Gajendra 
Pandey; AG representative: TBD) 
• IIA in process of formally negotiating 

MOU with CFHT following receipt of  
formal letter of interest  in 
collaborating in MSE project; 
already contributing FTEs

2014 main events
• Formation of the Science Team (80+ members from 12 countries) and engagement of key 

scientists to lead the scientific development; establishment of the Advisory Group to 
provide strategic advice on all aspects of MSE activities


• Expanding the partnership; now a Canada - China - France - Hawaii - India project




Science Development
• Current Science Requirement Development activities started in August 2014 to feed 

technical development, specifically:

• Detailed Science Case (DSC)

• Science Requirements Document (SRD)

• Operational Concept Document (OCD)

DSC

High level technical requirements

SRD OCD

• Science Team submitted first Science Reports in January 2015; first draft of SRD in 
preparation for internal release to Science Team in March 2015; some changes to 
baseline concept (marked in red)



Defining elements I
10m class 

• Large number of excellent 4-m class efforts underway to provide extreme MOS 
over wide field of view, for which a 10-m is by design complementary


• On 4-m, the faint Universe is not accessible. New science development activities 
make clear that sensitivity is key for MSE:  

• New baseline aperture 10 - 12m effective diameter

Range of Spectral Resolutions 

• Original baseline, low (R~3000), moderate (R~6500) and high (R~20000). 


• Enables a broad range of science to be addressed,  with efficient operations 
throughout lunar cycle


• New science development activities make compelling case for even higher 
resolution (R~40K, cf ESO-Gaia, AAT/HERMES)  




Defining elements II
Dedicated operations 

• For instruments that move on and off the telescope at regular intervals, issues 
such as calibration, stability, reproducibility can be problematic


• For the MSE, basic operational philosophy enables production of homogeneous, 
high quality and well characterised datasets (cf. SDSS)


• Science enabling capability (e.g., time domain stellar spectroscopy, AGN 
reverberation mapping, etc)

Long lifetime 

• MSE has a baseline operational lifetime of >20 years; upgrades will naturally 
occur, although it is envisioned MSE will remain a spectroscopic telescope


• Science Requirements being drafted refer to both “First light” capabilities and 
“Lifetime capabilities” (e.g., the facility will be IFU-capable, and will be able to 
support spectrographs working out to 2.5um)



Driving science
The composition and dynamics of the faint 
Universe
I. Stars, resolved stellar populations and the Milky 
Way
Lead Scientist: Carine Babusiaux (Observatoire de Paris)

Science Reference Observations in 
development include:

• Tomographic mapping of the interstellar 

medium (lead, Rosine Lallement)

• In search of the most metal poor stars (lead, 

Martin Asplund)

• Substructure and dark matter halos in the 

Milky Way (lead, Rodrigo Ibata)



Driving science
The composition and dynamics of the faint 
Universe
II. Nearby galaxies and the low redshift Universe

Science Reference Observations in 
development include:

• Rich galaxy clusters (lead, Allesandro Boselli)

• Population and dynamics of galaxy groups 

(lead, Iraklis Konstantopoulos)

• Physical properties of dwarf galaxies (lead, 

Sara Ellison)

MSE
SDSS

Lead Scientist: Michael Balogh (University of Waterloo)



Driving science
The composition and dynamics of the faint 
Universe
III. The high redshift universe

Science Reference Observations 
in development include:

• AGN Reverberation Mapping (lead, 

Sarah Gallagher, Yue Shen, et al.)

• Big facility synergy and transients (lead, 

Simon Driver)

• The halo mass function (lead, Aaron 

Robotham)

Lead Scientist: Simon Driver (University of Western Australia)



Plan for 2015+
In addition to contributed effort by Canada, China, France, Hawaii and India, PO has 2015 
budget of USD1.085M (anticipated average budget of USD1.2M for 2015 -17)


1. Science 

• Development of DSC and SRD; baseline observing program; independent review 

of DSC and SRD by blue-ribbon panel

2. Establishing baseline design


• Key milestone of having first draft of the SRD, Architectural Design Document, 
System Technical Requirements (February 2015); first draft OCD, second draft 
SRD, STR (Summer 2015)


3. Design development

• Following release of ADD and STD, major expansion in engineering effort

• Focus on Level 1 systems and subsystems: Instrument (fibre pickoff through to 

science detectors), Observatory Control Systems, Observing Preparation and Data 
Reduction, Corrector and ADC optics, M1 Optics, Segment Support and 
Alignment, Telescope Mount, Enclosure, Piers


4. Permitting process

• Partially linked to design milestones to provide information to guide process

• Involves close interactions OMKM and other stakeholders on the islands



Baseline Schedule

From end of Construction Proposal 
to MSE operations: 6 - 7yrs

From start of work at summit to 
start of MSE Operations: 4yrs 4m

From completion of Construction 
Proposal to start of work at summit: 
~28 months

Construction Proposal Phase

Review: January 2018Later this year (once a revised 

cost estimate is available). 
MSE will adopt a cost and 
schedule cap to allow for 
planning in partner 
communities


Meanwhile, a reasonable 
estimate of the cost of 
construction of MSE is 
USD250M (amortized over 
~7 years of construction)



Thank you
URL: http://mse.cfht.hawaii.edu       Email: mcconnachie@mse.cfht.hawaii.edu
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The International Context



The International Context



High impact science: example surveys*

T > 10 years

A suite of dark-time surveys covering many thousands of square degrees would yield 
spectra for 107 galaxies, allowing a study of galaxy evolution at seven distinct 
epochs between 0.5 < z < 1.5, each with the same statistical power as the SDSS

• Stars: one “SDSS” every 3.7 months [plus factors of 3.6-11 gains in spectral 
resolution, and 2-4 mags in depth] 


• Galaxies: one “SDSS” every 4.6 months [with 5-8 mag gains in depth, plus NIR 
coverage]


• with a flexible operational model to ensure small, medium, large and legacy 
observational programs, responsive to rapidly evolving scientific landscape

(*from the Feasibility Study)
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Feasibility Study Working groups (2011-2012)

MSE pre-history (“ngCFHT”)

131 pages 273 pages

Completed Feasibility Studies available at http://mse.cfht.hawaii.edu



Science Executive

• Governing body of the Science Team, responsible for setting science direction and 
coordinating science activities. Meets at monthly telecons and frequent email. 


• Project Scientist (Project Office): Alan McConnachie


• Contact scientists (MSE partner community): 

• Australia (Andrew Hopkins) 
• Canada (Michael Balogh)

• China (Eric Peng)

• France (Nicolas Martin)

• Hawaii (Brent Tully) 

• India (Gajendra Pandey) 


• Lead scientists (Science Team): 

• The Milky Way and Resolved Stellar Populations: Carine Babusiaux (France)

• Nearby and low redshift galaxies: Michael Balogh (Canada)

• High redshift galaxies and cosmology: Lisa Kewley —> Simon Driver (Australia)



Nobuo Arimoto, Subaru/NAOJ, Japan
Martin Asplund, Australian National University, Australia
Herve Aussel, CEA Saclay, France
Carine Babusiaux, Observatoire de Paris, France
Michael Balogh, Waterloo, Canada
Giuseppina Battaglia, IAC, Spain
Harish Bhatt, Indian Institute of Astrophysics, India
SS Bhargavi, Indian Institute of Astrophysics, India
John Blakeslee, NRC Herzberg, Canada
Joss Bland-Hawthorn, Sydney, Australia
James Bullock, University of California at Irvine, USA

Sara Ellison, Victoria, Canada
Hector Flores, Observatoire de Paris, France
Ken Freeman, Australian National University, Australia
Sarah Gallagher, Western Ontario, Canada
Peter Garnavich, University of Notre Dame, USA
Karoline Gilbert, Space Telescope Science, USA
Aruna Goswami, Indian Institute of Astrophysics, India
Puragra Guhathakurta, UC Santa Cruz, USA
Pat Hall, York, Canada
Guenther Hasinger, Institute for Astronomy, Hawaii
Misha Haywood, Observatoire de Paris, France
Falk Herwig, University of Victoria, Canada
Vanessa Hill, Observatoire de la Cote d'Azur, France
Andrew Hopkins, Australian Astronomical Observatory, Australia
Mike Hudson, Waterloo, Canada
Narae Hwang, KASI, Rep. of Korea
Rodrigo Ibata, Observatoire de Strasbourg, France
Pascale Jablonka, EPFL, France/Switzerland
Matthew Jarvis, Oxford, UK
Umanath Kamath, Indian Institute of Astrophysics, India
Lisa Kewley, ANU, Australia
Iraklis Konstantopoulos, AAO Australia
George Koshy, Indian Institute of Astrophysics, India
Rosine Lallement, Observatoire de Paris
Damien Le Borgne, Institut d'astrophysique de Paris, France
Robert Lupton, Princeton, USA
Nicolas Martin, Observatoire de Strasbourg, France
Mario Mateo, University of Michigan, USA

Science Team Membership

• During the Design Phase, science team membership is open to any PhD astronomer in 
the international community with science interests overlapping with MSE


• Currently 80 members, including participants from Australia (12), Canada (11), China (8), 
France (21), Germany (2), Republic of Korea (1), Hawaii (2), Italy (1), India (10), Japan (1), 
Spain (1), Taiwan (1), United Kingdom (2), United States (7)


