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Canadian Initiatives in Wide-Field Astrophysics

NRC-Herzberg, national planning, and the “Long Range Plan (LRP) for Canadian Astronomy”.

* International landscape in the 2020s.

Canadian LRP initiatives in wide-field astrophysics.

Cosmological Advanced Survey Telescope for Optical and ultraviolet Research ([CASTOR)]
Technology, Science and Programmatics

*= Maunakea Spectroscopic Explore (MSE]:

- Technology, Science and Programmatics
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Evolving Research Facilities

Victoria 1918
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Evolving Research Facilities
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Long Range Plan (LRP) for Canadian Astronomy

* The Long Range Plan is a once-per-decade (2000, 2010, 2020) community planning exercise.
* |t gives community recommendations on ground- and space-based telescopes.

* Community-wide reviews at the mid-points (e.g., 2005, 2015).

NRC-Herzberg Astronomy and

_ _ Astrophysics Research Centre

Unveiling &.
the COsSmos.

A Vision for Canadian Astronomy

Key Findings
and Recommendations

Dominion Astrophysical
Observatory,
Victoria, BC

http://www.casca.ca/lrp2010/

National Research Council Act, R.S.C, 1985, C. N15: "NRC is mandated to operate and administer any astronomical observatories
established or maintained by the Government of Canada.”
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Lead Agency NSF/DoE (USA) Lifetime 10 years

Aperture 6.7m Sky coverage 20,000 deg® (50% of sky)
Location Cerro Pacon, Chile Imaging Camera | visible and infrared

Launch 2021 Cost $700M
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*

Lead Agency ESA Lifetime 6 years

Aperture 1.2m Sky coverage 15,000 deg? (34% of sky)
Location Earth-Sun L2 point Imaging Camera | red visible and infrared

Launch 2022 Cost $800M
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Lead Agency NASA Lifetime 6 years

Aperture 2.4m Sky coverage 2200 deg? (5% of sky)

Location Earth-Sun L2 point Imaging Camera |red visible and infrared

Launch 2025 Cost $3.2B
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Gola (Galactic Archacalogy)

International Facilities

WFIRST (Conmology and extragalactic
aurvays)

2000 84, deg 1o Y=26.7 in mulliple
asurveys: .0, mode

Fuclid (Cosmology and extragalactic

All-aky point sources 1o Ge20; 1 surveys)
madorate and 20000 ng. deg (o RiZ=24 5; 40 sq. deg 10

billion

high

sution follow-up

Ground based OIN imaging
LSST: >10000 84 dog overap: Single visit depth
of sources; opportunistic

domt studi
aruw/HSC
|degrea FoV: re27 2 in 1hr

ated on Maunaken, 1.5

¢ Many multi-wavelength photometric
and astrometric astrophysical surveys
are planned for the next decade.

- 7 * Two missing capabilities:

Very Large Optical Telescopes
GMT, TMT and E-ELT: Feader facility for

\I\;ﬂ::l:l:\VI‘.‘l‘llA‘_:-rl'\‘r‘l‘(‘IF"‘|I.‘J..‘ study with high SNR, high - a dedicated Wide—ﬁeld Spectroscﬂpic
facility on a 10m-class telescope

(MSE).

e

.

- a high spatial resolution UV/blue-
optical space telescope (CASTOR).

¢ For maximum synergy, these
capabilities will be needed by the mid
2020s.

in the 2020s

PLATO (stellar physios and exoplanetary

hoats)
>2000 4. deg lo g=18, high SN @ R40K
manitaring campaigns of faintest sources

Radio, sub-mm, far-IR

Long wavalongIn synargies including
ALMA, CCAT and SPICA

SKA1: »20000 sq. deg overiap; Billions
of sources (o r=24; opporiunistic
translent studies; spectral stacking
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Recommendations: LRP 2010 and MTR2015

Category Priority Project
Very Large 1 VLOT (TMT)
Large 1 SKA
Medium 1 CHIME (see talk by Michael Rupen)
_ GROUND 2 CFHT new instrumentation
' 3 CCAT
Small 1 LArctic
2 < ngCFHT ) (MSE)
Large T Fuclid/WFIRST/CST D(CASTOR)
Medium 1 [ 1IXO
SPACE 2 SPICA
Small Astro-H
Balloon
Microsatellite
[ LP2010: MTR2015:
- I i i r - \ere remair
| N [ i
f ypart , .I| Iu- .
il — | li

LRP2D10
-

-

MTR2015:
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The Maunakea
Spectroscopic Explorer
(MSE)
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Maunakea Spectroscopic

- Explorer

MSE Concept

* CFHT is a 3.6m optical /IR telescope on the summit of
Mauna Kea (4204 m). Arguably the world's premier

astronomical site:

- median seeing (free atmosphere] of 0.4".

- median precipitable water vapour = 0.9 mm.
useable nights: 80% spectro., 55% photo.

» CFHT is a partnership between Canada [NRC), France
(CNRS) and the University of Hawaii.

= A dedicated, wide-field, large-aperture spectroscopic survey telescope will be urgently needed by the mid

2020s.

* Repurpose the existing 3.6m CFHT into a 10m-class spectroscopic survey facility. Leverage Canada’s
strategic assets (telescope, personnel, site).

* Expand the CFHT partnership and re-establish a leadership role for Canada in wide-field astrophysics.

Table 1: Summary of major science capabilities of MSE

Accessible sky_

10000 square degroes (airmasse1.55]

Aperture (M1 in m]_ - 11.2%m
Fisld of viow (square degrees) 15
Etendue = Fovun (M1/2) 149
Modes Low [ High
046 18 um T = .36 - 0.95 um & :
St st o T |t e 050548 i | 68080 i | B0 !
Speciral resclutions 50 14000] |~ N608 5006 ; 4055 _[ I — .
Multiplexing T )1 I e T oo o
spectral windows r{m_ A,/30 E A/30 ] A5 mr
Sansitivity mnzs * s | w200 0 capability
Veloeity precision Whm/s > w’ <100m/s = L
Spectrophotometic accuracy < 1% relative =<3 % ralative_ | WNIA
——
L e
prey— 0 CFHT

Page 19/68



Pirsa: 18050047 Page 20/68




— ' MSE Concept
Maunakea Spectroscopic Explorer
* CFHT is a 3.6m optical/IR telescope on the summit of

Mauna Kea (4204 m). Arguably the world's premier
astronomical site:

- median seeing (free atmosphere] of 0.4".

median precipitable water vapour = 0.9 mm.
useable nights: 80% spectro., 55% photo.

» CFHT is a partnership between Canada [NRC), France
[CNRS) and the University of Hawaii.

» A dedicated, wide-field, large-aperture spectroscopic survey telescope will be urgently needed by the mid
2020s.

* Repurpose the existing 3.6m CFHT into a 10m-class spectroscopic survey facility. Leverage Canada’s
strategic assets (telescope, personnel, site).

* Expand the CFHT partnership and re-establish a leadership role for Canada in wide-field astrophysics.

Table 1: Summary of major science capabilities of MSI
[Accessiblo sky 70000 square degrees (airmans=1.35]
Aperture (M1 in m) 11.2%m
Fisid of view [square dagrees) L3
Etendue = FoV x n (M1 /2] 149
Modas Low 7 ]
006 - 1.8
Wavelength e reepr— S—— !
D G0 098 wn | ). W bands 056 - 6.4 um [ G50 09% um
spectral resalutions BT LT o ] 5000 0000 || WU capubles
Multiplexing i =100 W] 1000 anticipated
Spectral windows Full T *./10 E A0 [ Ais second :
Sanaitivity me24 * T Mm
Velocity procision WBhmfs 5 i b < 100 m/s » i| g
Spectrophotometic accuracy < 1% relative [T % rniative | WA
= SNATrosclution lament = 30 CFHT
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f//\/\(\ MSE Development History

Maunakea Spectroscopic Explorer

= 2010: MSE started life as the Next Generation CFHT as a grassroaots proposal by members of the Canadian astronomy
cammunity, in response to the 2010 Long Range Plan. LRP2010 recommended that the concept should be developed further.

» 2012: Scientific and technical feasibility studies submitted to the CFHT Board and Science Advisory Committee. International
workshop on ngCFHT in Hilo, Hawaii.

* 2014: CFHT Board of Directors act on SAC recommendation and set up the MSE Project Office at the Waimea Headquarters.
Name changes to MSE. Partnership formation begins

+« 2015 — 2016: Detailed Science Case v1.0 written by International Science Team [>100 members). Science Requirements
Document drafted by Project Office.

» 2015 —2017: Major subsystem Conceptual Design studies conducted by partners
= 2017: 10 different subsystem Conceptual Design Reviews for 8 different subsystems.

» January 2018: Transition to Preliminary Design Phase begins. Development of Design Reference Survey.

1+l

* Itis a project of the CFHT Corporation to upgrade to an 11.25m dedicated spectroscopic facility.

Y=

+ Organizationally, MSE is one of the Maunakea Observatories

* All MSE partners - currently Australia, Canada, China, France, Hawaii, and India - have equal status (i.e, it is an international
project, not a C-F-H project)
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— MSE Science Requirements

Maunakea Spectroscopic Explorer
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— MSE Science Requirements

Maunakea Spectroscopic Explorer
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MSE Science Requirements

Maunakea Spectroscopic Explorer
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MSE Science Requirements

Maunakea Spectroscopic Explorer
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j//\/y\ Science Reference Observations

Maunakea Spectroscopic Explorer

Science Requirements Drive Design Choices:

* Wide redshift range of interest.

* Stellar chemical tagging.

* Intervening absorption (IGM, CGM)] / sky lines.
* Continuum flux levels.

* Small velocity dispersions.

* High surface density of targets.

* Many targets.

* Faint targets, many targets.

* Faint targets.

* Surveys ranging from few nights to 1000s of deg®.
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_’f//\/\(\ Science Reference Observations

Maunakea Spectroscopic Explorer

Science Requirements Drive Design Choices:

* Wide redshift range of interest. * UV to Near-IR, R"3000 mode
* Stellar chemical tagging. » R40,000 mode.
* Intervening absorption (IGM, CGM)] / sky lines. — R76000 mode.
* Continuum flux levels. — accurate spectrophotometry
* Small velocity dispersions. — precise velocities
* High surface density of targets. — many close-packed fibres
* Many targets. » wide field of view
* Faint targets, many targets. * large primary aperture
* Faint targets. — great image quality, optimal fibre size & positioning
* Surveys ranging from few nights to 1000s of deg®. — dedicated facility to deliver data

for legacy and Pl surveys
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MSE Conceptual Design

Maunakea Spectroscopic Explorer

Enclosure: Calotte design with
vent modules for smooth airflow

Fibre Transmission System (FTS)
3,249 fibres (1”) leading to low/
moderate resoluton
spectrographs; 1,083 fibres (0.8" )
feeding high resolution
spectrographs.

Low/Moderate resclution
spectrographs: 0.37-1.8 um,
located on both instrument
platforms

Telescope and Enclosure Piers:
modified CFHT structures

Configuration

Fibre Positioner System: 4,332
fibre positioners providing
simultaneous, complete, full field
coverage for all spectroscopic
modes, with upgrade path to
multi-object IFL system

Wide Field Corrector and
Atmospheric Dispersion
Corrector: 1.5 deg’ field of view

Telescope Structure: prime focus
configuration, high stiffen-to
mass ratio open-truss design to
promotae airflow

M1 System: 11.25m aperture
with 60 1.44m hexagonal
segments

High resolution spectrographs:
located in Coudé room for

environmental stability
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Canadian Industrial

Contributions
Maunakea Spectroscopic Explorer
+ The Calotte design is the bast-match option over other * Fibre bundles transmit light from the focal surface to
enclosure configurations for MSE. spectrographs without connectors and reformatting
. ' . crolens optics.
* Empire Dynamic Structures [Port Coquitlam, BC) GO apH
completed conceptual design, leveraging their TMT * by NRC-HAA (Canada) in partnership with FiberTech

development efforts. Optica (Kitchener, ON).

» Builds on their expertise on GRACES which is a 270m
fibre link between Gemini and CFHT ESPaDONS.

« Focal surface layout of AAD
positioners: LMR [red), HR [blue)

= Existing designs and technologies that can be utilized:
- Segmented mirror system technologies from ELT projects
Fiber positioner and metrology technologies

Spectrograph designs

Commercial off-the-shelf optical fibers

TMT M1 segment and support assembly Echidna fiber positioner
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. /\/\(\ Galactic Archaeology: Synthesis
e :

, of the Elements
Maunakea Spectrosco

Jic E X';':Ilfjw' el

RedffR20K

o g || WW”
m“T WWWW

R ﬁ _UV@FMOK;zoom |
UV@R40K vovelength (A . .
Iy WM T

* Metal-poor red giant spectrum above: many ions spanning a broad range of nucleosynthetic pathways provide
greatest leverage for chemical tagging.

. Di’lqnnatics at both low,/moderate resolution (stellar parameters, [Fe/H], strong spectral indicators] and high
esolution [weak lines, precision abundances)
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e Dark Matter, Gravity and Tides

Maunakea Spectroscopic Explorer

e T T ~—r—r

DM density

S —— - 10% &

LOS velocity dispersion
20

-~
=

[| = = TRUE A = = TRUE
— N=100 10 — Na100
— N=1000 10-5 — N=1000
N 10000 N = 10000
10! 107 104 10! 102 10*
Dark Energy Survey - Bechtol et al. ([2015) projected R [pc] r [pe

MSE will provide vast datasets of line-of-sight velocities to trace the distribution dark matter within halos.

* Hundreds or thousands of new satellites expected in the 2020s. What is responsible for their unexpected kinematics?
1. dark matter
2. nonstandard gravity
3. nan-equilibrium dynamics

4. something else?

+ Lowest mass sub-halos around the Milky Way accessible from heating of cold stellar streams.
* The shape and and structure of dark matter hales in external galaxies from dynamical tracer populations.

+ Dark matter in dwarf galaxies from high precision velocities for hundreds, or thousands, of stars.

+ Dark matter in galaxy clusters from velocities for tens of thousands, of baryonic structures.
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- /\/\(\ Multi-scale Galaxy Clustering and the

Halo Occupation Function
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Maunakea Spectroscopic Explorer
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Multiple SDSS-Legacy-like galaxy surveys to the era of peak cosmic star formation:

* Eight survey cubes (300Mpc,/h comoving on a side] to probe the build-up of large scale structure, stellar mass, halo
occupation and star formation out to a redshift of 3.

» >88% complete photo-z targeting per cube (reaching 0.1 M* for 4 lowest-z cubes).

* A seven year survey: impossible without a dedicated facility.
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Halo Occupation Function

Maunakea Spectroscopic Explorer
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Multiple SDSS-Legacy-like galaxy surveys to the era of peak cosmic star formation:

* Eight survey cubes (300Mpc,/h comoving on a side] to probe the build-up of large scale structure, stellar mass, halo
occupation and star formation out to a redshift of 2~ 3.

» >98% complete photo-z targeting per cube (reaching 0.1 M* for 4 lowest-z cubes).

* A seven year survey: impossible without a dedicated facility.
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Maunakea Spectroscopic Explorer
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The Cosmological
Advanced Survey
Telescope for Optical
and uv Research
(CASTOR)



The Cosmological
Advanced Survey
Telescope for Optical
andglAv Research
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CASTOR History

« 20086: CSA Space Astronomy Workshop. First discussions of a Canadian Space Telescope to provide wide-field imaging in the post-HST
era.

« 2007-2009: CSA study "Discipline Working Group Report on Wide-Field in Imaging From Space”
« 2010-2011: Long Range Plan for Canadian Astronomy. Highest priority in space astronomy is:

- "Lsignificant involverment in the next generation of dark energy missions — ESA's Euclid, or the NASA WFIRST mission, or a Canadian-
led mission, the Canadian Space Telescope [CST)."

“...Canadian space astronomy technology has reached the point that we could [now] lead a large space astronomy mission (Canadian
Space Telescope)... Leading such a project would break new ground for Canadian space astronomy and present numerous
opportunities for Canadian companies to showcase technological capabilities.”

+ 2011-2012: CSA study "Canadian Space Telescope mission [CASTOR] Concept Study”

« 2013-2015: CSA study “Focal Plane Array Technologies for Astronomy”

« 2015-2016: CSA study "Single Photon Counting Large Farmat Detectors with Enhanced UV Response for Space Astronomy”.

* 2016: Mid Term Review of the Long Range Plan for Canadian Astronomy:

"MTR panel strongly recommends that the CSA launch a Phase O study for CASTOR, with study results required within 12 months, so
that this compelling project can be developed, presented, and competed in the international community

“The LRPIC and Joint Committee on Space Astronomy [JCSA) should review the outcome of that study and make further
recommendations as appropriate, well in advance of LRP2020."

« 2016: CSA Canadian Space Exploration Waorkshop: “Topical Team Final Reports”
- ".the scientific potential of the mission is unparalleled.”
+ 2016-2017: CSA Study: "Optical Design, Coatings, Filters, Dichroics”

« 2018-2019: CSA Study: "Science Maturation Study for CASTOR'
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CASTOR Status: Science Maturation Study

* Scope
revise and update the CASTOR concept, with an emphasis on the science case
revise and update technical requirements and mission design.
improved understanding of schedule, risk and cost.
explore opportunities for partnerships and collaborations (hardware and science]
* Timeline
- Contract Start (Honeywell): January 31, 2018.
- Mid-Term Review [CSA or Honeywell): September 2018.
Final Review [CSA): March 2019.
* Consortium:
Industry:
1. Honeywell Aerospace [Ottawa): mission architecture and implementation.
2. ABB Inc (Laval): optical chain, including grism.
3. Magellan Aerospace [Winnipeg): satellite bus, launch options.
- Government:
1. NRC-Herzberg (Victoria): science, optics, detectors, data handling.
2. CSA [Montreal): contract management.

Academia: St. Mary's [Halifax], Laval [Quebec), Bishops [Sherbrooke], Taronto,
Waterloo, McMaster [Hamilton], UBC (Vancouver)
- International:
1. JPL/IPAC (Pasadena): science, detectors, electronics, software.

2. India Institute of Astrophysics (Bangalore): science, spectrograph, launch, optics
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