
Submission Date

Title of Proposed White Paper

Topic Area of Proposed White

Paper

LRP2020 EoI submission / Soumission de la MdI pour le PLT2020

2019-03-13 15:53:21

SPICA: the next observatory class infrared space astronomy mission

new facilities, experiments and missions
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Observations at infrared wavelengths allow us to determine

the physical state and energy balance of cool matter in

space and to study the processes that govern the formation

and early evolution of stars and planetary systems in the

Milky Way, and of galaxies over cosmic time. Previous IR

missions, from IRAS to Herschel, revealed the obscured

Universe, but sensitivity was limited because it was not

possible to fly a telescope that was both large and cold.

SPICA is a mission concept aimed at addressing this issue.

SPICA’s 2.5 m diameter telescope is cooled to < 8 K.

Instead of liquid cryogen, however, a combination of

passive and mechanical coolers, cools both the telescope

and instruments. No longer dependent on a limited

consumable, the mission lifetime can extend significantly

beyond the nominal 3 years. With the combination of low

telescope background and instruments employing state-of-

the-art detectors SPICA represents a major advance over

previous IR missions. 

The SPICA instrument complement provides spectral

resolving powers ranging from ~50 to 11,000 in the 17-230

µm domain as well as ~28,000 spectroscopy between 12

and 18 µm. Additionally, SPICA will be capable of efficient

30-37 µm broad band mapping, and small field

spectroscopic and polarimetric imaging in the 100-350 µm

range. SPICA will enable far IR spectroscopy with an

unprecedented sensitivity of ~5x10-20 W/m2 (5σ/1hr) - at

least two orders of magnitude better than achieved to date.

With this exceptional leap in performance, new domains in

IR astronomy will become accessible: galaxy evolution and

metal production over cosmic time, dust formation and

evolution from very early epochs onwards, and tracing the

formation history of planetary systems. 

As a founding member of the SPICA consortium Canada is

positioned to build one of the three critical components of

the SPICA/Safari instrument, resulting in a significant return

on investment to Canadian astronomy.

David Naylor, University of Lethbridge
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naylor@uleth.ca

Doug Johnstone, NRC-Herzberg

+ Canadian SPICA team

http://research.uleth.ca/spica/index.php?page=science_team_main

The paper will review: project history, instrumentation suite and performance

estimates, proposed Canadian contribution, Canadian science return on

investment.
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High-redshift 21cm Cosmology in Canada

new facilities, experiments and missions

proposed upgrades to current facilities, experiments and missions

science programs, science topics and science themes

instrument design and development

data analysis, data management and data storage

With limited direct observations, our current understanding of Cosmic 

Dawn (when first-generation stars formed) and the Epoch of 

Reionization (when the first galaxies systematically ionized the IGM) 

remains poor. This may change in the next decade as instruments 

begin science-grade observations of the highly redshifted 21cm line. 

Such observations would constitute the first direct large-scale surveys 

of our Universe in the range 6<z illuminating="" our="" 

understanding="" of="" the="" first="" luminous="" objects.="" these="" 

observations="" also="" serve="" as="" a="" crucial="" stepping="" 

stone="" toward="" an="" even="" higher="" redshift="" epoch---the="" 

dark="" ages---where="" there="" is="" potentially="" orders="" 

magnitude="" more="" volume="" information="" than="" other="" 

cosmological="" probes.="" />

Canadian leadership in 21cm cosmology has recently grown beyond 

its traditional strength in the z<6 regime. In addition to the GMRT-EoR 

project, leadership of the power spectrum effort within the HERA 

collaboration now resides in Canada. Similarly, single-element 

experiments measuring the 21cm monopole (analogous to COBE's 

measurement of the CMB blackbody spectrum) have a substantial 

Canadian presence: the PRIZM experiment is now led out of a 

Canadian institution, while EDGES and SARAS now have key 

Canadian collaborators.

In this white paper we propose a program for continued Canadian 

leadership in z>6 21cm cosmology, with investments in i) international 

collaborations targeting a first detection and characterization of spatial 

21cm fluctuations at reionization, plus new experiments for reaching 

reach Cosmic Dawn, ii) single-element monopole experiments, iii) 

next-generation radio cosmology hardware (such as, but not limited 

to, broadband feeds and next-generation correlators), iv) efforts to 

push ultra low-frequency observations to characterize the ionospheric 

limits of Earth-based observations, v) intensity mapping of other 

spectral lines (such as [CII]) to guarantee data access for cross-

correlation studies with the 21cm line.

</span>

Adrian Liu, Department of Physics and McGill Space Institute, McGill University
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acliu@physics.mcgill.ca

Cynthia Chiang, Department of Physics and McGill Space Institute, McGill

University

Renée Hlozek, Department of Astronomy and Astrophysics & Dunlap Institute for

Astronomy and Astrophysics, University of Toronto

Thank you for organizing everything!



Submission Date

Title of Proposed White Paper

Topic Area of Proposed White

Paper

Summary of Proposed White

Paper

Contact person and affiliation

Email address of contact

person

LRP2020 EoI submission / Soumission de la MdI pour le PLT2020

2019-04-12 14:02:10

Low-redshift 21cm Cosmology in Canada

new facilities, experiments and missions

proposed upgrades to current facilities, experiments and missions

science programs, science topics and science themes

data analysis, data management and data storage

This white paper describes opportunities in 21cm intensity mapping for 

placing unprecedented constraints on cosmology in the coming 

decade. By using the 21cm line of neutral hydrogen to trace galaxies 

(and by extension, the large-scale matter distribution), 21cm 

experiments survey large volumes of our Universe over a broad range 

of redshifts. Current experiments such as CHIME have the potential to 

use baryon acoustic oscillations to provide percent-level 

measurements of cosmic expansion from 0.8<z such="" 

measurements="" will="" shed="" light="" the="" distance-redshift="" 

relation="" at="" redshifts="" where="" it="" is="" poorly="" 

understood.="" this="" crucial="" given="" current="" tensions="" in="" 

hubble="" parameter="" measurements.="" />

Canada has traditionally been a leader in 21cm intensity mapping. For 

instance, the first cosmological detection of the 21cm line was made in 

cross-correlation with galaxy surveys by a Canadian team. CHIME 

currently leads the race to a first auto-correlation detection. We 

propose building on this momentum to ensure Canadian leadership in 

the next decade of 21cm cosmology. Investments in relevant 

technology (such as next-generation broadband feeds and 

correlators), software (for calibration, RFI flagging, and data analysis), 

and the construction of larger (more sensitive) arrays will enable 

advancement beyond the current focus on baryon acoustic 

oscillations. Increasingly precise observations will enable broadband 

power spectrum measurements across a wide range of redshifts and 

lengthscales. Higher-order statistics probing lensing effects and 

imprints of early-universe physics will also become accessible. 

Volume-limited 21cm surveys that resolve individual galaxies will be 

possible at low z, providing another path to cosmological constraints 

with complementary systematics. Such measurements collectively 

probe both fundamental physics (e.g. neutrino mass) and open issues 

in astrophysics (e.g. feedback in galaxy formation and the precise way 

hydrogen traces galaxies).

</span>

Adrian Liu, Department of Physics and McGill Space Institute, McGill University

acliu@physics.mcgill.ca
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Matt Dobbs, Department of Physics and McGill Space Institute, McGill University

Simon Foreman, Canadian Institute for Theoretical Astrophysics

Renée Hlozek, Department of Astronomy and Astrophysics & Dunlap Institute for

Astronomy and Astrophysics, University of Toronto

Thank you to all the organizers for your hard work!
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The next decade of optical wide field astronomy in Canada

science programs, science topics and science themes

Internationally, wide field imaging and spectroscopy at optical/near-

infrared wavelengths is having profound impacts in diverse areas of

astronomy. This includes results from Gaia, the Dark Energy

Survey, SDSSIV (and soon SDSSV), the HSC-SSP, and others.

Soon, a new generation of wide field spectrographs will enter

operation (DESI, WEAVE, 4MOST, PFS, MOONS), and in a few

years LSST and Euclid will start surveying the sky, ushering in a

new era of wide field surveys.

Where does Canada stand in this international scene, and how can

it grow its current wide field astronomy efforts into a world-leading

and scientifically productive platform for the 2020s and beyond?

This White Paper seeks to address this issue by examining (i) the

science landscape, (ii) the potential suite of current, future and

proposed wide field OIR facilities available to Canada (iii) the

requirements and opportunities for handling and interfacing with the

data. It will propose possible roadmaps for wide field imaging and

spectroscopy in Canada for the community to consider and discuss

the advantages/disadvantages of each. The focus throughout is on

creating an evolving network of capabilities for Canadian wide field

astronomers, that are scientifically exciting, that are

programmatically sound, and that help to grow the community and

position Canada for future scientific opportunities.

Alan McConnachie, Herzberg Astronomy & Astrophysics

alan.mcconnachie@nrc-cnrc.gc.ca

(This list is preliminary and is not complete)

Michael Balogh (University of Waterloo)

Daryl Haggard (McGill University)

Renee Hlozek (University of Toronto)

Will Percival (University of Waterloo)
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Rescuing, preserving and re-using Canada's heritage astronomical data

data analysis, data management and data storage

P { margin-bottom: 0.08in; }

Over the past decades and even centuries, the astronomical community has

accumulated a significant heritage of observations of a great many astronomical

objects. Those records contain irreplaceable information about long-term

changes in our Universe, and their preservation and digitization is vital for

understanding those changes. But such data have a precarious future; even

those in Canada are at increasing risk of becoming degraded and thence totally

lost. Canada's entire astronomical community needs to ensure that that does not

happen. 

Re-using analogue materials is rarely feasible in today's research world; they

must be transformed digitally so that they can be accessible and used by all for

the benefit of scientific exploration and thence of society.We need to act while

we still can, but digitizing analogue materials correctly requires informed choices,

specialized equipment and human skills that are rapidly disappearing. We

hereby call upon the astronomical community in Canada to recognize the gravity

of the situation, and to commit to preservation and digitization efforts both locally

and nationally through long-term planning supported by adequate resources,

prioritizing where science and physical condition so dictate. The importance and

urgency of this issue has been recognized by the IAU GA XXX in its Resolution

B3: On Preservation, Digitization and Scientific Exploration of Historical

Astronomical Data. The WP will outline the rationale of the promotion, describe

new science from successful recovery efforts, and review potential losses to

Canada if nothing is done.  

An inventory of Canadian plates lists 170,000 spectra and 17,000 images at the

DAO, DDO and Elginfield Obs. combined, covering a range of quality and

science potential. A comprehensive plan for data preservation will be developed

in parallel with similar efforts starting up elsewhere, e.g., Harvard, AAVSO,

KPNO and APPLAUSE (Germany).

Elizabeth Griffin, Chair of CASCA Heritage COmmittee

Elizabeth.Griffin@nrc-cnrc.gc.ca

Members of the CASCA Heritage Committee (Canada-wide)

A similar White Paper has been lodged with the USA Astro2020 Plan,

demonstrating growing international concern about this urgent matter.
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A CASTOR mission upgrade to image exoplanets, paired with a NASA provided

starshade to suppress starlight

proposed upgrades to current facilities, experiments and missions

A LRP2020 whitepaper is planned to propose a CASTOR mission upgrade to

include exoplanet imaging, when paired with a NASA provided starshade

spacecraft to suppress starlight. The exoplanet science objective is to search

about a dozen nearby Sun-like stars for exoplanets and then to search detected

rocky planets for atmospheric ozone. The detection of smaller planets and

planets in longer period orbits will expand our current exoplanet database and

advance our understanding of planetary system diversity. A focused search for

the prominent ozone feature in the UV, with existing CASTOR photometer

channels, is key to greatly advancing our understanding of exoplanets with a

relatively small telescope and starshade. Ozone is a proxy for oxygen, but is

readily detectable, even for very low oxygen levels, as thought to be present on

Earth until roughly the last 500 million years. We expect to detect at least one

rocky planet in the habitable zone.

 

Subject to a CSA-NASA partnering agreement, the preliminary mission concept

is to co-launch CASTOR with a NASA provided starshade on a NASA provided

launch vehicle to Earth-Sun L2. Exoplanet observations would require less than

20% of total telescope time. During the remaining 80% of mission time, the

telescope is free for other observations, while the starshade independently

maneuvers to line up on the next target star.

 

The LRP2020 whitepaper will detail the starshade accommodations required for

CASTOR to make, along with a conceptual delineation of agency

responsibilities. A related NAS Astro2020 whitepaper is planned to propose a

similar starshade mission with a NASA funded telescope, but it will also identify

the CASTOR option.

Doug Lisman, Jet Propulsion Laboratory - California Institute of Technology

d.lisman@jpl.nasa.gov

Sara Seager, Massachusetts Institute of Technology

Christopher T. Reinhard, Georgia Institute of Technology

Edward W. Schwieterman, University of California Riverside
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Science, Technical and Strategic benefits of Canadian partnership with Subaru

new facilities, experiments and missions

Recent developments have opened up an opportunity to join the Subaru

telescope under favourable terms.  With the demonstrated success of SCExAO

and HSC, and first light of the PFS nearly upon us, the immediate prospects for

Subaru to make breakthrough discoveries that align well with Canadian interests

are excellent.  In this white paper we will describe the scientific and technical

(instrumentation) opportunities that a partnership with Subaru would enable.  In

particular we will highlight the important synergies with TMT, MSE and Euclid,

and how a relatively small investment in Subaru can significantly enhance our

ability to take advantage of those facilities.  The partnership also has strategic

value, as it represents an important step toward building an alliance of

observatories on Maunakea, which itself has the potential for dramatically

increasing scientific impact and reducing costs.

Michael Balogh, Waterloo Centre for Astrophysics, University of Waterloo

mbalogh@uwaterloo.ca

Marcin Sawicki, Ivana Damjanov (SMU)

Stephane Courteau (Queens)

Howard Yee, Bob Abraham, Jo Bovy, Maria Drout, Suresh Sivanandam, Dae-

Sik Moon (UofT)

Adam Muzzin (York)

Laura Parker (McMaster)

Mike Hudson, Will Percival (Waterloo)

Jan Cami (Western)

Chris O'Dea (Manitoba)

Jeremy Heyl, Ludo van Waerbeke (UBC)

Sara Ellison, Jon Willis, Kim Venn, Falk Herwig, Colin Bradley (UVic)

Tracy Webb (McGill)

Alan McConnachie, JJ Kavelaars, Laura Ferrarese, Pat Cote, Stephen Gwyn,

Luc Simard (NRC)



Submission Date

Title of Proposed White Paper

Topic Area of Proposed White

Paper

Summary of Proposed White

Paper

Contact person and affiliation

Email address of contact

person

Other proposed authors and

affiliations

Comments, notes or

questions

LRP2020 EoI submission / Soumission de la MdI pour le PLT2020

2019-04-10 14:52:03

Space astronomy

new facilities, experiments and missions

   Observations from space are a key aspect of

astronomy for the well-known reasons of

freedom from atmospheric weather, absorption

and distortion. Access to, and participation in space

observatories are an essential element of the

LRP, for the entire range of astronomical research

interests.

 

  Canada has played a significant role in past and

ongoing space observatories, even as a very minor

(~5%) partner, and has earned a deserved reputation

for hardware, data handling, and scientific exploitation.

The funding and support for these has largely come

through the CSA, but the CSA budget for space science

has eroded over the past decade or more, to the point

of major concern. During the period of LRP2010

CSA has funded one very minor new facility - Hitomi -

which had a disastrously short lifetime. The remaining

LRP2010 priorities remain uncommitted, in spite

of widespread interest and detailed studies. The

decade ahead has major challenges if Canada is to

have a viable and leadership role in space astronomy.

John Hutchings, DAO

john.hutchings@nrc.ca

See comments

This will likely be of interest to several potential co-authors

so I assume we will get in touch and make plans accordingly.
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Development priorities for the Atacama Large Millimeter/submillimeter Array

(ALMA)  

proposed upgrades to current facilities, experiments and missions

Within its first 5 years of operations, ALMA has essentially achieved its original

top-level scientific goals. ALMA has defined a Development Roadmap that

prioritizes new capabilities for the observatory out to 2030 (see arXiv:

1902.02856). Based on scientific merit and technical feasibility, the top priorities

are to broaden the receiver bandwidth by at least a factor of two and to upgrade

the correlator and associated system electronics. These improvements to

ALMA’s capabilities will enable a broad range of science by significantly

reducing the observing time required to carry out blind redshift surveys, spectral

scans, and deep continuum surveys. This white paper will review the ALMA 2030

development priorities and other smaller ALMA development plans, as well as

discussing the opportunities and requirements for significant Canadian

involvement in ALMA development in the next decade.

 

Christine Wilson, McMaster University

wilsoncd@mcmaster.ca

TBD
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Digital Research Infrastructure in Astronomy.

data analysis, data management and data storage

This white paper will examine the expected evolution of digital research in

support of astronomy research, focusing on the opportunity to create a digital

research science platform for Canadian astronomy.

JJ Kavelaars, CADC/NRC

jj.kavelaars@nrc-cnrc.gc.ca
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Canada's performance based on bibliometrics

state of the profession

This white paper will investigate Canada's publication performance using

bibliometric data. Canada's performance will be compared a select subset of

other countries. The performance of Canada's international observatories,

CFHT, Gemini and ALMA, will also be investigated and compared to other major

observatories

Dennis Crabtree - NRC Herzberg

Dennis.Crabtree@nrc.ca
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Our place on Maunakea: Canadian Astronomy listening to Native Hawaiian

Voices

equity, diversity and inclusion

Canadian astronomy has, for decades, benefited from access to observatories

and participating in international consortiums on one of the best astronomical

sites in the world: Maunakea. However, Maunakea is part of the unceded

territory of the Native Hawaiian peoples and continues to be of special

significance to Hawaiian culture.  This dual view of the mountain has created

tensions in the past decade, particularly with the development of the Thirty Meter

Telescope, and the response of the International astronomy community has

been poor.  It is expected that the LRP 2020 will continue to support Canadian

astronomy on Maunakea. In this white paper we present discussions with Native

Hawaiian leaders and scholars to help the Canadian astronomy community

better understand Maunakea and our obligations as guests on the mountain.

Hilding Neilson, University of Toronto

neilson@astro.utoronto.ca

Sam Lawler, NRC-Herzberg

Henry Ngo, NRC-Herzberg

Kristine Spekkens, Royal Military College

Nienke van der Marel, NRC-Herzberg
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Indigenizing the next decade of Astronomy

equity, diversity and inclusion

The Truth and Reconciliation Commission of Canada published its calls to action

in 2015 with 94 recommendations. Many of these 94 recommendations are

directly related to education, language, and culture, some of which the Canadian

Astronomy community can address and contribute to in as part of reconciliation.

The Canadian Astronomy community has an additional obligation since it

benefits from facilities on Indigenous territories across Canada and the world.

Furthermore, Indigenous people are still grossly underrepresented at all levels in

Canadian astronomy.  The purpose of this White Paper is to develop

recommendations for the Canadian astronomy community to support Indigenous

learning, support Indigenous inclusion, develop Indigenous-based learning

materials for the classroom, and to recognize our place on Indigenous territories.

Hilding Neilson, University of Toronto

neilson@astro.utoronto.ca

Sam Lawler, NRC-Herzberg

Stanimir Metchev, University of Western Ontario,

Henry Ngo, NRC-Herzberg

Laurie Rousseau-Nepton, CFHT

Kristine Spekkens, Royal Military College



Submission Date

Title of Proposed White Paper

Topic Area of Proposed White

Paper

Summary of Proposed White

Paper

Contact person and affiliation

Email address of contact

person

Other proposed authors and

affiliations

LRP2020 EoI submission / Soumission de la MdI pour le PLT2020

2019-04-14 15:29:35

Science with ground based, single dish Submillimeter Wave Telescopes

new facilities, experiments and missions

proposed upgrades to current facilities, experiments and missions

The submillimeter is a crucial part of the electromagnetic spectrum for

studies of the cold universe, essential to understand the origins of

galaxies, and the physical and chemical conditions within the interstellar

medium in the dense and cold molecular clouds in which stars and

planetary systems form. A next generation of single dish telescopes are

uniquely poised to deliver accurate measurements of fundamental

astrophysical processes that govern stellar birth and evolution, galaxy

formation, and the coming-of-age of the universe itself. The submillimeter

regime is accessible in several atmospheric windows from the ground,

where single dish telescopes are able to exploit a rapidly growing

detector technology to implement powerful instruments which can survey

vast regions of the sky to unprecedented depths.

In this white paper we will discuss key research areas that require

ground-based Submillimeter Wave observatories, exploiting the crucial

submillimeter diagnostics of the molecular ISM, and the redshifted dust

and strong ISM cooling lines from all galaxies at z>1 — the first half of

the history of our Universe, when galaxies were actively assembling and

building their stellar populations. 

 

At the moment there are no submillieter single dish telescopes funded in

Canada. Those that Canadian astronomers use are funded through

individual academic grants, or through external collaborations.  This

white paper will bring together discussions of the science cases, and

descriptions of the proposed facilities, along with prospects for Canadian

involvement and timelines of single dish mm/submm facilities: CCAT-

prime, JCMT upgrades, APEX upgrades, SPT, ACT, Polarbear, Simon’s

Observatory, CCAT-25, and AtLAST. 

Scott chapman.  NRC, UBC, Dalhousie

Scott.chapman@dal.ca

Mike Fich, Waterloo

Douglas Scott, UBC

Arian Liu, McGill

Helen Kirk, NRC

Doug Johnstone, NRC

Brenda Matthews, NRC

Christine Wilson, McMaster

Marin Houde, Western Ontario

James Di Francesco, NRC
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The Next Generation Very Large Array (ngVLA)

new facilities, experiments and missions

The Next Generation Very Large Array (ngVLA) project is an initiave to build a new, PI-science-

driven, mm-cm interferometric facility that will replace the existing Jansky Very Large Array (VLA) by

 2035.  The ngVLA will observe

emission between 1.2 GHz and 116 GHz with sensitivities ten times that of the VLA.  Its core will

consist of about 240 antennas centred in New Mexico but arranged across the American Southwest

and northern Mexico for baselines

up to thirty times longer than those of the VLA.  In addition, ngVLA will

have about 20 antennas arranged in a dense core in New Mexico for low surface brightness imaging,

and about 30 antennas arranged across North America and beyond for sub-milli-arcsecond

resolutions.  In this white paper, we will describe the ngVLA in greater detail and the key science goals

driving the its design and construction plans.  We will also contextualize ngVLA within the current and

future generations of large mm-cm facilities (e.g., ALMA, SKA).  Finally, we will describe how Canada

can significantly contribute to this growing international project, leveraging its previous decades of

strong engagement with the VLA.

James Di Francesco, National Research Council of Canada

james.difrancesco@nrc-cnrc.gc.ca

Erik Rosolowsky, University of Alberta

Brenda Matthews, National Research Council of Canada

Rachel Friesen, National Radio Astronomy Observatory

Nienke van der Marel, University of Victoria

Michael Rupen, National Research Council of Canada

Bryan Gaensler, Dunlap Institute for Astronomy & Astrophysics

Tim Robishaw, National Research Council of Canada
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Astrostatistics in Canada

science programs, science topics and science themes

data analysis, data management and data storage

state of the profession

training, careers, demographics and professional development

other (specify in comments below)

This white paper will discuss the cross-disciplinary field of astrostatistics, in

which modern statistical methods are applied to and developed for astronomical

data. Our white paper will partly be a state of the profession paper, and will also

give recommendations on how to increase interdisciplinary connections between

astronomy and statistics at the institutional, provincial, and national level over the

next ten years.

We plan to conduct a survey of astronomers in Canada to summarize the

current training mechanisms through which we learn statistical methods, and to

identify areas for improvement. We will also identify how societies such as the

Canadian Astronomical Society (CASCA) and the Statistical Society of Canada

(SSC) might initiate interdisciplinary collaborations, for example through joint

workshops, bootcamps, and conferences. The potential role of well-established

entities such as the Dunlap Institute, the Canadian Statistical Sciences Institute

(CANSSI), the Canadian Institute for Theoretical Astrophysics (CITA), and

Compute Canada will also be discussed.

This paper will be complementary to a white paper about artificial intelligence

(AI) and machine-learning (ML) that will be submitted to the Long Range Plan

2020. Just as AI and ML will play important roles in the context of large surveys

and classification of big data for the next decade, astrostatistics will play an

important role in scientific inference and uncertainty quantification of these data

through areas such as time series analysis (e.g. for fast radio burst studies),

surrogate modelling (e.g. for complicated stellar processes), Bayesian analysis

(e.g. for orbit measurements), modelling (e.g. for stellar spectra), and cluster

analysis (e.g. for stellar moving groups).

Overall, our white paper will explain how increased connections between

astronomy and statistics can benefit research and strengthen astronomy's role in

training Highly Qualified Personnel (HQP) in Canada.

Gwendolyn Eadie, Dept. of Astronomy, eScience Institute, DIRAC Institute,

University of Washington

eadieg@uw.edu
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Debris disks as probes of exoplanetary systems

science programs, science topics and science themes

Debris disks represent direct evidence that the building blocks of planets were

assembled during the protoplanetary phase of a circumstellar disk. A debris disk

is comprised of planetesimals (objects up 100s of km in size) and the dust and

gas produced by their collisional evolution.  The structure detected in the dust

emission of debris disks has led to the detection of low-mass companions to

several stars (e.g., beta Pictoris) and provided evidence of dynamical interaction

with planets in others (e.g., HD 106906). Large scale infrared and submillimetre

surveys have shown that debris disk emission is associated with at least 20% of

main sequence stars, with that number increasing for very young systems.

ALMA has now resolved the planetesimal belts of over 40 such disks in

millimetre emission, placing constraints on  planetary bodies in the system (e.g.,

Marino+ 2018). In addition, GPI and SPHERE have provided high resolution

probes of the inner regions of many disks in scattered light. These observations

reveal strong asymmetries, gaps and warps that can be attributed to gravitational

perturbations by planet mass companions.  

Current facilities for observing mm emission and scattered light are limited to the

brightest debris disks; even Herschel’s deepest observations would not have

detected a Kuiper Belt equivalent around a nearby star. Imaging of many more

debris disks with ALMA will be very challenging since it is not optimized for

nearby objects of low surface brightness, although development initiatives to

improve ALMA sensitivity could increase the number. In this white paper, we will

discuss the current outstanding questions in the field and new facilities that

would expand debris disk research to reach true solar system analogues and

finally allow us to put the Solar System into context.  Particularly, we will discuss

the impact of a large submillimetre dish (such as AtLAST), the Thirty Meter

Telescope and the Next Generation Very Large Array.

Brenda Matthews (NRC Herzberg)

bcmatthews.herzberg@gmail.com
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Machine Learning Advantages and Canadian Astrophysics

data analysis, data management and data storage

The application of machine learning (ML) methods to the analysis of 

astrophysical datasets is on the rise, particularly as the computing 

power and complex algorithms become more powerful and accessible. 

  Data surveys, such as SDSS, have provided homogeneous data 

(photometric, imaging, and spectroscopic) for developing ML tools with 

astrophysical applications..  As the field of ML enjoys a continuous 

stream of breakthroughs, its applications demonstrate the great 

potential of ML, ranging from achieving tens of millions of times 

increase in analysis speed (e.g., modeling of gravitational lenses or 

analysing spectroscopic surveys) to solutions of previously unsolved 

problems (e.g., foreground subtraction or efficient telescope 

operations). With the advent of extremely large datasets from a new 

generation of surveys in the 2020s, ML methods will become an 

indispensable tool in astrophysics.

Canada is the unambiguous world leader in the development of the 

field of machine learning, attracting large investments and skilled 

researchers to its prestigious machine learning centers (e.g., MILA 

and Vector Institute). This provides a unique opportunity for Canada to 

also be a world leader in the application of machine learning in the 

field of astrophysics. Opportunities include the fast and efficient 

analysis of multi-object spectroscopic surveys (e.g., TMT-WFOS and 

MSE), the rapid analysis of IFU and adaptive optics data (e.g., Gemini-

GIRMOS and TMT-IRMOS), and the EUCLID survey.  In addition, ML 

could be embedded in the next generation of astronomical 

instrumentation and surveys, such as pipelines and scientific analysis 

tools that come straight off the telescope.We will summarize current 

and upcoming ML applications in Canadian astronomy, and discuss 

potential synergies and collaboration between the Canadian 

astrophysics community and the ML groups, which can foster the 

training of a new generation of highly skilled researchers. 

</span>

Kim Venn

kvenn@uvic.ca
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The Euclid Mission

new facilities, experiments and missions

Euclid is an ESA medium class space mission selected by ESA in October 2011,

with launch planned for 2022. The Euclid mission aims at understanding why the

expansion of the Universe is accelerating and what is the nature of the source

responsible for this acceleration commonly called Dark Energy. Dark energy

represents around 75% of the energy content of the Universe today, and

together with dark matter it dominates the Universes’ matter-energy content.

Understanding Dark Energy is one of the key goals of physics over the next

decade. The imprints of dark energy and gravity will be tracked by Euclid using

two complementary cosmological probes to capture signatures of the expansion

rate of the Universe and the growth of cosmic structures: Weak gravitational

Lensing and Galaxy Clustering (Baryonic Acoustic Oscillations and Redshift

Space Distortion). 

Although low-redshift Cosmology is the primary driver of the mission, a wide

range of science will be possible with the Euclid data. The Euclid Mission aims to

survey over 15,000 deg2 of the extragalactic sky with imaging in a wide visible

(riz) band at 0.1” resolution, near-infrared photometry (Y,J,H) and near-infrared

spectroscopy. As a result, the Euclid Mission will generate a vast dataset for

legacy science including broadband visible images and near-infrared photometry

of roughly 1.5 billion galaxies and near-infrared spectroscopy of roughly 50

million galaxies. Such a large dataset will touch on many aspects of

astrophysics, on many different scales, from the formation and evolution of

galaxies down to the detection of brown dwarfs.

In 2016, Canada joined the Euclid consortium when CFHT approved the

Canada-France Imaging Survey (CFIS) as a Large Program. CFIS, likely along

with LSST, will be used by Euclid to measure photometric redshifts in the

Northern sky. 26 astronomers in Canada are members of the Euclid Consortium.

Will Percival, University of Waterloo

will.percival@uwaterloo.ca
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Signposts of planet formation in protoplanetary disks

science programs, science topics and science themes

Successful exoplanet surveys in the last decade have revealed that planets are

ubiquitous throughout the Milky Way, and show a large diversity in mass,

location and composition. At the same time, new facilities such as the Atacama

Large Millimeter/submillimeter Array (ALMA) and optical/infrared facilities

including Gemini/GPI have provided us with sharper images than ever before of

protoplanetary disks around young stars, the birth cradles of planets. The high

spatial resolution has revealed unexpected structures in disks, such as rings,

gaps, asymmetries and spiral arms, and the enormous jump in sensitivity has

provided the tools for both large, statistically relevant surveys and deep,

sensitive molecular line studies. These observations have revolutionized our

view of planet formation, disk formation and disk evolution, bringing model

simulations and observations closer to the same level of detail. The new results

have inevitably led to a range of new questions, which require next generation

instruments such as the Next Generation Very Large Array (ngVLA) and large

scale optical infrared facilities such as the Thirty Meter Telescope. In this white

paper we will discuss the current transformation in our understanding of planet

formation and the next steps and challenges in connecting theory with exoplanet

demographics and protoplanetary disk observations. 

Nienke van der Marel, NRC Herzberg Astronomy and Astrophysics Programs

astro@nienkevandermarel.com

Aaron Boley, University of British Columbia

Ruobing Dong, University of Victoria
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CASTOR: A Flagship Canadian Space Telescope

new facilities, experiments and missions

CASTOR (The Cosmological Advanced Survey Telescope for Optical and uv

Research) is a proposed Canadian flagship, wide-field, UV/blue-optical space

telescope that is being developed by the Canadian Space Agency (CSA).  CASTOR

would provide multi-band, high-resolution imaging over a 0.25 sq. deg. field --- roughly

two orders of magnitude larger than that of the Hubble Space Telescope. Two

spectroscopic modes are also being considered that would offer a range in spectral

resolution, field coverage and multiplexing.

A recently completed CSA Science Maturation Study has updated the mission design,

explored partnership options, and developed diverse and compelling science cases

that includes cosmology and dark energy, galaxies and cosmic star formation, AGNs

and supermassive black holes, time domain astronomy and gravitational wave events,

near-field cosmology, stellar astrophysics, extra-solar planets and the solar system.

This versatile telescope would far surpass an ground-based optical telescope in terms

of sensitivity and angular resolution, and would fill an important missing niche among

future astronomical facilities. Its unique capabilities would be complementary to many

future telescopes, including Euclid, WFIRST and LSST.

We explain how CASTOR would place Canada at the forefront of astronomical

research in the coming decade, show-case the technological capabilities of Canadian

industries to a global audience, and inspire the next generation of young Canadians to

pursue careers in science, engineering and technology.

Patrick Côté (NRC Herzberg Astronomy & Astrophysics Research Centre)

patrick.cote@nrc-cnrc.gc.ca
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The Opportunity of Young Nearby Associations with the Advent of the Gaia

Mission

science programs, science topics and science themes

The solar neighborhood contains tens of stellar groups that formed together and retain

common velocities. Some of them are sparse and span large areas on our sky. Because of

this, the lone sky position of stars cannot be used to recognize members of such associations.

Their identification requires measuring the 3-dimensional velocity of each star, which entails

measuring their trigonometric distances and heliocentric radial velocities. This has prevented

completing the census of nearby associations, as obtaining the 3-dimensional velocity of a

large number of stars before knowing their membership requires tremendous resources.

 This situation changed when the Gaia mission published the trigonometric distance

measurements for 1.3 billion stars in 2018, a 10,000-fold improvement in number of stars over

previous missions, as well as a 40-fold improvement in the precision. This revolution of stellar

kinematics is opening many doors in the study of young associations that will directly impact

other branches of astrophysics, and even already yielded the discovery of new nearby

associations.

 These associations have ages that span one million years to a few hundred million years;

each typically contains a few hundred stars and provides a snapshot into the evolution of

stellar astrophysics that cannot be otherwise glanced, as no other age-dating method is

precise enough. Young associations contain a wealth of yet poorly understood astrophysical

information on the evolution of their angular momentum, magnetic fields, chromospheric

activity and other fundamental properties of stars and substellar objects. This directly impacts

our ability to characterize exoplanets, as we can only understand them as well as their host

stars.

 This Expression of Interest outlines the significant opportunity that this situation offers to

improve fundamental knowledge and train the next generation of experts in stellar and

exoplanet astrophysics.

Jonathan Gagné, Institut de Recherche sur les Exoplanètes, Université de

Montréal
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Non-CMB cosmology at CMB wavelengths

science programs, science topics and science themes

Canada has thriving communities in cosmology, CMB studies and submm

astronomy, with involvement in many facilities that featured prominently

in previous Astronomy Long Range Plans.  The standard cosmological model

continues to be well fit using a small number of parameters.  How do we

improve the precision of our understanding of structure formation within this

model?

Wavelengths from the microwave to the submillimetre will be particularly

fruitful for answering this question.  That's because, in addition to the CMB

anisotropies, there are other signals that can be extracted from large maps at

these wavelengths - the cosmic infrared and submm backgrounds, the thermal

and kinetic Sunyaev-Zeldovich effects, and CMB lensing.  Such signals carry a

wealth of information about the cosmological model, as well as how dust, gas

and star-formation evolve within dark-matter halos.  Cross-correlations between

these signals and those coming from the radio, optical and X-ray, will provide

even more information.

Canadians are already members of teams for several related facilities and

are working to be involved in others.  In order for Canada to be fully engaged in

exploiting the detailed information coming from these cosmological signatures, it

is crucial that we are fully engaged in some

combination of near-future projects.  Examples include CMB-S4, CCAT-prime,

AtLAST, a new camera for JCMT, balloon projects such as BFORE and a future

ambitious CMB satellite.

Douglas Scott, UBC

dscott@phas.ubc.ca

There is known overlap here with proposed white papers in CMB science and

submm galaxy astrophysics, as well as those targeted towards specific facilities.

There has already been discussion among relevant people, many of whom will

be co-authors of this particular WP.
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The Canadian Hydrogen Observatory and Radio-transient Detector

new facilities, experiments and missions

The Canadian Hydrogen Observatory and Radio-transient

Detector (CHORD) is a proposed facility, to be built on

Canadian soil and designed to build on CHIME’s successes

in science and technology development.

This  instrument will allow Canadian astronomers to

address three exciting areas of astrophysics: (1)

elucidating the nature of fast radio bursts and their precise

location within galactic hosts; (2) mapping the distribution

of matter on cosmic scales to reveal the detailed evolution

of structure in the Universe; and (3) measuring

fundamental physics parameters, such as probing neutrino

properties and testing General Relativity.

CHORD will consist of a series of “outrigger” stations

across the continent that provide VLBI localization

capability for transient events; and a large, close-packed “core”

array of ultra-wideband precision dishes located at DRAO that provides the

sensitivity critical for cosmic mapping and unprecedented event rates for the

transient survey.

This white paper will present CHORD’s design, prototyping

efforts and timeline, and will discuss the science cases

which can be addressed by CHORD.

Keith Vanderlinde, University of Toronto

vanderlinde@dunlap.utoronto.ca
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Opportunities and Outcomes for Postdocs in Canada

state of the profession

training, careers, demographics and professional development

This white paper identifies and addresses challenges for postdoctoral 

fellows (PDFs) and their employers in Canada in regards to funding 

sources for salary and research. In particular, the small number of PDF 

positions requiring no additional funds from a faculty member or department 

may make it challenging for a researcher to hire a PDF in Canada. We will 

also study the outcomes of PDFs in Canada. While both the LRP2010 and 

the MTR2016 recommended an increase of PDF positions within Canada, 

this may not be matched by a corresponding increase in Canadian 

permanent research positions. Furthermore, we will consider the impact of 

NSERC and CSA funding structure and policies on the potential outcomes 

of Canadian PDFs. These grants are limited to researchers already 

employed in a permanent position at a University. Therefore, the only 

pathway to a long term academic position beyond the PDF is the tenure-

track, as Canadian researchers cannot self-fund their own positions. We 

will make recommendations to CASCA on how to best support PDFs on 

these issues.
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The Maunakea Spectroscopic Explorer

proposed upgrades to current facilities, experiments and missions

The Maunakea Spectroscopic Explorer (MSE) will rejuvenate the Canada-

France-Hawaii Telescope and preserve Canada's leading contribution to a 

wide-field telescope on one of the best astronomical sites on the planet.

MSE is an end-to-end science platform for the design, execution and 

scientific exploitation of low-, medium-, and high-resolution spectroscopic 

surveys from 0.37-1.8 microns.

It will unveil the composition and dynamics of the faint Universe and impact 

nearly every field of astrophysics across all spatial scales, from individual 

stars to the largest scale structures in the Universe.

Major pillars in the science program for MSE include:

(i) the ultimate Gaia follow-up facility for understanding the chemistry and 

dynamics of the distant Milky Way, including the outer disk and faint stellar 

halo at high spectral resolution;

(ii) a revolutionary survey to study galaxy formation and evolution over 

billions of years back to cosmic noon --- when the Universe was at peak 

star formation;

(iii) determining the mass of the neutrino and obtaining insights into 

inflationary physics through a cosmological redshift survey that probes a 

large volume of the Universe with a high galaxy density;

(iv) the largest sample yet of quasars with black hole masses from 

reverberation mapping, used to calibrate the relationships that enable black 

hole masses to be measured for millions of quasars and determine the 

evolution of the black hole mass function over cosmic time.

MSE will be a critical hub in the emerging international network of front-line 

astronomical facilities, with scientific capabilities that naturally complement 

and extend the scientific power of the TMT, the SKA, Euclid, LSST, and 

many more.

Pat Hall, York University

phall@yorku.ca
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Science with Far Infrared Space Telescopes

new facilities, experiments and missions

science programs, science topics and science themes

The far infrared is an extremely rich part of the electromagnetic

spectrum, but it is almost entirely unaccessible from the ground.

Thus, space-based observatories are required to obtain

sensitive continuum measurements and spectroscopy.

Within the Galaxy, star’s and planetary systems form within

dense and cold molecular clouds whose emission peaks in the

far infrared. Furthermore, at these wavelengths atomic and

molecular far infrared line diagnostics provide essential access

to the physical, and chemical conditions, within the interstellar

medium. These same observational quantities, continuum and

line, are used to understand the bulk star formation properties of

nearby galaxies, while at greater look-back times, essential

mid-IR diagnostics are red-shifted into this spectral window.

In this white paper we will discuss key research areas that

require space-based far infrared observatories, including the

formation and evolution of galaxies and black holes over cosmic

time, the role of magnetic fields in the formation of structure

within molecular clouds, and the characterization of the gas

content and mineralogy of circumstellar disks. The far infrared,

consisting of half the observable light from the Universe, further

allows for an exploration of the origin of elements essential for

life in the earliest galaxies and the water trail from Galactic

molecular clouds to planets.

At the moment there are no far infrared telescopes either

operating in space or fully funded as future missions. There are,

however, strong international communities, including Canadian

participation, pursuing a European/Japanese-led mission

'SPICA' and a NASA-led mission 'OST'.  These efforts continue

Canada's strong heritage at these wavelengths with Odin,

Herschel, and Planck. As part of this white paper, we will

include the key science goals from these possible missions,

while not limiting ourselves to the specifications of either option.

Doug Johnstone, NRC-Herzberg

doug.johnstone@nrc-cnrc.gc.ca
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The Formation of Stars - From Filaments and Cores to Protostars and

Protoplanetary Systems

science programs, science topics and science themes

The star formation process is inherently multi-scale, driven at the top by

the cycling of interstellar material throughout the Galaxy and cascading

through molecular clouds all the way to individual stars and planetary

systems, with feed-back loops operating on multiple intermediate

scales. In this white paper we will focus on the physical processes at

play from the scales of giant molecular clouds down to those of

protostellar scales.  We begin by addressing outstanding problems on

the formation and evolution of molecular substructure such as

filaments, which act as key precursors to the creation of star clusters

and individual protostars.  A focus of this white paper will be the

conditions under which protostars form, especially the importance of

turbulence and  magnetic fields, departures from equilibrium, protstellar

disk formation and fragmentation, and radiative and kinematic

feedback,.   The formation of disks as part of the star formation process

is vital input for planet formation studies - which will link with a related

white paper.  

The white paper will cover observational, theoretical and computational

research.

Doug Johnstone, NRC-Herzberg

doug.johnstone@nrc-cnrc.gc.ca

Shantanu Basu, Western

James Di Francesco, NRC-Herzberg

Heken Kirk, NRC-Herzberg

Chris Matzner, Toronto

Ralph Pudritz, McMaster

Erik Rosolowsky, Alberta
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Star Formation and the Galactic Ecosystem

science programs, science topics and science themes

Star formation is the dominant channel governing the secular evolution of 

galaxies.  Star formation builds the stellar mass of galaxies over cosmic 

time. The energy and momentum in winds from high mass stars in young 

stellar populations provide feedback that shapes galaxy evolution. 

 Decades of work have laid the groundwork for a clear understanding of 

how star formation takes place in a galactic context, but, this work has also 

largely served to clearly state the problem. Star formation in galaxies is 

dauntingly multiphysics (requiring integrated understanding of turbulence, 

gravitation, magnetism, chemistry, and radiation) and multiscale (with 

critical effects tracing AU to kpc).  Unravelling this complex problem 

requires a range of approaches in numerical simulation and multi-

waveband observations spanning Galactic and extragalactic sources.  Star 

formation studies in the past decade have been defined by advent of 

ALMA, which has transformed our views of the molecular interstellar 

medium.  However, we still lack a clear understanding of how the molecular 

medium connects to the rest of the ISM and how the ISM is regulated by 

the broader galactic environment.  Clarifying the role of star formation in 

the galactic ecosystem will illuminate the major “black box” in our models of 

cosmic evolution.

In this whitepaper submission, we will outline the advances made since 

LRP2010 and highlight how key facilities on the Canadian landscape can 

answer the major questions facing this field over the coming decade.

Erik Rosolowsky

rosolowsky@ualberta.ca
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Science with the Large Synoptic Survey Telescope

science programs, science topics and science themes

The Large Synoptic Survey Telescope (LSST) is set to begin 

commissioning its instruments in 2021, with operations commencing in 

2022. With its large field of view and 3.2 Gigapixel camera, it will scan 

18,000 square degrees every few nights from 320-1050 nm. This 

cadence will not only build a deep co-added map of the sky to ~25th 

magnitude in its wide field and ~28th magnitude in its deep fields, but 

will enable transient science on the largest scale. It will produce 

millions of ‘alerts’ for bright new celestial objects each night. By the 

end of the nominal 11th data release, it will deliver 18 billion objects in 

5.5 million images. LSST will revolutionize photometric survey science.

There are a wide range of scientific collaborations under the LSST 

umbrella: the Stars, Milky Way and the Local Volume Collaboration, 

the Transients and Variable Stars Collaboration, the Dark Energy 

Science Collaboration, The Solar System Science Collaboration, The 

Active Galactic Nuclei Collaboration, the Strong Lensing Collaboration 

and the Informatics and Statistics Science Collaboration.  This white 

paper will highlight the LSST science cases relevant to the Canadian 

community, and describe how LSST data will complement and 

transform science in these areas. We will describe how coordination 

with possible future Canadian spectroscopic facilities, such as MSE, 

and/or participation in future space missions, such as Euclid, WFIRST 

or CASTOR, would leverage these science efforts even further. We 

will also briefly discuss the data flow and data processing that would 

best serve the Canadian community. In a separate white paper, we 

discuss Canadian participation and access to LSST in depth.

</span>

Renée Hlozek, Dept. of Astronomy & Astrophysics and Dunlap Institute for

Astronomy & Astrophysics, University of Toronto

hlozek@dunlap.utoronto.ca
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CMB science in Canada

science programs, science topics and science themes

This white paper will discuss science with CMB fluctuations, including 

the search for primordial B-modes on large scales to constrain the 

tensor-to-scalar ratio, neutrino mass and light relics with the small-

scale CMB power spectrum. It will highlight the current and planned 

advances in sensitivity of the CMB facilities and describe international 

collaborations with significant Canadian participation, including 

LiteBIRD, SPIDER, the Simons Observatory, the Atacama Cosmology 

Telescope, the South Pole Telescope, CMB Stage-4, CCAT-p and 

TAURUS. In a separate paper, we will highlight the science possible with 

wide surveys at submm-to-mm wavelengths, including measurements of 

the Sunyaev-Zel’dovich effect from galaxies, the Cosmic Infrared 

Background, and cross-correlations with other probes to learn about 

astrophysics at intermediate redshifts.

We will describe the measurements of both the temperature and 

polarization of the CMB, and the reconstruction of the lensing 

deflection field, which constrains parameters like the neutrino mass 

through the clustering of the universe. The white paper will highlight 

how these improved observations offer a unique and broad discovery space 

for constraining physics beyond the standard paradigm, especially for 

physics of the dark sector.

Our white paper will outline the complementarity of various Canadian 

CMB efforts on the ground, in balloons and in space. We will address 

the need for Canadian support of these projects, to leverage the 

significant expertise in both theoretical and experimental cosmology 

within Canada.

</span>

Renée Hlozek, Dept. of Astronomy & Astrophysics and Dunlap Institute for

Astronomy & Astrophysics, University of Toronto
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Prospects for Canadian Leadership in Astrophysics of the Local Universe (2020-

2030)

new facilities, experiments and missions

Investigation of galaxies in the “local” Universe (out to a distance of 100 Mpc or

so) has been an area of strength in Canada. History is a fine thing, but what

about the future? In this White Paper we describe why the investigation of local

galaxies is growing in importance, and sketch out prospects for future Canadian

leadership in this general area. New facilities and new instruments will lead to

continued growth in this subject, and we will describe scenarios for bringing

facilities and instruments (and people) together to maximize progress. Several

exciting new areas of nearby galaxy exploration will be opening up in a big way

over the next decade, such as the investigation of the circumgalactic medium, of

local dark matter substructure, and of galaxy statistics across a huge diversity of

nearby systems. Increased understanding in these (and other) areas is likely

lead to a profound improvements in our understanding of galaxy formation and

evolution. We will propose a roadmap for access to key facilities that will enable

Canadian leadership in these areas.  In particular, we will argue for weaving

together capabilities across a range of wavelengths (radio through X-ray), and

over a range of scales, with an appropriate balance of investments in facilities,

instruments and small experiments. We will also argue for concentration of

investment in several areas that will likely have the biggest impact.

Bob Abraham, University of Toronto

roberto.abraham@utoronto.ca
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Canadian Participation in the LSST

science programs, science topics and science themes

This paper focuses on the results of a survey sent out to the Canadian 

community at the end of 2018, with the aim to determine Canadian science 

interests in the LSST. From this survey, we have found a possible low-cost 

route forward that would satisfy the majority of Canadian science needs by 

providing a compute facility that serves the public LSST data products. This 

white paper was prepared in advance to support CFI applications, and is in 

draft phase at the moment. We duplicate the abstract below. The draft is 

available here: https://www.authorea.com/users/44077/articles/352813-

canadian-participation-in-the-lsst

The Large Synoptic Survey Telescope will revolutionize optical wide-field 

astronomy while opening the window to short time-domain astronomy. 

Many astronomy communities, like the Canadian community, largely do not 

have membership in the LSST, but could benefit from its data products. We 

have conducted a survey of the Canadian community to gauge their 

interests with the LSST, and what data products are most desirable. We 

have found that the astronomy research of Canadians would greatly benefit 

from having access to the LSST. Canadian astronomers fall broadly into 

two categories: those interested in time domain, and the LSST's alerts; and 

those interested in more classical wide-field astronomy of the stationary 

sky. We have identified 4 data products in particular which the majority of 

responders desired. These data products represent a relatively low data 

volume compared to the full LSST pixel-to-catalog products, and present 

the opportunity to host a so-called LSST-light data centre. This centre 

would act as a national facility, which would largely satisfy the LSST-related 

data needs of the vast majority of Canadian astronomers.

</span>

Wesley Fraser, Herzberg Astronomy & Astrophysics Research Program,

National Research Council of Canada

wesley.fraser@nrc-cnrc.gc.ca
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Probing the particle nature of dark matter through its small scale distribution

science programs, science topics and science themes

The nature of dark matter (DM) is one of the most important outstanding questions in 

cosmology and astrophysics. Uncovering the properties of the DM particle can result in 

significant leaps in our understanding of fundamental physics and impact numerous 

astrophysical models. It is well understood that the microphysics of the DM particle 

impacts its clustering properties on different scales. The most widely accepted DM 

model, cold dark matter, has had tremendous success explaining the large-scale 

structure of the universe. However, the standard model has faced many challenges in 

matching the observed matter distribution on sub-galactic scales, possibly pointing 

towards new physics in the dark sector. Further progress in this area can only be 

achieved by mapping the DM distribution on small scales with a purely gravitational 

probe. Strong gravitational lensing of distant galaxies, and cold stellar streams within 

the Milky Way, are the only probes known to be able to achieve this.

For lensing, this requires the discovery of large populations of lenses, access to high-

resolution facilities (e.g.,  ALMA, TMT), and the development of new analysis methods 

(in particular, machine learning). The advent of large surveys (LSST and Euclid) that 

are expected to discover more than 100,000 new lenses in the 2020s makes this a 

crucial time for planning the development of appropriate strategies to allow this 

measurement. For stellar streams, Gaia has already revolutionized our understanding 

of substructure in our galaxy, and LSST will allow us to probe DM substructures on 

mass scales ≤ 106 M☉ within the Milky Way. These observations will provide a 

definitive answer to the  “missing satellites” problem, resolving a decades-long 

controversy and pointing the way towards future directions in DM research. In this 

paper, we will highlight the importance of this measurement and provide a clear set of 

recommendations for the requirements needed to accomplish it.

</span>

Yashar Hezaveh (University of Montreal and Flatiron Institute)

yhezaveh@flatironinstitute.org
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Entering a new Era of Astrophysics with the James Webb Space Telescope

new facilities, experiments and missions

The James Webb Space Telescope (JWST) is a 6.5m infrared-

optimized space telescope slated for launch early in the next decade

and poised to hugely impact, for decades to come, all fields of

astrophysics. Equipped with four unique scientific instruments

providing a wide variety of imaging and spectroscopic capabilities

covering the wavelength range from 0.6 to 28 microns, JWST will

provide unprecedented sensitivity for probing the early Universe,

understand galaxy assembly/evolution, study protoplanetary systems,

probe the atmosphere of a wide variety of exoplanets and establish

the potential habitability of Earth-like temperate worlds.  This paper

provides a brief overview of the JWST mission along with a few

highlights of its key science programs. Two decades after initiating the

development of this powerful space observatory through an

international partnership led by the United States, in collaboration with

Europe and Canada, the core scientific mission of JWST remains

relevant and unchallenged by existing facilities. JWST is a pivotal

reference mission for guiding the development of future flagship

international space-based observatories as well as giant ground-based

telescopes.

René Doyon

doyon@astro.umontreal.ca

Chris Willott, NRC-HAA

Roberto Abraham, University of Toronto

Loïc Albert, Université de Montréal

Etienne Artigau, Université de Montréal
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Ruobing Dong, University of Victoria
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Doug Johnstone, NRC-HAA
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Star Clusters Near and Far

science programs, science topics and science themes

The study of star clusters probes a wide range of open astrophysical questions.

Nearby clusters, from the young objects where most stars form to old globular

clusters, are important laboratories for star formation, stellar dynamics, and

stellar evolution. For example, dense globular clusters are ideal environments to

test the existence of intermediate-mass black holes, understand the dynamical

formation of compact binaries, and assess their contribution to the production of

gravitational wave sources. Their multiple stellar populations, with complex

abundance patterns, raise numerous questions about their early evolution. Born

in violent environments, they offer a unique opportunity to probe star formation

under extreme conditions and, combined with work on clusters spanning a range

of initial masses and physical conditions, to test the universality of cluster

formation processes. At larger distances, clusters are key tracers of the structure

and (dark matter) mass profiles of galaxies, their chemical evolution, and

assembly history.

Canadians have long played a leading role in star cluster studies, from deep

photometry of their stellar content, to stellar evolution codes, studies of chemical

abundances, cluster formation, and investigations of cluster populations in

galaxies. Building on this tradition and given the broad expertise within the

community, we outline in this white paper the outstanding prospects in star

cluster (and cluster systems) research for which we can play a key role in the

next decade. We highlight synergies with current/upcoming/proposed ground-

and space-based facilities, including ALMA, Gemini/GIRMOS, JWST, TMT,

MSE, and CASTOR. We also outline advances in computational simulations that

will enable detailed models of the evolution of star clusters and cluster systems,

from their early growth in turbulent environments to their long-term dynamical

evolution and dissolution into stellar streams in the tidal field of their host galaxy.

Vincent Hénault-Brunet (NRC Herzberg)

vincent.henault-brunet@nrc-cnrc.gc.ca

Arash Bahramian (International Center for Radio Astronomy Research,

Australia), Patrick Côté (NRC Herzberg), Gwendolyn Eadie (University of

Washington), Daryl Haggard (McGill University), Bill Harris (McMaster

University), Craig Heinke (University of Alberta), Masen Lamb (University of

Toronto), Ralph Pudritz (McMaster University), Joel Roediger (NRC Herzberg),

Alison Sills (McMaster University), Kim Venn (University of Victoria), Jeremy

Webb (University of Toronto), Tyrone E. Woods (University of Birmingham)
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Small Telescopes for Research and Education

other (specify in comments below)

The University of British Columbia (UBC) operates a robotic optical 

telescope at the Cerro Tololo Inter-American Observatory in Chile under an 

agreement with the Association of Universities for Research in Astronomy. 

 While small, the UBC Southern Observatory’s (USO) exceptional location 

offers unique research opportunities.  The telescope facilitates on-demand 

observing and enables science that would not be possible at much larger 

(and often oversubscribed) telescopes.   In addition to research, the USO 

is tasked with providing observing experiences for upper-level astronomy 

undergraduates.  On-demand observing further makes the telescope a 

training tool for graduate students, with the potential to incorporate USO 

observations into their research.  Maintenance itself necessitates physically 

working with a research telescope at an international facility and offers 

unique student training opportunities -- astronomy undergraduates 

participated in the telescope’s installation.  Observatories such as the USO 

must continue to be funded.  Canada should remain committed to 

partnering with large, international observatories such as CFHT, Gemini, 

and TMT, but it should also negotiate international agreements and commit 

funding to expand the use of small, capable research observatories at 

premier sites. This white paper will discuss the utility of small observatories 

to furthering Canadian astronomy research and training. It will also discuss 

possible paths toward expanding the use of such observatories, including 

cooperation between Canadian institutions. 

Aaron Boley, UBC

acboley@phas.ubc.ca

Brett Gladman, UBC

Jeremy Heyl, UBC

Paul Hickson, UBC

Harvey Richer, UBC

Ingrid Stairs, UBC

Will expand author list for WP to include perspectives from other Canadian

institutions. 

Topic includes new facilities and training
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Canada's Role in Multi-Messenger Gravitational-Wave Discoveries in the 2020's

and Beyond

science programs, science topics and science themes

Multi-messenger gravitational wave (GW) astronomy is currently entering a 

golden era of discovery, marked by the detection of neutron star merger 

GW170817 in both GWs and across the electromagnetic spectrum. Over 

the next decade, multi-messenger astronomy will mature as a prominent 

fixture in the scientific landscape, and a major target for new infrastructure 

investment. The pace of GW discoveries will rapidly accelerate, thanks to 

planned upgrades to Advanced LIGO and Virgo (including the proposed 

LIGO A+), new facilities that are just beginning to come online such as the 

Kamioka Gravitational Wave Detector (KAGRA) in Japan, and future 

facilities such as LIGO-India (planned for the early 2020’s). At the same 

time, GW detections at lower frequencies by Pulsar Timing Array projects 

are on the horizon, and preparations are underway for launch of the Laser 

Interferometer Space Antenna (LISA) in the mid-2030's. For several 

classes of possible GW sources (e.g., core collapse supernovae), 

additional multi-messenger observations of neutrinos may be expected 

from current experiments like the Helium and Lead Observatory (HALO) 

and SNO+ at SNOLAB, the IceCube experiment in Antarctica, as well as 

future facilities like the next generation Enriched Xenon Observatory 

(nEXO), HALO-1kT and the planned Ocean Networks Canada (ONC). 

The Canadian multi-messenger astronomy community is approaching a 

critical mass, and is well-poised to take a leadership role in upcoming 

landmark discoveries. In this white paper, we outline a path for Canada's 

role in leading select science goals in multi-messenger science over the 

next decade. To realize this vision, we will make recommendations for 

Canadian investment in specific ground- and space-based facilities, in 

strategic new faculty hires and training of personnel, as well as the 

necessary support for collaborative work with theorists and gravitational 

wave physicists in Canada.

</span>

John Ruan (McGill University)

john.ruan@mcgill.ca
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The Role of NewSpace in Furthering Canadian Astronomy

other (specify in comments below)

Space is becoming much more accessible, with commercial actors taking 

an increasingly important role.  SpaceX alone completed 21 launches in 

2018, placing communication and navigation satellites into orbit, 

resupplying the ISS, and launching TESS.  The Beresheet mission, while 

ultimately crashing on the Moon, was a major milestone because it was 

driven by a private company incorporated in Israel.  Such landings, whether 

successful or not, had previously only been attempted by major space-

faring nations (Soviet Union, United States, EU, Japan, India, and China). 

 In 2019, a private American company (Moon Express) is planning a 

mission to the Moon -- one of the payloads will be the International Lunar 

Observatory.  If successful, it will be the first international facility in space 

organized by a non-profit global enterprise (ILOA).  A Canadian company is 

one of the primary contractors.  In Low-Earth Orbit, new models for 

scientific study are emerging.  When CSA funding for the satellite MOST 

ceased in 2014, the project was taken over by Microsatellite Systems 

Canada Inc., which continued operations using a pay-for-use model.  The 

UK mission Twinkle (2022 launch) is being developed and run by a private 

company that will offer photometric and spectroscopic observing 

capabilities under a similar pay-for-use model, with a potentially strict 

proprietary data policy.  Finally, Canada has formally joined the United 

States in the planned Lunar Orbital Platform-Gateway, investing $2 billion 

over the next 24 years.  If successful, the mission will see a space station 

and launch system in orbit about the Moon that will facilitate human and 

robotic missions on the lunar surface.  Gateway will be open to both 

government and commercial actors. How will the Canadian astronomical 

community engage with NewSpace? This white paper will analyze the rapid 

changes in space use and what they mean for Canadian astronomers, and 

provide clear recommendations for the Canadian government.

Aaron Boley, UBC

acboley@phas.ubc.ca

Michael Byers, UBC 

Mac Evans, former president of the Canadian Space Agency

Brett Gladman, UBC

Tanya Harrison, ASU and Director of Research for the ASU NewSpace initiative 

Catherine Johnson, UBC

David Kendall, former Chair of the UN Committee on the Peaceful Uses of Outer

Space

We will seek to expand the author list to include additional views, including from

industry.
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Canadian VLBI

proposed upgrades to current facilities, experiments and missions

VLBI was invented in Canada in 1967.  We have a natural geographic

advantage: large expanse, remote low RFI sites.  An opportunity exists

this decade to bring Canadian VLBI into the new millennium.  No other

broad band low frequency VLBI facilities exist on the continent, while a

new era of opportunity has been opened by several new international wide

band telescopes: GMRT in India, LOFAR and Sardinia telescopes Europe,

etc.  Several science drivers are aligned with the infrastructure:

1. pulsar scintillometry; 2. Localization of FRBs and other radio

transients; 3. 21cm absorber mapping.  This effort will build on the

capabilities present at DRAO and ARO, including masers, telescopes and expertise.

Ue-Li Pen, CITA, University of Toronto

pen@cita.utoronto.ca
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WFIRST

new facilities, experiments and missions

WFIRST is a NASA-led satellite mission to study dark energy through weak

lensing, supernovae and BAOs, and to study planets through coronography

and microlensing. It will produce a 2000-square-degree, deep, high angular

resolution infrared image unique for archival studies. Finally, WFIRST will have

25% of its time available for Guest Observations. It was the highest priority in

space in the US 2010 Decadal survey. It was the top-ranked priority in space in

Canada in the 2016 MTR. In spite of this, the CSA has been unable to secure

funding for a Canadian hardware contribution. At present, there is no Canadian

contribution to this important mission. The white paper will discuss possible

routes forward for Canadian participation.

Mike Hudson
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Astronomy Advocacy and Engagement

outreach, education and teaching

Education and public outreach plays a larger role than ever before in science

and astronomy. Canada’s 2017 Fundamental Science Review revealed that

Canadians hold a mostly favourable opinion towards science, yet there is a

fundamental division between who they perceive as scientists and non-

scientists. While Canadians like science, they do not feel engaged in the

scientific process or community. To broaden societal connections to astronomy

over the next decade, we must go beyond regular EPO channels and work on

active engagement with different Canadian stakeholders and demographics. In

addition to better engaging with Canadian citizens, it is crucial for astronomers to

better advocate for themselves in the political landscape as we ultimately

depend on government support. This ties in with public engagement as

politicians care about what their constituents want, and constituents that support

and are engaged in astronomy will prove to be invaluable assets to us. A recent

example of this was MDA’s successful #DontLetGoCanada campaign which no

doubt played a key role in Canada’s decision to become involved in NASA’s

Lunar Gateway Project. Canada's participation in international projects has

bolstered the value of Canadian research in astronomy. However, lack of

funding and political commitment, such as the case of Canada reneging its

participation from the WFIRST mission, has emerged as a worrying trend. Such

unfortunate outcomes result in loss of expertise development, draining of

intellectual capital and erosion of international trust in Canada as a reliable

partner. We hope to give an overview of astronomy engagement and advocacy

as they stand in Canada and recommendations on strategies and tools that

could be developed in the 2020s to better equip Canadian astronomers to

perform advocacy and engagement including: lobbying, media engagement,

more active engagement in EPO activities and better showcasing the societal

benefits of astronomy and fundamental research.
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Equity, Diversity and Inclusion and the Canadian Astronomical Society in the

next decade

equity, diversity and inclusion

The equity, diversity and inclusion (EDI) landscape in professional astronomy

has evolved tremendously over the last decade, both in Canada and around the

world. On one hand, revelations of systematic harassment of junior astronomers

by their senior advisors as well as studies demonstrating significant

demographic biases in the peer review process have both made international

headlines, illustrating just how much work remains to be done to achieve EDI in

academia. On the other hand, increased awareness of EDI issues within

professional organisations and governments worldwide has resulted in

innovative new policies and program launches that may well lead to meaningful

progress. Change is indeed underway in Canada as universities revise their

ethics statements and codes of conduct, EDI-focussed committees emerge to

advise organisations such as the Canadian Association of Physicists (CAP) and

the Canadian Astronomical Society (CASCA), and the federal government

attaches requirements regarding EDI reporting and achievements to funding.

This white paper addresses EDI considerations for CASCA in the next decade.

We will review the current state of the art regarding EDI policy as it pertains to

professional astronomy communities around the world, comparing models by

highlighting the benefits, shortcomings and costs of each. We will then describe

the elements of the EDI policy landscape in Canada that we estimate will most

significantly impact CASCA and its members. Finally, we will make

recommendations regarding how CASCA can address these issues as an

organisation in order to emerge at the forefront of forward-thinking EDI policy in

the next decade.

Kristine Spekkens, Royal Military College of Canada

kristine.spekkens@gmail.com
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Radio Transients in the Next Decade

science programs, science topics and science themes

The past decade has seen a true revolution in the field of radio transients.

Fast Radio Burst "exploded" on the scene and represent one of the most

interesting recent puzzles in astrophysics.   The  CHIME Fast 

Radio Burst project has recently emerged as a world-leader in the field,

utilizing the wide field of view and high sensitivity of CHIME for game-changing

progress in terms of FRB detection statistics.   CHIME and other

wide-field radio telescopes are also powerful tools for studying longer

time scale radio transients, promising major advances in related fields

of time-domain and multi-messenger astrophysics, and compact object

physics in general.

This white paper will review the key science questions to be addressed by

observations of FRBs and radio transients, as well as map the 

relevant observational requirements onto existing and future radio telescopes.
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The Colibrì Mission: Canada’s Flag-ship X-ray Telescope

new facilities, experiments and missions

Colibrì is a X-ray telescope which is currently in the concept study phase. The main objective

of the Colibrì mission is to study the structure of accretion flows in the near vicinity of black

holes and neutron stars and the study of emission from the surface of neutron stars. With high

spectral and time resolution, and high throughput, Colibrì will allow the study of accretion disks

and coronae, including reflection and re-emission of radiation by the disk, and observations of

isolated and accreting neutron stars. 

The Colibrì concept is based on multiple non-imaging X-ray collectors similar to NICER but

with cryogenically cooled transition edge (TES) detectors for high energy resolution and

sensitivity. Colibrì aims to achieve an energy resolution finer than 1eV at 2keV (3eV at 6keV),

and count rates up to 100kHz, in an energy range of 0.1-10keV. The timing precision of Colibrì

aims to be better than 1 micro-sec, matching the innermost orbital period for a 10 solar-

mass black hole. The total effective area of Colibrì is to be at least 2000 cm^2 at 6.4keV.

The study began in fall 2018 represented by multiple academic and industry partners

encompassing a large portion of the Canadian high energy astronomy community. Continued

mission development will increase Canadian capabilities in a number of facets. Highly

qualified personnel (HQP) would be trained by via science and instrumentation studies.

Moving towards mission flight also allows for the retention of HQP in astronomy, the space

industry, and related fields within Canada. As Colibrì will take advantage of TES detector

technology, the team is collaborating with the Stewart Blusson Quantum Matter Institute in

order to develop and build the detectors at UBC, building Canadian technical capabilities to

produce sensors which are widely used in industry and scientific experiments. The continued

development of the Colibrì mission would lead to the first Canadian-led flagship X-ray

telescope.

Kelsey Hoffman, Bishop's University
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Optical/Infrared Instrument Development for Ground-Based Facilities In The

Next Decade

proposed upgrades to current facilities, experiments and missions

instrument design and development

For Canadian astronomers to be scientifically competitive over the next decade,

we need to develop cutting-edge optical/infrared instrumentation for existing and

next generation facilities such the Thirty Meter Telescope (TMT). Due to the

increasing complexity, scale, and cost of the upcoming instruments, this requires

significant investments in capacity building (both technical and project

management) and coordination amongst groups with similar scientific interests

and complementary technical strength across Canada. A successful model has

been emerging which involves university-led projects that have strong university,

government, and industry collaboration. This coordination and collaboration

remains challenging and more efforts are required to fully leverage existing

capabilities within the Canadian community.

This white paper will aim to:

1. Highlight emerging and existing scientific and technical strengths in that exist

within the Canadian community that can be tapped to develop next generation

optical/infrared instrumentation. Discuss how the community can better

coordinate and increase success rates of compelling large-scale instrumentation

funding proposals. 

2. Discuss key areas of technological development that will make us

competitive. These include small scale developments in adaptive optics and

astrophotonics such as testbeds and proof-of-concepts, as well as pathfinders,

which are full scientific instruments that can be implemented using existing

facilities such as Gemini. 

3. Propose specific instrumentation suites that the Canadian community can play

a leadership role, particularly in future large telescope facilities such as the TMT

and ELT.

Suresh Sivanandam, University of Toronto
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Astronomy Research at Canadian Comprehensive Research Universities

state of the profession

training, careers, demographics and professional development

Researchers at Canada’s Comprehensive Research Universities (CRUs) contribute, and must

continue to contribute to the next generation of knowledge and knowledge mobilization.

 Comprehensive Research Universities are typically focused on undergraduate education and

thus, research and undergraduate academics are closely integrated.  Research is a

fundamental part of institutional mandates, as research enhances a university's academic

program and its scholarly reputation.  Thus, it is critical for CRUs to participate and succeed in

research to enable researchers to recruit and retain research personnel.  This white paper

outlines and discusses the status of astronomy research and research programs at CRUs.

 Discussion points will include the challenges of running an astronomy research program,

external funding challenges, the training and retention of highly qualified personnel and the

potential for pooling of resources to enhance fundamental astronomy research.
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GEMINI IN THE COMING DECADE

instrument design and development

The twin 8m Gemini North and South Telescopes, situated on Maunakea, HI,

and Cerro Pachon, Chile, have been part of the Canadian astronomical

landscape for almost 20 years. In this white paper we will review the use of

Gemini by the Canadian community over the past decade, and describe the vital

role that it will continue to play into the future. We will present the following:

• A review of all the benefits that have accrued to the Canadian astronomical

community over the last decade thanks to our participation in Gemini. In

particular we will present statistics on the Canadian Gemini publications, press

releases, Canadian theses produced using Gemini data, and student training via

internships and co-op placements.

• A discussion on Canadian involvement in Gemini instrumentation development,

at HAA and Canadian universities. We will review past and current Gemini

instrumentation projects in Canada as well as potential project opportunities of

interest in the future (for example a GPI upgrade)

• A presentation of all the planned instrumentation on Gemini Telescopes for the

coming decade, and its alignment with Canadian science and instrument

development: GHOST, SCORPIO, IGRINS2, GIRMOS and the new Gemini-

North AO system.

• The current Gemini International Agreement is due to end in 2021, and at the

November 2018 Board meeting all partners along with Canada reiterated their

commitment to remain in the partnership at the same level. A new International

Gemini Agreement is thus being prepared for post 2021 and is likely to be valid

until 2027. At that point there will be a Gemini Assessment Point again when

each partner will need to reiterate their Gemini partnership post 2027. We will

consider the competitive role of Gemini in the context of Canada’s access to

other telescopes at that time, mostly the TMT, and how Gemini can complement

these facilities to continue having an important place in the Canadian astronomy

landscape at the end of the 2020s.

Stephanie Cote, NRC Herzberg Astronomy & Astrophysics
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Continuing Canadian Leadership in Micro-satellite Astronomy

new facilities, experiments and missions

Micro- and nano-satellites offer cost-effective platforms for space technology

development and for targeted investigations in astronomy.  The original 1999

CubeSat design, based on 1 litre-sized cubes, is now the standard '1U'

prototyping architecture.  The Canadian Space Agency was an early adopter of

micro-satellites.  The MOST (Microvariability and Oscillation of Stars) telescope

was Canada's first astronomy satellite.  Launched in 2003, MOST offered a

dedicated platform for asteroseismology that demonstrated the advantages of

uninterrupted, long-duration staring observations well before the Kepler Mission

adopted the same technique to discover thousands of extrasolar planets.  MOST

opened the astronomy time domain from space.  The subsequent BRITE (BRIght

Target Explorer) Constellation was the first space astronomy mission to be

carried out with nano-satellites, with Canada designing all and contributing two

of the six 4U satellites.

Micro-satellite adoption remains slow in astronomy, mostly because of the need

for large telescope apertures.  However, as demonstrated by MOST and BRITE,

time-domain photometry of bright objects, such as Milky Way stars and planetary

systems, can be well-served by modest apertures.  Improving detector

technology is now opening these platforms to fainter extragalactic objects, to

non-optical wavelengths, to multi-band photometry, low-resolution spectroscopy,

and polarimetry.

Canada is in a strong position to lead micro-satellite astronomy.  Building small

and cost-effective - but capable - space platforms will ensure that Canada stays

at the forefront of space technology development.  Focussing on a few key

micro-satellite investigations will optimize the science impact of Canadian space

astronomy.  Early experience with Canadian micro-satellites also enhances

Canadian expertise and HQP training for participation in larger international

follow-on missions.  

Stanimir Metchev, The University of Western Ontario
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Revealing the Origin and Cosmic Evolution of Supermassive Black Holes

science programs, science topics and science themes

The next generation of electromagnetic and gravitational wave observatories will

open unprecedented windows to the birth of the first supermassive black holes.

This has the potential to reveal their origin and growth in the first billion years, as

well as the signatures of their formation history in the local Universe. With this in

mind, in this white paper we outline four key problems which will shape research

in the next decade and beyond: 1) What were the "seeds" of the first quasars;

were there multiple channels, and can we differentiate between them, either for

high-z objects and/or supermassive black holes today? 2) How does black hole

growth change over cosmic time, and how did some quasars reach a billion

solar masses before the Universe was a billion years old? 3) How did the early

growth of black holes shape their host galaxies, and conversely, how did the first

stars in primordial galaxies influence the conditions for early supermassive black

hole growth; what can we learn from dwarf galaxies today? 4) Where are the

intermediate mass black holes, and are they the "leftovers" from the formation of

supermassive black holes? We identify opportunities for the Canadian

astronomical community to play a leading role in answering many of these

questions, leveraging our strong involvement in the James Webb Space

Telescope, Euclid, the Maunakea Spectroscopic Explorer, the Thirty Meter

Telescope, and CASTOR. We also discuss synergies with future space-based

gravitational wave (LISA) and X-ray (Lynx) observatories, as well as the

necessity for collaboration with the stellar and galactic evolution communities in

order to build a complete picture of the birth of the first supermassive black

holes.

Tyrone E. Woods, University of Birmingham
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Canada and the Square Kilometer Array from 2020-2030

new facilities, experiments and missions

The Square Kilometer Array (SKA), an exciting new world observatory that will

enable transformational science at metre and centimetre wavelengths for years

to come, is rapidly becoming reality. Scientific and technological participation in

the SKA has been identified as a top priority for the Canadian astronomical

community for almost twenty years. This white paper will present the prospects

for Canada and the SKA from 2020-2030, focussing on the first phase of the

project (SKA1) that is scheduled to begin construction early in the next decade.

We will provide a brief update on the design, construction and operations

timelines for SKA1, as well as a summary of SKA-related activities in Canada

since the LRP2010 mid-term review in 2016. The scientific goals of SKA1 are

among the broadest of any observing facility worldwide. We will discuss this

science in the context of current expertise within the Canadian scientific

community and the spectrum of other radio facilities on the horizon, highlighting

significant opportunities for Canadian leadership in SKA1 Key Science Projects.

Canada is also a leader in technological development for the SKA through

effective partnerships with industry and Canadian-led SKA Pathfinder activities.

We will discuss Canadian key technologies in light of the SKA1 system critical

design review scheduled for December 2019, highlighting opportunities for

tender and procurement in the construction phase. We will conclude with

recommendations for Canadian membership in the intergovernmental

organisation that will construct and operate the SKA. We will address the level

and conditions of participation required to sustain a vibrant Canadian SKA

science community, estimate the corresponding construction, observatory

operations and Canadian SKA regional centre costs as well as potential offsets

via in-kind technological contributions, and identify likely decision points in the

next decade that will dictate Canada's future participation in the SKA.

Kristine Spekkens

kristine.spekkens@gmail.com
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Exoplanet Imaging: a technological and scientific roadmap for finding Life

signatures on other Worlds.

instrument design and development

The young field of exoplanet imaging has seen major advancements over

the last two decades. Original campaigns performed with the Hubble Space

Telescope and ground-based adaptive optics systems equipped with

standard infrared cameras have uncovered the first gas giants in orbits >10

AU around nearby young stars, such as HR8799bcde, Beta Pic b and

HD95086b, while estimating, for the first time, the gas giant population

frequency in wide orbits. The deployment of the first generation facility-

class extreme adaptive optics systems like the Gemini Planet Imager have

boosted the sensitivity to exoplanets by almost two orders of magnitude,

enabling a new phase space to be probed, and allowing lower mass and

closer in exoplanets to be uncovered (such as 51 Eri b). We will present a

roadmap for the next decade showing how the Canadian community could,

with strategic investments and R&D initiatives, lead the field toward second

generation facility-class instruments for the direct imaging and

characterization of lower mass, closer-in planets, of reflected light from gas

giants, of young forming exoplanets, and, with the TMT, of Earth-like

exoplanets. With these initiatives, Canada will play a central role in

enabling a new frontier of science capabilities for both ground- and space-

based observatories, including the detection of life signatures in the

atmosphere of Earth-like worlds orbiting nearby stars.  

Christian Marois, NRC-Herzberg

christian.marois@nrc-cnrc.gc.ca
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A National Strategy to Create and Maximize Relationships with Established

Outreach Institutions

outreach, education and teaching

Informal learning and public outreach are critical to the scientific pursuit. 

The ultimate goal is to investigate the universe and communicate that 

knowledge, to our community as astronomers and to the global community 

as well. Astronomy outreach culture in Canada is both thriving and well 

celebrated; it is championed by all levels of academia from undergrad to 

professors to administration, and by multiple independent or coordinated 

initiatives (e.g., Space Matters).

Canada also boasts a robust network of science centres and museums (via 

CASC), within which professional educators and outreach specialists 

develop and deliver award winning content. According to surveys 

conducted annually by the Ontario Science Centre, Canadians are hungry 

for new and interesting content; they also see both scientists and museums 

and science centres as the most trusted sources of scientific information.

This indicates there is the possibility for a mutually beneficial strategic 

partnership between the museum/science centres and academia. This 

white paper will explore the best methods by which to capitalise on and 

leverage the trust Canada places in both scientists and museums. It will:

1. Evaluate the current astronomy outreach programming across the 

country

2. Identify successful scientist-museum-science-centre partnerships in 

Canada and abroad

3. Propose a national framework or strategy to amplify as many 

astronomer voices as possible through science centre and museum 

partnerships

4. Identify existing funding sources (e.g., NSERC’s CREATE program), or 

explore the implementation of new funding that could support such a 

national strategy

Science centres and museums are one of the most successful and well 

established modes of informal learning, and a direct connection to millions 

of people annually. By actively and strategically engaging with the CASC 

community, astronomers will amplify their reach and better connect with the 

Canadian public.

</span>

Dr. Jesse Rogerson, Science Advisor, Canada Aviation and Space Museum

jrogerson@ingeniumCanada.org
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Optical/IR wide-field spectroscopy: science, challenges, and opportunities

new facilities, experiments and missions

Spectroscopy is essential to elucidating the physical processes at play in almost

all areas of observational astrophysics. In the 2020s, surveys such as Gaia,

LSST, Euclid, and WFIRST will provide photometry for orders of magnitudes

more sources than are known today. While the most interesting individual

sources will be followed-up using dedicated, single-object spectroscopy,

medium- and high-resolution spectroscopy of large numbers of objects is

required to understand the chemo-dynamical evolution of Local Group galaxies,

the physical processes at play in galaxies observed across cosmic time, the

growth and evolution of supermassive black holes, and the nature of dark matter

and late-time cosmic acceleration. Canadian participation in current wide-field

spectroscopic surveys is limited, even as interest in future opportunities in this

area is strong. This white paper will present the scientific case for participating in

large wide-field surveys, highlight the substantial potential for HQP training

opportunities, and chart a path toward deeper Canadian participation on the

international stage. 

Jo Bovy (UofT)

bovy@astro.utoronto.ca
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Near-field cosmology in the 2020s

science programs, science topics and science themes

Near-field cosmology is the study of galaxy formation and evolution and of the

fundamental constituents of the cosmos using the Milky Way, Local Group, and

other nearby systems.  Historically, the near field has led to the birth of

cosmology (the discovery of external galaxies and Hubble’s law), the discovery

of dark matter (the Local Group timing argument and rotation curves of nearby

spiral galaxies), strong evidence for the hierarchical build-up of structure in the

Universe (low surface-brightness streams and dwarf galaxies in nearby

galaxies), and a detailed understanding of the chemo-dynamical structure of

large (e.g., Milky Way, M31) and small galaxies. Far from reaching the end of its

potential, the next decade will see great progress in the area of near-field

cosmology through the culmination of the Gaia survey, the revolutionary LSST

data set, massive wide-field spectroscopic surveys of millions of stars in the

Milky Way, the study of resolved stellar populations out to the distance of Virgo

with 30m class telescopes, and further opening up of the low-surface brightness

Universe. This will lead to answers to fundamental questions about the nature of

dark matter, the evolution of galaxies and star clusters from reionization until the

present day, the history and different channels of chemical enrichment in the

Universe, and the consistency between the current Hubble expansion and the

early Universe. This white paper will present a brief overview of the most

important scientific questions, highlight opportunities for Canadian

astrophysicists, and discuss the requirements for continued Canadian success in

near-field cosmology.

Jo Bovy (UofT)

bovy@astro.utoronto.ca
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The cosmic origin and evolution of the elements

science programs, science topics and science themes

The origin of many elements of the periodic table remains an unsolved problem.

While many nucleosynthetic channels are broadly understood, significant

uncertainties remain regarding the contribution of stellar-scale events. Nuclear

astrophysics has become an interconnected discipline that integrates

observations of stellar abundances in massive surveys, multi-messenger

transient follow-up, simulations at the limit of current capabilities, and

experiments probing fundamental nuclear properties.

Specific directions that Canada is well positioned to pursue include:

1) R-process elements: more neutron star mergers will be observed in

electromagnetic and gravitational waves. Interpretation of observations requires

reliable theoretical predictions informed by nuclear properties measured at

TRIUMF.

2) Probing nucleosynthesis from the first stars involves observing some of the

oldest stars in the halo, with implications for galactic chemical enrichment.

Accurate yield predictions have become an indispensable input to cosmological

chemical evolution simulations, enabling investigations of galactic archeology.

3) Core-collapse supernovae disperse elements via supernova remnants, which

encode information about the explosion mechanism. Supernova simulations

require input from realistic progenitor models that account for multi-dimensional

processes. The latter can be informed by asteroseismology observations. A

galactic supernova will be probed directly with neutrinos and gravitational waves

if occurring in the Milky Way.

4) Nucleosynthesis in accreting compact objects: observations of nuclear

processes in X-ray bursts and classical novae pose many challenges to

theoretical models. Key reactions can be identified and then tested at TRIUMF.

Successful pursuit of these questions requires access to world-class

computational and observational facilities, as well as interdisciplinary funding

programs that include support for postdoctoral researchers.

Rodrigo Fernandez (University of Alberta)

rafernan@ualberta.ca

Jo Bovy (UToronto), Alan Chen (McMaster), Andrew Cumming (McGill), Barry

Davids (TRIUMF), Iris Dillman (TRIUMF), Daryl Haggard (McGill), Craig Heinke

(UAlberta), Falk Herwig (UVictoria), Luis Lehner (Perimeter / Waterloo), Erik

Rosolowsky (UAlberta), John Ruan (McGill), Samar Safi-Harb (UManitoba), Kim

Venn (UVictoria), Tyrone Woods (Birmingham)

More co-authors might join later
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Planetary Astronomy: Understanding the Origin of the Solar System

science programs, science topics and science themes

This paper will focus on the current state and future direction of various 

sub-topics in Solar System astronomy and planetary science, including the 

Kuiper Belt, asteroids and meteorites (including chondrules), the meteoroid 

environment, planetary geology, and space weather.  

Small body studies are enabled by optical/infrared astrometry/photometry 

and spectroscopy using ground- and space-based telescopes with 

Canadian involvement (CFHT, Gemini, LSST, TMT, JWST), as well as 

dynamical modelling on Canadian computational facilities (CANFAR, 

Compute Canada).  LSST will discover thousands of new Kuiper Belt 

objects, asteroids, and comets, requiring computational analysis and 

telescopic follow-up, particularly for exceptional objects like interstellar 

asteroids and potential dwarf planets.

In situ exploration of Solar System objects offers many opportunities for 

advancing our knowledge of the Solar System, as well as our 

understanding of general planet formation processes.  We will discuss 

current and future space probe programs with Canadian involvement (e.g., 

New Horizons, OSIRIS-REx, and the Lucy Mission), as well as potential 

missions that would be in the scope of Canadian involvement.  Small body 

science output can also be leveraged through links to existing Canadian 

optical and radar facilities monitoring Earth’s meteoroid environment, and 

through meteorite recovery campaigns.

The focus of this white paper is complementary to both the study of 

circumstellar disks and exoplanet demographics.  In particular, the Solar 

System’s current state and past history serves as a fundamental base for 

comparison with more distant and harder-to-study exoplanetary systems.

Samantha Lawler, Herzberg Astronomy & Astrophysics Research Centre,

National Research Council of Canada -> Campion College, University of Regina

(after 1 July 2019)

lawler.astro@gmail.com



Other proposed authors and

affiliations

-Aaron Boley, Department of Physics & Astronomy, University of British

Columbia

-Martin Connors, Department of Physics & Astronomy, Athabasca University

-Wesley Fraser, Herzberg Astronomy & Astrophysics Research Centre, National

Research Council of Canada

-Brett Gladman, Department of Physics & Astronomy, University of British

Columbia

-JJ Kavelaars, Herzberg Astronomy & Astrophysics Research Centre, National

Research Council of Canada

-Gordon Osinski, Department of Earth Sciences, University of Western Ontario

-Paul Wiegert, Department of Physics & Astronomy, University of Western

Ontario

-Réka Winslow, Institute for the Study of the Earth, Oceans, and Space,

University of New Hampshire



Submission Date

Title of Proposed White Paper

Topic Area of Proposed White

Paper

Summary of Proposed White

Paper

Contact person and affiliation

Email address of contact

person

Other proposed authors and

affiliations

LRP2020 EoI submission / Soumission de la MdI pour le PLT2020

2019-04-15 17:38:13

Pulsar Timing Arrays: Gravitational Waves from Supermassive Black Holes and

More

science programs, science topics and science themes

High-precision timing of an array of millisecond pulsars (MSPs) across the sky

can permit the detection of low-frequency gravitational waves (GW) from

supermassive black-hole binaries (SMBHBs) and potentially exotic sources such

as cosmic strings, constrain dark matter and additional planets within the Solar

System, and provide insight into the changing behaviour of the interstellar

medium (ISM) on multiple timescales.  Pulsar Timing Array (PTA) experiments

are underway around the world, with Canadian institutions participating in the

North American NANOGrav collaboration using the Arecibo, Green Bank, and

JVLA telescopes.   The CHIME/Pulsar collaboration has recently begun

observing all visible NANOGrav MSPs on a daily basis, and will provide high-

cadence monitoring of ISM dispersive and scattering changes to improve the

precision timing attainable by NANOGrav.  A detection of GW is expected within

roughly the next decade.

This White Paper will review the science attainable with PTAs, including current

NANOGrav constraints on GW strains and the resulting implications for the

SMBHB population and typical environments, and highlighting work on ISM

variations, MSP astrometry and spins.  Observing requirements, including the

discovery of new MSPs, and strategy for future GW detection, will be discussed

in the context of current and planned telescopes and instrumentation.

Ingrid Stairs, UBC

stairs@astro.ubc.ca

Victoria Kaspi (McGill)

NANOGrav collaboration

CHIME/Pulsar collaboration
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Fundamental Physics with Pulsars

science programs, science topics and science themes

Precision timing of radio-emitting neutron stars, particularly recycled pulsars in

relativistic orbits, provides several avenues to tackle important questions in

fundamental physics.  Observations of relativistic corrections to basic Keplerian

orbits yield pulsar masses, providing constraints on the neutron-star equation of

state and allowing the investigation of the mass distribution.  A prospect within

the next decade is the measurement of the moment of inertia in one of the

pulsars in the unique double-pulsar system.  This and other relativistic binaries

also provide stringent tests of Einstein's theory of relativity, through

measurement of multiple "post-Keplerian" timing effects and the observation of

geodetic precession.  Other systems, such as the triple system consisting of a

pulsar and two white dwarfs, yield precision constraints on any violation of the

universality of free-fall, testing other aspects of relativity.  The discovery of a

pulsar orbiting a black hole, a potential SKA find, would open up new tests of the

cosmic censorship conjecture and the no-hair theorem.

This White Paper will describe the current state and future prospects for these

investigations into fundamental physics questions.  It will also discuss the

observational requirements to achieve the science and place these in the context

of current and planned telescopes. 

Ingrid Stairs, UBC

stairs@astro.ubc.ca

Victoria Kaspi (McGill) 

Cherry Ng (Toronto) 

Emmanuel Fonseca (McGill) 
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Unveiling the secrets of black holes and neutron stars with high-throughput,

high-energy resolution X-ray spectroscopy

science programs, science topics and science themes

The X-ray emission of neutron stars and black holes presents a rich

phenomenology that can lead us to a better understanding of their

nature and to address more general physics questions: does general

relativity apply in the strong gravity regime? Is spacetime around black

holes described by the Kerr metric? This white paper considers how

we can investigate these questions by studying accreting systems

containing either a neutron star or a black hole. 

In the near future, advancements in transition-edge sensors (TES)

technology will allow for electron-volt-resolution spectroscopy

combined with nanoseconds-precision timing, ushering in a new way

of studying reverberation mapping and quasi-periodic oscillations in

accreting systems. Combining these detectors with collector optics will

also allow us to study neutron stars in much greater detail by

achieving high-energy resolution with much larger collecting areas

without pile-up to uncover even weak spectral features over a wide

range of photon energies. Perhaps we will finally be able to study

neutron stars like stars, with resolved absorption spectra revealing

their surface chemical composition and physical conditions (e.g.

surface gravity, pressure, temperature). 

Ilaria Caiazzo, University of British Columbia, Vancouver, BC, Canada

ilariacaiazzo@phas.ubc.ca

Jeremy Heyl, UBC,

Kelsey Hoffman, Bishop’s University,

Sarah Gallagher, Western University/CSA,

Samar Safi-Harb, University of Manitoba,

Daryl Haggard, McGill,

Gregory R. Sivakoff, University of Alberta,

Sharon Morsink, University of Alberta,

Craig Heinke, University of Alberta,

Luigi Gallo, St Mary’s University,

and the Colibrì collaboration
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Development of Transition-Edge Sensors for Canadian Astrophysics

instrument design and development

Transition-edge sensors form the heart of many current and planned 

astrophysical experiments such as BICEP, LiteBIRD, SCUBA-2 and South Pole

Telescope (in the mm and sub-mm), SuperCDMS (for dark matter) and ATHENA

and Colibrì in the X-ray.   Transition-edge sensors achieve high-spectral

resolution, high-time resolution and stability through a coupling a

superconducting film to an appropriate antenna or absorber.  These quantum

devices are incredibly versatile and have been harnessed to study

electromagnetic radiation from the radio to the gamma-rays as well as dark

matter detection.  We propose a Canadian effort to develop these devices

exploiting Canadian expertise both in astrophysics and low-temperature physics

for use in future astrophysics and physics experiments, as well as in industry.

Wolfgang Rau (TRIUMF/Queens)

wrau@triumf.ca

Jeremy Heyl (UBC), Kelsey Hoffman (Bishop's), Ilaria Caiazzo (UBC), Sarah

Gallagher (Western), Samar Safi-Harb (Manitoba), Daryl Haggard (McGill),

Gregory R. Sivakoff (Alberta) and the Colibrì Collaboration
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Astronomy and UNESCO's Sustainable Development Goals

outreach, education and teaching

equity, diversity and inclusion

How can astronomy be used to make the world a better place?

In 2015, all member states of the United Nations, including Canada, agreed

to the Agenda for Sustainable Development 2030 which aims to make the

world a better place through 17 Sustainable Development Goals (SDGs).

Astronomers are in an irreplaceable position to help Canadians reach

these objectives, not only in the many choices they can make in their day-

to-day teaching and research activities but also through their unique vision

of the world and its inhabitants.

Astronomy allows us to look very far away but it also gives us a different

perspective on our planet. Seeing the Earth as a small, blue ball lost in the

blackness of space forces us to reconsider the finite aspects of our

resources. The idea of global citizenship, that all humans are equal

regardless of their origin on the planet, becomes obvious as we look at

Earth from space. Through their educational and outreach activities,

astronomers can help students, kids and the general public get this global

vision. In their research activities, they can also make a difference by

making choices that align with a more peaceful and prosperous future for

all people and the planet.

Many of the 17 UN SDGs target the health of the planet and all its lifeforms

(responsible consumption, climate action, life on land, life in water).

Understanding that our planet does not have infinite resources and that the

conditions for life are extremely specific is key to reaching these goals.

Other objectives are related to an increased respect and an improved

quality of life for every person on Earth (abolish poverty, reduce inequalities

between countries and of gender). Astronomers coming from all over the

world, because of their universal research objectives, have been working

together for centuries. This experience of working hand in hand to reach

ambitious goals has made astronomers great leaders to promote the

concept of global

citizenship. 

Julie Bolduc-Duval (Discover the Universe)

julie@discovertheuniverse.ca

Marie-Eve Naud, Université de Montréal

Eleanor Haine-Bennett, Canadian Commission for UNESCO
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Theoretical astrophysics in Canada

science programs, science topics and science themes

This white paper will provide recommendations for the LRP2020 on theoretical

astrophysics in Canada.

James Taylor (Waterloo)

taylor@uwaterloo.ca

CITA Council and others

This white paper was solicited by the LRP2020 Chairs.



Submission Date

Title of Proposed White Paper

Topic Area of Proposed White

Paper

Summary of Proposed White

Paper

Contact person and affiliation

Email address of contact

person

Other proposed authors and

affiliations

LRP2020 EoI submission / Soumission de la MdI pour le PLT2020

2019-04-16 15:21:35

Astrophysics and Cosmology with Line Intensity Mapping

science programs, science topics and science themes

Line Intensity Mapping (LIM) is a rapidly emerging technique which promises

new insights into the evolution of the universe across cosmic history.  By

measuring the integrated emission of spectral lines over a broad range of

frequencies one can observe the statistical properties of distant galaxies.  LIM

surveys have depth and resolution requirements that are greatly relaxed

compared to direct-imaging surveys.  A coordinated, comprehensive, multi-line

intensity mapping effort can efficiently probe over 80% of the volume of the

universe while retaining the redshift resolution necessary to make three-

dimensional maps - a feat beyond the reach of other methods.  Such

measurements can uniquely address a wide range of pressing mysteries in

galaxy evolution, cosmology, and fundamental physics. Among them are the

history of star formation, the process of reionization, cosmological inflation, the

validity of general relativity, and the nature of dark matter and dark energy.

Several LIM efforts are already well underway, a number of which with

significant Canadian involvement.  Surveys targeting the 21 cm line have been

active for some time, including the Canadian-led CHIME experiment.  Recently,

experiments targeting other atomic and molecular lines across the

electromagnetic spectrum have garnered significant interest as well.  Such

observations have useful synergies with each other,and are highly

complementary to astrophysical measurements from the upcoming LSST, ALMA

and SKA experiments that Canada is a key participant in.  

With continued investment over the next decade, LIM experiments will have a

transformative impact on our understanding of the distant universe. However,

significant modeling, analysis, and interpretation challenges remain in these

measurements.  We therefore motivate a broad-based program of line intensity

mapping theoretical, simulation, and observational efforts to ensure that intensity

mapping techniques reach their full potential.

Patrick Breysse, CITA

pcbreysse@cita.utoronto.ca

Adrian Liu, McGill

Hamsa Padmanabhan, CITA
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Exoplanet Science in the 2020s: Canada’s Pathway Towards Identifying and

Characterizing True Earth Analogues in Extrasolar Planetary Systems

science programs, science topics and science themes

The next decade presents a unique moment in the history of planetary

astronomy. For the first time, we have the technologies in place to discover and

characterize a wide range of exoplanetary systems, possibly harboring true

Earth analogues. The opportunity is no less than answering humanity’s millennia

old questions of “Are we alone?” and “How did we get here?”. The best part:

these questions can plausibly be answered within the next 10-20 years and

Canada can play a leading role in this historic endeavor, if we make deliberate

strategic investments over the next decade. In this white paper, we lay out

plausible pathways to develop the necessary instrumentation in collaboration

with our international partners to address the most fundamental questions

regarding the formation of planets, the diversity of planetary systems, and the

frequency of life in the universe. We critically investigate the prospects of

instrument development for the upcoming thirty-meter class telescopes, existing

ground-based facilities, as well as next-generation space mission concepts being

explored with our international partners. We cover technologies related to high-

resolution spectroscopy, high-contrast imaging, and high-precision

spectrophotometry. We lay out the prospects of visible-light, infrared, and radio

astronomy for the characterization of giant exoplanets, sub-Neptunes, super-

Earths, as well as true Earth analogues.

Björn Benneke, Université de Montréal

bbenneke@astro.umontreal.ca
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Event Horizon Dynamics: Multi-wavelength Variability of Sgr A* and M87

science programs, science topics and science themes

The last century has seen exciting tests of general relativity and the Laser

Interferometer Gravitational-Wave Observatory (LIGO)-Virgo and Event Horizon

Telescope (EHT) collaborations have now definitively discovered black holes.

And yet we are only beginning our exploration of the event horizon with

electromagnetic and gravitational wave observations. Sagittarius A* and M87 are

two of the closest supermassive black holes targeted by the EHT, VLT's

GRAVITY instrument, the Chandra X-ray Observatory, Swift, and many more.

They will also be prime targets for the James Webb Space Telescope, the Thirty

Meter Telescope, and other Canadian investments including CASTOR and the

Mauna Kea Spectroscopic Explorer. These instruments offer Canadian scientists

an exciting opportunity for theoretical and coordinated, multi-wavelength

observations of "local" supermassive black holes. In the coming decade, new

observations will probe the foot points of accretion-driven jets, identify the origin

of multiwavelength variability, connect it to horizon-scale structure, and

distinguish between competing models: hot spots, inflow/outflow, reconnection

regions, shocks, or even magnetosphere gaps. This white paper complements

the "Revealing the Origin and Cosmic Evolution of Supermassive Black Holes"

effort also underway for the LRP2020.

Daryl Haggard, McGill University

daryl.haggard@mcgill.ca

* Julie Hlavacek-Larrondo, Université de Montréal

* Avery E Broderick, Perimeter Institute, University of Waterloo 
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A Data-Driven Approach to Assessing and Increasing Diversity and Inclusivity in

Canadian Astrophysics: A First Step and a Call For Partners

equity, diversity and inclusion

Although issues relating to the lack of diversity in astronomy are widely 

acknowledged, progress on advancing the representation of women and 

minorities within the field has been slow.  One obstacle facing the field over 

the coming decade is the lack of a coordinated effort to collect 

demographic data of astronomers at different career stages.   

Standardizing metrics and coordinating methods for collecting data about 

diversity will better allow for measurement of progress over time within 

individual institutions, as well as assessing the state of the field on a 

national scale.  Here, we are primarily focusing on binary gender, due to 

the relative availability of the data and near-term prospects for coordinating 

its collection and analysis.  However, comprehensively addressing issues 

of diversity in astronomy will require data that spans the many 

intersectional dimensions of identity. To date, we have collected self-

identified, binary gender information for both applicants and registered 

students for the undergraduate and graduate student population of the 

Physics Department and the Department of Earth and Planetary Sciences 

at McGill University (2002-2018), where the majority of astronomy related 

research takes place. For our white paper, we hope to expand this work to 

include institutions across Canada, with the ultimate goal of improving the 

climate for women and underrepresented minorities in astronomy at the 

national level.

Carolina Cruz-Vinaccia, McGill University

carolina.cruzvinaccia@mcgill.ca

Taylor Bell, McGill University

Hope Boyce, McGill University

Carolina Cruz-Vinaccia, McGill University

Jordan Mirocha, McGill University

David Purnell, McGill University

Dallas Wulf, McGill University
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The NRC Dominion Radio Astrophysical Observatory (DRAO) from 2020 to 2030

proposed upgrades to current facilities, experiments and missions

DRAO is Canada’s national facility for radio astronomy, hosting

several radio telescopes and providing critical infrastructure in support

of new and emerging radio astronomy projects.   The DRAO site offers

a unique combination of protection from radio frequency interference

(RFI), ease of access, and local support, while the DRAO staff

maintain a world-leading reputation in scientific and technical research

and development in areas ranging from polarization imaging to high-

speed digital technologies and innovative dish designs.  Strong

academic, industrial, and international connections have led to the

hosting of CHIME and to the selection of DRAO designs as the

baselines for the SKA1_Mid and ngVLA correlator/beamformers and

the ngVLA dishes.  Over the coming decade we will build on this

success through careful maintenance of the site as a minimal-RFI

environment; development of innovative techniques to allow observing

in the presence of RFI; implementation of a modern monitor-and-

control system and well-defined interfaces for all DRAO telescopes,

allowing rapid deployment, development, and testing of equipment

anywhere along the signal chain, on both single dishes and

interferometers; hosting test instrumentation as well as new

telescopes recommended by the LRP; rejuvenation of the Galt 26m as

a scientific instrument; delivery of major components of SKA1_Mid;

exploration of data archiving and cloud computing solutions for radio

interferometric data processing;  provision of hands-on experience and

training to the next generation of radio astronomers and engineers;

and continued engagement in the scientific and technical development

required to ensure Canadian access to cutting-edge astronomical

facilities around the world.

Michael P. Rupen, NRC Herzberg Astronomy & Astrophysics Research Centre

michael.rupen@nrc-cnrc.gc.ca

On behalf of NRC HAA RC staff

Touches on many topic areas, including new facilities, improved facilities,

instrument design, data analysis, and training.
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Cosmic Magnetism

science programs, science topics and science themes

Magnetic fields are involved in every astrophysical process on every scale: 

from planetary and stellar interiors to neutron stars, stellar wind bubbles 

and supernova remnants; from the interstellar medium in galactic disks, 

nuclei, spiral arms and halos to the intracluster and intergalactic media. 

They are involved in essentially every particle acceleration process and are 

thus fundamental to non-thermal physics in the Universe. Key questions 

include the origin of magnetic fields, their evolution over cosmic time, the 

amplification and decay processes that modify their strength, and their 

impact on other processes such as star formation and galaxy evolution. 

Astrophysical plasmas provide a unique laboratory for testing magnetic 

dynamo theory. The study of magnetic fields requires observations that 

span the wavelength range from radio through infrared, optical, UV, and X-

ray.

Canada has an extremely strong record of research in cosmic magnetism, 

and has a significant leadership role in several ongoing and upcoming 

global programs. This white paper will review the science questions to be 

addressed in the study of cosmic magnetic fields and will describe the 

observational and theoretical opportunities and challenges afforded by the 

telescopes and modelling capabilities of today and tomorrow.

</span>

Alex S Hill (University of British Columbia; Dominion Radio Astrophysical

Observatory)

ashill@astro.ubc.ca

Jo-Anne Brown (University of Calgary)

Bryan Gaensler (University of Toronto)

Judith Irwin (Queen’s University)

Roland Kothes (Dominion Radio Astrophysical Observatory)

Tom Landecker (Dominion Radio Astrophysical Observatory)

Tim Robishaw (Dominion Radio Astrophysical Observatory)

Samar Safi-Harb (University of Manitoba)

Jeroen Stil (University of Calgary)

Cameron Van Eck (University of Toronto)

Gregg Wade (Royal Military College of Canada)

Jennifer West (University of Toronto)
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Molecular Astrophysics and Astrochemistry

science programs, science topics and science themes

data analysis, data management and data storage

Many of the facilities and missions that Canada will be involved in as well as the

diverse science programs that drive these missions rely on the astronomical

detection and characterization of atomic and molecular gas as well as dust

grains across the electromagnetic spectrum. Molecular bands and dust features

have been observed in almost all astrophysical environments -- from exoplanet

atmospheres to interstellar clouds and star forming regions to AGN winds.

Indeed, to date, over 200 molecules and a handful of minerals have been

identified in space, and the Universe is aglow with the widespread and abundant

emission of Polycyclic Aromatic Hydrocarbons (PAHs).

Molecules and dust grains can be powerful probes for the physical conditions in

the environment in which they reside, and their presence can help elucidate

chemical evolution. However, the vast majority of the known molecular spectral

features remain unidentified, and for many identified species, we do not have

enough information to turn

their spectral appearance into diagnostic probes. Support from laboratory

experiments, theoretical calculations and detailed observational data analysis will

be crucial to fully exploit astronomical observations in the next decade.

This white paper will describe the current expertise in Canada in the fields of

molecular astrophysics and astrochemistry, detail the key science questions to

address within the next decade, and describe the expected needs from

laboratory astrophysics and computational chemistry to establish a unique

Canadian expertise center in molecular astrophysics and astrochemistry to

support upcoming astronomical missions and facilities.

Jan Cami, Department of Physics & Astronomy, Western University

jcami@uwo.ca

Martin Houde, Department of Physics & Astronomy, Western University 

Els Peeters, Department of Physics & Astronomy, Western University

James Di Francesco 

Doug Johnstone 

Margot Estelle Mandy 

Brenda Matthews 

Peter Martin

Rene Plume 

Christine Wilson
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The Canadian Roots of the TMT First Light Instruments NFIRAOS and IRIS

instrument design and development

The two most advanced instrument concepts for the Thirty Meter Telescope

(TMT) work together and both have substantial Canadian participation: The

Narrow Field Infrared Adaptive Optics System (NFIRAOS) is the first-light facility

Multi-Conjugate Adaptive Optics (MCAO) system and is led by NRC Herzberg

Astronomy and Astrophysics (HAA). The InfraRed Imaging Spectrograph (IRIS)

is the first client instrument of NFIRAOS. The IRIS team is drawn from the

University of California system, CIT, NAOJ, TMT, and NRC HAA.

NFIRAOS will provide diffraction-limited performance in J, H, and K bands over a

wide field. NFIRAOS will deliver images that will be the sharpest of any existing

facility AO system. For astronomers to be fully satisfied with TMT + NFIRAOS +

IRIS, they must be able to observe their key science programs. The laser guide

stars, the use of MCAO, and on-instrument near-infrared wavfront sensors

(OIWFSs) all contribute to achieving diffraction-limited performance 50% of the

time at the North Galactic Pole.  NRC HAA and its Canadian industrial

contractors successfully passed the NFIRAOS final design review in June 2018.

 

IRIS will use 4 mas pixels across a 34x34 arcsecond field of view.   It will contain

up to 60 broad and narrow-band filters that span wavelengths from 0.8 to 2.4

microns.  IRIS contains two selectable Integral Field Spectrographs with varying

spectral resolutions and platescales. NRC is responsible for the thermal and

mechanical interfaces to NFIRAOS, as well as providing the rotator and

OIWFSs. IRIS is scheduled to complete its final design review in 2020.

 

Here, we present the key elements of the NFIRAOS and IRIS designs

and highlight some of the important performance budgets and design

solutions made along the way. Lessons learned from these

instruments will be important as the 2nd generation of TMT

instruments are planned.

David Andersen, NRC HAA

david.andersen@nrc-cnrc.gc.ca

Glen Herriot, Jennifer Dunn, Jean-Pierre Veran, Scott Roberts (NRC); James

Larkin (UCLA), Shelley Wright (UCSD), Bob Weber (CIT), Ryuji Suzuki, Yutaka

Hayano (NAOJ), Eric Chisholm (TMT)
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Canadian investigations of the interstellar medium

science programs, science topics and science themes

The interstellar medium mediates galactic evolution as the reservoir of

material for future star formation and the repository of energy and matter

output by stellar processes. It consists of matter (both gas and dust),

magnetic fields, and relativistic particles in rough equipartition in energy

density. Understanding this equilibrium requires observing the discrete

thermally-stable phases as well as tracing the phase transitions and

turbulence that mix the phases and produce unstable gas. The heating,

cooling, and ionization of the ISM trace the flow of radiation through

galaxies, so the impact of the ISM must be understood to interpret

observations of most astrophysical phenomena. The ISM is inherently

multi-scale with temperatures ranging from ~10 K to ~10^7 K and similar

contrast in density. The turbulent power spectrum includes power on scales

over a range of up to 12 decades in size, from AUs to kiloparsecs. We

therefore require a diverse set of observations, simulations, and expertise

to understand the medium. Observational tracers include H I 21 cm

emission and absorption, Halpha, and other spectral lines across the

electromagnetic spectrum; radio continuum emission and Faraday rotation;

dispersion and scintillation of pulsar and fast radio burst signals; and dust

extinction, emission, and polarization. Many of these areas are historical

and ongoing areas of strength in Canada. Moreover, it is now possible to

apply techniques that have historically only been possible in the Milky Way

to external galaxies and therefore understand the impact of the ISM on

galactic evolution in a range of environments. In this white paper, we will

identify the major Canadian contributions to our modern understanding of

the non-star forming components of the ISM and argue for the necessary

Canadian capabilities in the next decade.

Alex S Hill (University of British Columbia; Dominion Radio Astrophysical

Observatory)

ashill@astro.ubc.ca

Laura Fissel (National Radio Astronomy Observatory; Queen’s University)

Gilles Joncas (Université Laval)

Lewis Knee (NRC/Herzberg Astronomy and Astrophysics Research Centre)

Roland Kothes (NRC/Herzberg Astronomy and Astrophysics Research Centre)

Tom Landecker (NRC/Herzberg Astronomy and Astrophysics Research Centre)

Erik Rosolowsky (University of Alberta)

Jennifer West (University of Toronto)

Trey Wenger (University of Virginia; NRC/Herzberg Astronomy and Astrophysics

Research Centre)



Comments, notes or

questions

Please find below an expression of interest for a gap-filling white paper

regarding the interstellar medium. This is complementary to the white paper Erik

Rosolowsky is leading on the star-forming ISM and its connection to the galactic

ecosystem, focusing instead on the non-star-forming ISM, which we have

identified as a gap in the topics covered by the submitted expressions of

interest.
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DRAO Synthesis Telescope

proposed upgrades to current facilities, experiments and missions

The DRAO Synthesis Telescope (ST) is the premier telescope in the world

for imaging of large-scale neutral hydrogen and polarized radio continuum

emission at ~arcmin resolution. The current system consists of dual 1420

MHz circular feeds and a 256-channel HI spectrometer as well as a single

408 MHz feed. With this setup, the ST completed the Canadian Galactic

Plane Survey, producing breakthroughs in its measurement of the arcmin

scale HI emission and self-absorption, our understanding of the Galactic

rotation curve, the character of the diffuse polarized emission, and the use

of a grid of point source rotation measures to map the Galactic magnetic

field. Here we discuss the future of the ST. The upgraded telescope will

continue to be a forefront scientific instrument and will become a testbed

for new technology. As a testbed interferometer, collaborations between

the Dominion Radio Astrophysical Observatory and universities will use the

ST to evaluate two-octave feed designs, low-cost digital clocking

techniques, and wideband correlators. Initial frequency coverage will be

400 to 1800 MHz, and the addition of new antennas will enable testing up

to 50 GHz, with the demonstration of performance required for new-

generation telescopes. As a world class instrument, the ST provides:

excellent sensitivity to extended structure, with spectral line observations of

HI covering the disk and halo of the Galaxy; simultaneous observations of

all transitions of the OH molecule; recombination line observations stacked

over many transitions; observations of Faraday rotation in both the

extended Galactic emission and point sources. This shared testbed and

science instrument will build on the historic strengths of Canadian radio

astronomy while enabling transformative techniques, training the next

generation of radio astronomers and engineers, and carrying out unique

observations complementary to, and in support of, upcoming international

observatories like the SKA and ngVLA.

Alex S Hill (University of British Columbia; Dominion Radio Astrophysical

Observatory)

ashill@astro.ubc.ca

Jo-Anne Brown (University of Calgary)

Brent Carlson (Dominion Radio Astrophysical Observatory)

Xuan Du (University of British Columbia)

Alex S Hill (University of British Columbia)

Thomas Johnson (University of British Columbia)

Roland Kothes (Dominion Radio Astrophysical Observatory)

Tom Landecker (Dominion Radio Astrophysical Observatory)

Michael Rupen (Dominion Radio Astrophysical Observatory)



Submission Date

Title of Proposed White Paper

Topic Area of Proposed White

Paper

Summary of Proposed White

Paper

Contact person and affiliation

Email address of contact

person

Other proposed authors and

affiliations

Comments, notes or

questions

LRP2020 EoI submission / Soumission de la MdI pour le PLT2020

2019-06-17 09:54:29

Maximizing Multi-wavelength Synergy for Canadian Astronomers

new facilities, experiments and missions

science programs, science topics and science themes

Astronomy has increasingly become a field where multi-wavelength

approaches must be made to achieve high-impact science. The data that

Canadians have access to, across the entire electromagnetic spectrum,

will critically affect the astronomy done in the next decade. This paper will

make a brief survey of the current state of multi-wavelength astronomy in

Canada, with the aim of focusing discussion about the next decade's multi-

wavelength synergy. Rather than advocate for particular facilities, the

discussion will focus on issues like: collaboration models; multi-facility

coordination; multi-wavelength data access and management; open-skies

policies; proprietary vs. public data; and surveys vs. targeted observations.

Gregory Sivakoff (U Alberta)

sivakoff@ualberta.ca

Craig Heinke (U Alberta)

Others TBD

I would like to propose a new LRP paper. Below I list part of the requested

information; I'd like to know if the paper is likely to be viewed as filling a gap

before trying to build a larger list of co-authors.
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Characterizing Galaxies in the Early Universe

science programs, science topics and science themes

Hubble deep field surveys in the past decade have revolutionized the

studies of galaxy formation and evolution. Follow-up observations with

ground-based facilities enabled the characterization of massive galaxies at

“cosmic noon” (z=1-3). They have a rich diversity of stellar morphologies

from disks to bulges, and appear to have more turbulent kinematics than

their present-day counterparts. The Atacama Large Millimeter/submillimeter

Array commissioned in the past decade has drastically increased the

number of distant galaxies with cold gas and dust mass measurements.

Another achievement is the confirmation of the existence of a rare

population of galaxies near the epoch of reionization at z>6, although their

properties are much less constrained. These observations in the past

decade have opened up many more new questions on the physics of

galaxy evolution: When did the first galaxies form? How was the Universe

reionized? How do the multiple phases of gas flow in and out of galaxies?

What regulates star formation in galaxies? How do galaxies evolve in their

structures and kinematics? The main impediments to addressing these

questions are the lack of deep near-infrared spectra for a large number of

galaxies at z>1, as well as the difficulty in obtaining high spatial-resolution

images and spectra at 3 - 500 microns. This white paper will present

opportunities for solving these science questions with next generation

instruments in the coming decade and beyond, with particular emphasis on

opportunities for Canadian leadership in the area of galaxy evolution at

z>1. Space-based optical/infrared facilities such as the James Webb Space

Telescope and Euclid will enable discoveries of large samples of galaxies

at higher redshifts than currently feasible. Ground-based optical/infrared

facilities such as the Gemini Infrared Multi-Object Spectrograph, the

Maunakea Spectroscopic Explorer, and the Thirty Meter Telescope will

enable detailed studies of the stellar pop

Allison Man (U Toronto)

allison.man@dunlap.utoronto.ca

Rachael Alexandroff (University of Toronto)

Scott Chapman (Dalhousie University)

Adam Muzzin (York University)

Marcin Sawicki (Saint Mary’s University)

Suresh Sivanandam (University of Toronto)

and more

It would be good to coordinate the writing with the relevant instrument white

papers, to ensure that the resulting LRP presents this case from both scientific

and instrumental perspectives. The author list will be extended to anyone

relevant and would like to contribute to the writing.
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DSA-2000: A Radio Survey Camera for the Next Decade

new facilities, experiments and missions

This paper will present the Deep Synoptic Array 2000-antenna concept

(DSA-2000): a world-leading radio survey telescope and multi-messenger

discovery engine, with a focus on the benefits to Canada and its

astronomical community that participation in this concept would provide .

As an evolution of the 110-antenna DSA, now under construction in the

US, the DSA-2000 will consist of 2000×5 m dishes instantaneously

covering the 0.7−2 GHz frequency range. The DSA-2000 will be the first

true radio camera, outputting science-ready image data with a spatial

resolution of ∼ 3.5". Baseline specifications include an equivalent point-

source sensitivity to the SKA-mid array, but with 10× the survey speed. The

DSA-2000 will be primarily used as a survey instrument, with an hour/day

being reserved for multimessenger follow-up observations. Over 5 years,

the DSA-2000 will image the entire sky with declination > −30 deg over

sixteen epochs, detecting > 1 billion radio sources in a combined full-

Stokes sky map with 500 nJy/beam rms noise. Daily observations of three

LSST deep drilling fields, as well as daily to monthly observations of ~200

pulsar timing fields, will also be undertaken. A high-spectral resolution (24

kHz; ∼ 5 km/s at 1.4 GHz) all-sky image cube will also be delivered for

spectral-line studies. And finally, commensal fast radio burst modes and

commensal participation in VLBI observations will add to the value of this

telescope.

Gregory Sivakoff (U Alberta)

sivakoff@ualberta.ca

Gregg Hallinan (California Institute of Technology), Vikram Ravi (California

Institute of Technology), Nolan Denman (NRAO), Bryan Gaensler (Toronto),

Michael Rupen (DRAO) Kristine Spekkens (RMC/Queen's), Others TBD
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The Life Cycle of Dust

science programs, science topics and science themes

Dust offers an unique probe of the interstellar medium (ISM) across

multiple size, density, and temperature scales. Dust is detected in outflows

of evolved stars, star-forming molecular clouds, planet-forming disks, and

even in galaxies at the dawn of the Universe. These grains also have a

profound effect on various astrophysical phenomena from thermal balance

and extinction in galaxies to the building blocks for planets, and changes in

dust grain properties will affect all of these phenomena. A full

understanding of dust in all of its forms and stages requires a multi-

disciplinary investigation of the dust life cycle. Such an investigation can be

achieved with a statistical study of dust properties across stellar evolution,

star and planet formation, and redshift. In this white paper, we discuss

current and future instrumentation that will enable the investigation of the

complete dust life cycle through fast and sensitive observations in dust

continuum, polarization, and spectroscopy from near-infrared to millimeter

wavelengths. We also highlight prospects for new Canadian instruments

and the role of the Canadian astronomical community in leading scientific

studies of dust from the local solar neighbourhood to the distance universe.

Sarah Sadavoy (CfA / Queen's)

sarah.sadavoy@cfa.harvard.edu

Scott Chapman (Dalhousie U), Stephane Courteau (Queen's U), James Di

Francesco (NRC), Laura Fissel (Queen’s U), Judith Irwin (Queen’s U), Doug

Johnstone (NRC), Helen Kirk (NRC), Brenda Matthews (NRC), Erik Rosolowsky

(U Alberta), Kristine Spekkens (RMC)
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Probing Diverse Phenomena through Data-Intensive Astronomy

science programs, science topics and science themes

The current era of large-dataset astronomy and high-performance

computing has enabled the discovery and characterization of complex

phenomena that would have proved impossible with more traditional

techniques and targeted observations. This includes the discovery and

characterization of rare events or phenomena, such as tidal disruption

events, the use of joint probes across spectral and time domains, such as

analyses of quasar spectra to probe the circumgalactic material of

intervening halos, or the use of data within large simulation suites to better

understand the relevant physics, such as the joint use of Gaia data and

dynamical simulations to better constrain the physics of galactic assembly.

This mode of astronomical research has enabled discoveries across

multiple subfields, leveraging surveys and datasets that were often not built

for their used purposes, and the ever-increasing size, depth, and

complexity of astronomical data will only make this mode of research more

prominent going forward. Additionally, beyond large data volumes, surveys

such as LSST are increasing the data rates coming through pipelines,

enabling discoveries in the transient universe that are only becoming

possible now. In this white paper, we will describe notable results that have

arisen from phenomenologically motivated data-intensive research, and

argue for the cross-disciplinary connections between this type of

astronomical research and computer science and statistics. We will

propose strategies to help grow this mode of research within Canada,

including the coordination between data centres and computational

resources, means of increasing accessibility of existing data sets, and

proposals for how best to maximize Canadian investment in surveys and

facilities with legacy potential.

Mubdi Rahman, Dunlap Institute for Astronomy & Astrophysics, University of

Toronto

mubdi.rahman@utoronto.ca

Jo Bovy, Department of Astronomy & Astrophysics, University of Toronto

Renée Hložek, Department of Astronomy & Astrophysics, Dunlap Institute for

Astronomy & Astrophysics, University of Toronto

Dustin Lang, Perimeter Institute
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EPO in Canada - Looking Ahead

outreach, education and teaching

Interest in Education and Public Outreach (EPO) has been growing in the

Canadian astronomical community over the last decade, especially

following International Year of Astronomy 2009. Many new programs and

initiatives have been created, and several institutes now consider outreach

to be part of their core mandate. However, despite the increase in interest,

the Canadian astronomical community--and CASCA in particular--has

struggled to define a national outreach strategy that would create a

sustainable environment for outreach in Canada. For decades, the

community has aggressively pursued--and met--the research goals laid out

in successive Long Range Plans, but the EPO goals have often not been

met, and there has been little attention to this problem. This white paper will

draw from the experiences of outreach facilitators across the country to

outline the challenges facing Canadian astronomy EPO and suggest a new

national strategy. 

Julie Bolduc-Duval (Discover the Universe)

julie@discovertheuniverse.ca

Sharon Morsink, University of Alberta

Kelly Lepo, McGill University

Michael Reid, Dunlap Institute
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Balloon astrophysics in Canada over the next decade

new facilities, experiments and missions

proposed upgrades to current facilities, experiments and missions

Stratospheric balloons offer near space observing conditions for a small

fraction of the cost of an equivalent satellite. Balloon telescopes can make

cutting-edge astrophysical observations, while also providing a platform to

advance the technology readiness level of key systems for future space

missions. Furthermore, balloon astronomy offers outstanding training

opportunities. Typical experiment timeframes allow graduate students to

play a key role in the instrument design, field campaigns, and scientific data

analysis. In this white paper we will overview Canadian involvement in

balloon astrophysics and outline the priorities of the balloon astronomy

community for the coming decade. These priorities include continued stable

funding for the development of balloon-borne experiments, high bandwidth

telemetry for transmitting data from balloon payloads, increased mass limits

for balloon payloads, and opportunities for long duration conventional

balloon and superpressure balloon flights.

Laura Fissel (NRAO / Queen's)

lfissel@nrao.edu

C. Barth Netterfield (Toronto)

Christian Marois (NRC)

Simon Thibault (Laval)

David Hanna, Matt Dobbs, Patrick (Jojo) Boyle (McGill)

Mark Halpern (UBC)
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Continuing Canadian Excellence in Stellar Astrophysics though the next decade

science programs, science topics and science themes

Canadian Astronomy has a long and storied history of excellence in stellar

astrophysics research, starting with the work of Plaskett. Canadian

astronomy continues to be a world leader in stellar astrophysics, using

state-of-the-art instruments such as BRITE, ESPADONS, SpiROU, TESS,

GPI, NARVAL, GRACES, and will have access to TMT, JWST, MSE and

CASTOR in the future to resolve fundamental questions surrounding our

understanding of stars. These instruments and facilities, in concert with

computational expertise, will allow Canadian astronomers to gain new

insights into stars of all masses and stages of evolution from birth to death;

to probe how stars interact with their environments and to build on how we

use stars to explore exoplanets at one scale and cosmology at another.

This include employing state-of-the-art techniques in asteroseismology,

stellar evolution, stellar atmospheres, dynamics, polarization, and multi-

messenger astrophysics. In this white paper, we will discuss the key

challenges of the next decade in stellar astrophysics, the role of stellar and

solar astrophysics for educating future generations of learners, offer

recommendations for how Canadian astronomy to build collaborations and,

remain a world leader in this field.

Hilding Neilson, University of Toronto

neilson@astro.utoronto.ca

Pierre Bergeron (U de Montreal)

Falk Herwig (U of Victoria)

Carol Jones (Western U)
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Nicole St. Louis (U de Montreal)
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Astronomy in a Low-Carbon Future

new facilities, experiments and missions

proposed upgrades to current facilities, experiments and missions

The global climate crisis poses new risks and challenges to the 

practices of professional astronomy.  Avoiding the more catastrophic 

consequences of global warming by 2 degrees requires an immediate 

drawdown of greenhouse gas emissions. According to the 2018 

United Nations Intergovernmental Panel report, this will necessitate a 

45% reduction of emissions by 2030 and net-zero emissions by about 

2055.

 Efforts are required at all levels, from the individual to the 

governmental, and every discipline must find ways to approach these 

challenging goals.  This will be especially difficult for astronomy with its 

significant reliance on conference and research travel, among other 

impacts.  However, our long-range planning exercises provide the 

means to coordinate our response on a variety of levels. We have the 

opportunity to lead by example, rising to the challenge rather than 

reacting to external constraints as they arise. 

This white paper will explore how astronomy can meet the challenge 

of a changing climate in clear and responsible ways, such as how we 

set expectations (for ourselves, our institutions, and our granting 

agencies) around scientific travel, the organization of conferences, 

and the design of our infrastructure.    It will also emphasize our role 

as reliable communicators of scientific information on a problem that is 

both human and planetary in scale.  
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