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About the McGill Space Institute

The McGill Space Institute is an interdisciplinary
centre that brings together researchers engaged in
astrophysics, planetary science, atmospheric sci-
ence, astrobiology and other space-related research
at McGill University.

The main goals of the Institute are to:
« Provide an intellectual home for faculty
research staff, and students engaged in
astrophysics, planetary science, and other
space-related research at McGill.

« Support the development of technology and
instrumentation for space-related research.

« Foster cross-fertilization and
interdisciplinary interactions and
collaborations among Institute members in
Institute-relevant research areas.

« Share with students, educators, and the
public an understanding of and an appreciation
for the goals, techniques and results of the
Institute’s research.

The current research themes include:

« Early Universe

« Cosmology

+ Galaxy Evolution

« Astrophysics

« Nuclear Astrophysics
« Compact Objects

- Exoplanets

» Planetary Science

» Planetary Analogues
« Astrobiology

« Microbial Diversity in Extreme
Environments

« The Search for Extraterrestrial
Biosignatures.

The intellectual hub of the Institute
is at 3550 University, where
many of the Institute mem-

bers work, collaborate with
# visitors, and Institute
events are held.



A Message from the Director

Prof. Victoria Kaspi
McGill Space Institute Director

It’s hard to believe a full year has passed since the
creation of the McGill Space Institute.

It seems like just yesterday that it was merely an
idea — a concept we batted around, a vision of
what could be accomplished with a novel type of
research interaction, a way to bring talented pro-
fessors, postdocs and graduate students working
on related topics together, to stimulate new ideas
and directions in space-related research.

And what a year it has been! The MSI is now nes-
tled comfortably in our ‘Space Shack’ at 3550 Uni-
versity. The house has been equipped with tables,
screens, and especially black- Ldents and Profes,,
boards, to encourage and @sx S 24 s
stimulate thought and o LG ‘,‘
new ideas. On a daily 4
basis now, MSI &
is bustling with g;§
scientific dis- §
course consisting £
of one-on-one 3
S
=
&

conversations,
weekly seminars,
discussion groups,
and workshops.
Topics you’'ll hear
covered in the MSI
lounge range from the
origins of the Universe to the
beginning of life.

We have visitors from
around the world coming
through regularly. Most

importantly, MSI has talented, enthusiastic stu-
dents and postdocs, who, thanks to a generous

gift by the Trottier Family Foundation, are being
trained to be the next generation of scientists. All
this occurs in a warm, stimulating, friendly envi-
ronment where, for example, we take turns putting
out the 3pm tea and cookies. And here the ‘we’
means that even the Director can occasionally be
spotted preparing snacks for everyone!

Looking back, it was my 2-year adventure as As-
sociate Dean of Research in the Faculty of Science
that persuaded me that in spite of the impressive
world-class research strengths at McGill, some-
thing key was missing from the landscape. As ADR
I met dozens of brilliant, world-class McGill sci-
entists I had never seen before my administrative
stint, in spite of having been at McGill a full decade
prior. How could there be so many talented, ac-

complished people in my own community, without
me being aware?

For example, I saw that there was research
on one of the foremost exciting topics of
modern science — extrasolar planets —
going on simultaneously in the Depart-

ment of Earth and Planetary Science, the
Department of Atmospheric and Oceanic
Sciences, and in the Department of Phys-
» ics, without these different re-
rof. Vlcz‘o;Y'Q searchers having their paths
5 T %y, ever cross, or even
.-.7 &, knowing of each
&, others existence!
.. How could this
make sense?
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%
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grouped into Departmental constructs that, while
efficiently categorizing people for administrative
purposes, ultimately limit the potential intellec-
tual vision of their inhabitants, forcing them and
their ideas into artificial knowledge ‘silos.” Given
the many responsibilities University faculty have,
it is only natural that emergence from one’s silo

is difficult. Yet the reality is that the natural world
represents an amazing continuum of phenomena;
progress in many of the most interesting scientific
problems demands breadth of expertise unhin-
dered by artificial, bureaucratic barriers.

The McGill Space Institute was created to address
this issue in the domain of space research. As a
McGill research centre, our goal is to bring togeth-
er top McGill minds — including faculty, postdocs
and students — working on related space-relevant
subjects that are at the cutting edge of modern
science. MSI tackles some of the biggest questions
out there: Are there worlds like our own elsewhere
in our Galaxy? Does Planet 9 exist? What is the
nature of the ubiquitous Dark Matter and Dark
Energy in our Universe? How do black holes and
neutron stars work and can they help us under-
stand the nature of of gravity?

These same questions, of prime o
interest to scientists, are
also exciting to the Mc-
Gill community and
the public at large.

Astronomy, astro-

physics, cosmology,

inspire wonder

the search for ;5"’
extraterrestrial 8
life — these are §’
all topics that §

~

Q

S
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in people regardless of their age or background.
For this reason MSI also has outreach as a key item
in its mission. Joining forces with AstroMcGill, a
grass-roots astronomical student-run organization
that promotes science to the public, MSI hopes to
use the great popularity of its research as a tool
with which to promote science broadly in the pop-
ulation. Whether telling the public about asteroid
capture (as in our national-press-covered MSI
Launch) or about Advanced LIGO’s discovery of
gravitational waves from a binary black hole merg-
er via a standing-room only party with live feed
from Washington, DC, MSI prides itself on making
forefront research accessible to the public .

As you peruse our first Annual Report, I hope you'll

be impressed by how far we have come in so short a

time. With baby steps as large as these, we are on a
decidedly upward trajectory, in which, quite fitting-
ly, the sky is the limit.

I am very proud of what we have accomplished in
forming the MSI. And here the ‘we’ means each and
every MSI member, from student through facul-

ty, as this is the lifeblood of our centre. The task

of fostering research interaction like
the restlts of several "o,

that at MSI is about bringing
« @, ~ world-class talent together
“’%,2 in a stimulating envi-
ay
ronment, to make
something bigger
than the sum of
its parts and
inspiring to
the world.




McGill Space Institute Launch

The McGill Space Institute had its official launch
event on October 28, 2015. We had a VIP reception
at the 3550 University building. Attendees included
Vice Principal Rosie Goldstein and Dean of
Science Bruce Lennox, as well as CSA Presi-
dent Sylvain Laporte. In addition, our principal
donor Lorne Trottier attended the event. He was
presented with a high-quality print of mountains
on the surface of Pluto from the recent New Hori-
zons mission as a token of our gratitude.

Following the reception, there was a
public lecture by Prof. Tom Prince,
Director of the Keck Institute
for Space Studies and Pro-
fessor of Physics at Caltech,

Q

“Grabbing an Asteroid and Returning it to Earth:
Making Audacious Ideas a Reality.” Approximately
150 people attended the public lecture.

The MSI launch received nation-wide press cov-
erage, including a Canadian

Press article, which
was picked up by
newspapers
across Canada.




The Search for Planet 9

Extrasolar planet expert Prof. Nick Cowan joined
the McGill Space Institute as a _faculty member

in Fall 2015. His office was down the hall from
cosmologist Prof. Gil Holder. The two collaborated
on a project to develop a method to search for Planet
9 — a hypothetical large planet in outer Solar System,
announced to some fanfare in January 2016.

What question were you trying to answer?
We wanted to know whether the thermal glow of
planet nine was detectable with millimeter tele-
scopes.

Why did you find this question interesting?
Cosmologists (e.g., Holder) look at the cosmic
microwave background and aren’t used to thinking
about moving foreground objects. Planetologists
(e.g., Cowan) use optical and IR telescopes and
don’t think about radio and millimeter telescopes.
So it was a fun outside-of-the-box collaboration.

What does doing your research look like?
This project mostly involved pen and paper math,
and noodling around on the blackboard. We used
simple Python scripts to double check the math and
make a figure. Our usual research usually involves
using data from telescopes (on the ground and in
space) and writing/running computer code to anal-
yse it.

Neither of us could have done this project on our
own. Fortunately, our offices are right next

to each other, which made it easy to
talk to each other as we worked
through the problems. S
3y

What did you find?

We found that planet nine
is readily detectable with
many current and near-
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scopes. Even if it ends up being discovered via
reflected light, millimeter-telescopes would tell us
the planet’s temperature.

Did anything unexpected happen during this
project?

Cowan: The entire project was surprising. Neither of
us expected to collaborate on such a paper!

Holder: I would add that I was pleasantly surprised
by the enthusiastic embrace of solar system science
by my cosmologist colleagues; there is clearly a
strong appetite for this sort of research, it just needs
a way to happen.

Why this is important

The search distant Solar System objects, including
Planet Nine, has focused on reflected sunlight.
Our study was the first to show that searches for
thermal flux, in particular mm radiation, was a vi-
able method to search for Planet Nine or any other
planets lurking beyond the Kuiper belt.

Cosmologists build mm telescopes to study the
cosmic microwave background, so it was surprising
to us (and indeed most cosmologists) that their
experiments might also do compelling planetary
science. We also showed that thermal radiation
would constrain Planet Nine’s temperature and
radius (and hence its formation history and subse-
quent evolution). This might help us understand

why Uranus and Neptune, our two familiar ice
giants, have vastly different internal
heat sources.

Cowan, N B, G. Holder,
and N. A. Kaib (2016),
Cosmologists in Search
of Planet Nine: The Case
for CMB Experiments,
ApJ. Lett. 822, L2.
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Simulating Exoplanet Atmospheres

Prof. Tim Merlis’ research uses computer mod-
els to expose the physical mechanisms underlying
changes in both past and future climates. While
his previous work primarily focused on Earth’s at-
mosphere, he recently was part of a collaboration
that worked to simulate exoplanet atmospheres.

What question were you trying to answer?
Radiative transfer calculations---tracking the
emission and absorption of light by the
atmosphere and determining
how much heating or cooling
2 results---are a critical com-
.éq,o ponent of climate models.
=, The codes used to make
< these calculations are
typically developed for
Earth’s atmosphere,
but we wanted to use
them understand the
climate of Earth-like
exoplanets! We also
X wanted to understand
how the ways of doing
09\00 this important calculation
BF can affect how close a planet
can be to its star before its climate
is unstable and therefore uninhabitable.
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Why did you find this question interesting?

I joined this informal international project with the
aim of understanding differences in fully three-di-
mensional climate simulations. A big focus for my
research is atmospheric winds and their impact on
precipitation and surface temperature for Earth’s
climate, so it was really exciting to join a compar-
ison of different climate simulations for exoplanet
climates. It turns out there are big differences even
before you consider the turbulent atmospheric
flow, which led to the research on one-dimensional
differences from radiative transfer.

What did you find?

It does matter how the radiative transfer calcula-
tions are done. There can be big differences. The
differences between calculation methods for exo-
planets have a much bigger (several fold) effect on

8 . Research Updates

climate than all of the carbon dioxide emissions
humans have produced over the last century for
Earth’s climate.

What does doing your research look like?
We performed numerical calculations. Some sit
behind a computer ... though the adventurous ones
stand behind a computer.

Did anything unexpected happen during this
project?

I joined the McGill Space Institute! While I was
doing this research, I was pleasantly surprised to
learn there was a new Institute being proposed at
McGill that would be devoted, in part, to exoplan-
ets.

What role did collaboration play in your

research?

This project was 100% collaboration! It is the defi-
nition of the sum being greater than the parts: any
one calculation on its own would not be too excit-
ing. But by comparing across different methods re-
vealed important differences that meaningful alter
the range of planetary orbits that are habitable.

Why this is important

We are still the early stages of using numerical
models to simulate the climates of exoplanets (5
years ago when I started doing this, you could
count them on one hand). The numerical models
are based on those used to simulate Earth’s climate,
but they are pushed out of the comfort zone where
we can compare to Earth observations. There are
many comparison projects where identical bound-
ary conditions are used for well controlled sensi-
tivity studies for projections of future changes for
Earth’s climate. This is one of the first efforts to do
so for exoplanet atmospheres.

Yang, J, J. Leconte, E. T. Wolf, T. Merlis,et al.
(2016), Differences in Water Vapor Radiative
Transfer among 1D Models Can Significantly Af-
fect the Inner Edge of the Habitable Zone, Astro-
phys. J. 826, 222..



Dark Energy and Structure Growth

Prof. Matt Dobbs’ research group at McGill
specializes in the design, construction, and oper-
ation of novel instrumentation and experiments
to explore the early universe. They were involved
in building and analyzing data from the 2500
square-degree South Pole Telescope - Suny-
aev-Zeldovich (SPT-SZ) Survey.

What question were you trying to answer?
The effect of Dark Energy on the expansion history
of the universe (the size of the universe vs. time) is
well measured through a combination of superno-
vae, galaxy distribution surveys, and other probes.
We wanted to measure how dark energy affected
the growth of structures in the universe and see if
those effects were consistent with predictions from
models.

Why did you find this question interesting?
In my view, the dark sector, with dark energy at the
helm, is the biggest mystery in physics. Anything
that probes it in a different way, to find cracks in
our (lack of) understanding, is really interesting!

What did you find?

Dark energy affects the growth of structure exactly
as one would expect from a simple cosmological
constant. The lambda CDM standard model of cos-
mology has held up to yet another test, despite us
being no closer to understanding the dark sector.

What does doing your research look like?
Building the world’s most sensitive millime-
ter-wave telescope in one of the world’s most
hostile environments — the South Pole. The data
analysis is tricky and time consuming, taking a
team of physicists several years. But this analysis
is not the unique thing that sets our measurements
above others — instead, it is the technology that was
custom built for the South Pole Telescope (SPT)
that gives us the edge on this and other Cosmic
Microwave Background (CMB) measurements.

Did anything unexpected happen during this
project?

We built this project 10 years ago to measure the
effect of dark energy on the growth of structure.

However, with a combination of the CMB power
spectrum and our galaxy cluster survey, we can
very precisely measure the signatures

neutrino masses. Our cosmology
telescope can place some of the
most precise limits to dateon 4
the sum of the neutrino mass- ¢, 48
es — well beyond what is
possible in particle physics
laboratories!

o

I am going to the South Pole
in November to install an
upgrade to the SPT camera.
The new camera’s primary
purpose is to provide the most
sensitive measurements (or limits)
of gravitational waves emitted from a
period of inflation in the early universe (a land
mark discovery if robustly seen). The camera will
also substantially improve our sensitivity to neutri-
no mass signatures.

adoosalﬂ 10d y,,,
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Why this is important

The SPT provides the most precise measurements
of the CMB at small angular scales. These data are
used by the collaboration to make detailed mea-
surements of dark energy and neutrino properties.
They are also used by the broader community to
combine with other probes and test many aspects
of cosmology and astrophysics.

The neutrino results are particularly important

— they provide a window to particle physics that
may never be available to terrestrial laboratories

or collider-based experiments. This has spurred
major new investments by funding agencies and
private foundations to build more powerful milli-
meter-wave telescopes, such as the Simons Obser-
vatory, which recently received more than $50m of
private, government and institutional funding.

de Haan, T, B. A. Benson, L. E. Bleem, M.

A. Dobbs, G. P. Holder, et al. (2016a),
Cosmological Constraints from Galaxy Clusters
in the 2500 square-degree SPT-SZ Survey, ArXiv
e-prints arXiv:1603.06522.
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The Atmospheres of Hot Jupiters

Dr. Joel Schwartz finished his PhD in Earth
and Planetary Science in 2016 and will begin a
Postdoctoral research position at the McGill Space
Institute in the Fall of 2016. His research uses
computer models to simulate how energy moves
through extremely large exoplanets that are ex-
tremely close their stars.

What does doing your research look like?
Computer work all the way: I search and collect
data online, calculate things with software code
I write, and make colorful graphs and pictures to
help explain it all.

But the second I could do field work on an exoplan-

t...I'm there!
What question were you trying to answer? St e

There were actually several questions, but it all < ..
boils down to, “What can the public data tell us Why this is important L.
about the atmospheres of very big, very hot exo- This study represents the best statistics we have
planets?” These are what we call “i{ ot Jupiters.” about the bulk atmospherics of irradiated giant
) ) planets. We confirmed trends that previous stud-

Imagine if you took Earth, dumped hydrogen on it ies had seen (e.g. more stellar irradiation means
until it turned into a liquidy-gassy ball 10x bigger less day-fo-night/heat transport) i foqnd s
across, then shoved it 50x closer to the Sun — t?enfls of our own (e.g. Hot Jupiters having reflec-
that’s like a Hot Jupiter. They have day/nightsides tive infrared clouds based on Bond albedos). And

that never change and there’s nothing like them in most importantly, our technique for inferring these
our Solar System atmospheric properties could be applied to temper-

ate terrestrial planets down the line.

What did you find?

We learned that Hot Jupiters are dark in visible . ; .
light but would look shinier if you could see infra- Balancing the energy budget of short-period giant

red light, so these planets could have inter- planets: evlden.cef or reflective clouds and
esting clouds. The more you bake Hot , optical absorbers, MNRAS 449,
Jupiters with starlight, the worse -3 4192-4203.

their winds are at warm up
their nightsides (in most
cases, at least).

Schwartz, J C, and N. B. Cowan (2015),

10 - Research Updates



Dark Matter and Gamma Rays

Dr. Jonathan Cornell is a postdoctoral fellow at
the McGill Space Institute, who works with Prof.
Jim Cline. He recently completed a project to de-
velop a theoretical model that describes the excess
GeV gamma rays that come from the galactic
centre.

What question were you trying to answer?
One possible explanation for the excess of high
energy gamma rays observed in the centre of our
Milky Way galaxy by the Fermi-Large Area Tele-
scope (LAT) is that these gamma rays are the prod-
uct of the annihilation of dark matter particles.

However, many people argue that this explanation
is not viable because a similar excess would be
expected from dark matter annihilation in dwarf
spheroidal galaxies [low-luminosity galaxies that
are companions to the Milky Way], and the Fer-
mi-LAT has not observed this.

This leads to the question: Is it possible to con-
struct a dark matter model in which the dark mat-
ter annihilates at a much greater rate in the galactic
centre than in dwarf spheroidals?

Why did you find this question interesting?
One of the most significant mysteries remaining in
particle physics is the nature of dark matter, which
up until now we have only seen interact via its
gravitational interactions with normal matter.

The gamma ray signal from the galactic centre is
one of the most promising possible

signals of dark matter in-
teractions beyond the
gravitational, so it is
important to try to
understand what
dark matter
models ex-
plain this.

gb ased on five years ofdazqﬁ_
2 i O,

What does doing your research look like?
As theorists our research is done with computers
and old fashioned pencil and paper.

What did you find?

Since dark matter is moving much faster in the
Galactic centre than in dwarf spheroidal galaxies,
we developed a model in which the dark matter an-
nihilation rate is dependent on its velocity, leading
to an enhanced gamma ray signal in the Galactic
centre.

To make this model work, we had to develop a new
method for how the dark matter is made in the
early universe.

Why this is important

The project pushes back against one of the major
criticisms of a dark matter interpretation of the
Galactic centre gamma-ray excess: namely, that at
this point we should have expected to see a similar
signal from dwarf spheroidal galaxies. It does so

in a simple way, by positing a p-wave dark matter
annihilation cross section. People usually discard
such models because this cross section would be
quite large in the early universe, leading to dark
matter freezing out at late times with a relic density
that is much too small. However, we show that this
problem can be overcome by introducing another
particle species in the dark sector which freezes out
with the right relic density and then decays to the
dark matter.

Choquette, J, J. M. Cline, and J.
‘4’4@7 M. Cornell (2016), p -wave
\ % annthilating dark matter from

%-O a decaying predecessor and
<, the Galactic Center excess,
3@\ Phys. Rev. D 94 (1),
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Ice, Water and Earth in Antarctica

Prof. Natalya Gomez joined the MSI as a faculty
member in Fall 2015. Her group’s research mod-
els the interactions between ice, water, climate
and planetary interiors, and how these connec-
tions change planets surfaces through time. These
models are applicable to both the Earth and other
rocky, icy planets and moons in the Solar System.

What question were you trying to answer?

I wanted to understand and model how the ice,
water and solid Earth in Antarctica are

connected and influence each other.

O
k= In particular, I wanted to know

whether retreat of the Ant-
arctic Ice Sheet in response
to climate warming, and its
contribution to future sea
level rise was sensitive to the
structure of the Earth’s inte-
rior below the ice sheet. The
& Earth rebounds in response
@\}? to removing ice mass from the
AN continent, much like a memory
o foam mattress would. This uplifting
of the bedrock below the ice sheet in
turn feeds back onto how the ice itself flows
off the continent and into the ocean. I wanted to
know whether this effect is significant or not for the
type of rapid ice loss we may see in the next hun-
dreds to thousands of years.
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Why did you find this question interesting?
My research bridges the gap between the com-
munities that study the solid Earth and sea level
changes, and those that study ice sheet evolution.
This problem is a perfect example of why bridging
that gap is important. It will take an interdisciplin-
ary approach to refine predictions of future ice loss,
if the answer requires in-depth knowledge of the
solid Earth as well as the ice sheet.

What did you find?

My results suggested that knowing the structure of
the solid Earth hundreds of kilometers below the
Antarctic Ice Sheet may be needed in order to accu-
rately predict how the ice sheet itself will evolve in
response to future climate changes.

12 . Research Updates

What does doing your research look like?
Sitting behind a computer, developing complex
numerical models and running simulations on high
performance computing equipment, and standing
in front of a white board or talking over Skype,
screen sharing with colleagues around the world in
other disciplines.

What role did collaboration play in your

research?

A very important role! I started out as an expert in
sea level change, but the types of problems I work
on require collaboration with people who special-
ize in measuring and modeling ice sheets, ocean
circulation and climate change. This is one of the
reasons I love my field of research — my colleagues
and I get to learn a lot from each other.

Why this is important

The fate of the polar ice sheets in a progressively
warming world is a focus of climate research and
a concern for policy makers and the general pub-
lic. Our models include two geophysical elements
that are not adequately reflected in computer
simulations of Antarctic Ice Sheet collapse — the
gravitational pull of the ice sheet on surrounding
water, and the viscous flow of the mantle beneath
the bedrock that the ice sits on. We show that the
combination of bedrock uplift and sea-surface drop
associated with ice-sheet retreat reduces ice sheet
mass loss relative to a simulation without these
effects included. The degree to which this stabili-
zation occurs is dependent on the structure of the
Earth’s deep interior, which is currently poorly
known. Improving measurements and models of
that structure may be needed to constrain projec-
tions of future ice loss and sea level change.

This understanding of planetary-scale processes
may provide insights into the evolution of other
planets and moons and the interpretation of the
measurements we make of those bodies.

Gomez, Natalya, David Pollard, and David
Holland (2015b), Sea-level feedback lowers
projections of future antarctic ice-sheet mass loss,
Nature Communications 6, 8798 EP



The Limits of Microbial Life

This year Dr. Jackie Goordial finished her PhD
and began a Postdoctoral fellowship at McGill

in Microbiology, with a focus on astrobiology.

As part of her research, she went to University
Valley, Antarctica, to study microorganisms living
in the permafrost in one of the coldest and driest
places on Earth.

What question were you trying to answer?
When we went to University Valley, we were hop-
ing to find some extremely cold-adapted micro-
organisms. Our original questions were along the
lines of: how many, and which microorganisms are
present in the permafrost, and how cold-adapted
are these communities?

When we started to get our results back, our ques-
tions shifted — Can we detect ANY microbial activ-
ity at in situ temperatures, and does the permafrost
in University Valley host an active microbial eco-
system at all?

Why did you find this question interesting?
We are so used to microorganisms being present
just about everywhere, including places where we
actively try to eradicate them. This work was inter-
esting to me because it touches on several
fundamental questions: What are a0
the limits of life on Earth? Are 0@0@ it
there places that are even

too extreme for micro-
organisms to thrive?
And finally- what are
the limits to life on
other cold planetary
bodies, if there was
life present, how
could we detect

it?

E“:

J Antarctica
ey

What did you find?

To our surprise we weren’t able to detect any mi-
crobial activity in these soils, thus University Valley
may represent an example of a natural ecosystem
that is too harsh to support microbial life. This
informs us about the limits of life on Earth, but also
other cold planetary bodies.

What does doing your research look like?
This research involved a lot of different types of
work: Field work (which is high up there in terms
of things I love about this work), a lot of wet lab
work - sitting behind a microscope, plating micro-
organisms on petri dishes, doing DNA extractions
for molecular work, and countless hours behind a
computer crunching the data. Sequencing data is
huge, and a lot of my time was spent processing
that, and trying to make sense of it in an ecological
context.

Collaboration plays a huge part in my research. For
example, NASA developed a prototype permafrost
drill called IceBite which they wanted to test in a
Mars like environment, such as University Valley.
It’s extremely hard to get to these remote environ-

ments and this provided the means to
get us there to do some micro-
biology research.
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Why this is important

Prior to this work, essentially all that was known
about permafrost microbial communities in the Dry
Valleys was that microorganisms are present. We
greatly expanded what is known about the ecology
of microorganisms that are found in Dry Valley
permafrost at high elevations, by surveying the
microorganisms using next generation sequencing
techniques, by culturing the organisms, and more
interestingly by doing activity assays both in

situ and in the lab. Thus, greatly increasing our
understanding of the microbial ecology in a rare
spot on earth where the only potential living things
are microorganisms.

This site is one of the best Mars analogue sites
that we have on Earth, similar to the dry and
ice-cemented permafrost found in the north

polar region of Mars where Phoenix landed.
Understanding what types of microorganisms
could survive or be active in these types of soils,
as well as detecting biosignatures (in the form of
dormant or dead cells, and nucleic acids in our
case), is important to understanding what we could
be looking for in near surface water ice on Mars in
the north polar regions.

Goordial, Jacqueline, Alfonso Davila, Denis
Lacelle, Lyle G Whyte, et al. (2016b), Nearing the
cold-arid limits of microbial life in permafrost of
an upper dry valley, Antarctica, ISME J 10 (7),
1613—-1624.

Hands-on Radio Interferometers

Dr. Sean Griffin is a postdoctoral fellow in the
McGill Cosmology Instrumentation Laboratory.
He leads a project to design hardware for small,
portable radio interferometers.

Can you describe your project?
High-resolution radio astronomy is typically
performed using arrays of many telescopes spread
across a large area. The information from each tele-
scope is combined in order to reconstruct the infor-
mation about the part of the sky the telescopes are
observing. In practice, this is called interferometry.
Conceptually, this material is taught in undergrad-
uate courses, but we wanted to produce a hands-on
experiment that students could use to learn how
interferometry is actually done in practice.

In addition to the teaching tool, this project can be
adapted in order to build tools for identifying sites
for future radio astronomy arrays (an “RF mon-
itor”), or to use in conjunction with current tele-
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scopes (such as CHIME) to make ultra-high-resolu-
tion measurements of transient events (such as fast
radio bursts) using very-long-baseline interferome-
try (VLBI).

Why did you find this project interesting?

I think that hands-on experience learning “re-
al-life-astronomer” skills is an important part of a
student’s training; a tool like this one is something
I would have appreciated having access to when I
was an undergraduate.

What did you learn?

We've learned (unsurprisingly) that it is tricky to
build a radio telescope in the middle of a big city
like Montreal. There’s so much radio frequency
(RF) noise around us that it makes measuring any
astrophysical source difficult because their signals
are much dimmer than those coming from FM
radio, TV, and cellphone transmitters.



However, this just means that we need to be more
clever about how we go about building our exper-
iment. What we are learning about characterizing
the radio noise in the city is also directly applicable
to our goals of building an RF monitor to identify
radio quiet sites.

At first, we expected that we would only be able to
look at the brightest objects in the radio sky due to
how much RF noise there is in the city. After having
worked on this project for some time, we now be-
lieve that it might be possible to expand out targets
to include dimmer objects like pulsars. It is exciting
to see that we are not necessarily as limited as we
thought we once were.

What does doing your research look like?

My research consists mainly of working with elec-
tronics in a lab, but involves taking trips outdoors
to make measurements of the sky with our experi-
ment. I also write a lot of software to read and anal-
yse data from the various instruments that I use,
and to help me predict what the signals I observe
will look like.

Once the full system is ready for deployment, we
will be driving out into the field with our telescopes
to make measurements of different sites in an
attempt to identify ‘radio-quiet’ zones as possible
future radio telescope sites. In the long term, we
hope to build a small telescope array on the roof of

the Rutherford Physics building to use as a teaching

instrument and a platform for testing new radio as-
tronomy hardware. This will require actual-
ly heading up to the roof and building

it, which is very exciting. A

What role did
collaboration play in

your research?
Different parts of our

telescopes are being @
designed and tested f
by different people; ¥
thereistoomuch

work for any one
person to do. Col-
laboration allows

us to bring in specialists to work on the different
components of the experiment, helping maximize

our efficiency.

Why this is important

The first stage of this project is an instrument

to give young astronomers hands-on experience
with a real radio interferometer. This differs from
traditional undergraduate lab experiments where
students often repeat a historical measurement and
do not represent modern experiments.

This instrument will allow undergraduates to work
with state-of-the-art hardware and take make
astronomical measurements in the same way that
modern telescopes do. It is my hope that this will
help motivate future experimentalists and get them
excited about working in astronomy.

The second stage of this project is an instrument
to help identify sites for future radio arrays.
The hardware will allow us to characterise
the environment in terms of both an absolute
measurement of how noisy (or not) a given site
is over a wide bandwidth with fine frequency
resolution, and a measurement of the structure
of that noise in time, which allows for the
optimisation of data taking strategies in order
to minimise the impact of any ambient RF
interference.
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A Repeating Fast Radio Burst

Prof. Vicky Kaspi leads a group of graduate and
postdoctoral researchers at the MSI, who observe
of pulsars and related objects including magne-
tars and Fast Radio Bursts. This year they discov-
ered a repeating Fast Radio Burst in data from the
Aracebo Observatory.

What question were you trying to answer?
Fast Radio Bursts (FRBs) are a new astrophysical
mystery. FRBs consist of short (few millisecond)
bursts of radio waves. These events are very com-
mon in the sky: our best estimates suggest that
several thousand go off every day across the whole
sky. However, the origin of FRBs is unknown. They
appear to come from extragalactic distances, sug-
gesting a very luminous, but mysterious source.

We were trying to understand the nature of FRBs
and specifically whether they repeat. Some models
of FRBs have them being the result of a cataclysmic
event such as the merger of two neutron stars. If
these models are correct, then FRBs should never
show repetition. So searching for repetition is a
very important test of FRB models.

Why did you find this question interesting?
It is rare in science to be presented with so fresh
and interesting a puzzle as we have in FRBs. The
FRB phenomenon must represent a very com-
mon occurrence in the Universe, and yet is totally
unpredicted. This serves as an important reminder
that we must remain humble about our under-
standing of the Universe — there’s a lot out there
that is still surprising to us!

What did you find?
We discovered that one particular bo telesly
12¢
FRB, a source that we discov- ,
ered using the 305—mradio g
telescope in Arecibo, &
Puerto Rico, repeats!
This came as a shock
to us since previous
searches for repeat
bursts from the loca-
tions of other FRBs
came up empty. We

O

found no fewer than 10 new bursts from this source
in follow-up observations made over a few weeks,
and have subsequently seen many more from this
source. Interestingly,the source seems to show
these bursts in clusters: sometimes it is totally qui-
et and emits nothing, and other times it will burst
several times in just a few minutes.

What does doing your research look like?
While we use observations from the Arecibo radio
telescope, locally, at McGill, our research involves
using a large super computer, along with enor-
mous data files. In the end, our research ‘looks’ like
representations of our data sets in different types of
plots, scoured by small groups of people who also
discuss the nuances in these plots and in how the
data were obtained, and what new data we need to
make more progress in understanding.

What role did collaboration play in your

research?

Our research was part of the international PALFA
collaboration which is led out of MSI. It was with
the help of our colleagues that we were able to write
a publication for the magazine Nature in a fairly
short time, and garner significant interest from the
public and press. We have also recently put togeth-
er a detailed follow-up publication on the source.

Why this is important

FRBs are a mysterious astrophysical phenomenon.
Previous follow-up observations have failed to find
additional bursts at the same location as the orig-
inal detections. This first detection of a repeating
Fast Radio Burst helps put important constraints
on how they originate — it eliminates at least 50
percent of all models. We now know that the
source of (at least some FRBs) must be
an energetic event on an object that

survives the original burst.

Spitler, L. G, P. Scholz, J. W. T.
Hessels, R. D. Ferdman, V. M.
Kaspi, E. C. Madsen, C. Patel,
